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Abstract Citrullus lanatus seed is a potential source of
edible protein, hence effective extraction of protein compo-
nents plays a vital role in food application. Therefore, this
study aims for optimization and hydrolysis of protein using
single factor and Box Behnken design (BBD). Various
concentrations of the protein hydrolysates were studied for
antioxidant activity using different assays. The one factor
test revealed that important parameters such as alkali con-
centration (0.8%), temperature (40°C), time (30 min) and
solid to alkali ratio (1:30) enhance the protein concentra-
tion from C. lanatus (903.1 mg/g). The maximum degree
of hydrolysis 39.30% was achieved at pH 2.4, an enzyme to
substrate ratio 3% (w/w), and hydrolysis time 180 min by
using BBD design. C. lanatus protein hydrolysate showed
15.71 and 61.67% of DPPH and ABTS radical scaveng-
ing activity at 5 mg/ml. It exhibited reducing power optical
density 0.18593 ,,, and metal chelating activity of 42.69% at
the concentration of 25 mg/ml. This implied that C. lanatus
could be used as a natural antioxidant agent.

Keywords C. lanatus seed - Protein hydrolysate - Box
Behnken design - Antioxidant activity - Reducing power
Introduction

The global statistical analysis has revealed that around 50%
of Indian children suffer from under nourishment [1]. The
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last accessible national data specifies that 48% under five
children are stunted, 42.5% are underweight [2]. According
to World Bank [3], India has a higher stunting rate com-
pared to other countries in South Asia facing similar or
worse economic crisis. The major nutritional obstacle in
the developing world is a protein deficiency (Marasmus and
kwashiorkor). Enlargement of present agricultural practices
into marginal lands is projected to solve this chronic pro-
tein scarcity. Hence search for natural edible protein deriva-
tives from plants is the need of the hour. Significant phar-
macology and medicinal values were found in seed dietary
proteins which are reported as bioactive protein [4, 5].

Citrullus lanatus (watermelon) seeds are highly nutri-
tive and used in the treatment of diseases such as cancer,
cardiovascular, blood pressure and have also been used as
a home therapy for edema and urinary tract infections [6].
According to the study of Sonawane and Arya, the defatted
watermelon seeds are rich in protein, and has considerable
amount of minerals viz., Na, Mn, Mg, K, Cu, Fe, and Zn
and essential amino acids (isoleucine, leucine, lysine, histi-
dine, methionine, phenylalanine, threonine, tryptophan, and
valine) [7].

To the best of our knowledge, very limited literature is
available on preparation of protein from C. lanatus seed.
The target of the present study was to enhance the extrac-
tion factors for C. lanatus seed protein and hydrolysis con-
ditions using response surface methodology (RSM)- BBD
in order to obtain a high degree of protein hydrolysate as
well as to evaluate its potential as an antioxidant agent to be
used in food formulation.
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Materials and methods
Chemicals

1,1-Diphenyl-2-picrylhydrazyl (DPPH),
bis  (3-ethylbenzothiazoline-6-sulphonic  acid) diam-
monium salt (ABTS), methanol, ethanol, potassium
persulphate,ferrous  chloride,  3-(2-pyridyl)-5,6-diphe-
nyl-1,2,4-triazine-4,4-disulphonic acid sodium salt (fer-
rozine), glutathione(GSH), EDTA, trolox, were purchased
from Sigma Chemicals Co. (St. Louis, MO, USA). All
other chemicals and reagents used in the present study were
of analytical grade. Pepsin, Papain and protease were gift
samples from Advanced Enzymes India Pvt Ltd. (Mumbai,
India). Trypsin and Chymotrypsin were procured from Hi
media (Mumbai, India).

