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The aim of this study was to optimize and characterize Flavourzyme hydrolysis conditions for the preparation of
antioxidant peptides from duck meat, using response surface methodology. The results indicated that optimal
Flavourzyme hydrolysis conditions for preparation of antioxidant peptides from duck protein were a temperature of
50.19℃, pH 5.45, and a reaction time of 1.03 h. Compared to non-hydrolyzed duck meat, Flavourzyme hydrolysis
significantly improved the hydroxyl-radical scavenging, DPPH radical-scavenging, ferrous ion-chelating, reducing,
and ABTS radical cation-scavenging activities of duck meat. Therefore, Flavourzyme can be regarded as an effective
hydrolytic enzyme for the preparation of antioxidant peptides from duck meat.
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Introduction

Free radicals are metabolites that are usually counter-
balanced by biological antioxidants. (Al Ghouleh et al.,
2011). Breakage of this critical balance results in oxidative
stress, which may lead to diseases such as cancer, coronary
heart disease, diabetes, arthritis, atherosclerosis, and Alzheimer’s
disease (Qian et al., 2008; Zhang et al., 2018). Free radi-
cals, the main causes of lipid peroxidation, can also shorten
shelf life, produce undesired taste and rancid flavor, and
generate potentially toxic reaction products (Qian et al.,
2008). Therefore, it is imperative to inhibit oxidation in food
to prevent its deterioration, and in living organisms to protect
the body from serious diseases (Wang et al., 2015). In-
creasing studies have explored and developed natural and
safe antioxidant compounds, such as antioxidant peptides
(Liu et al., 2016).

Meat protein, rich in essential amino acids such as meth-
ylhistidine and hydroxymethyllysine that are not ordinarily
found in plant protein, is a good source of antioxidant pep-
tides. In the muscle tissues, antioxidant peptides, such as
carnosine and anserine, can act as metal-ion chelators and

free-radical scavengers (Kang et al., 2002). Duck meat is
thought to be a good protein source for humans and it is rich
in iron, niacin, and selenium, while it is lower in calories than
beef (Adzitey et al., 2012). Duck meat and its products are
highly appreciated by customers worldwide (Kim et al.,
2016). Moreover, duck meat and its products have gained
increased consumer interest since it is recommended to
reduce the intake of red meat, which has been related to
cardiovascular disease (Adzitey et al., 2012; Witak, 2008;
Zou et al., 2017b). The consumption of duck meat and its
products has increased about twofold in China between 2000
and 2011 (Wang et al., 2013, 2014, 2016). Therefore, the
development of new products, preferentially containing anti-
oxidant peptides, is necessary.

Enzymatic hydrolysis is an important process in generat-
ing meat with antioxidant peptides. Enzymatic hydrolysis is
influenced by various factors, including enzyme type, pH,
temperature, and time, which together affect enzyme activity,
and thus, allow for controlling the process (Jamil et al.,
2016). In our previous study, we found that Flavourzyme is
one of the most effective hydrolytic enzymes; however,
information on the optimal hydrolysis condition is limited.

The aims of this study were: 1) to optimize Flavourzyme
hydrolysis conditions (including pH, temperature, and time)
to yield high DPPH radical scavenging activity, using re-
sponse surface methodology (RSM), and 2) to assess other
important antioxidative activity indexes (e.g., ABTS radical

Received: December 27, 2016, Accepted: November 5, 2017

Released Online Advance Publication: January 25, 2018

Correspondence: Dr. Weimin Xu, Institute of Agricultural Products Proc-

essing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, PR

China. (E-mail: weiminxu2002@aliyun.com)

http://www.jstage.jst.go.jp /browse/ jpsa

doi:10.2141/ jpsa.0160155

Copyright Ⓒ 2018, Japan Poultry Science Association.

The Journal of Poultry Science is an Open Access journal distributed under the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License. 
To view the details of this license, please visit (https://creativecommons.org/licenses/by-nc-sa/4.0/).



cation scavenging, ferrous ion chelating, hydroxyl radical
scavenging, and reducing power) under the optimal hydro-
lysis conditions.

Materials and Methods

Sample Preparation

Thirty-six ducks weighing approximately 2.0 kg, were
slaughtered in a local commercial poultry meat processing
company (Furun Company, Jiangsu, China). Biceps femoris
muscles were collected from the duck carcasses and removed
of all connective tissues and visible subcutaneous fat. The
duck meat sample was rinsed using distilled water and homo-
genized. The homogenate was mixed with isopropanol was
mixed at a ratio of 1:5 (w/v) and stirred for 5.0 h at 25℃.
Isopropanol was changed every 2.5 h. After centrifugation at
5000×g for 20min at 4℃, the precipitate was collected and
freeze-dried. The defatted duck protein powder was stored at
−20℃ (Chi et al., 2015).

