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Abstract

Free radicals may attack cells or tissue, leading to chronic diseases, and antioxidant consumption is potentially useful for removing

free radicals. Egg proteins may be used as potential sources of antioxidant considering their ability of scavenging free radicals to apply

for food or cosmetics industry. In this study, we obtained a natural antioxidant protein from fertilized eggs, which was a dietary supple-

ment in some Asian countries. Meanwhile, antioxidant activities of these proteins were evaluated using different oxidation systems.

With increasing incubation time, the antioxidant activity of these proteins increased during 15 d of incubation. The samples on day 15

were performed for isolation of antioxidant protein. The protein, named P4-1 (MW, 45 kDa), was isolated and purified by consecutive

chromatographic methods. P4-1 contained 17 amino acids, which was determined by liquid chromatography-mass spectrometry and

Amino Acid Analyzer. Moreover, the amino acid sequence was highly similar to that of ovalbumin. Differential scanning calorimetry

showed that the denaturation temperature of P4-1 was 57.16ºC. Furthermore, P4-1 suggested high oxygen radical-absorbance activity in

·OH assays, and its antioxidant activity was stable at 30-50ºC in acidic and neutral pH. Thus, these results revealed that P4-1 may be a

potential resource as a natural antioxidant.
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Introduction

Free radicals are defined as molecules with an unpaired

electron in their outermost orbits. In general, they are

unstable and reactive in nature (Kumar et al., 2012) and

may attack proteins and DNA, leading to serious diseases

such as hypertension, cancer, coronary heart disease, and

senile dementia. Antioxidant consumption is potentially

useful for removing free radicals from the body. Many

evidences suggested that antioxidants played important

roles in human health, as they could protect the human

body against damage from free radicals (Chen et al.,

2012). Synthetic antioxidants such as butylated hyd-

roxyanisole (BHA), propyl gallate (PG), and butylated

hydroxytoluene (BHT) were often used for daily con-

sumption. However, these antioxidants were suspected to

be responsible for liver damage and carcinogenesis (Fin-

kel et al., 2000). Thus, many researchers had focused on

identifying and developing natural, safe and edible anti-

oxidants. Bioactive proteins from foods have received

increasing attentions due to their safety and health bene-

fits, such as a protein from the fruit of Terminalia chebula

which exhibited significant radical scavenging in DPPH,

NO, H
2
O

2
and ABTS assays (Sriva et al., 2012). Mean-

while, a protein from pearl oyster named PMP (200 μg/

mL) showed a high oxygen radical absorbance activity

(ORAC) of 6.57 μmol Trolox/μmol protein (You et al.,

2015), and the protein from Phyllantus nituri can enhance

intracellular antioxidant power and protect the TBHP-

induced alterations of the cytoprotective and antioxidant

molecules (Sarkar et al., 2009). As natural dietary supple-

ments, fertilized hen eggs are considered as a traditional

food in some Asian countries, especially in China. Fresh

fertilized eggs laid within 24 h from the farms, were used

for the study or production. These eggs were incubated in

an incubator with two turnings every day at 37.2±0.5ºC

and 55±5% relative humidity with automatic ventilation.

Considering the plentiful nutrients of fertilized eggs, nu-

merous studies have reported the relative abundances of

their component nutrients (Li et al., 2012). Previous data
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have indicated that fertilized eggs have high antioxidant

activity and can prevent aging and skin wrinkling (Surai

et al., 1996). Memarpoor et al. (2012) reported that chic-

ken embryos can confer resistance to fatigue and senility

in rats. Compared with the levels of vitamin (E, A, C),

glutathione, peroxidase, and superoxide dismutase in the

brain, the levels of these antioxidants in the liver were

significantly higher for the newly hatched chicks (Gaal et

al., 1995). Duan et al. (2014) found that peptides isolated

from fertilized eggs on day 15 post-fertilization exhibited

the highest antioxidant activity. Sriva et al. (2012) indi-

cated that water-soluble proteins from fertilized eggs had

strong antioxidant activities and a positive correlation

between the antioxidant activity and the sample concen-

tration. These studies showed that different tissues of fer-

tilized eggs embryo displayed distinct antioxidant capa-

city. However, most previous studies focused on non-pro-

tein antioxidants, such as α-tocopherol, carotenoids, ascor-

bic acid, and superoxide dismutase, while the available

information on antioxidant proteins remained limited. In

this study, a novel, natural antioxidant protein was isola-

ted from fertilized eggs, and the biological properties and

antioxidant activities of this protein were simultaneously

evaluated.