2,2-azino-

Sample and preparation of defatted C. lanatus seed flours

Decorticated C. lanatus seeds were purchased from a local
market in one lot (APMC market, Navi Mumbai, India) in
March 2013. These dried seeds were stored at —20 °C until
their final usage to prevent spoilage and to maintain uni-
formity in the quality throughout the entire research study.
The fat was extracted by using petroleum ether from
seed flour at room temperature with stirring for a period of
6 h. The solvent was separated and process was repeated
thrice to remove the fat. The procedure was repeated thrice
for separating the fat from the solvent. The solvent was
decanted after each extraction and the flour was air-dried at
room temperature. Further, it was ground and sieved using
through 40 mesh sieves (0.425 mm according to Indian
standard). All resulting flours were packed into clean air-
tight polyethylene bags and kept at 4 °C until utilization.

Optimization of extraction parameter for defatted C.
lanatus seed protein

The defatted C. lanatus seed powder was suspended in
extraction solution (alkali) and subsequently incubated at
designated time, temperature and buffer-to-sample ratio.

The resulting slurry was then centrifuged at 12,000 rpm for
30 min at 4°C after incubation. The supernatant was col-
lected and the extracted protein content of the sample was
determined using Bradford assay [8]. The extraction yield
was expressed as mg protein per gram of flour sample. The
effect of extraction parameters (i.e. extraction time, tem-
perature and buffer-to-sample ratio) was optimized by single
factor experiment and is detailed in Table 1. The obtained
supernatant was further precipitated at pH 4.5 and washed
thrice with distilled water and dried at 40 °C in vacuum oven.

Enzymatic hydrolysis of C. lanatus protein using one factor

Six proteases (papain, pepsin, protease, pancreatin, trypsin,
and chymotrypsin) were screened for enzymatic hydrolysis,
in which pepsin showed the highest degree of hydrolysis
(DH) (data not shown) was selected to optimize the opti-
mal condition for hydrolysis. C. lanatus proteins were sus-
pended in distilled water at a concentration of 1% (w/v) and
the conditions for enzymatic hydrolysis with pepsin were
optimized. The pH for hydrolysis ranged between 2 and 3,
an enzyme to substrate ratio (ES) was 0.5-3% (w/w) and
hydrolysis time varied from 30 to 180 min. During hydrol-
ysis, pH was maintained and the reaction was carried out
at 37°C. Enzymes were inactivated by keeping the hydro-
lysate in a water bath at 100°C for 10 min. Further the
hydrolysates were centrifuged at 10,000 rpm for 20 min,
and this supernatant was used for measuring DH as men-
tioned below.

Degree of hydrolysis

The DH was determined by the Hoyle and Merritt’s [9]
TCA method with the slight modifications. In the first part,
500 pl of hydrolyzed protein samples were mixed with
equal amount i.e. 500 pl of 20% TCA solution. The mixture
was allowed to rest for 30 min. After 30 min, samples were
centrifuged at 10,000 rpm for 20 min.. The soluble protein
content of the supernatant was determined by the method of
Lawry et al. [10]. Results were expressed as the mg of pro-
tein. Finally, DH was determined using following equation:

Table 1 Evaluation of
parameters used for protein
extraction optimization from
defatted C. lanatus seed flour

Variable parameter (range)

Constant parameters

Alkali optimization Alkali concentra- Temperature Time Solid to
tion liquid
ratio
Alkali concentration (0.2—1.2%) - 40 60 1:40
Temperature (20-50°C) 0.C - 60 1:40
Time (0-150 min) 0.C 0.C - 1:40
Solid to liquid ratio 0.C 0.C 0.C -

O.C optimized parameter
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Soluble protein content in 10 g% TCA (mg) «

DH (%) = 100

ey

Total protein
Experimental design

RSM was useful to predict the optimal hydrolysis condi-
tions of C. lanatus by using pepsin, which could produce
the hydrolysate with the highest DH. A three-level-three-
factor Box-Behnken design using Design-Expertl 6 soft-
ware (Stat-Ease Inc., Minneapolis, USA) provides 17
experiments [11] as shown in Table 2. Based on the com-
mercially labeled suitable enzymatic hydrolysis conditions
of pepsin, the three levels of the selected variables were:
pH (2.0, 2.2 and 2.4), ES (2, 2.5 and 3%) and time (120,
150 and 180 min). Each enzymatic hydrolysis experiment
was measured according to the DH and the experimental
results are shown in Table 2.

