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Antioxidant peptides are widely used in many fields due to their biological activities 
such as anti-cancer, anti-induction and anti-aging. However, little information is 
available concerning the peptides production by enzymatic hydrolysis of casein from 
goat milk. In this study, response surface methodology (RSM) was applied to optimize 
the conditions of the hydrolysis of goat milk casein by proteases (alcalase in 
combination with papain) to increase the antioxidant activity of the peptides. The 
results showed that the optimal hydrolysis conditions were as follows: temperature of 
61°C, enzyme/substrate ratio (E/S) of 5.6%, and protease ratio (papain: alcalase) of 
1.8:1. Under the optimal conditions, the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical 
scavenging activity significantly increased (1.17 folds compared to un-optimized 
conditions). Furthermore, Fe2+ chelating ability and superoxide radical scavenging 
activity increased 1.02 folds and 1.14 folds, respectively. The antioxidant activity was 
significantly improved after optimization and provided a basis for the study of the 
antioxidant effects of hydrolysed goat milk casein. 

Keywords: goat milk casein, alcalase, papain, antioxidant activity, response 
surface methodology 

 

Introduction  

Reactive oxygen species (ROS) and free radicals are natural by-products of normal 
human metabolism (Ray et al., 2012). Under normal circumstances, the production 
and elimination of free radicals in the body is in a dynamic equilibrium, which will 
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not cause damage to the body (Jomova & Valko, 2011; Galadari et al., 2017). 
However, when the production of free radicals and reactive oxygen groups is 
excessive, the normal redox balance of the body is destroyed, and the defense 
system of ROS in the body can not completely resist the damage of free radicals 
and ROS. The lipids, proteins and DNA are oxidized causing damages to the body 
that can lead to various diseases (Ko et al., 2012). 

Studies showed that ingesting foods full of antioxidants is a rational way to 
scavenge free radicals and reduce oxidation damage for humans (Boboev et al., 
2012; Freitas et al., 2013). Chemically synthesized antioxidants can cause negative 
effects and the applications of that are limited. The natural antioxidants gained 
more and more attention in recent years not only because they can reduce the rate 
of oxidation and the generation of free radicals, but also because they can prevent 
the occurrence of lipid oxidation reactions (Sarmadi & Ismail, 2010). Antioxidant 
peptides obtained from plant and animal derived proteins by enzymatic and 
fermentation methods have many advantages, such as wide range of sources, non-
toxic effects and stable antioxidant properties (Yu et al., 2017). The antioxidant 
peptides produced through enzymatic hydrolysis of food proteins are not only more 
easily digested and absorbed by the human body than the protein itself, but also 
promotes the absorption of other nutrients such as calcium and iron (Najafian & 
Babji, 2014). Nagai et al. (2006) found that once royal jelly was hydrolysed using 
enzyme, the hydrolysates possessed much higher antioxidant activity and 
scavenging activity against active oxygen species. Adeola et al. (2014) reported the 
oxygen radical absorbance capacity of the canola proteins hydrolysed by alcalase, 
chymotrypsin and pepsin were found to be higher than that of glutathione, and that 
it could be used as bioactive ingredients in the formulation of functional foods 
against oxidation stress. 

Goat milk was called "white blood", because it is rich in proteins, lipids, amino 
acids, minerals and vitamins. Goat milk also has cholesterol lowering, anti-
oxidative, anti-inflammatory, repairing intestinal tract, and reducing lactose 
intolerance properties, which ensure the goat milk with two functions - nutrition 
and health care (Chilliard et al., 2010; Li et al., 2013). Compared to cow milk goat 
milk has higher amounts of β-casein and κ-casein and it has little or no allergen 
αs1-casein that causes the allergic reactions. The whey proteins content of goat 
milk is higher, easier to digest and absorb than those of cow milk. The ratio 
between casein and whey proteins of goat milk is closer to human milk and it is 
recommended for neonates when the human milk is missing (Kapadiya et al., 
2016). However, studies regarding goat milk casein-derived hydrolysates and their 
active peptides were rarely reported and in addition, the researches regarding goat 
milk lags behind cow milk. 