The defatted duck protein powder was dissolved (~10%
w/v) in double-distilled water and homogenized at 8000 rpm,
then hydrolyzed with Flavourzyme at an enzyme/substrate
ratio of 3% (w/w). For single-factor analysis, hydrolysis was
performed at 35-60℃, pH 5.0-7.5, and reaction times of
0.5-3.0 h. On the basis of single-factor experiments, we
used the RSM method to estimate the influence of inde-
pendent variables (temperature, X1; pH, X2; time, X3) on
DPPH radical scavenging activity (Y). Box‒Behnken design
at 3 levels was selected to analyze the effects of these three
variables on DPPH radical scavenging activity. Hydrolysis
was terminated by heating in boiling water for 12min. The
hydrolysate was cooled to room temperature and centrifuged
at 5000×g for at least 20min. The supernatant was stored at
−20℃ for further analyses.
DPPH Radical Scavenging Activity

DPPH radical scavenging activity of the hydrolysate was
determined according to the method described by Saiga et al.
(2003), with modification. Hydrolysate (200μL, 1.0mg/mL)
was mixed with ethanolic solution of DPPH (0.18mM, 1.0
mL). The test solution was mixed well and then left in the
dark for 15min. The mixture was subsequently injected into
the sample cavity of a Bruker E-scan electron paramagnetic
resonance spectrometer (EPR, Bruker Biospin Co., Billerica,
MA, USA). Ethanol was used instead of the hydrolysate as a
control. The Bruker E-scan operation parameters were set as
reported by Saiga et al. (2003).

The DPPH radical scavenging activity of the test sample
was obtained by solving the following equation: DPPH radi-
cal scavenging activity (%)＝(1−signal intensity for sample/
signal intensity for control)×100.
Ferrous Ion Chelating Capacity

The ferrous ion chelating capacity of hydrolysate was
measured by the method of Wang et al. (2015), with some
modification. Hydrolysate of test compounds (1.0mL, 1.0
mg/mL) was mixed well with a ferrous chloride solution (2
mM, 0.1mL). To the mixture, ferrozine solution (5 mM, 0.2
mL) was added, and the reaction mixture was allowed to
stand for 20min for color development. The absorbance of

the test sample at 562 nm was determined. A blank without
ferrozine was used for each compound, since the antioxi-
dant‒Fe2+ complex gives a color that might interfere with the
absorbance reading. Ferrous ion chelating capacity was ob-
tained by solving the following equation: ferrous ion chelat-
ing capacity (%)＝[1−(As−Ab/Ac)]×100, where As is the
absorbance of the sample, Ac is absorbance in the absence of
hydrolysate, and Ab is the absorbance in the absence of
ferrozine.
ABTS Radical Cation Scavenging Capacity

The ABTS (3-ethylbenzothiazoline-6-sulfonate) radical
cation scavenging activity of duck protein hydrolysate was
determined using the method reported by Karaçelik et al.
(2015), with minor modification. AAPH (2.5mM) and
ABTS (2.5mM) were prepared in phosphate buffer (0.1M)
with 0.15M sodium chloride (pH 7.4). ABTS solution was
prepared by mixing AAPH and ABTS stock solutions at the
ratio of 1:1 (v/v). The solution was heated to 60℃ for 20
min in the dark. Fifty microliters of sample (1.0mg/mL) was
mixed with ABTS solution (1.95mL), and the absorbance of
the mixture at 734 nm was determined after 6min. ABTS
radical cation scavenging activity was obtained by solving
the following equation: ABTS radical cation scavenging
activity (%)＝(1−(As/Ab)×100, where As is the absorb-
ance of the sample and Ab is the absorbance in the absence
hydrolysate.
Reducing Power Analysis

The reducing power of duck protein hydrolysate was de-
termined by the method reported by Wu et al. (2003). Two
milliliters of sample (1.0mg/mL) was mixed with phosphate
buffer (1.0mL, 0.2M, pH 6.6) and 1.0mL of potassium fer-
ricyanide solution (1%). The mixture was heated at 50℃ for
20min, then 1.0mL trichloroacetic acid (10%) was added,
and the mixture was centrifuged at 1000×g for 10min. An
aliquot (1.0mL) of the supernatant was transferred to a tube
containing distilled water (1.0mL) and ferric chloride (0.2
mL, 0.1%). The content was mixed well and the absorbance
at 700 nm was recorded. The higher the absorbance of the
reaction solution, the greater the reducing power.
Hydroxyl Radical Scavenging Capacity