The experimental data obtained were fitted by the fol-
lowing regression equation:

Y = Po+ BiX; + BoXo + B3Xs + BpXiX,
+ BiXi Xy + BXoXs + B XT + PXG + P35
@)
where Y is the predicted response of DH, By, B;, B,. B3-.-Bs3
are the regression coefficients, X, X, and X, represent pH,
the ratio of ES and time respectively.
This is a square regression model in terms of real val-
ues. Analysis of parameters of the equation (Eq. 2) as well
as the experimental design and calculation of projected

Table 2 Enzymatic hydrolysis experimental design for C. lanatus
seed protein

Run pH ES(%) Time (min) DH (%)

1 2.0 2.0 150 29.45+3.59
2 2.4 2.0 150 27.64+3.53
3 2.0 3.0 150 30.76 +2.07
4 24 3.0 150 31.29+2.45
5 2.0 2.5 120 33.61+3.37
6 24 2.5 120 27.70+1.03
7 2.0 2.5 180 35.26+5.59
8 24 2.5 180 35.63+£2.25
9 2.2 2.0 120 33.55+0.62
10 2.2 3.0 120 34.13+5.11
11 2.2 2.0 180 34.33+2.71
12 2.2 3.0 180 42.14+1.44
13 2.2 2.5 150 27.79+2.78
14 2.2 2.5 150 25.03+1.99
15 2.2 2.5 150 30.58+3.02
16 2.2 2.5 150 27.78 +1.65
17 2.2 2.5 150 30.41+2.89

@ Springer

data were approved by using Design-Expertl 6 software to
assessment the response of the independent variables.

Determination of molecular weight of peptides

The molecular weight of peptides formed during hydroly-
sis was determined by the SDS-PAGE. For electrophoresis,
30% acrylamide-bis-acrylamide solution mixture was used
for the preparation of 4% stacking gel and 15% resolving
gel. 10-20 pl of sample mixed with the sample buffer was
loaded into the well. Gel was run at 60 V for approximately
90-120 min. Silver staining was performed for visualizing
the protein bands.

Antioxidant studies of C. lanatus seed protein hydrolysate

The optimal conditions provided by the BBD were used to
produce protein hydrolysate from wood apple. The hydro-
lysate was centrifuged at 10,000 rpm for 20 min at 4 °C and
the supernatant was dried in vacuum oven at 40 °C.

ABTS free radical scavenging assay

Antioxidant activity was measured using Hitachi Spec-
trophotometer with the improved ABTS method [12, 13].
The ABTS reagent was prepared freshly and used within
3 days. The reagent was made by mixing 7 mM ABTS and
2.45 mM potassium persulfate. This reagent was incubated
for 16-17 h at 37°C. The ABTS cations were diluted with
0.01 M Phosphate buffer saline to set optical density at 0.7
(£0.02) at 734 nm. 260 ul (absorbance of 0.700+0.02) of
ABTS was added to the 40 pl of the hydrolyzed sample and
mixed thoroughly and absorbance was measured at 734 nm
immediately after 6 min. Results were expressed in terms
of percentage inhibition.

% Inhibition =1 — 2—‘ X 100where A =absorbance of

¢

control, A = Absorbance of sample.
DPPH free radical scavenging assay

The ability to scavenge DPPH free radicals was determined
based on the method [13, 14] with little modification in the
mixture of test sample concentration and DPPH concentra-
tion. 40 ul of sample mixed with 120 ul of methanol which
further mixed with 40 pul of DPPH (0.15 mM) prepared
in methanol and kept for 15 min incubation in dark room
and absorbance was measured at 517 nm. Results were
expressed in terms of percentage inhibition.