In our previous studies, alcalase proved to be the best proteinase for hydrolyzing 
goat milk casein in order to produce antioxidant peptides compared to 
flavourzyme, papain, proteinase K and trypsin (Shu et al., 2015). Furthermore, the 
influence of various factors (hydrolysis temperature, pH, substrate concentration, 
enzyme/substrate ratio (E/S), the ratio of protease and time) on the preparation of 
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the antioxidant peptides by alcalase combined with papain hydrolysis of goat milk 
casein were performed by single factors experiment and Plackett-Burman design. 
According to the results, temperature, E/S ratio and the protease ratio were selected 
as the most important factors, which had significant influences on the antioxidant 
activity of the peptides (Shu & Mei, 2018). In this paper, the hydrolysis conditions 
for preparing antioxidant peptides through protease hydrolysis of goat milk casein 
to obtain high antioxidant activity were optimized by Box-Behnken design and 
response surface methodology. 

 

Materials and methods 

Materials 

Goat milk powder was supplied by Xi’an Baiyue Dairy Co., Ltd, (Shaanxi, China). 
Alcalase, papain, DPPH and 3-(2-pyridyl)-5,6-bis (4-phenylsulphonic acid)-1,2,4-
triazine (Ferrozine) were purchased from Sigma–Aldrich, (St. Louis, Mo, USA). 
All other reagents used in this study were of analytical grade. 

Preparation of goat milk casein  

The goat milk powder and distilled water were mixed at a ratio of 1:8 (w/v) then 
the fat was removed by centrifugation at 6500 rpm for 15 min in order to obtain 
skimmed goat milk. Further, the skimmed milk was heated up to 45°C, and the pH 
was adjusted to 4.6 units with HCl 1M to precipitate the goat milk casein. The goat 
milk casein was separated by centrifugation at 6500 rpm for 15 min. The 
precipitate was collected and freeze-dried using the vacuum freeze dryer (Beijing 
Boyikang Experimental Instrument Co., Ltd, Beijing, China) for further analysis. 

Preparation of enzymatic hydrolysis  

The freeze-dried goat milk casein was mixed with distilled water at a ratio of 2:100 
(w/v). A certain amount (5.5%, 5.6%, 5.7%) of the enzyme complex was added to 
the casein solution. Next, the solution was adjusted to the optimum value of the 
temperature (60°C, 61°C, 62°C) and pH of 7.5 for the enzyme complex. During the 
reaction, the hydrolysis pH was maintained at the specified value by adding 0.1M 
NaOH continually. The hydrolysis was completed by heating up the samples to 
95°C for 15 min to inactivate the enzymes. Then, the pH was adjusted to 3.4, and 
the hydrolysates were centrifuged at 6000 rpm for 15 min to collect the supernatant 
followed by the adjustment of the pH up to 8.0, centrifugation at 6000 rpm for 15 
min and collection of the supernatant. 

Determination of the antioxidant activity 

DPPH radicals scavenging activity 

The DPPH radicals scavenging activity of the peptides was measured by the 
method of Wu et al. (2003). Two mL of the enzymatic hydrolysate was placed in a 
test tube and mixed with 2 mL of 0.1 mM DPPH (in 95% ethanol). Then, the 
samples were homogenized and dark incubated for 30 min at room temperature. 
The absorbance was measured at 517 nm. A mixture obtained from 2 mL sample 
and 2 mL of 95% ethanol without DPPH solution was used as blank, and 2 mL 
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DPPH radical solution in 2 mL of 95% ethanol was used as control. The DPPH 
radical scavenging activity was calculated according to equation 1: 

DPPH radical scavenging activity (%)＝100 − 100 ×
(Aଵ − Aଶ)

A଴

 (1) 

where A1 represents the absorbance of the experiment group, A0 represents the 
absorbance of the control, and A2 represents the absorbance of the blank. 

