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Abstract

This study utilized commercially available proteolytic enzymes to prepare egg-white protein hydrolysates (EPHs) with
different degrees of hydrolysis. The antioxidant effect and functionalities of the resultant products were then investigated.
Treatment with Neutrase yielded the most o-amino groups (6.52 mg/mL). Alcalase, Flavourzyme, Protamex, and Ficin
showed similar degrees of a-amino group liberation (3.19-3.62 mg/mL). Neutrase treatment also resulted in the highest
degree of hydrolysis (23.4%). Alcalase and Ficin treatment resulted in similar degrees of hydrolysis. All hydrolysates,
except for the Flavourzyme hydrolysate, had greater radical scavenging activity than the control. The Neutrase hydrolysate
showed the highest 2,2-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical scavenging activity (IC5;=3.6
mg/mL). Therefore, Neutrase was identified as the optimal enzyme for hydrolyzing egg-white protein to yield antioxidant
peptides. During Neutrase hydrolysis, the reaction rate was rapid over the first 4 h, and then subsequently declined. The ICj,
value was lowest after the first hour (2.99 mg/mL). The emulsifying activity index (EAI) of EPH treated with Neutrase
decreased, as the pH decreased. The EPH foaming capacity was maximal at pH 3.6, and decreased at an alkaline pH. Diges-
tion resulted in significantly higher 1,1-diphenyl-2-picrylhydrazyl (DPPH) and ABTS radical scavenging activity. The
active peptides released from egg-white protein showed antioxidative activities on ABTS and DHHP radical. Thus, this

approach may be useful for the preparation of potent antioxidant products.
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Introduction

Hen eggs are a traditional food used in many basic and
formulated preparations and have excellent nutritive
value. The egg has a significant reserve of highly digest-
ible proteins, lipids, vitamins, and minerals as well as
other molecules with health-promoting properties. More-
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over, the egg contains molecules that can be exploited for
biotechnological purposes (Anton et al., 2006). Over the
last decade, numerous studies have characterized the bio-
physiological functions of egg components and have iden-
tified novel biologically active substances (Mine, 2007).
As such, eggs have been recognized as a source of bio-
logically active substances with significant therapeutic
potential.

The application of egg in food preparation depends pri-
marily on its protein properties. Many attempts have been
made to develop chemical or enzymatic modifications
that alter functional characteristics of egg white protein
(Kato et al., 1989; Matsudomi et al., 1991). The proteoly-
tic enzyme such as papain is capable of breaking down
larger molecules of protein into smaller constituents. Pa-
pain has been used to prepare resynthesized protein hyd-
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rolysates (Edwards and Shipe, 1978).

Sakanaka et al. (2004) found that the egg-yolk protein
hydrolysates, when compared with its original protein or
amino acids mixture, showed stronger antioxidant activity
in a linoleic acid oxidation system. Peng et al. (2009) used
alcalase to hydrolyze whey protein isolate, obtaining a
hydrolysate fraction that possessed strong scavenging acti-
vities on DPPH, hydroxyl and superoxide radicals. Simi-
larly, Li et al. (2008) reported that chickpea hydrolysates
possess a scavenging ability on superoxide anions. What
is more, protein hydrolysates present nutritional and func-
tional properties beside their antioxidant activity (Chen et
al., 2012; Xie et al., 2008). These food-derived antioxi-
dants are considered to be safe and free ofside effects,
which may be occurred in the synthetic antioxidants.