Materials and Methods

Materials

Fertilized hen eggs on days 15 of incubation were ob-

tained from Yinkun Co. (China), which were incubated at

37.8ºC with the relative humidity of 60%. Eggs were auto-

matically turned through with a 90° angle every hour.

DEAE Cellulose FF was purchased from GE Healthcare

Co. (USA). Sephadex G-100 was purchased from Sigma

Co. (USA). The AKTA Purifier Plus chromatographic sys-

tem (GE Healthcare Co.) was provided by the Hefei Uni-

versity of Technology. The compounds 2,2-diphenyl-1-

picrylhydrazyl (abbreviated as DPPH), pyrogallic acid,

and 1,10-phenanthroline were purchased from Biyuntian

Biotechnology Co. (China). Other chemicals were of ana-

lytical grade and provided by the Laboratory of Biotech-

nology and Food Engineering at Hefei University of Tech-

nology.

Protein preparation

After mixing fertilized eggs with a high speed, we ob-

tained homogenates, which were centrifuged (14,243 g)

for 20 min at 4°C, using an ST-16R refrigerated centrifuge

(Thermo Fisher Scientific, USA). The supernatants were

freeze-dried at 50ºC for 24 h using an FD-1B-5D freeze

drier (Boyikang Laboratory Instrument Co., Ltd., China).

Protein was extracted from the powders using sodium

phosphate buffer solution (0.2 M, pH 7) at a ratio of 1: 10

(w/v). The mixture was homogenized by stirring for 2 h

at 4°C. Supernatants were collected after centrifugation at

14,243 g and 4°C for 30 min. The supernatants were sub-

jected to 80% ammonium sulfate saturation by adding

solid ammonium sulfate with gentle stirring at 4°C for 30

min, after which they were centrifuged at 1,281 g for 20

min at 4°C, desalted at 4°C, dialyzed against deionized

water for 48 h, and concentrated subsequently. The pow-

ders were used as crude protein, which was stored at -20°C

until further analysis.

Determination of protein contents

The protein contents of crude extracts were determined

using the Kjeldahl method after digestion, according to the

national standard method (Ministry of Health of the Peo-

ple’s Republic of China, 2010).

DPPH radical-scavenging activity assay

DPPH radical-scavenging activity (RSA) assay was per-

formed according to the method described by Je (2009).

To test tube A, 2.5 mL of a DPPH-ethanol solution (6.5 ×

10-5 M) and 0.5 mL ethanol were added and incubated in

the dark at room temperature for 10 min. The absorbance

of the solution A was monitored at 517 nm using a UV

752 spectrophotometer (Jinghua Science and Technology,

Ltd., China) with distilled water serving as a control.

Moreover, 2.5 mL DPPH-ethanol solution (6.5 × 10-5 M)

and 0.5 mL sample solution (5 mg/mL) were added to

tube B, with distilled water serving as the control. Tube C

was prepared in the same manner as for tube B, except

that 2.5 mL ethanol replaced the 2.5 mL of DPPH-etha-

nol solution (6.5 × 10-5 M). Here, determination of N-ace-

tyl cysteine (NAC) was as a control. Each experiment was

repeated 3 times to determine the average value. DPPH

radical-scavenging activities in the samples were calcu-

lated as follows:

where Ao is the absorbance of tube A, Ai is the absor-

bance of tube B, and Aj is the absorbance of tube C.

Determination of O
2

− · radical-scavenging activity

Tris-HCl buffer (4.5 mL; pH 8.2, 50 mM) and 4.2 mL

distilled water were mixed and incubated in a 25°C water

Scavenging activity %( ) 1
Ai Aj–

Ao

--------------–⎝ ⎠
⎛ ⎞ 100%×=



Purification and Characterization of Protein from Fertilized Eggs 793

bath for 20 min, after which the solution was further mixed

with 0.5 mL pyrogallic acid solution (3 mM), forming

solution A. Solution B (composed of 3.7 mL of distilled

water) was mixed with 0.5 mL of sample solution [5 mg

P4-1 powder dissolved in 1.0 mL of buffer (0.2 M PBS,

pH 7)] and then added to Solution A. HCl solution (10

mM) was used as a blank control (Su et al., 2009). The

absorbance of both solution A and solution B were mea-

sured at 320 nm using a UV 752 spectrophotometer. The

absorbance was measured kinetically every 30 s and was

calculated in the linear range. Determination of NAC was

as a control. Each experiment was performed 3 times to

determine the average value. O
2

− ·radical-scavenging acti-

vity in the samples were calculated as follows:

where A
1
 is reaction rate of solution A, and A

2
 is the rate

of solution B.