Metal chelation ability 

The chelating of Fe2+ for enzymatic hydrolysates was estimated by the method of 
Decker & Welch (1990). A quantity of 1 mL of enzymatic hydrolysate and 3.7 mL 
of distilled water were mixed in a test tube. Then, 0.1 mL of 2 mM FeCl2 solution 
and 0.2 mL of 5 mM ferrozine solution were added. The reaction was allowed to 
take place for 20 min, at room temperature. After that, the absorbance of mixture 
was measured at 562 nm. The control was obtained by adding distilled water instead 
of enzymatic hydrolysate. The chelating activity was calculated according to equation 
2: 

 (2) 

where A1 was the absorbance of the sample, A2 was the absorbance of the control. 

Superoxide radical scavenging activity 

The method of measuring superoxide radical scavenging activity was according to 
the described by Marklund & Marklund (1974) with some modifications. 5.7 mL of 
50 mM/L Tris-HCl-EDTA buffer (pH 8.2, 1 mM/L of EDTA) and 0.2 mL of 
enzymatic hydrolysate were added into a test tube. Then, 0.1 mL of 5 mM/L 
pyrogallol was added and the optical density was measured at 325 nm. A control 
was used by adding distilled water instead of enzymatic hydrolysate. The data was 
recorded every 30s and the reaction was completed after 5 min. The superoxide 
radical scavenging activity was calculated based on the following formula: 

(3) 

where A1/min is the absorbance per minute of the sample (sample and buffer); 
A2/min is the absorbance per minute of the control (buffer and distilled water).  

Optimization of fermentation conditions by RSM  

Response surface methodology was used for further optimization studies by 
determining the response value and analyzing the various effects. Box–Behnken 
design of three variables and three levels of variation was built according to 
determined three main factors, temperature (A), E/S (B) and the protease ratio (C), 
which were used to find the optimal conditions of the hydrolysing goat milk casein 
by fitting a polynomial model with RSM. The experimental design of three levels 
of variables was shown in Table 1. 

Superoxide radical scavenging activity(%)＝[1 − (A1 𝑚𝑖𝑛⁄ ) (𝐴2 𝑚𝑖𝑛⁄ )⁄ ] × 100 
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Table 1. The experimental factors and coded levels for obtaining peptides by protease 
hydrolysis 

Variables Factors 
Coded levels 

(-1) 0 (+1) 
A Temperature (°C) 60 61 62 
B E/S (%) 5.5 5.6 5.7 
C Proteases ratio (mg/μL)* 10:5 11:6 12:7 

* protease ratio refers to papain: alcalase 

Model validation  

The hydrolysis conditions were applied in further experiments based on the results 
of RSM and the experimental values were compared with predictive value to verify 
the effectiveness of the model. Three sets of experiments were made and the results 
were expressed as mean deviation.  

Statistical Analysis of the Data  

Design Expert software version 8.0.6 (Stat-Ease Inc., MN, USA) was used to 
design the experiment and analyze the data. 

 

Results and discussion  

Box-Behnken experimental design  

Box-Behnken design was used to determine the optimal combination of the three 
significant factors, such as: temperature, enzyme/substrate ratio and protease ratio 
in order to prepare the antioxidant peptide. The experimental design and results are 
showed in Table 2. The responses analyzed were: DPPH radical scavenging 
activity (R1), Fe2+ chelation ability (R2) and superoxide radical scavenging activity 
(R3). 

