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Abstract

Egg-yolk protein hydrolysates were prepared by the enzymic hydrolysis of fat-free egg-yolk protein. The active oxygen scaveng-
ing activity, of egg-yolk protein hydrolysates, was investigated using several methods. Egg-yolk protein hydrolysates suppressed dis-
coloration of B-carotene, strongly as compared with the control in B-carotene bleaching method. Superoxide-scavenging activity of
egg-yolk protein hydrolysates was measured using the xanthine-xanthine oxidase system. Egg-yolk protein hydrolysates exhibited
superoxide-scavenging activity in a dose-dependent manner. Egg-yolk protein hydrolysates also showed 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH) radical and hydroxyl radical-scavenging activity. At 0.5% of the hydrolysates, DPPH and hydroxyl radical-
scavenging activities were 74.2% and 91.7%, respectively. In food model systems, egg-yolk protein hydrolysates effectively inhibited
thiobarbituric acid reactive substances (TBARS) formation from ground beef and tuna homogenates. These results suggest that egg-
yolk protein hydrolysates are good source of natural antioxidants.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Lipid oxidation in foods is a serious problem to the
food industry because it results in subsequent develop-
ment of undesirable off-flavors, odors, dark colors and
potentially toxic reaction products (Lin & Liang, 2002;
Wang, Pace, Dessai, Bovel-Benjamin, & Philips, 2002).
Therefore, the control of lipid oxidation in food prod-
ucts is desirable and the benefits of antioxidants in food
storage have been studied by many researchers (Kiku-
zaki & Nakatani, 1993; Kim & Godber, 2001; Shin &
Daigle, 2003). Synthetic antioxidants such as butylated
hydroxyanisole, butylated hydroxytoluene and propyl
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gallate have been commonly added to food products
to retard lipid oxidation. However, the demand for nat-
ural antioxidants have recently increased because of
questions and negative perceptions of consumers about
the long-term safety of synthetic antioxidants (Yu
et al., 2002).

Many antioxidative substances have been and are
being isolated from natural materials including foods.
The antioxidative action and the structure of these com-
pounds have been reported by many researchers and
several antioxidants have already been developed
(Bishov & Henick, 1975; Nagai, Inoue, Inoue, & Suzuki,
2003; Shahidi & Wanasundara, 1992). Amino acids and
proteins have been reported as water-soluble antioxi-
dants because of this chelating effect on metal ions (Cer-
vato, Cazzola, & Cestaro, 1999; Lu & Baker, 1986).
Furthermore, some protein hydrolysates from animal
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and plant sources have also been found to possess
antioxidant activity (Amarowicz & Shahidi, 1997;
Pena-Ramos & Xiong, 2002). Use of these antioxidants
have been investigated primarily for the prevention of li-
pid oxidation in foods.

Egg-yolk is widely used as a functional and nutri-
tional ingredient in food products. Main components
of egg-yolk are phospholipids, triacylglycerols and pro-
teins. Among them, phospholipids and triacylglycerols
are mainly used as food or cosmetic grade yolk lecithin.
Egg-yolk protein constitutes about 30% of dried egg-
yolk, and it is produced as the by-product of egg-yolk
lecithin production. Egg-yolk protein hydrolysates are
prepared by the enzymic hydrolysis of the yolk protein,
and the hydrolysates are water-soluble and have high
nutritional values (Gutierrez et al., 1998).

Egg-yolk has been recognized to contain antioxidant
activity in a linoleate emulsion (Yamamoto, Sogo, Iwao,
& Miyamoto, 1990). It is reported that egg-yolk phospho-
lipids (King, Boyd, & Sheldon, 1992; Sugino et al., 1997)
and egg-yolk phosvitin (Lee, Han, & Decker, 2002; Lu &
Baker, 1987) have antioxidant activities, and significant
studies on the use of protein hydrolysates of lecithin-free
egg-yolk as an antioxidant (Park, Jung, Nam, Shahidi, &
Kim, 2001) have been performed only to a limited extent.
We also reported the antioxidant activity of egg-yolk pro-
tein hydrolysates in a linoleic acid oxidation system
(Sakanaka, Tachibana, Ishihara, & Juneja, 2004). In
the present study, we evaluated the action of egg-yolk
protein hydrolysates against B-carotene bleaching and
free radicals such as superoxide radicals, DPPH radicals,
and hydroxyl radicals. In addition, we investigated effects
of egg-yolk protein hydrolysates on lipid oxidation in
ground beef and tuna homogenates.