Preparative process for bioactive peptides potentially
influences the molecular size, hydrophobicity and polar
groups of the hydrolysate (Adler-Nissen, 1979; Kristins-
son and Rasco, 2000). These alterations in of hydrolysate
characteristics directly affect the functional properties,
physical activities, and the uses as food ingredients (Kris-
tinsson and Rasco, 2000). Hydrolysates from different
protein sources, such as whey, soy (Pena-Ramos and Xi-
ong, 2003), egg-yolk, prawn (Suetsuna, 2000), tuna cook-
ing juice (Jao and Ko, 2002), yellowfin sole frame (Jun et
al., 2004), and capelin (Amarowicz and Shahidi, 1997),
have been known to possess antioxidant activity. Levels
and compositions of free amino acids and peptides were
reported to determine the antioxidant activities of protein
hydrolysates (Wu et al., 2003). In addition, a recent study
reported the antioxidant activity of peptides which are
produced from crude egg white by pepsin treatment
(Davalos et al., 2004). Nevertheless, information on func-
tional properties and antioxidant activity of peptides pro-
duced from enzyme hydrolysis is still limited to be un-
derstood. If functional properties of peptides depend on
the amino acid compositions of peptides, proteolytic en-
zymes are expected to produce various peptides, which
have different amino acid compositions, functionalities,
and antioxidant activities. Accordingly, it would be valu-

Table 1. Enzyme characteristics

able to determine the effects of each proteolytic enzymes
on functionalities and antioxidant activity of the egg
white hydrolysates.

This study was conducted in order to prepare antioxi-
dant peptides from egg white using commercial prote-
ases. In addition, physicochemical properties of egg white
peptides were also analyzed.

Materials and Methods

Chemicals and enzymes

L-Leucine, 2,4,6-trinitrobenzenesulphonic acid (TNBS),
1,1-diphenyl-2-picrylhydrazyl (DPPH), and 2,2-azino-bis-
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) were pur-
chased from Sigma-Aldrich (USA).

Alcalase, Neutrase, Flavourzyme, and Protamex were
purchased from Novozymes (Bagsvaerd, Denmark). Col-
lupulin was purchased from DSM Corp. (Heerlen, Neth-
erlands). Papaya and Ficin were purchased from Sigma
Co. (USA). The characteristics of each enzyme are sum-
marized in Table 1. All chemicals were of analytical
grade.

Preparation of EPH and in vitro digestion

Egg-white powder (Edentown FnB, Korea) (10 g) was
mixed with 100 mL deionized water and pH adjusted to
6.0 with 0.1 N NaOH. The suspension was preincubated
at 45°C for 20 min prior to enzymatic hydrolysis using
various proteases and then hydrolyzed for 12 h. The
hydrolysis conditions are reported in Table 1. After hyd-
rolysis, the enzymes were inactivated by boiling for 15
min. The hydrolysates were centrifuged in a refrigerated
centrifuge (Beckman model J2-21, Beckman Coulter,
INC., USA) at 2,800 g for 20 min, and the supernatants
were lyophilized (TFD, llshin, Korea) and stored in a des-
iccator before further use. Non-enzymatic hydrolysis was
used as control.

To mimic in vivo digestion process, an in vitro diges-
tion model system using enzymes similar to those in the
upper gastrointestinal digestive tract of humans was used.

Optimum condition

Enzyme Source Temperature (°C) o Type
Alcalase Bacillus sp. 50-60 8.0-9.0 Endo
Neutrase B. amyloliquefaciens 45 6.0-7.0 Endo
Protamex Bacillus sp. 35-60 5.5-7.5 Complex
Flavourzyme Aspergillus sp. 45-50 5.0-7.0 Complex
Collupulin Caruca papaya 50-70 5.0-7.5 Endo
Ficin Ficus carica 45-55 5.0-6.0 Endo
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In vitro digestion of EPH prepared with Neutrase was car-
ried out by the modified method of Miguel et al. (2007).
Two grams of EPH was dissolved in 80 mL Milli-Q water
and adjusted to pH 2.0 with 1 M HCI. Hydrolysis with
pepsin (EC 3.4.23.1 type A, 10,000 U/mg from pork
stomach obtained from Sigma Chemical Co., St. Louis,
MO.; E/S 1/50, wt/wt) was carried out at 37°C for 2 h.
Inactivation of pepsin was achieved by increasing the pH
to 7.0 with 0.5 M NaHCO,.