Regression analysis 

The quadratic regression model was established based on the data provided by the 
Box-Behnken design. The multivariate regression equations correlating the 
responses depending with the independent variables were listed according to 
equations 4, 5 and 6: 

R1=74.07-0.25A - 0.44 B + 0.88 C-1.17 AB + 0.12 AC - 0.98 BC - 7.48 A2 - 0.22 B2-5.75 C2 (4) 

R2=93.89-0.27A - 0.47 B - 0.24 C + 0.29 AB + 0.38 AC + 0.79 BC - 3.19 A2-3.38 B2 + 0.26 C2 (5) 

R3=51.08+1.14A-0.021 B - 0.23 C - 1.42 AB - 0.33 AC + 1.5 BC - 2.48 A2-4.27 B2 - 1.73 C2 (6) 

where, A, B and C are coded values of the independent variables for temperature, 
E/S ratio and the protease ratio, R1, R2 and R3 represents the corresponding 
expected values including the DPPH radical scavenging activity, the Fe2+ chelating 
ability and the superoxide radical scavenging activity, respectively. 
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Table 2. The Box-Behnken design and the experimental data for the responses of 
production peptide in the enzymatic hydrolysis 

Runs 

Variables DPPH 
radical 

scavenging 
activity,%, 

R1 

Fe2+ 

chelation 
ability, %, 

R2 

Superoxide 
radical 

scavenging 
activity, (%, 

R3 

Temperature,°C, 

A 

E/S,%, 
B 

Protease 
ratio 

(mg/ml, 
C) 

1 -1(60) 1(5.7) 0(11:6) 66.76 86.28 45.25 

2 -1 -1(5.5) 0 66.81 88.93 42.25 

3 1(62) 0(5.6) 1(10:5) 71.25 87.35 48.75 

4 0(61) 0 0 74.76 92.21 51.75 

5 0 1 1 66.96 90.23 44.08 

6 -1 0 -1(12:7) 70.12 87.26 45.67 

7 1 -1 0 68.81 87.79 46.25 

8 0 0 0 74.97 94.83 51.33 

9 1 0 -1 71.24 88.65 48.42 

10 0 1 -1 69.81 91.85 45.83 

11 1 1 0 69.52 86.31 43.58 

12 0 0 0 74.97 94.83 51.33 

13 -1 0 1 66.6 89.15 44.67 

14 0 -1 1 70.35 91.28 47.33 

15 0 -1 -1 60.11 90.11 43.08 

 

Variance analysis of DPPH free radical scavenging rate regression equation 

The Analysis of variance (ANOVA) was applied to evaluate the significant 
coefficients in the models to determine the effect of different variables. The lower 
p-value indicates the more obvious effect of variable. R-squared value represents 
the fitness of the predicted value and the model.  

The results of ANOVA test in regression equation were shown in Table 3. The p-
value of the regression equation model (p =0.0028<0.01) was statistically 
significant and the F value was 5.62. The p-value of the lack of fit (p=0.1371>0.1) 
was insignificant showing that the regression analysis was valid, which suggested 
that the regression model could be used to fit the effect of three factors on DPPH 
radical scavenging activity. The coefficient of determination (R2=0.9101) 
suggested that more than 91.01% of the total variation in the response could be 
explained by the model. The adjusted coefficient of determination (R2

Adj=74.83%) 
was close to the R2 value, confirming that the measured and predicted values had a 
high fitting precision proving the feasibility of the experimental method. The 
quadratic main effects of temperature, E/S and protease ratio were significant (pA

2 
< 0.01, pB

2 < 0.001, pC
2 < 0.01), which suggested that there wasn`t a simple linear 

correlation between the variables and DPPH radical scavenging activity. 
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Table 3. The ANOVA of Box-Behnken of DPPH radical scavenging activity in the 
enzymatic hydrolysates 

Source SS DF MS F P>F Significance 

Model 211.89 9 23.54 5.62 0.0028 ** 

A 13.86 1 13.86 3.31 0.0180 * 

B 6.07 1 6.07 1.45 0.9513  

C 1.88 1 1.88 0.45 0.5201  

AB 0.14 1 0.14 0.034 0.0291 * 

AC 3.12 1 3.12 0.74 0.5090  

BC 42.84 1 42.84 10.23 0.0238 * 

A2 18.39 1 18.39 4.39 0.0021 ** 

B2 100.87 1 100.87 24.10 0.0002 *** 

C2 42.66 1 42.66 10.19 0.0078 ** 

Residual 20.93 5 4.19    

Lack of fit 18.97 3 6.32 6.45 0.1371  

Pure error 1.96 2 0.98    

Cor Total 232.82 14     

***p<0.001, extremely significant; **p<0.01, very significant; *p<0.05, significant.  

 