. .. Absorbance),_,—(Absorbance) ,_
DPPH Scavenging activity = * = =L
ging y (Absorbance) ,_

x100.
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Radical formation by ferric reducing antioxidant power
(FRAP)

Ferric reducing antioxidant power (FRAP) assay was
developed by Benzie and Strain [15], that is in the mixture
of test sample concentration and FRAP reagent concentra-
tion. Firstly, FRAP reagent was prepared by mixing the fol-
lowing solutions: tenfold 300 mM Acetate buffer + onefold
TPTZ (10 mM in 40 mM HCI) + onefold FeCI3 (20 mM).
This 200 pl of FRAP reagent was added to the 20 pl of the
sample which shaken vigorously and absorbance was read
at 593 nm after incubation of 15 min at 37 °C. Results were
expressed in terms of absorbance.

Metal chelation activity

In the chelation test, 50 ul of peptide and entrapped peptide
solution were mixed with 10 ul of FeCl, (2 mM) and 250 ul
of double distilled water. Subsequently, 20 pl of ferrozine
solution (5 mM) were added to the mixture, followed by
vigorous mixing for 2 min. The mixture was then kept for
10 min at room temperature. Further, the color reduction,
due to the chelation of Fe?* was recorded by measuring the
absorbance at 562 nm. The control sample contained 300 pl
of double distilled water, 10 pl of FeCl, and 20 pl of ferro-
zine solution (5 mM) [16]. The chelating activity was cal-
culated in percentage using

1 - (A
l—( ( Sample)] x 100. 3)

Acomrol )

Statistical analysis

All determinations obtained from triplicate measurements
and expressed as a mean +standard deviation. The Statisti-
cal Package for Social Sciences (SPSS) for Windows ver-
sion (16.0) was used to analyze the data (SPSS Inc., Chi-
cago, IL). Statistical significance was declared at p<0.05.

Results and discussion

Optimization of process parameter for extraction
of protein from defatted C. lanatus seed

The effect of four independent variables such as alkali con-
centration, a buffer to sample ratio, pH, temperature, and
extraction time on the protein yield was studied. Generally,
each factor has an obvious effect on the protein content.
During protein extraction, these parameters significantly
affect the protein extractability [17].

Figure la explains the role of alkali in the extraction of
protein. In case of C. lanatus, the high content of protein
was observed at 0.8% of alkali. No significant improvement
in the extraction of protein was observed in presence of
0.8% alkali.

The role of temperature on the concentration of protein
was shown in Fig. 1b. Generally, the protein is sensitive
to temperature. The increase in temperature significantly
helps in enhancement of the protein in alkali extractions.
This was due to higher temperature raises the solubility of
the protein. As the temperature ascended to 45 °C, the pro-
tein content decreased due to the lower solubility of pro-
tein due to protein denaturation. The effect of temperature
on peanut protein yield and the optimal temperature was
36.35°C [18]. Hence, in this study the 40 °C was peak tem-
perature for extraction of protein.

Figure 1c demonstrates the effect of extraction time on
the protein content of defatted C. lanatus seed flours. In
the case of alkali C. lanatus seed flour; the protein con-
tent increased upto 30 min and had no significant extrac-
tion after 30 min, this result indicated that a longer extrac-
tion time did not improve the protein extraction efficiency.
Hence optimal extraction time for alkali C. lanatus seed
was 30 min.

Influence of the solid-to-liquid ratio on the protein con-
tent is showed in Fig. 1d. The protein content was signifi-
cantly high at 1:30 ratio for C. lanatus seed. There was no
significant difference between the protein concentration of
C. lanatus seed as 1/30, 1/40 and 1/50 ratios increased in
the solid to alkali ratio.