After neutralization, pancreatic digestion (from porcine
gastric mucosa, Sigma Chemical Co.) was conducted at
an enzyme:substrate ratio of 1:50 w/w at pH 7.0-8.0 and
37°C for 150 min with continuous stirring. The reaction
was stopped by heating to 95°C for 10 min in a water
bath followed by cooling to room temperature. The sam-
ple was used for measuring radical scavenging activity.

Quantification of o-amino acids and degree of

hydrolysis

The a-amino acid content was determined according to
the method of Benjakul and Morrissey (1997). To the dilu-
ted protein hydrolysate samples (125 pL), 2.0 mL of 212.5
mM phosphate buffer, pH 8.2, and 1.0 mL of 0.01%
TNBS solution were added. The solution was mixed thor-
oughly and placed in a 50°C water bath (Model W350,
Memmert, Germany) for 30 min in the dark. The reaction
was terminated by the addition of 2.0 mL of 0.1 M so-
dium sulfite. The mixtures were cooled at room tempera-
ture for 15 min. The absorbance was measured at 420 nm,
and o-amino acid content was expressed in terms of L-leu-
cine. The DH was calculated as follows (Benjakul and
Morrissey, 1997):

DH = [(L,— L)/(L,,.. — L,)] x 100

where L, is the amount of o-amino acid released at time
t. L, is the a-amino acid content in the initial egg-white
powder. L. is total ci-amino acid content in the original
egg-white powder obtained after acid hydrolysis (6 M HCI
at 100°C for 24 h).

Free radical-scavenging activity

DPPH and ABTS were used to determine the free radi-
cal-scavenging activities of hydrolysate. The DPPH-scav-
enging activity was measured using the method described
by Quang et al. with slight modifications (Quang et al.,
2003). ABTS radical-scavenging activity was determined
as described by Wang ef al. (2001) and Almajano et al.
(2007) with slight modifications. The antioxidant activi-

ties of the test samples were expressed as ICs, (i.e., the
amount of tested extract required for a 50% decrease in
the absorbance of DPPH and ABTS radicals).

Solubility

The solubility of each EPH was measured using the
procedure of Morr (1985) with slight modifications. Each
EPH was dissolved in 50 mL of 50 mM citrate-NaOH
buffer (pH 3.6), phosphate buffer (pH 7.6), and Tris-HCI
buffer (pH 9.0). The mixture was stirred at room temper-
ature for 1 h and centrifuged at 2,800 g for 30 min using
a Sorvall Model RC-5B Plus centrifuge (Newtown, CT,
USA). The protein content of the supernatant was quanti-
fied using the bicinchoninic acid method according to the
manufacturer’s instructions (Pierce Chemicals Ltd, Rock-
ford, USA) using bovine serum albumin as a standard.
Total protein content in the sample was determined after
solubilization of the sample in 0.5 N NaOH. Protein sol-
ubility was calculated as follows:

Solubility (%) = protein coptent n supernatant %100
total protein content in sample

Emulsifying properties

The emulsifying activity index (EAI) at various pH val-
ues was measured by the turbidimetric method described
by Pearce and Kinsella (1978). To form an emulsion, a
1.0% (w/v) sample was dissolved in 50 mM citrate-NaOH
buffer (pH 3.6), phosphate buffer (pH 7.6), and Tris-HCI
buffer (pH 9.0). Twelve milliliters of the dissolved sample
and 4 mL corn oil were homogenized in a blender (IKA
Labortechnik, T25B, Germany) at 12,000 rpm for 1 min.
A 50-uL aliquot of the emulsion was taken from the bot-
tom container at different time intervals and diluted in 5
mL of 0.1% sodium dodecyl sulfate. The absorbance of
the dilute emulsion was measured at 500 nm. All the ex-
periments were conducted at room temperature. EAI was
calculated according to the following equation:

(2TxD) _ (4.606xA4xD)
(#xCx10%)  (pxCxLx10%)

Where T is the turbidity, D is the dilution factor, ¢ is the
volume fraction of the dispersed phase (oil), C is protein
weight per volume of aqueous phase before the emulsion,
A is the observed absorbance, and L is the path length of
the cuvette.