The contour plots and 3D surface plot of the DPPH radical scavenging activity in 
model equation are showed in the figure 1. The contour plots seemed to be 
elliptical or circular. It implied that A×B, A×C and B×C had mutual interactions 
for DPPH radical scavenging activity and they were significant (pAB = 0.0291 < 
0.05, pAC=0.0238<0.05). Therefore, the effect of one factor on DPPH radical 
scavenging activity was dependent on the level of another one. 

Variance analysis of Fe2+ chelation ability regression equation 

According to the results showed in Table 4, the probability value for Fe2+ chelating 
ability (p=0.0215<0.05) demonstrated a high significance for the regression model. 
Instead, the p-value of the lack of fit (p=0.7433>0.1) was not significant, which 
indicated that the regression analysis model was effective and the regression model 
could be used to fit the effect of three factors on Fe2+ chelating ability. The value of 
the coefficient of determination (R2=0.9280) showed that the quadratic equation 
could be used to illustrate more than 90.78% of variations in the response. Besides, 
the value of adjusted determination coefficient (R2Adj=79.85%) expressed that the 
model had high potential in predicting response. The factors influence on Fe2+ 
chelating ability was obtained as follow: B>A>C, it showed that the E/S had the 
highest effect on Fe2+ chelating ability, followed by temperature and protease ratio. 
The p-value of both A2 and B2 were less than 0.05, which showed a significant 
effect on the Fe2+chelation ability and had a greater effect on the model. 
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(f)

 
Figure 1. Response surface (right) and contour (left) plots of A (temperature), B (E/S), C 
(compound protease ratio) and its mutual interaction to R1 (DPPH radical scavenging 
activity) 

According to the contour map and 3D surface map drawn by the model equation in 
figure 2, the three sets of 3D surface maps were arched with different degrees of 
curvature, which indicated that the value of Fe2+ chelating ability was increased 
with the gradual increase of various factors. When a certain value was reached, the 
value of each factor would continue to increase and the value of Fe2+ chelating 
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ability would decrease. From the contour plot it can be seen that A×B, A×C and 
B×C exhibited weaker elliptical and irregular patterns, showing that the interaction 
was not significant. 

 
Table 4. The ANOVA of Box-Behnken of Fe2+ chelating ability in the enzymatic 
hydrolysed  

Source SS DF MS F Pr>F Significance 

Model 98.97 9 11.00 7.16 0.0215 * 

A 0.29 1 0.29 0.19 0.6828  

B 1.48 1 1.48 0.96 0.3714  

C 0.48 1 0.48 0.29 0.9697  

AB 0.34 1 0.34 0.22 0.6567  

AC 2.54 1 2.54 1.66 0.2544  

BC 1.95 1 1.95 1.27 0.3114  

A2 81.46 1 81.46 53.06 0.0008 *** 

B2 13.78 1 13.78 8.98 0.0302 * 

C2 4.94 1 4.94 3.22 0.1327  

Residual 7.68 5 1.54    

Lack of fit 3.10 3 1.03 0.45 0.7433  

Pure error 4.58 2 2.29    

Cor Total 106.65 14     

***p<0.001, extremely significant; **p<0.01, very significant; *p<0.05, significant. 

 

Variance analysis of superoxide radical scavenging activity regression equation 

As shown in Table 5, the probability value for superoxide radical scavenging 
activity (p=0.0028<0.01) was statistically significant and the probability value for 
the lack of fit (p=0.3595>0.1) was insignificant which indicated that the regression 
analysis was effective. The value of the coefficient of determination (R2=96.96%) 
showed that only 3.04% of the variability in superoxide anion clearance rate could 
not be explained by the predicted equation of model. Furthermore, the value of 
adjusted determination coefficient (R2