From the above single factor test, it was observed that
maximum total protein content achieved from C. lanatus
was 903.1 mg/g of flour, which was obtained by optimizing
extraction condition such as alkali concentration (0.8%),
temperature (40 °C), time (30 min) and solid to alkali ratio
(1:30). This may be due to the high alkali concentration,
which is responsible to inhibit the common activity of pro-
tease and causes ionization of phenolic compounds and
also prevent the forming hydrogen bonding with protein
[19].

Optimization of process parameters for hydrolysis
of protein from defatted C. lanatus seed

In protein hydrolysates, average peptide chain length (PCL)
is produced with desired functional properties which can
be calculated from the inverse of the DH value, which
means that higher the DH value; the smaller will be PCL
[20]. Figure 2a demonstrates effect of pH on hydrolysis of
C. lanatus protein. As pH increased from 2 to 2.4, there
was no significant difference observed, but after pH 2.4 it
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Fig. 1 Effect of a alkali concentration; b Temperature; ¢ Time; d
solid to alkali ratio on protein content of defatted C. lanatus seed
flours (Duncan test)

decreased significantly as compared to pH 2, 2.2 and 2.4.
Hence, this range (2-2.4) of pH was designated for BBD.
The effect of enzyme concentration on hydrolysis
of C. lanatus proteins was shown in Fig. 2b. No sign-
ficant increase in hydrolysis upto 1.5% concentration was
observed. Further it increased upto 2.5% and no signifi-
cant difference between 2.5 and 3% was observed. Hence,
2-3% (w/w) enzyme concentration was selected for further
optimization. There was no significant difference in hydrol-
ysis time upto 90 min (Fig. 2c), further DH increased as
time increased. Therefore, we used the steepest range i.e.
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120-150 min in the optimization study. This could be due
to the fact that polypeptide chain will release to the surface
and begin to hydrolyze the protein particles slowly due to
the interaction of proteolytic enzyme rapidly with insolu-
ble protein particles. Thus, the more squeezed core of pro-
teins would cut more slowly [21]. Our results confirmed
that hydrolysis was affected by hydrolysis time and enzyme
concentration.

Response surface methodology

The effects of three hydrolysis parameters: pH (X,), ES
(X,) and time (X3), on the DH of C. lanatus protein, were
studied using a BBD design. The range of each factor was
selected on the basis of single factor experiment. The DH
(which was expressed as %) was selected as the response of
interest. Table 2 shows the experimental conditions design
in a total of 17 runs, along with the experimental outcomes
obtained. The experimental DH was ranged from 25.03 to
42.14% under different tested conditions. The DH varied
depending on the given hydrolysis conditions.

Model fitting

We examined the effect of parameters such pH, E/S ratio
and time on the DH value by using RSM. The experimen-
tal design and results are shown in Table 2. According to
the model regression analysis by eliminating model factors
with p>0.05, the best explanatory model equation fitted
into Eq. (1) is given in Eq. (4) which corresponds to DH
(%).

DH = 2832+ 1.67 X, + 2.30 X5 + 0.58 X, X,
+ 2.38X; +5.49X;

Analysis of variance (ANOVA) was achieved to evalu-
ate the significance of the coefficient of the models. The
ANOVA presented in Table 3 which shows that quadratic
model was significant (p <0.05) and Eq. 4 represent for DH
which fitted quadratic model. The significance of each coef-
ficient was determined using the F value and p value. The
corresponding variables would be more significant if the
absolute F value becomes greater and the p value becomes
smaller.