EAI(m’/g) =

Foaming properties
Foaming capacity (FC) and stability (FS) of the sam-
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ples were measured according to the method described by
Sathe and Salunkhe (1981). A 1.0% (w/v) sample was
dissolved in 50 mM citrate-NaOH buffer (pH 3.6), phos-
phate buffer (pH 7.6), and Tris-HCI buffer (pH 9.0) and
then whipped for 2 min at 10,000 rpm in a blender (IKA
Labortechnik, T25B, Germany). The whipped sample was
immediately transferred into a graduated cylinder, and the
total volume was measured after 30 s. The foaming capa-
city was calculated according to the following equation:

Foaming capacity (%) =

(Vol. after whipping—Vol. before whipping)(mL) 100
Vol. before whipping (mL)

The whipped sample was allowed to stand at 20°C for
3 min, and then the volume of whipped sample was re-
corded. Foam stability was calculated as follows:

Foam stability (%) =

(Vol. after whipping—Vol. before whipping)(mL) %100
Vol. before whipping (mL)

Statistical analysis

All experiments were carried out in triplicate. Data were
analyzed using analysis of variance (ANOVA), and mean
comparisons were performed using Duncan’s multiple
range tests. The difference in radical scavenging activity
before and after digestion was tested for statistical signif-
icance by a Student’s ¢-test. Analysis was performed using
SPSS software (SPSS 10.0 for windows, SPSS Inc., USA).

Results and Discussion

Enzymatic hydrolysis of egg-white protein

The goal of the present study was to maximize hydrol-
ysis of the substrate and to characterize the hydrolysate.
Hydrolysis was monitored by measuring the o-amino
nitrogen (A-N) content of the supernatant after centrifu-
gation and measuring the DH.

The concentration of oi-amino groups in the hydrolysate
indicates the amount of peptide bonds broken during the
hydrolysis reaction (Aspmo et al., 2005). Fig. 1 shows that
Neutrase treatment yielded the highest oi-amino groups
(6.52 mg/mL) (p<0.05), while the control (no enzymatic
hydrolysis) showed the lowest level of a-amino group lib-
eration (2.02 mg/mL). Treatment with Alcalase, Flavour-
zyme, Protamex, and Ficin resulted in similar degrees of
a-amino group liberation (3.19-3.62 mg/mL).
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Fig. 1. o-amino nitrogen content of egg white hydrolysates
made with various proteases. These values are means+
S.D. Different letters indicate significant differences among
the control and six protease treatments (p<0.05).
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Fig. 2. DH of EPH made with various proteases. These values
are means=S.D. Different letters indicate significant dif-
ferences with the same protease (p<0.05).

The DH is a measure of the extent of hydrolytic degra-
dation of a protein and is the most widely used indicator
for comparing different proteolytic processes. A higher DH
indicates increased hydrolysis of the egg-white protein.
Neutrase treatment resulted in the highest DH level (23.4%)
(p<0.05). Alcalase and Ficin treatments showed similar
DH levels (Fig. 2). Although many factors affected DH,
the type of enzyme markedly affected the DH and proper-
ties of the final product. Therefore, the hydrolytic effici-
ency of Neutrase was higher than those of the other pro-
teases tested. Therefore, Neutrase may be ideal for use in
commercial operations due to its low cost and its high o
amino protein recovery.
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Fig. 3. Radical scavenging activities of EPH made with vari-
ous proteases. These values are meanstS.D. Different
letters indicate significant differences with the same pro-
tease (p<0.05).

Neutrase is an endopeptidase produced from Bacillus
amyloliquefaciens. The enzyme has been reported as a
potent proteinase for hydrolyzing muscle proteins as well
as agricultural waste (Hoyle and Merritt, 1994; Quaglia
and Orban, 1987).