Adj=91.48%) was near to the coefficient 
determination, which demonstrated the experimental results fitted to the model 
equation. The three factors influence on the superoxide radical scavenging activity 
was obtained as follows: A>C>B, showing that the temperature presented the 
highest effect on R3, followed by the compound protease ratio and the E/S. The p-
value of A, A2, B2 and C2 were all less than 0.05, indicating a significant effect on 
both the superoxide radical scavenging activity and the model itself. 

The contour plots and 3D-surface plots were shown in figure 3. The contour plots 
of A×B and B×C were elliptical, implying that A×B and B×C had significant 
mutual interactions for superoxide radical scavenging activity (pAB =0.0391<0.05, 
pBC =0.0323<0.05). In figure 3(c) the circular shape of A×C illustrated a weak 
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mutual interaction (pAC=0.5436>0.05). The 3D surface map was a convex arch, 
indicating that there was a maximum value of superoxide radical scavenging 
activity under the interaction of these three factors. 
 

(a)

 

(b)

(c) (d)

 

(e)

 

(f)

 
Figure 2. Response surface (right) and contour (left) plots of A (temperature), B (E/S), C 
(compound protease ratio) and its mutual interaction to R2 (Fe2+ chelating ability) 
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Table 5. The ANOVA of Box-Behnken of superoxide radical scavenging activity in the 
enzymatic hydrolysates 

Source SS DF MS F Pr>F Significance 

Model 139.57 9 15.51 17.71 0.0028 ** 

A 10.49 1 10.49 11.98 0.0248 * 

B 0.00361 1 0.00361 0.00347 0.9553  

C 0.42 1 0.42 0.48 0.5542  

AB 8.04 1 8.04 9.18 0.0391 * 

AC 0.44 1 0.44 0.51 0.5436  

BC 9.00 1 9.00 10.28 0.0323 * 

A2 29.71 1 29.71 33.93 0.0055 ** 

B2 79.29 1 79.29 90.57 0.0005 *** 

C2 16.12 1 16.12 18.41 0.0226 * 

Residual 4.38 5 0.88    

Lack of fit 3.87 3 1.29 5.12 0.3595  

Pure error 0.50 2 0.25    

Cor Total 143.94 14     

***p<0.001, extremely significant; **p<0.01, very significant; *p<0.05, significant. 

 

When the temperature was 61°C, E/S was 5.60%, and protease ratio was 1.8:1, the 
maximum responses values of DPPH radical scavenging activity was 75.53%, Fe2+ 
chelating ability was 93.90%, and superoxide radical scavenging activity was 
51.89%. The verification experiment was performed based on the optimal 
conditions given by Design-Expert, and the results showed that DPPH radical 
scavenging activity, Fe2+ chelating ability, the superoxide radical scavenging 
activity were 74.81 ± 0.93%, 93.44 ± 1.46% and 51.69 ± 1.17%, respectively. The 
error between the predicted value and the verification value was small, which 
indicated that the predicted optimal condition was relatively reliable.  

Before optimization of the conditions of hydrolysis, when the temperature was 
55°C, E/S was 1%, and compound protease ratio was 1:1 the DPPH radical 
scavenging activity, Fe2+chelating activity and superoxide radical scavenging 
activity were 63.69%, 90.84% and 45.06% respectively (Shu & Mei, 2018) (data 
not shown). Therefore, after the optimization, the DPPH radical scavenging 
activity, Fe2+chelating activity and superoxide radical scavenging activity were 
improved with 11.84%, 3.06% and 6.83% respectively.  

