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26The hydrolysate from duck egg white protein (DEWP) prepared by ‘‘SEEP–Alcalase’’ at degree of
27hydrolysis (DH) value of 21% (namely HSA21) exhibited high antioxidant capacity in different oxidation
28systems. A consecutive chromatographic method was then developed for separation and purification of
29HSA21, including ion-exchange chromatography, macroporous adsorption resin (MAR) and gel filter chro-
30matography. The final peptides ‘‘P21-3–75-B’’ were obtained with significantly enhanced antioxidant activ-
31ity (p < 0.05). It was further confirmed that the product mainly consisted of five oligopeptides (Mr: 202.1,
32294.1, 382.1, 426.3, and 514.4 Da). Furthermore, the antioxidant activity of P21-3–75-B kept stable after
33in vitro digestive simulation. Antioxidant capacity of the purified peptides was closely related to the
34molecular mass, hydrophobic amino acid residues, acidic amino acid and some antioxidant amino acids.
35This research provided a valuable route for producing new natural-source peptides with strong antioxi-
36dant capacity and high nutritious value for our daily intake.
37� 2014 Published by Elsevier Inc.
38

39

40

41 1. Introduction

42 Naturally, there is a dynamic balance between free radicals and
43 antioxidant substances in human bodies [1]. Once the antioxidant
44 enzymes, such as superoxide dismutase and catalase, cannot scav-
45 enge free radicals promptly, the balance may be disrupted, leading
46 to cells or tissues injury, even cardiovascular diseases and cancer
47 [2]. Thus, it is a present urgent requirement to search a safe, easily
48 absorbed, nutrient and antioxidant edible.
49 Duck egg is one of the most commonly used eggs in food man-
50 ufactures in China. A large amount of duck egg white protein
51 (DEWP) was left as byproduct. Considering the quantity and pro-
52 portion of essential amino acids, DEWP was an ideal edible protein
53 suitable to be absorbed in human intestinal tract [3]. Therefore, it
54 was chosen to prepare peptides with high antioxidant activity and
55 additional value by enzymatic hydrolysis. Although the hydroly-
56 sates from DEWP displayed high antioxidant activity [4], abundant
57 impurities and some low antioxidant peptides were included
58 excepted for meritorious peptides. The application of separation
59 and purification procedures was very essential to remove these
60 undesirable components for improving the bioactivity and

61determining the composition of novel peptides expediently [5,6].
62However, there is still little information regarding the isolation
63and purification of the DEWP hydrolysates.
64In our ongoing research related to the preparation of natural-
65source peptides with high activities [4], we developed a consecu-
66tive chromatographic method for separation and purification of
67an antioxidant hydrolysate from DEWP by macroporous adsorp-
68tion resin chromatography, ion-exchange chromatography and
69gel filer chromatography. The antioxidant activities of all the
70fractions from every purification process were evaluated and com-
71pared in different assays, including DPPH�, �OH, O��2 radical scaveng-
72ing activity and reducing power. Furthermore, the molecular mass
73and amino acids composition of the purified peptides were deter-
74mined by electron spray ionization tandem mass spectrometry
75(ESI-MS) and amino acid analyzer.

762. Materials and methods

772.1. Materials and chemicals

78Fresh duck egg was provided by Guangzhou Agricultural Insti-
79tute, China. Alcalase 2.4 L FG (Alcalase) and Pancreatin was pur-
80chased from Novo Enzyme Co., Denmark, A hydrolase specific for
81egg protein (SEEP) was purchased from Waldorf Co., China. DPPH
82was purchased from Johnson Matthey Co., U.K. DEAE sepharose
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83 FF was purchased from GE Co. America. Macro absorption resin
84 (MAR) ‘‘DA201-C’’ was purchased from JiangYin Organic Chemical
85 Plant, China. Sephadex G-15 was purchased from Sigma Co.,
86 America. All other chemicals and reagents were of analytical grade
87 commercially available.

88 2.2. Preparation of DEWP hydrolysates

89 DEWP was isolated from fresh duck eggs, and then dissolved in
90 distilled water with a final concentration of 50 mg/mL and pre-
91 treated at 95 �C for 40 min (pH 10). Two-step enzymatic procedure
92 was applied, the reaction catalyzed by SEEP–Alcalase. The optimi-
93 zation of specific parameters has been discussed in previous paper
94 [4]. And the final hydrolysates were centrifuged at 10,000g for
95 10 min using a high speed refrigerated centrifuge (Eppendorf Co.,
96 Germany). The supernatant was freeze-dried using a freeze dryer
97 (Christ Co., Germany), collected and stored at �18 �C.

98 2.3. Determination of degree of hydrolysis

99 When SEEP or Alcalase was used as biocatalyst, the reaction pH
100 value was >7.0 and DH value was measured with ‘‘pH-stat’’ method
101 as follows:
102

Degree of hydrolysis ðDH; %Þ ¼ B� Nb� 1
a
� 1

MP
� 1

htot

� 100% ð1Þ104104

105 where B is the volume of NaOH solution consumed, mL; Nb is the
106 concentration of NaOH solution consumed, mmol/mL; a is the
107 degree of dissociation of a-amino acid, a = [10(pH � pK)]/[1 + 10
108 (pH � pK)] (the average pK of the amino, 7.0; pH, the value of the
109 initial reaction). MP is the total mass content of the substrate pro-
110 tein (g). The htot value is the total quantity of peptide linkage unit
111 of substrate protein, mmol/g, calculated from amino acid analysis
112 by summing the molar concentrations of each individual amino acid
113 (mmoles) per gram of egg white protein [7].