Radical scavenging activity of EPH

Enzymatic hydrolysis of food proteins is an efficient
method of recovering potent bioactive peptides. Protein
hydrolysates from plant and animal sources have strong
antioxidant activities. ABTS" radical scavenging activity
is a widely used assay of antioxidant activity and can be
applied to both lipophilic and hydrophilic compounds
(Miliauskas et al., 2004).

As shown in Fig. 3, the control showed a radical scav-
enging activity of 52.8% at a concentration of 7.5 mg/mL.
All hydrolysates except the Flavourzyme hydrolysate sho-
wed higher radical scavenging activity than the control.
In particular, the Neutrase hydrolysate had the highest ra-
dical scavenging activity (87.75%) at a concentration of
7.5 mg/mL. The IC,, value of the Neutrase hydrolysate
was 3.6 mg/mL for the ABTS radical. This indicated that
limited hydrolysis of egg-white protein resulted in imp-
roved antioxidant activity than extensive hydrolysis. Sim-
ilarly, Wang and Xiong (2005) reported that heat-coagu-
lated potato protein had improved ABTS radical scaven-
ging activity at a DH of 1.9% than at a DH of 0.72% or
2.3%. The difference might be attributed to the specific
peptide/amino acid composition (Wu et al., 2003). The
results suggested that loach protein hydrolysate prepared
by papain at appropriate DH (23-33%) had more active

amino acids or peptides, which could react with free rad-
icals to form more stable products, compared with Prota-
mex.

The antioxidant activity of protein hydrolysates depends
on the proteases (Jun et al., 2004) and hydrolysis condi-
tions (Jao and Ko, 2002; Jun et al., 2004). During hydrol-
ysis, a variety of smaller peptides and free amino acids
are generated depending on enzyme specificity. Changes
in the size, quantity, and composition of free amino acids
and small peptides also affect the antioxidant activity
(Wu et al., 2003). Jun et al. (2004) reported that yellow-
fin sole hydrolysate prepared using pepsin at the lowest
DH (22%) had a higher antioxidant activity than hydroly-
sates produced using other enzymes, such as Alcalase, o-
chymotrypsin, papain, pepsin, Pronase E, Neutrase, and
trypsin.

Raghavan et al. (2008) also reported that low molecular
weight (LMW) peptides had a high ability to scavenge
ROS generated by mononuclear cells. Hydrolysates pre-
pared using Neutrase had a high level of LMW even at
7.5% DH (as compared to the other four enzymes), and
were effective scavengers of ROS. Several researchers have
reported the radical scavenging ability of LMW peptides
from casein (Suetsuna, 2000), soy proteins (Moure et al.,
2006), chick peas (Quang et al., 2003), and several other
hydrolysates. The antioxidant activity has been attributed
to the presence of free amino acids and small peptides,
which can effectively scavenge radicals.

These results revealed that EPH contained substances
that acted as electron donors and reacted with free radi-
cals to terminate the radical chain reaction and convert
them to more stable products. Based on our results, we
selected Neutrase as the optimal enzyme to hydrolyze
egg-white protein for generating antioxidant peptides.

DH, A-N content, and ABTS radical scavenging

activity during neutrase hydrolysis

During Neutrase hydrolysis of egg-white protein, the
reaction rate was rapid in the first 4 h and subsequently
decreased. After 4 h, the rate remained constant, suggest-
ing that the enzymatic reaction reached a steady state (Fig.
4(A)). This pattern is typical of hydrolysis curves reported
for fish protein and whey protein (Kristinsson and Rasco,
2000; Mutilangi et al., 1996). The hydrolytic curve of
wheat gluten (Kong et al., 2007) was also similar to that
shown in Fig. 4, with DH values ranging from 0% to
27.2% during 24 h of incubation.