·OH radical-scavenging activity assay

The ·OH radical-scavenging ability was assayed accor-

ding to the method described previously by Wang et al

(2008). A reaction mixture (8 mL) was prepared, which

contained 2 mL FeSO
4
 (9 mM), 2 mL hydroxylated salic-

ylate complex (9 mM), 2 mL sample solution (5 mg/mL),

and 2 mL H
2
O

2
 (8.8 mM). After incubation for 30 min in

a 37°C water bath, the absorbance of the hydroxylated

salicylate complex was measured at 510 nm. Determina-

tion of NAC was as a control. The percentage scavenging

activity was calculated as:

where K
0
 is the absorbance of the control (distilled water

instead of sample), K
1
 is the absorbance of sample solu-

tion (5 mg/mL), and K
2
 is the absorbance without the hyd-

roxylated salicylate complex (replaced by distilled water).

Ion-exchange chromatography

One gram of crude protein was dissolved in 50 mL buf-

fer A (0.02 M, pH 6.8 phosphate buffer) and centrifuged

at 3,000 rpm at 4°C for 15 min. Subsequently, the super-

natant was micro-filtered  through a 0.22-μm membrane

and loaded onto an anion-exchange column (16 × 500

mm) packed with DEAE Cellulose FF, followed by  load-

ing into the ∆KTA Purifier Plus chromatography system

(GE Healthcare Co.), which was equilibrated with buffer

A (2 column volumes) (Je et al., 2007). The column was

then washed with 2 column volumes of buffer A at a flow

rate of 1 mL/min. The crude proteins were eluted using a

linear NaCl gradient (ranging from 0 to 1 M NaCl over

70 min) followed by 1 M NaCl for 50 min in buffer A at

a flow rate of 1 mL/min. Elution peaks were detected at

280 nm. All fractions were collected and freeze-dried. The

freeze-dried powders were stored for subsequent antioxi-

dant assays.

Gel-filtration chromatography

Gel-filtration chromatography was performed accord-

ing to the method described by Ahmed et al. (2013).

Twenty-five millilitres of active fraction (20 mg/mL) was

loaded onto a gel-chromatography column (10 × 300 mm)

packed with Sephadex G-100 gel, using an ∆KTA Purifier

Plus chromatography system for further purification. The

gel-chromatography column was equilibrated and washed

with 2 volumes of buffer B (20 M Tris-HCl, pH 8.0), for

each step. The active fraction was eluted with a linear salt

gradient (0 to 1.0 M NaCl over 70 min) at a flow rate of

1 mL/min. The fraction obtained was designated as P4-1

and was freeze-dried and stored for further analysis.

Relative molecular weight of antioxidant proteins

Sodium dodecyl sulfate-polyacrylamide gel electropho-

resis (SDS-PAGE) analysis was performed using a 12%

separating gel and a 5% stacking gel, and the gels were

stained with Coomassie brilliant blue R-250 for 2 h. Then,

the gels were de-stained for 24 h. The proteins were sep-

arated at 80 V for 30 min and then at 120 V for 120 min.

The relative molecular masses and its abundances of the

purified proteins were analysed using standard proteins

with molecular masses ranging from 14.4-94.0 kDa.

Liquid-phase mass spectrometry

Protein bands were excised from SDS-PAGE gels and

identified by analysis with a ProteomeX-LTQ 2D-LC-MS

system (Thermo Fisher Scientific Company, USA). The

working parameters of the instrument were as follows:

separation mode of LC: The proteins were trapped on a

C18 reversed phase capillary column ddH
2
0 using the

HPLC system; the mobile phases A was 0.1% FA/ddH
2
0,

and the mobile phases B was 100% acetonitrile; the mob-

ile phase gradient was delivered over 10 min; ramping to

solution B by 6 min, holding for one minute, and then

transitioning back to mixtures over 1.5 min. The flow rate

was 0.4 mL/min with an injection volume of 2 μL.