Results revealed that the largest effect on the DH was
a linear term of the ES ratio (X,) followed by a quadratic
term of the ES ratio (X,%), the linear term of hydrolysis
time (X3) and quadratic term of hydrolysis time (X32). The
linear terms of pH (X, and X,?) and other interaction terms
of X,X,, X;X; and X,X; were insignificant (p>0.05).The
insignificant p value of 0.8619 (p>0.05) was shown in
Table 3, indicating that the selected model is fitted well and
was in agreement with the observed data. The coefficient

“
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of determination value (R?=0.9096) indicated that the fit-
ted model could explain 90.96% of the variation in the data.
A high degree of correlation was observed between Adj
R? (of 0.79) and Pred R? (0.66). The coefficient of varia-
tion (CV) represents the ratio of standard deviation to the
mean which shows the extent of variability in the data. This
model had a CV of 5.95% suggesting a good precision and
high reliability of the experiment.

Interpretation of response surface model

Three-dimensional response surfaces and contour plots
of the models are generally used for graphical representa-
tion of the regression equation to determine the optimum
values of the variables within the given range. Response
surfaces with a contour (at the base) plot showed the
interaction of two independent variables when another

b
ab
a ' i
90 120 150 1

60 80

Time (min)

variable was fixed at zero. The maximum predicted value
was indicated by the surface confined in the smallest
ellipse in the contour diagram. The elliptical contours are
obtained when there is a perfect interaction between the
independent variables. Figure 3 present the response sur-
face curves established for the DH in this study.

Figure 3a shows the effect of the interaction between
E/S and pH on the DH of the hydrolysates of C. lanatus
seed protein at any constant hydrolysis time. Increased
in DH as the concentration of enzyme was an increase,
whereas pH increased DH increased upto pH 2.2 beyond
that slightly decreased in DH. Figure 3b depicts the effect
of the interaction between time and pH on the DH of
the hydrolysates of C. lanatus seed protein at any con-
stant ES. Increased in DH as the hydrolysis time was
an increase, whereas pH increased DH increased upto
pH 2.2 beyond that slightly decreased in DH. Whereas
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Table 3 ANOVA for response

. Source Sum of squares Df Mean square F value p Value
surface quadratic model
Prob>F

Model 248.8079 9 27.64532 7.829646 0.0064 Significant
X,-pH 5.818604 1 5.818604 1.647932 0.2401
X,-ES 22.28764 1 22.28764 6.312254 0.0403
X;-time 42.23728 1 42.23728 11.96235 0.0106
X, X, 1.368079 1 1.368079 0.387464 0.5534
X, X5 9.849381 1 9.849381 2.789519 0.1388
X, X5 13.07534 1 13.07534 3.703169 0.0957
X2 2.436478 1 2.436478 0.690054 0.4336
X,? 20.87502 1 20.87502 5.912175 0.0453
X42 126.9847 1 126.9847 35.96431 0.0005
Residual 2471597 7 3.530852
Lack of fit 3.824905 3 1.274968 0.244117 0.8619 not significant
Pure error 20.89106 4 5.222766
Cor total 273.5239 16
R-squared 0.9096
Adj R-squared 0.7935
Pred R-squared 0.6569
C.V (%) 5.95

Fig. 3¢ noted that DH increased with increase in ES and
hydrolysis time.

Verification of predictive models

Confirmation of the model was accomplished in order to
validate its suitability in the experiment. A combination of
hydrolysis parameters was suggested to optimize the DH
taking into account of the efficiency and the feasibility of
the experiment. The optimal conditions for the predicted
target DH 42.14% corresponded to pH 2.4, an ES ratio
3% (w/w), and hydrolysis time 180 min. The experimental
value of 39.30+2.32 (%) was found close to the predicted
value. Hence, the model is valid to be used in optimizing
the process.

Molecular weight distribution of C. lanatus protein
hydrolysates

Polypeptide band pattern was observed in C. lanatus pro-
tein hydrolysates shown in Fig. 4. C. lanatus protein hydro-
lysates composed of protein bands with a molecular weight
between 22 and 95 kDa, where five peptide bands of them
are characterized with low molecular weight ranging from
22 to 25 kDa. Previous reports also have found that pepsin
is capable of producing peptides from other food proteins
[22].