The hydroxyl scavenging activity was assayed according
to the method reported by You et al. (2010). Briefly, duck
protein hydrolysate (1.0mg/mL, 1.0mL) was mixed well
with 1,10-phenanthroline monohydrate solution (5mM, 0.6
mL). Then, phosphate buffer (0.2M, pH 7.4, 0.4mL), FeSO4

solution (50mM, 0.6mL), and EDTA solution (15mM, 0.6
mL) were added, followed by addition of 0.1% H2O2 solution
(0.4mL). The mixture was incubated at 37℃ for 1 h and
then, the absorbance at 536 nm was determined. The hy-
droxyl scavenging activity was obtained by solving the fol-
lowing equation: hydroxyl scavenging activity (%)＝[(As−
Ad) / (An−Ad)]×100, where As is the absorbance of the
sample solution, Ad is the absorbance of the control solution
without duck protein hydrolysate, and An is the control
solution without H2O2 absorbance.
Statistical Analysis

Single-factor analysis was used to evaluate differences
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among groups, with SPSS 16.0 software (SPSS Inc. Chicago,
IL, USA). Differences were regarded significant when P＜

0.05. RSM was used for statistical analysis of experimental
data, using Design-Expert 8.0.6 software (State-Ease, Inc.,
Minneapolis MN, USA). RSM was based on multiple linear
regression analysis, taking into account the two major and
interactive effects, using the following equation:

Y=b0+∑
3

i1
bi Xi+∑

3

i1
bii X

2
i + ∑

3

i＜ j1
bij Xi Xj (1)

where Y is the predicted response variable, and b0, bi, bii, bij

are linear, square, and interaction regression coefficients,
respectively, and Xi and Xj are the independent variables (i＞
j). All results were analyzed using ANOVA. The optimum
hydrolysis conditions for Flavourzyme were estimated using
independent and dependent variables by regression analysis
and 3D response surface analysis.

Results and Discussion

Effects of Temperature, pH, and Reaction Time on DPPH

Radical Scavenging of Antioxidant Peptides from Duck

Protein

We aimed to develop an RSM model to optimize the
Flavourzyme hydrolysis condition for duck meat protein in
terms of temperature, pH, and reaction time, to achieve high
antioxidative activity of antioxidant peptides. Changes in
DPPH radical scavenging activity were observed in single-
factor experiments, the results of which are shown in Fig. 1.

To test the effect of temperature on antioxidant activity,
temperature was varied from 35℃ to 60℃, while both other
parameters were maintained constant at pH 6.5 and a reaction
time of 2.0 h. DPPH radical scavenging activity increased
significantly (P＜0.05) when the processing temperature was
increased from 35℃ to 50℃, after which it significantly de-
creased (P＜0.05) as the temperature was further elevated to
60℃ (Fig. 1a). The low antioxidant activity at high tem-
perature can be explained by protein denaturation, and the
low activity at low temperature may be because of the in-
complete enzymatic hydrolysis (Roslan et al., 2014), which
indicated that temperature is an important factor in duck meat
hydrolyzation. Based on these findings, 50℃ was selected
as the optimum temperature and was therefore used in sub-
sequent experiments.

The effect of pH on DPPH radical scavenging activity was
analyzed at the suitable range of 5.0-7.5, and hydrolyzation
was carried out at 50℃ for 2.0 h (Fig. 1b). The DPPH radi-
cal scavenging activity significantly increased (P＜0.05)
when the pH was increased from 5.0 to 5.5, and significantly
decreased at pH 5.5 to 6.0 (Fig. 1b). There was no signifi-
cant decrease in DPPH radical scavenging activity (P＞0.05)
when the pH was further increased from 6.0 to 6.5 and from
7.0 to 7.5. In brief, the antioxidant activity increased at a pH
of around 5.5 and decreased thereafter. In a previous report,
Flavourzyme was active at pH 5.0 to 7.0, with a pH of 7.0
found to be optimal (Charoensiddhi et al., 2016). The dis-
crepancy may be caused by the fact that this study used a
different substrate. The influence of pH on duck meat hydro-
lysis was significant (P＜0.05). Based on our findings, a pH

of 5.5 was chosen as the RSM central point.
The effect of processing time on the antioxidative activity

was tested using a range of 0.5-3.0 h, and hydrolyzation was
carried out at 50℃ and pH 5.5. DPPH radical scavenging
activity increased from 70.94% to 83.22% when the reaction
time was increased from 0.5 to 1 h (Fig. 1c). Between 1.0 h
and 1.5 h, the change in processing time resulted in a signifi-
cant decline in the scavenging activity (P＜0.05). Between
1.5 h and 2.0 h, although the scavenging activity of DPPH
radical still decreased, the change was not significant. Be-
tween 2.0 h and 3.0 h, the scavenging activity decreased sig-
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Fig. 1. Effects of temperature (a), pH (b) and reaction

time (c) on DPPH radical scavenging of antioxidant pep-

tides from duck protein.