114 2.4. DPPH� radical scavenging activity assay [8]

115 To test tube A, 2 mL ethanol and 2 mL DPPH�-ethanol solution
116 (20 mM) were added and incubated in darkness at room tempera-
117 ture for 30 min. The absorbance of the resulting solution A was
118 measured at 517 nm using a UV 752S spectrophotometer (Lenggu-
119 ang Co., Shanghai, China) with ethanol as control. 2 mL of the
120 sample solution (1 mg/mL) was mixed with 2 mL of 20 mM DPPH�-
121 ethanol solution, giving solution B which was also incubated for
122 30 min in darkness at room temperature and measured at
123 517 nm. Determination of VC was as a positive control. The IC50

124 value was used to express the DPPH� radical scavenging activity
125 of samples, which was the concentration of tested samples
126 required for a scavenging rate of 50%. DPPH� radical scavenging
127 activities of the samples were calculated as follows:
128

Scavenging activity ð%Þ ¼ A0 � ðAx � Ax0Þ
A0

� 100% ð2Þ130130

131 where A0 is the absorbance of solution A; Ax is the absorbance of
132 solution B; Ax0 is the absorbance of 1 mg/mL sample solution.

133 2.5. �OH radical scavenging activity assay

134 The reaction was initiated by adding 2 mL of 8.8 mM H2O2 to
135 the reaction mixture containing 2 mL of 9 mM FeSO4, 2 mL of
136 9 mM salicylic acid in ethanol and 2 mL of hydrolysate
137 (1 mg/mL). The reaction mixture (solution A) and distilled water
138 (the control, solution B) were incubated at 37 �C for 30 min in a

139water bath, and their absorbance were measured at 510 nm. Deter-
140mination of VC was as a positive control. �OH radical scavenging
141activities of the samples were calculated as follows:
142

Scavenging activity ð%Þ ¼ A0 � ðAx � Ax0Þ
A0

� 100% ð3Þ 144144

145where A0 is the absorbance of solution B, Ax is the absorbance of
146solution A, Ax0 is the absorbance of 1 mg/mL sample solution.

1472.6. Determination of O��2 radical scavenging activity

148The mixture containing 0.2 mL of hydrolysate (1 mg/mL),
1494.5 mL of 50 mM Tris–HCl buffer (pH 8.2) and 4 mL of distilled
150water, was incubated at 25 �C for 10 min and then mixed with
1510.3 mL of 3 mM pyrogallic acid solution, forming solution A. When
152the hydrolyzed sample was replaced by distilled water, the
153resulted solution was named as solution B. Determination of VC
154was as a positive control. O��2 radical scavenging activities of the
155samples were calculated as follows:
156

Scavenging activity ð%Þ ¼ K0 � K1

K0
� 100% ð4Þ 158158

159where K0 is the slope of absorbance variation of solution B in 5 min,
160K1 is the slope of absorbance variation of solution A.

1612.7. Determination of reducing power on Fe3+

162The reducing power was measured in terms of the absorbance
163at 700 nm according to ‘‘Siddhuraju’’ method [9]. 2 mL of sample
164(1 mg/mL) and 1.0% (w/v) K4Fe(CN)6 were added into 2 mL of
1650.05 M phosphate buffer solution (pH 6.6). The mixture was incu-
166bated at 50 �C for 20 min followed by the addition of 2.5 mL of 10%
167(w/v) TCA, centrifuged at 5000 g for 10 min. 2.5 mL of supernatant,
1680.5 mL of 0.1% (w/v) FeCl3 and 2.5 mL of distilled water were mixed
169for a 10 min reaction. Then the absorbance of resulting solution
170was measured at 700 nm. Determination of VC was as a positive
171control.

1722.8. Ion-exchange chromatography

173The hydrolysate (0.5 g) was dissolved in 10 mL of 10 mM Tris–
174HCl buffer (pH 7.6) and loaded onto an ion-exchange column
175(2.6 � 60 cm) previously packed with DEAE sepharose FF and
176equilibrated with the above-mentioned buffer at a flow rate of
17748 mL/h continually with the effluent monitored at 214 nm. Then
1780–1.0 M NaCl solution in 10 mM Tris–HCl butter (pH 7.6) were
179loaded onto the chromatography column (2.6 � 60 cm) with a lin-
180ear gradient at a flow rate of 48 mL/h. 8 mL of each fraction was
181collected and monitored at 214 nm. The fraction (namely A) with
182the desired peak was freeze-dried and collected for the following
183purification.

1842.9. Macroporous adsorption resin

185Fraction A of 100 mg/mL was loaded at a flow rate of 60 mL/h
186onto the chromatography column (2.6 � 60 cm) packed with
187MAR ‘‘DA-201C’’ continually and the effluent monitored at
188214 nm. The addition of the hydrolysates was stopped, when the
189absorption value reached higher than 0.1. Then the ethanol solu-
190tion with the concentration of 25% (v/v) was loaded onto the chro-
191matography column at the same flow rate of 50 mL/h. When the
192absorbance of the effluent at 214 nm exceeded 0.1, the eluting sol-
193vent (25% ethanol) was substitute for 50%, 75% and 100% (v/v) eth-
194anol in sequence. The fraction (namely B) with the desired peak
195was freeze-dried, and collected for the further purification.
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