The mass spectrometer was performed in positive ion

mode. MS/MS spectra were acquired on the three most

Scavenging activity %( )
A
1

A
2

–

A
1

---------------- 100%×=

Scavenging activity %( )
K

0
K

1
K

2
–( )–

K
0

-------------------------------- 100%×=
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abundant ions in each MS scan. The ionization parame-

ters were as follows: capillary voltage of 3 kV, cone gas

flow of 150 L/h, source temperature of 150oC, desolvation

gas flow of 1000 L/h. All samples were analyzed at a cone

voltage of 50 kV. Settings for CID are: default charge state

2, isolation width 2.0 Da, extra 57 Da for Cys and an extra

16 Da for Met, normalized collision energy 30.0% and Q

0.25 with activation time of 30 ms.

Amino acid composition analysis

The amino acid profile of P4-1 was determined using

an L8900 Automatic Amino Acid Analyzer (Hitachi Co.,

Ltd., Japan) according to the Chinese National Standard

Method (Ministry of Health, PRC, 2003). Proteins (0.1 g)

were hydrolysed to amino acids in a vacuum with 10 ml

HCl (6 M) at 110°C for 24 h (Zhong et al., 2011). Impu-

rities were filtered and removed and the samples were

adjusted to a constant volume of 50 mL, after which 10

mL of sample was incubated in a vacuum at 65°C for 4 h

in a sealed tube. Twenty microliters of sample was then

injected into the Hitachi Amino Acid Analyzer.

Differential scanning calorimetry (DSC)

The thermal transitions of P4-1 were determined using

a TA Q200-DSC thermal analyser (TA Instruments, USA).

Approximate 8.38 mg of the powdered P4-1 protein was

transferred into aluminium liquid pans. The pans were her-

metically sealed and heated from 20 to 100ºC at a rate of

10°C/min. A sealed empty pan was used as a reference.

Nitrogen served as a protective gas and was flowed over

the samples at a rate of 50.0 mL/min. The samples were

equilibrated at 20°C for 5 min (Splinter et al., 2012).

Effect of temperature

The effects of different temperatures on the antioxidant

activity of P4-1 were measured by performing ·OH radi-

cal-scavenging activity assays.P4-1 powder (5 mg) was

dissolved in 1.0 mL of buffer (0.2 M PBS, pH 7), using a

water bath heated from 30°C to 100ºC. As the tempera-

ture increased, the sample antioxidant activity was mea-

sured for 30 min at 30, 40, 50, 60, 70, 80, 90 and 100ºC

(Shukla and Bajwa, 2013). Other conditions were as des-

cribed above for the ·OH radical-scavenging activity assay.

Effect of pH

The effects of different pH on the antioxidant activity

of P4-1 were measured by performing the ·OH radical-

scavenging activity assay. A solution of the P4-1 protein

(5 mg/mL) was prepared. HCl and NaOH (1 M each) were

used to adjust the pH value. After incubating replicate sam-

ples for 30 min in a 37°C water bath, the samples were

adjusted to a pH of 7.0 and a constant volume. Then, the

pH of the sample solutions was adjusted to 3, 4, 5, 6, 7, 8,

9 or 10, after which the antioxidant activity in each solu-

tion was measured. Other conditions were as described

above for the ·OH radical-scavenging activity assay.

Statistical analysis

Statistical analysis was performed in MS Excel (Micro-

soft Windows 7) using a 1-tailed Student’s t-test. Data

were expressed as the mean ± standard error of the mean

(n=3). All figures were prepared using origin 8.6 software

(Ji et al., 2014).

Results

Protein content measurements

Using the Kjeldahl method, the sample proteins were

found to contain an average 82.9% nitrogen, suggesting

that the protein content of lyophilized samples was high.

Thus, these samples can be used in the subsequent analy-

sis.

Protein isolation

As shown in Fig. 1, crude protein was subjected to ion-

exchange chromatography and separated into 4 peaks.

The P4 fraction showed higher antioxidant activity in the

Fig. 1. Elution profile of crude proteins separated by DEAE

Cellulose FF on an ion-exchange column. Four fractions

were collected (P1, P2, P3, and P4) from fertilized eggs on

day 15; the protein concentration curves: crude protein

was subjected to ion-exchange chromatography and sepa-

rated into 4 peaks; the protein concentration of each tube

was determined at a wavelength of 280 nm.
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oxidation-resistance test, and the percentages of scavenged

DPPH·, ·OH, and O
2

− · were 56.77±0.86%, 66.37±1.33%,

and 55±1.12%, respectively. Compared to other fractions,

the radical-scavenging activities of fraction 4 were clearly

the highest (Fig. 2). Furthermore, Fraction P4 was loaded

onto a Sephadex G-100 column, and a single peak was

obtained, as shown in Fig. 3A. The features of the eluted

protein were analysed by the following tests.