@ Springer

Antioxidant activity of C. lanatus protein hydrolysates

Due to the possible irregularity of different radical systems
used for antioxidant assessment, it is widely suggested that
two or more methods should be applied to study the rad-
ical-scavenging activities. In the present study, therefore,
the primary antioxidant potential was measured by DPPH,
FRAP and ABTS assays. The secondary antioxidant poten-
tial was measured by the metal chelating assay, which dem-
onstrates the inhibitory effect on the generation of radicals.
In this study, the antioxidant activities of the hydrolysates
were investigated and compared with that of Trolox, a
widely used synthetic antioxidant.

ABTS radical-scavenging activity

Antioxidant activity of both lipophilic and hydrophilic mol-
ecules was analyzed by using ABTS de-colorization assay
that is based on the reaction of hydrogen donating antioxi-
dants with the ABTS radical, which is intensely colored
and is determined by measuring absorbance at 734 nm.
ABTS scavenging activity by protein hydrolysate was
increased as the concentration of peptides increased (shown
in Table 4). 3 mg/ml of protein hydrolysate shows 45.79%
of scavenging activity which was closed to 20 pg/ml of
Trolox that is 46.2%. Antioxidant capacity of ber peptides
reported by different enzyme such as alcalase (8.09 uM
of TE/g), papain (9.14 uM of TE/g), protease (8.92 uM
of TE/g) which correspond to DH of alcalase (45.52%),
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Fig. 3 Response surface plot: effect of a ES and pH, b time and pH,
¢ ES and time on degree of hydrolysis of protein from defatted C.
lanatus seed

papain (40.95%), and protease (47.26%) respectively [23].
There was difference in the inhibition of DPPH and ABTS
radical by C. lanatus protein hydrolysates. This may be due
to the DPPH assay that was carried out in organic media,
while the ABTS assay was performed in aqueous media.
Thus, the contradictory phenomenon between the radical
scavenging activity for DPPH and ABTS radicals could be
due to the difference of solubility and diffusivity of radicals
and peptides in the reaction system [24].

DPPH radical-scavenging activity

The maximum absorbance of DPPH (stable free radical)
shows at 517 nm. When DPPH radicals come across a pro-
ton-donating substrate such as an antioxidant, the radicals
are scavenged with decrease in the absorbance [25].

M WMP

Fig. 4 SDS page of C. lanatus protein hydrolysates

Radical scavenging activity is measured by reduction
in the absorbance. Thus, the DPPH radicals were widely
used to examine the scavenging activity of natural com-
pounds. Table 4 represents the DPPH radical-scavenging
activity of the C. lanatus protein hydrolysates at vari-
ous concentrations. The results clearly indicated that the
C. lanatus protein hydrolysates have DPPH radical scav-
enging activity at high concentration that was 1-5 mg/ml
as compared to standard Trolox which were 2—-10 pg/ml
(shown in Table 4). Generally, the accumulation of shorter
peptides and amino acids could make the hydrolysate more
hydrophilic. The increased polarity of the low-MW protein
hydrolysate makes them more difficult to react with the
hydrophobic [26].

FRAP

In the FRAP assay, the presence of reducing agents in the
tested samples results in the development of the complex
tripiridiltriazine (TPTZ)-Fe(Il), which is monitored at
595 nm. Table 5 shows that as the concentration of pro-
tein hydrolysate increases the absorbance increases at 593
which were comparably low to Trolox. 25 mg/ml of protein
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Table 4 Radical scavenging activity of C. lanatus seed protein hydrolysate

Peptides Scavenging activity ~ Torolox (ug/ Scavenging activity  Peptides Scavenging activity =~ Torolox (ug/ Scavenging

(mg/ml) of DPPH (%) ml) of DPPH (%) (mg/ml) of ABTS (%) ml) activity of
ABTS (%)