2. Materials and methods
2.1. Materials

Linoleic acid, B-carotene, Tween 40, nitro-blue tetra-
zolium salt, xanthine, 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 2-deoxy-D-ribose, xanthine oxidase (from but-
termilk, 0.049 U/ml), sodium dodecyl sulfate (SDS),
trichloroacetic acid, 2-thiobarbituric acid, HEPES (2-
[4-(2-hydroxyethyl)-1-piperazinyl] ethanesulfonic acid)
and 1,1,3,3-tetramethoxypropane were purchased from
Wako Pure Chemical Industries, Ltd. (Osaka, Japan).
Ground beef (containing 15.8% fat) and tuna (contain-
ing 22.5% fat) were purchased from a local supermarket.
All other reagents were of analytical grade.

2.2. Preparation of egg-yolk protein hydrolysates

Egg-yolk protein hydrolysates were prepared as de-
scribed previously (Sakanaka et al., 2004). In brief, they

were prepared as following: eggs from hens were col-
lected, broken and the yolks were separated from the
albumen. Yolks were defatted with ethanol at 40 °C un-
der slow agitation. Then the yolk protein fraction was
filtered and dried under reduced pressure. Egg-yolk pro-
tein hydrolysates were prepared by hydrolysis of the
yolk protein by food-grade proteinase from Bacillus
sp. The yolk protein was dissolved in water at a concen-
tration of around 20% and heat treated at 90 °C before
enzyme digestion. Orientase (EC 3.4.21.62; Hankyu Bio-
industry, Osaka, Japan) and protease (EC 3.4.11.12;
Amano Enzyme Inc., Nagoya, Japan) were used sequen-
tially at pH 10 and 50 °C. The hydrolysis reaction was
stopped after 6 h by heating at 90 °C for 10 min. The
soluble fraction was then filtered and spray-dried.
The powder was used as egg-yolk protein hydrolysates.
The molecular mass of the main peak of the hydroly-
sates measured by gel permeation chromatography
(Superdex Peptide HR 10/30 column, Amersham Biosci-
ence Corp., NJ, USA) was lower than 1000.

2.3. Determination of anti-autooxidant activity using the
P-carotene bleaching method

Anti-autooxidant activity was assayed using the B-
carotene bleaching method (Kauer & Kapper, 2002;
Miller, Rice-Evans, Davies, Gopinathan, & Miller,
1993; Wanasundara, Amarowicz, & Shahidi, 1994).
B-carotene (2 mg) was dissolved in 20 ml of chloro-
form. A 4-ml aliquot of the solution was added to a
conical flask with 40 mg linoleic acid and 400 mg
Tween 40. Chloroform was removed using a rotary
evaporator at 50 °C. Distilled water (100 ml) was
added to the pB-carotene emulsion and mixed, and
aliquots (3 ml) of the B-carotene emulsion and 0.2 ml
of the sample solution were placed in capped culture
tubes and mixed well. The tubes were immediately
placed in a water bath and incubated at 50 °C. Oxida-
tion of the carotene emulsion was monitored, taking
absorbance at 20 min intervals at 470 nm for 100 min.
A control consisted of 0.2 ml of distilled water instead
of the sample solution.

2.4. Superoxide radical-scavenging activity

Superoxide radicals were generated in vitro by the
xanthine oxidase. The scavenging activity of the egg-
yolk protein hydrolysates was determined using the ni-
tro-blue tetrazolium (NBT) reduction method. In this
method, O; reduces the yellow dye (NBT?*) to produce
the blue formazan, which is measured spectrophotomet-
rically at 560 nm. Antioxidants are able to inhibit the
blue NBT formation (Cos et al., 1998; Parejo et al.,
2002). The capacity of the extracts to scavenge the
superoxide radicals was assayed as follows: The reaction
mixture contained 0.5 ml of 0.8 mM xanthine in 0.1 mM
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phosphate buffer (pH 8.0), 0.48 mM NBT in 0.1 mM
phosphate buffer (pH 8.0) and 0.1 ml of the sample solu-
tion. After heating to 37 °C for 5 min, the reaction was
initiated by adding 1.0 ml of XOD (0.049 U/ml) and car-
ried out at 37 °C for 20 min, the reaction was stopped by
adding 2.0 ml of 69 mM SDS. The absorbance of the
reaction mixture was measured at 560 nm. The results
were calculated as the percentage inhibition according
to the following formula:

% inhibition = [{(C — CB) — (S — SB)}/(C — CB)]
x 100,

where S, SB, C, and CB are the absorbance of the sam-
ple, the blank sample, the control, and the blank con-
trol, respectively.