Relative molecular weight of the antioxidant protein

Fig. 3B exhibited the results of SDS-PAGE analysis. The

lane left showed the molecular weight of markers, and the

right lane showed the P4-1 protein. Fig. 3B showed the

SDS-PAGE band pattern of the purified protein (P4-1)

following gel-filtration chromatography, using an ∆KTA

Purifier Plus chromatography system. The single protein

band indicated that the molecular mass of the P4-1 pro-

tein was approximate 45 kDa. This observation of a sin-

gle P4-1 band was in accordance with the single absorb-

ance peak observed at 280 nm after gel-filtration chroma-

tography.

Liquid-phase mass spectrometry analysis

The amino acid sequence identified by liquid chroma-

tography-mass spectrometry (LC-MS) was shown in Table

1. The P4-1 protein contains 386 amino acids, with a mole-

cular mass of 42,854.5 and a pl of 5.07. The obtained

amino acid sequence was to analyse homology by NCBI

protein database, and the results showed that the protein

was highly similar to an ovalbumin protein designated as

“Ovalbumin from Gallus gallus” in the UniProt Database

(Accession Number P01012).

Amino acid composition

The amino acid composition of the P4-1 protein was

shown in Table 2. Essential amino acids required for main-

taining good health were abundant in P4-1, which was

rich in glutamic acid (24.17%), aspartate (17.19%), and

tyrosine (15.69%). In general, the amino acid composi-

Fig. 2. Antioxidant activities of different fractions at the same

concentration (5 mg/mL). The value of each fraction is

the mean value (± SD) for three independent experiments,

each of which was performed in triplicate; the values repre-

sent the DPPH·, ·OH, and O
2

− · of these fractions (P1, P2,

P3, P4), respectively; NAC represents N-acetyl cysteine

which was a standard antioxidant protein sample to com-

pare the degree of antioxidant capacity with the purified

samples.

Fig. 3. SDS-PAGE analysis of the purified protein. (a) Elution profile of P4-1 following Sephadexn G-100 gel chromatography, a

wavelength of 280 nm represent the protein concentration of each tube respectively (b) SDS-PAGE analysis. Proteins in the

SDS-PAGE gel were visualized using coomassie brilliant blue; the identified protein P4-1 is labeled with numbers that corre-

spond to standard markers.
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tion of proteins played a key role in their antioxidant acti-

vities. Tyrosine was known to act as a direct radical scav-

enger (Chalamaiah et al., 2012) and was found abund-

antly in the P4-1 protein. Phenylalanine, which was pre-

viously reported to promote radical-scavenging activity

(Sarmadi and Ismail, 2010), was also found in the protein

P4-1. Therefore, tyrosine and phenylalanine residues may

significantly contribute to the antioxidant activity of P4-1.

Differential scanning calorimetry (DSC)

DSC can be used to monitor changes in the stability of

proteins (Quinn et al., 1980). The thermo profiles of P4-1

were demonstrated in Fig. 4. The denaturation tempera-

ture was measured at 57.16ºC while raising the tempera-

ture from 46.59°C to 67.00°C, and the thermal denatura-

tion enthalpy (∆H) was 0.9183 J/g. Fig. 4 indicated that

only one peak was obtained, which demonstrated the pu-

rity of protein obtained in this study.

Effect of temperature

The effects of different temperatures on the antioxidant

activity of P4-1 were shown in Fig. 5A. The antioxidant

activity was comparatively stable when the temperature

ranged from 30-50ºC. When the temperature was increa-

sed to 60°C, the antioxidant activity decreased to approx-

imately 40%. When the temperature was increased to 90

or 100°C, the effect of temperature on oxidation resis-

tance was relatively stable, with the scavenging rate of

the ·OH radical maintained at approximately 10%. This

reason may be that high temperatures caused the protein

to denature, resulting in activity loss. The results were in

accordance with the DSC results, which showed that no

significant changes in enthalpy occurred below 50ºC.

Effect of pH

Fig. 5B showed that the ·OH radical-scavenging activ-

ity of P4-1 tended to decrease with increasing pH values.

This trend was apparent when the pH was greater than 7.