nificantly when again (P＜0.05). Thus, during the initial stage
of enzymatic hydrolysis, the hydrolysis degree increased, and
the content of antioxidant peptides and the DPPH radical
scavenging activity also increased. At the later stage of en-
zymatic hydrolysis, some long-chain antioxidant peptides
can be hydrolyzed, which might have caused the decrease in
DPPH radical scavenging activity (Chel-Guerrero et al.,
2016). These findings indicated that time is also an im-
portant factor in the hydrolyzation of duck meat. Thus, 1 h
was selected as the optimum reaction time for development
of the RSM model.
Optimization of the Hydrolysis Conditions by RSM

RSM is a statistical method widely used in food science
and research in recent years to simulate and optimize the
response of a system to one or more factors (Zou et al.,
2017a; Hu et al., 2014; Wang et al., 2007; Kim et al., 2013).
In our present study, temperature, pH, and reaction time were
selected as independent variables for further optimization of
the Flavourzyme hydrolysis conditions because of their ob-
vious effects on antioxidant activity. DPPH radical scav-
enging activities evaluated in a 3-level and 3-factor factorial
design, which was adopted to optimize the hydrolysis con-
ditions, are shown in Table 1. Based on the limited number
of experimental results, the statistical model was built, and
the relationships between DPPH radical scavenging activity
and the test variables were determined to be as follows:

Y＝84.31＋0.28X1−1.69X2＋0.74X3−2.91X1X2

−0.90X1X3−0.11X2X3−7.56X 2
1−9.18X 2

2−5.89X 2
3

(2)

The significance of each of the model coefficients was
determined by ANOVA, the results of which are summarized

in Table 2. X2, X1X2, X 2
1 , X 2

2 , and X 2
3 were significant pa-

rameters (P＜0.05), while the coefficients of other terms were
not significant (P＞0.05). The determination coefficient (R2

＝0.9932) of ANOVA of the quadratic regression model
showed that the model explained 99.32% of total variation.
The adjusted coefficient of decision (RAdj

2
＝0.9845) con-

firmed that the model was highly significant. At the same
time, the coefficient of variation was 1.26, which indicated
good reliability of the experimental data.

The interactions of independent variables and their inter-
actions with antioxidant activity can be observed from 3D
response surfaces of multiple nonlinear regression models
(Basu and Basu, 2015; Zou et al., 2017a). Using the com-
plete model established by Eq. (2), 3D response surface and
contour maps were generated to predict the relationships
between the independent and the dependent variables. The
interaction effects of pH (X2) and temperature (X1) on DPPH
radical scavenging activity are shown in Fig. 2a and 2a1,
while pH was fixed at 5.5. With the increase in temperature,
the scavenging activity began to increase, and then decreased
sharply. When the temperature reached the optimum, the
scavenging rate of DPPH radical reached 84.38%. As shown
in the response surface plot and the corresponding counter
plot, temperature had no significant effect on DPPH radical
scavenging activity, which was in accordance with the data in
Table 2. However, mutual interactions between temperature
(X1) and pH (X2) were found (Fig. 2a1), which were also in
accordance with the results in Table 2. Fig. 2b and 2b1
presents the interaction effect of temperature (X1) and time
(X3) on the scavenging activity under an experimental re-
action of 1.0 h. At medium levels of temperature and time,
maximum DPPH radical scavenging activity of 84.33% was
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50 .0 5 .5

50 .0 5 .0

50 .0

Table 1. Box‒Behnken design and experimental results of RSM

17

5 .51

Independent variablesa

Run

a Independent variables: X1, temperature; X2, pH; X3, time.
b Dependent variables: Y, DPPH radical scavenging; data expressed as the mean (n＝6).