2.5. DPPH radical-scavenging activity

The assay mixture contained 0.3 ml of the 1.0-mM
DPPH radical solution, 2.4 ml of ethanol and 0.3 ml
of the sample solution. The solution was rapidly mixed
and after standing for 30 min at room temperature,
the absorbance of the mixture was measured at
517 nm (Nagai et al., 2003). The results were calculated
as the percentage inhibition according to the following
formula:

% inhibition = [{(C — CB) — (S — SB)}/(C — CB)]
x 100,

where S, SB, C, and CB are the absorbance of the sam-
ple, the blank sample, the control, and the blank con-
trol, respectively.

2.6. Hydroxyl radical-scavenging activity

The effect of hydroxyl radicals was assayed using the
2-deoxyribose oxidation method (Chung, Osawa, &
Kawakishi, 1997). 2-Deoxyribose is oxidized by hydro-
xyl radicals formed by the Fenton reaction and degrades
to malondialdehyde (Gutteridge, 1984, 1987). The
reaction mixture contained 0.45ml of 0.2 M sodium
phosphate buffer (pH 7.4), 0.15 ml of 10 mM 2-deoxyri-
bose, 0.15ml of 10 mM FeSO4EDTA, 0.15ml of
10 mM hydrogen peroxide, 0.525 ml of distilled water,
and 0.075 ml of the sample solution in a tube. The reac-
tion was started by the addition of hydrogen peroxide.
After incubation at 37 °C for 4 h, the reaction was
stopped by adding 0.75 ml of 2.8% trichloroacetic acid
and 0.75 ml of 1.0% thiobarbituric acid. The mixture
was boiled for 10 min, cooled in ice, and then measured
at 520 nm. Hydroxyl radical-scavenging ability was eval-
uated as the inhibition rate of 2-deoxyribose oxidation
by hydroxyl radicals. The results were calculated as
the percentage inhibition according to the following
formula:

% inhibition = [{(C — CB) — (S — SB)}/(C — CB)]
x 100,

where S, SB, C, and CB are the absorbance of the sam-
ple, the blank sample, the control, and the blank con-
trol, respectively.

2.7. Antioxidant activity against lipid peroxidation in
ground beef and tuna homogenates

Ground beef (containing 15.8% fat) and tuna (con-
taining 22.5% fat) were used in this experiment. The
compositions of fatty acids (saturated fatty acids/mono-
unsaturated fatty acids/polyunsaturated fatty acids) of
beef and tuna were 43/55/2 and 25/45/30, respectively.
Fatty tuna is known to have high contents of polyunsat-
urated fatty acids such as docosahexaenoic acid and
eicosapentaenoic acid (Kagawa, 2004).

Ground beef and tuna were homogenized (20% wi/v
and 10% w/v) in 50 mM HEPES buffer (pH 7.0) using
a homogenizer (Nihon Seiki Seisakusyo Co., Tokyo, Ja-
pan) for 5 min. Buffered systems have been widely used
to study oxidation reduction reactions in food model
systems (Lee & Hendricks, 1997). The mixture contain-
ing 0.8 ml of homogenate (beef or tuna) and 0.2 ml of
either the HEPES buffer or one of the test solutions
was incubated at 37 °C for 60 min. After incubation,
the mixture was tested for the formation of thiobarbitu-
ric acid reactive-substances (TBARS).