We concluded that the antioxidant activity of P4-1 was

Table 1. The sequence of amino acids identified by LC-MS

1–10 11–20 21–30 31–40 41–50 51–60 61–70 71–80 81–90 91–100

1
MGSIGAAS

ME

FCFD-

VFKELK

VHHANENI

FY

CPIAIM-

SALA

MVYLGA-

KDST

RTQINKV-

VRF

DKLPGF-

GDSI

EAQC-

GTSVNV

HSSLR-

DILNQ

ITKPND-

VYSF

101
SLASRLY-

AEE

RYPIL-

PEYLQ

CVKELYP-

GGC

EPIN-

FQTAAD

QARE-

LINSWV

ESQT-

NGIIRN

VLQPSS-

VDSQ

TAM-

VLVNAIV

FKGL-

WEKAFK

DEDTQA-

MPFR

201
VTEQESK-

PVQ

MMYQIGL-

FRV

ASMASEL

MKI

LELP-

FASGTM

SMLVLLP-

DEV

SGLEQLE-

SII

NFEKLTE

WTS

SNV-

MEERKIK

VYLPRMK-

MEE

KYN-

LTSVLMA

301
MGITD-

VFSSS

ANLSGIS-

SAE

SLKISQA-

VHA

AHAEINEA

CR

EVVG-

SAEAGV

DAASV-

SEEFR

ADHPFLF-

CIK

HIAT-

NAVLFF
GRCVSP

Table 2. Amino acid composition of P4-1

Amino acid (P4-1) g kg-1

Asp 17.19

Thr 8.19

Ser 11.16

Glu 24.17

Gly 6.06

Ala 10.18

Cys 3.69

Val 9.73

Met 4.41

Ile 8.73

Leu 15.69

Tyr 7.09

Phe 9.38

Lys 11.98

His 3.81

Arg 9.72

Pro 5.28

Data in this table indicated the amino acid content of Per kilo-

gram of P4-1 protein.

Fig. 4. DSC analysis of P4-1. The denaturation temperature was

measured at 57.16ºC while raising the temperature from

46.59°C to 67.00°C. The red line represents the variation

trend of heat flow for the protein P4-1 and only one peak

demonstrates the purity of the protein P4-1.
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comparatively high at acidic and neutral pHs. Thus, these

findings indicated that P4-1 may be a useful antioxidant

for both the stomach and intestine when consumed.

Discussion

Fertilized eggs are commonly consumed in China for

their nutritional value and special flavour. During incuba-

tion, the antioxidant system was considerably advanced

to protect the embryo from damaging effects of free radi-

cals (Starrs et al, 2001). Some reported antioxidants, such

as antioxidant vitamins and enzymes, dealt with oxidative

stress at hatching time in different tissues (Chay et al.,

2011; Mine et al, 2010; Wilson et al., 1992). In this study,

proteins derived from fertilized eggs firstly exhibited anti-

oxidant activity which increased during incubation signi-

ficantly. It meant that these purified proteins may contrib-

ute to protect chick embryo from attack by free radicals

during embryogenesis. Hence, fertilized eggs could be

served as a new source of antioxidant proteins.

In this study, an antioxidant protein from fertilized eggs

here was performed to purify and characterize, respec-

tively. Estimation of the protein molecular weight based

on SDS-PAGE analysis demonstrated that it had an app-

roximate molecular weight of 45 kDa. Furthermore, LC-

MS results showed that the amino acid sequence of the

purified protein was highly similar to ovalbumin (Gallus

gallus). Remarkably, the antioxidant activity of ovalbumin

in fertilized eggs was improved compared with infertile

eggs (Duan et al, 2010). Integrating SDS-PAGE and LC-

MS was to further indicate that the active protein could

be a functional ovalbumin with unique structure.

Additionally, a high thermal-denaturation temperature by

DSC showed that the protein had a relatively stable cha-

racteristic. Amino acid composition analysis showed that

the purified protein contained the essential amino acids

proline, lysine, leucine, and alanine and well above hydro-

lysed whey protein (Powergrant et al., 2015). Pena (2004)

had indicated that the antioxidant activity of some pro-

teins was attributable to the presence of leucine, histidine

and proline. Our results also suggested that the purified

protein P4-1 had strong radical-scavenging activity, which

was stable over a temperature range of 30-50ºC. P4-1 was

also demonstrated to be an effective antioxidant when the

pH was less than 7. In conclusion, the antioxidant protein

isolated from fertilized eggs exhibited antioxidant and

free radical-scavenging activities. Further studies are nec-

essary to understand the mechanism of its antioxidant acti-

vity, to evaluate its antioxidant activity in vivo, and to ass-

ess its potential for applications in model food systems.
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