In the previous study (Shu & Mei, 2018) the temperature, E/S ratio and protease 
ratio were selected as the main factors to influence the antioxidant activity of the 
goat milk casein hydrolysates. The temperature of enzymatic hydrolysis is an 
important factor affecting the molecular stability of protease (Kuehler & Stine, 
2010).  
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(a)

 

(b)

(c)

 

(d)

 

(e) (f)

Figure 3. Response surface (right) and contour (left) plots of A (temperature), B (E/S), C 
(protease ratio) and its mutual interaction to R3 (superoxide radical scavenging activity) 
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When the temperature of the enzymatic hydrolysis is high, it is easy to cause 
dissociation of the secondary bond and lead to the protease partially or completely 
inactivated. However, when the temperature of enzymatic hydrolysis is low, the 
rate of action between proteases and substrates is decreased because the degree of 
molecular motion in the system is slow. Kumar et al. (2016) reported that camel 
milk proteins were hydrolyzed by alcalase, α-chymotrypsin and papain. Hydrolysis 
was carried out at 55°C for alcalase and papain, which was lower than 61°C that 
was studied in the present paper. The optimum hydrolysis temperature for both 
papain and alcalase was shown to be in the range of 55-65°C (Rui et al., 2012). 
Thus, the hydrolysis temperature of 61°C that was used in the present study was 
reliable. 

Shu et al. (2016) used single factors experiment to investigate the various factors 
effect on antioxidant peptides hydrolyzed from goat’s milk casein by alcalase. The 
result showed that the optimal hydrolysis condition of E/S ratio was 2.0%. 
However, in this study, the optimized E/S was 5.6%, most probably because the 
compound protease may had a better hydrolysis than one protease. Under the 
optimal condition of alcalase hydrolysis goat milk casein, the DPPH free radical 
scavenging ability was 69.07 ± 1.26%, Fe2+ chelating ability was 87.21 ± 0.88%, 
and superoxide radical scavenging activity was 49.18 ± 1.42% (Shu et al., 2017). 
Instead, in the present study, DPPH free radical scavenging rate, Fe2+ chelating 
ability, the superoxide radical scavenging activity reached values of 73.81±0.93%, 
93.44±1.46% and 51.69 ± 1.17%, respectively. The results obtained in the present 
study also proved that the compound enzymatic hydrolysis is better than those of 
single enzyme (Abeyrathne et al., 2014). This is related to the specificity of 
enzymes, due to the different sites of each enzyme action, the peptide fragments 
generated are limited. However, under the action of the complex enzyme, 
complementary action is formed among each other, so more highly active 
antioxidant peptides can be obtained. 

Espejo-Carpio et al. (2016) investigated the biological activity of goat milk protein 
hydrolysis prepared by subtilisin, trypsin and a combination of these two enzymes, 
and found that hydrolysis employing mixtures of subtilisin and trypsin was 
considered a good approach to produce biopeptides. Antioxidant and sensory 
properties of Nile tilapia protein hydrolysis prepared by one- and two-step 
hydrolysis using commercial protease were investigated by Yarnpakdee et al. 
(2015), and the results showed that the use of alcalase in combination with papain 
for hydrolysis of protein isolate rendered the hydrolysates with antioxidant 
properties and reduced bitterness, which could serve as a functional supplement. 
This result is in agreement with our study, indicating that the combination of 
alcalase and papain is more conducive to the production of highly active 
antioxidant peptide.  

 

Conclusions 

The optimal conditions for the preparation of antioxidant peptides by protease 
hydrolysis of the goat milk casein were optimized by RSM. According to the 
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regression model, the optimal enzymatic hydrolysis condition was 61°C, 5.6% E/S 
ratio, and compound protease ratio of 1.8:1. Under the optimal conditions, DPPH 
radical scavenging activity, Fe2+ chelating ability and superoxide radical 
scavenging activity of the goat milk hydrolysates were 73.81 ± 0.93, 93.44± 1.46% 
and 51.69 ± 1.17% respectively. The validation values were close to the predicted 
value, so the optimized antioxidant peptide parameters by protease hydrolysis of 
the goat milk casein were feasible. 
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