TBARS were determined by modifying the proce-
dure as shown below (Buege & Aust, 1978; Lee &
Hendricks, 1997, Macdonald & Hultin, 1987).On the
day of use, a trichloroacetic acid (TCA/TBA) stock
solution was prepared consisting of 15% TCA (w/v)
and 0.375% TBA (w/v) in 0.25M HCI. After mild
heating and agitation to dissolve the components,
3ml of 2% butylated hydroxytoluene (BHT) in abso-
lute ethanol was added per 100 ml of the TCA/TBA
stock solution. At appropriate intervals, 1.0 ml of ali-
quot of the sample medium was added to the TCA/
TBA stock solution in a test tube and immediately
mixed thoroughly with a Vortex mixer. The sample
was then heated in a boiling water bath for 10 min
and cooled to room temperature, and it was centri-
fuged at 1710g for 10 min. The absorbance of the
supernatant was measured at 532 nm using a UNI-
DEC-50 spectrophotometer (JASCO Corporation,
Tokyo, Japan). TBARS were calculated from a stan-
dard curve of malonaldehyde (MDA), a breakdown
product of tetraethoxypropane (TEP).

2.8. Statistical analysis
Values represent means of triplicate analysis and are

given with standard deviations. Differences among
experimental data were analyzed by Tukey’s studentized
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range test, and those at p <0.05 were considered
significant.

3. Results and discussion

3.1. Antioxidant effect with the fp-carotene bleaching
method

Egg-yolk protein hydrolysates were analyzed for their
antioxidant activity by the B-carotene bleaching assay,
because PB-carotene shows strong biological activity
and is a physiologically important compound (Kumaz-
awa et al., 2002; Sarkar, Bishayee, & Chatterjee, 1995).
Furthermore, B-carotene is used as a coloring agent
for beverages, and its discoloration would markedly re-
duce the quality of these products.

The decrease in the absorbance of B-carotene with or
without the egg-yolk protein hydrolysates was recorded
as a function of time (Fig. 1). Egg-yolk protein hydrol-
ysates strongly suppressed discoloration of B-carotene
compared with the control. The absorbance of the con-
trol dropped at a faster rate 0.4-0.5 after 60 min,
whereas at 0.1% egg-yolk protein hydrolysates, the rate
was slower, maintaining an absorbance of 0.75 after
60 min. Thus, it is apparent that egg-yolk protein
hydrolysates have strong effects against the discolor-
ation of B-carotene.

3.2. Superoxide radical-scavenging activity

Superoxide radicals have been observed to kill cells,
inactivate enzymes and degrade DNA, cell membranes
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Fig. 1. Antioxidant activity of egg-yolk protein hydrolysates (EYPH)
measured using PB-carotene bleaching method. Control, x; 0.1% of
EYPH, @; 0.05% of EYPH, H; 0.025% of EYPH, A; 0.0125% of
EYPH, #; 0.00625% of EYPH, V. Data represent the means =SD of
three determinations.
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Fig. 2. Superoxide radical-scavenging activity of egg-yolk protein
hydrolysates. Data represent the means = SD of three determinations.
Bars with different letter are significantly different (p < 0.05).

and polysaccharides (Fridovich, 1978). These radicals
may also play an important role in the peroxidation of
unsaturated fatty acids and possibly other susceptible
substances (Nice & Robinson, 1992). Therefore, study-
ing the scavenging effects of egg-yolk protein hydroly-
sates on superoxide radicals is one of the most
important ways of clarifying the mechanism of antioxi-
dant activity.

The superoxide-scavenging activity of egg-yolk pro-
tein hydrolysates was measured using the xanthine—xan-
thine oxidase system, and the results were indicated as
the inhibition rate of superoxide activity. Egg-yolk pro-
tein hydrolysates exhibited superoxide-scavenging activ-
ity and these activities were dose-dependent (Fig. 2).
These results show that egg-yolk protein hydrolysates
have strong superoxide-radical-scavenging effects.

3.3. DPPH radical-scavenging activity

DPPH is a free radical compound and has been
widely used to test the free radical-scavenging ability
of various samples (Benvenuti, Pellati, Melegari, & Ber-
telli, 2004; Hatano, Takagi, Ito, & Yoshida, 1997; Shim-
oji et al., 2002). Fig. 3 shows the scavenging activity of
egg-yolk protein hydrolysates on DPPH radicals at var-
ious concentrations. The scavenging activity of egg-yolk
protein hydrolysates on DPPH radicals increased with
increasing concentrations (0 to 1%). According to Fig.
3, egg-yolk protein hydrolysates (0.5%) exhibited
83.5% scavenging activity. The result shows that egg-
yolk protein hydrolysates is also a free radical scaven-
ger, particularly of the peroxyl radical, which is the ma-
jor propagator of the oxidation chain of fat, thereby
terminating the chain reaction (Frankel, 1991; Yen,
Chang, & Chen, 2002).
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Fig. 3. DPPH radical-scavenging activity of egg-yolk protein hydrol-
ysates. Data represent the means £ SD of three determinations. Bars
with different letter are significantly different (p < 0.05).