3

16

DPPH radical scavenging (%)Time (h)pHTemperature (℃)

70 .86

84 .46

70 .04

83 .23

Dependent variablesb

50 .0

1 .0

5 .0 1 .5

1 .05 .550 .014

72 .13

0 .5

1 .55 .545 .015

2
1 .0

69 .580 .55 .545 .0

73 .211 .05 .055 .011

69 .750 .55 .555 .012

71 .951 .55 .555 .013

85 .10

7

66 .261 .05 .045 .08

84 .101 .05 .550 .09

84 .651 .05 .550 .010

50 .04
63 .051 .06 .055 .05

67 .731 .06 .045 .06
67 .840 .56 .050 .0

68 .201 .56 .0



achieved, while increases in temperature and time did not
lead to increased scavenging activity. The effect of pH (X2)
and time (X3) on the scavenging activity is shown in Fig. 2c.
With increasing pH value and treatment time at the fixed
temperature of 50℃, the DPPH radical scavenging activity
began to increase, and then decreased significantly. Under
the optimum conditions, the scavenging rate was the highest,
with 84.40%. The contour map in Fig. 2c1 shows that re-
action time does not affect the DPPH radical scavenging
activity significantly. The results also showed that the op-
timal Flavourzyme hydrolysis conditions for producing anti-
oxidant peptides from duck meat protein were at 50.19℃, pH
5.45, a reaction time of 1.03 h.

These theoretically determined optimum hydrolysis pa-
rameters were validated experimentally. A mean DPPH ra-
dical scavenging activity of 84.36% (n＝6) was achieved,
demonstrating the experimental results were very close to
values predicted by the regression model. Therefore, the
RSM model can be effectively applied to the prediction of
Flavourzyme hydrolysis conditions.
Comparison of Flavourzyme Hydrolysis with Control Duck

Protein

Table 3 shows that Flavourzyme hydrolysis notably in-

creased DPPH radical scavenging, ferrous ion chelation, re-
ducing power, ABTS radical cation scavenging, and hydro-
xyl radical scavenging, as compared to control. Determina-
tion of antioxidant capacity is an important step in the vali-
dation of functional food properties. For decades, methods
for testing the antioxidant activity of food compounds and
biological samples have been developed, and they have been
comprehensively reviewed in some papers (Magalhães et al.,
2008; Antolovich et al., 2002). To date, there is no distin-
guished way to describe the overall antioxidant potential of
proteolyzed, partially purified hydrolytic peptides. The most
widely used detection methods based on hydrogen atoms
include oxygen radical absorption capacity (ORAC) and total
free radical capture antioxidant parameters (TRAP). There-
fore, DPPH radical scavenging, ferrous ion chelation, ABTS
radical scavenging, oxidation of hydroxyl radicals, and re-
ducing power are widely used in the assessment of anti-
oxidant capacity. Taken together, hydrolysates of duck meat
had a high antioxidant activity, demonstrating their potential
use as food ingredients with antioxidative function. Other
effects related to beneficial health effects of such hydroly-
sates and identification of their amino acid sequence remain
to be explored.
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113 .86

Mean square

＜0 .0001887 .45 9

F-value

Table 2. ANOVA for response surface quadratic model: estimated regression model of

relationships between dependent variables and independent variables

R2
＝0.9932 RAdj

2
＝0.9845 RPred

2
＝0.9234 C.V.%＝1.26

p-value

Model

Sum of squares DFSource

X2 - pH 26 .49 0 .001322 .94 1

0 .74 0 .41750 .64

98 .61

1

240 .87X 2
1

＜0 .0001410 .00355 .07

0 .64

1355 .07X 2
2

X1 - Temperature

22 .94

0 .85240 .0370 .03210 .032X1X3

0 .81280 .0610 .05210 .052X2X3

＜0 .0001278 .13240 .871

0 .05855 .104 ,4214 .42X3 - Time

0 .000439 .0233 .79133 .79X1X2

1 .98Pure error

16893 .51Cor total

0 .8776 .06Residual

0 .17622 .761 .3634 .09Lack of fit

0 . 494

＜0 .0001168 .76146 .151146 .15X 2
3

1 . 53±0 .59a

Control

0 .15±0 .02bReducing power (A700)

38 .65±0 .63a

77 .79±2 .28a

Table 3. Antioxidant activities of antioxidant peptides from duck protein

(1.0mg/mL)

Hydroxyl radical scavenging (%)

16 .27±2 .84a
DPPH radical scavenging (%) 84 .36±2 .55a

Antioxidant peptides

a, bMeans in the same row with different letters differ significantly (P＜0.05); data expressed
as the mean±SD (n＝6).

ABTS radical cation scavenging (%)

11 .13±0 .43b

5 .24±0 .35b

4 .05±0 .22bFerrous ion chelating (%)

8 .66±0 .17b
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