1 6.42+1.54 2 11.9 1 17.97+2.13 5 12.0

2 6.58+0.53 4 24.8 2 31.44+3.99 10 223

3 7.24+1.96 6 354 3 45.79+3.46 15 38.8

4 8.15+1.56 8 48.0 4 52.70+£3.92 20 46.2

5 15.71+1.85 10 58.5 5 61.67+0.57 25 51.6

Mean + SD of three determinations

Table 5 Reducing capacity
of C. lanatus seed protein

Peptides  FRAP Abssg; ., Torolox

FRAP Abssg; ., Peptides Metal chelat- Torolox Metal chelat-

hydrolysate (mg/mD) 21111;4 /
5 0.03+0.00 10
10 0.08 £0.02 20
15 0.11+0.01 30
20 0.14+0.01 40
25 0.18£0.02 50

(mg/ml) ing activity (mg/ ing activity
(%) ml) (%)
0.220 5 24.67+225 0.1 3.67
0.426 10 29.45+1.70 02 14.69
0.635 15 36.92+595 03 16.33
0.809 20 41.94+£235 04 21.41
0.986 25 42.69+1.90 0.5 30.83

Mean + SD of three determinations

hydrolysate shows the absorbance 0.18 which corresponds
to 0.22 absorbance at 10 pM/ml of Trolox. Absorbance
increases as the concentration of protein hydrolysates and
Trolox increases which are due to the peptide cleavages
that make the availability of hydrogen ions [27].

Metal chelating ability

The ferrous ion chelating ability of hydrolysates is shown
in Table 5. The high chelating effect was observed at high
concentration of hydrolysates that is 5-25 mg/ml. 24.67%
of chelating activity shown by 5 mg/ml of hydrolysates
which corresponds to 0.4 mg/ml of Trolox. It is well-known
that transition metal ions such as iron or copper may cata-
lyze the formation of reactive oxygen species (ROS) that
accelerates lipid oxidation. Carboxyl and amino groups in
the side chains of the acidic (GIx, Asx) and basic (Lys, His,
Arg) amino acids are thought to play an important role in
chelating metal ions [28].

The difference in the antioxidant activity obtained with
different assay could be due to the different reaction mecha-
nisms involved. The FRAP assay detects compounds that
act only by the single electron transfer mechanism, whereas
ABTS assay detects compounds that act either by direct
reduction via electron transfer or by radical quenching via
the hydrogen atom transfer mechanism [29]. Proteins and
their hydrolysates generally possess significant antioxidant
capacity [30]. It is postulated that the capacity comes from
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their ability to inactivate ROS, quench free radicals, chelate
pro-oxidative transition metals, and donate electron/hydro-
gen. The amino acid composition and sequence, the size
and the configuration are reported to be the main factors
influencing on the antioxidant properties of proteins and
their hydrolysates [31]. Antioxidant abilities of the peptides
are thought to be due to their amino acid composition and
hydrophobicity [32]. Some amino acids, such as Tyr, Lys,
Arg, Gly, Leu, and His had been reported to exhibit antioxi-
dant ability [33]. Especially, histidine residue showed high
radical scavenging ability due to the decomposition of its
imidazole ring [34].

Conclusion

In summary, the study of single factors (i.e. alkali con-
centration, temperature, time and solid to alkali ratio) had
an impact on the protein extraction from C. lanatus. BBD
design was used to optimize the hydrolysis process from C.
lanatus protein on the basis of the single factor test. The
predicted profile and the regression equation showed that
the optimum conditions for protein hydrolysis were a DH
39.30% corresponded to pH 2.4, an ES ratio 3% (w/w), and
hydrolysis time 180 min. Through the test data analysis and
confirmative test, the experimental result is consistent with
the predicted value. Therefore, the response model can be
widely used for hydrolysis of protein. This investigation
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confirms that C. lanatus protein hydrolysate may be a valu-
able source of antioxidative peptides. This may forecast
their future application into functional foods or dietary
supplements.
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