3.4. Hydroxyl radical-scavenging activity

Among the oxygen radicals, the hydroxyl radical is
the most reactive and severely damages adjacent biomol-
ecules. The scavenging effect against hydroxyl radicals
was investigated by using the Fenton reaction. Fig. 4
shows the hydroxyl radical-scavenging effects of egg-
yolk protein hydrolysates using the 2-deoxyribose oxi-
dation method. The results are shown as the inhibition
rate. Egg-yolk protein hydrolysates showed hydroxyl
radical-scavenging activity and its activity increased
with an increasing concentration of the sample. A
0.5% concentration of egg-yolk protein hydrolysates
exhibited 74.2% scavenging activity.
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Fig. 4. Hydroxyl radical-scavenging activity of egg-yolk protein
hydrolysates. Data represent the means £ SD of three determinations.
Bars with different letter are significantly different (p < 0.05).

3.5. Antioxidant effects in ground beef and tuna
homogenates

As mentioned above, egg-yolk protein hydrolysates
showed antioxidant activity with four different in vitro
methods. In addition, their activity was tested using
food model systems. The lipid contents of the ground
beef and the raw tuna were 15.8% and 22.5%, respec-
tively. Egg-yolk protein hydrolysates were added to
the homogenates at different concentrations, and lipid
oxidation in the homogenates was evaluated. The reac-
tion was measured by monitoring TBARS, and the re-
sults are shown in Figs. 5 and 6. In ground beef (20%
w/v) homogenized with 50 mM HEPES buffer at pH
7.0, egg-yolk protein hydrolysates effectively inhibited
the formation of TBARS in a dose-dependent manner
(Fig. 5). With 0.5% of egg-protein hydrolysates, the inhi-
bition rate was 91.7%.

The tuna used in this experiment was raw fatty tuna,
and it contained 22.5% fat. Tuna is known to have high
contents of polyunsaturated fatty acids, and it is well
known to be oxidized easily. Egg-protein hydrolysates
was inhibited the formation of TBARS in the tuna
homogenates (Fig. 6). With 1% and 2% of egg-protein
hydrolysates, inhibitions were 43.8% and 65.7%,
respectively.

The antioxidant activity was assayed using several
different test systems. Recent investigations show differ-
ences between the test systems in determining antioxi-
dant activity (Gahler, Otto, & Bohm, 2003; Schlesier,
Harwat, Bohm, & Bitsch, 2002). Using at least two
methods is recommended. In this study, we used several
methods showing different sensitivity and using different
systems. Egg-yolk protein hydrolysates showed antioxi-
dant activity in all of the different in vitro assay systems.

TBARS (micromole/ml homogenate)

0.0625 0.125 0.25 0.5
Egg-yolk protein hydrolysates
concentration (%)

control

Fig. 5. Effects of egg-yolk protein hydrolysates on the formation of
TBARS in ground beef homogenates. Data represent the means * SD
of three determinations. Bars with different letter are significantly
different (p < 0.05).
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TBARS (micromole/ml homogenate)

control  0.125 0.25 0.50 1.0 2.0
Egg-yolk protein hydrolysates
concentration (%)

Fig. 6. Effects of egg-yolk protein hydrolysates on the formation of
TBARS in tuna homogenates. Data represent the means £ SD of three
determinations. Bars with different letter are significantly different
(p <0.05).

These results suggest that egg-yolk protein hydrolysates
are a good source of natural antioxidant. Further work
on the characterization of antioxidant compounds in the
egg-yolk protein hydrolysates is in progress to establish
the connection between antioxidant activity and chemi-
cal composition.

4. Conclusions

Egg-yolk protein hydrolysates were found to be effec-
tive antioxidants in different in vitro assay systems.
When incorporated into beef and fatty tuna homoge-
nates, egg-yolk protein hydrolysates effectively inhibit li-
pid oxidation in both homogenates. Egg-yolk protein
hydrolysates may be as useful in meat and fish process-
ing as other naturally occurring antioxidants, helping to
prevent the formation of off-flavor in meat and fish and
their products and increasing shelf life.
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