A similar curve was reported for the enzymatic hydrol-
ysis of crayfish (Baek and Cadwallader, 1995), capelin
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Fig. 4. Changes in A-N content and DH of EPH during Neutrase hydrolysis. These values are means+S.D. Different letters indicate

significant differences with the same protease (p<0.05).

(Shahidi et al., 1995), sardine (Quaglia and Orban, 1987),
and veal-bone byproducts (Linder et al., 1996). Generally,
the enzyme rapidly adsorbs onto the insoluble protein
particles, and then polypeptide chains loosely bound to
the surface are cleaved. The more compact core proteins
are hydrolyzed more slowly. The rate of enzymatic cleav-
age of peptide bonds controls the overall rate of hydroly-
sis (Archer et al., 1973).

Fig. 4(B) shows changes in ABTS radical scavenging
activity. The ICy, value was lowest during the first 1 h of
hydrolysis (2.99 mg/mL). Thereafter, the ICs, value slightly
increased until 7 h and subsequently declined (Fig. 4(B)).

Based on our assessment of radical scavenging activity,
we concluded that EPH contained antioxidant peptides
that could convert free radicals into more stable products
and terminate the radical chain reaction. Moreover, the
optimal reaction conditions for Neutrase hydrolysis were
near physiological conditions (pH 7.0 and 37°C), which
may decrease the processing cost. Therefore, we chose
Neutrase as the optimal enzyme to hydrolyze egg-white
protein for the generation of antioxidant peptides. The
preparation procedure resulted in a dry weight yield of
64.5% (data not shown).

Functionality of EPH prepared with Neutrase

The functional properties of proteins can be modified
by changing their structure through physical, chemical,
and enzymatic treatment. Hydrolysis affects the molecu-
lar size, hydrophobicity, and polar-group content of the
hydrolysate (Kristinsson and Rasco, 2000). The hydroly-
sate’s characteristics directly affect its functional proper-
ties and potential use as a food ingredient (Kristinsson
and Rasco, 2000).

The solubility of EPH was high at a basic pH, gradually
decreased with decreasing pH, and was very low at pH 3
(Fig. 5(A)). Neutrase hydrolysis showed the increase of
solubility compared with non-hydrolysis egg white pow-
der. This suggests that there is a high degree of aggrega-
tion at pH 3. Shen (1976) reported that at high pH, in addi-
tion to denaturation, other reactions occur that enhance
peptide solubility.

EAI decreased with decrease in pH (Fig. 5). The solu-
bility was lowest at pH 4; therefore, the peptides could
not move rapidly to the interface, and their net charge
was minimized. EAI was a similar capacity at pH 3.6 and
9.0. However, Neutrase hydrolysate showed a significantly
higher EAI than non-hydolysis of egg white powder at
pH 7.6 (p<0.05).

In order to produce an emulsion, a new interface must
be produced by lowering the internal free energy, and
there must be an adsorbed layer at the oil/water interface
(Hill, 1996). According to Li-Chan and Nakai (1990), the
ability of a protein to interact with oil or other protein
molecules and form an interfacial layer depends on its
flexibility and the accessibility of surface-exposed groups.
These features are particularly important for hydrophobic
interactions.

Peptides with low molecular weights had low amphiphi-
licity, which is required for producing an emulsion. Tur-
geon et al. (1991) also reported that hydrolysis dramati-
cally reduced a peptide’s emulsifying properties. Although
small peptides diffuse rapidly toward the interface, they
are less efficient at stabilizing emulsions, because they
may not readily agglomerate to produce a fat-globule
membrane due to charge repulsions.

The foaming properties of EPH were affected by pH.
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Foaming capacity tended to decrease at pH 7.6 and 9.0.
The foaming capacity of EPH reached a maximum at pH
3.6 and decreased at alkaline pH. Neutrase hydrolysis also
showed a significantly increase of foam capacity and foam
stability compared with non-hydrolysis egg white liquid
at pH 3.6 (p<0.05).

Net charge influences the adsorption of proteins at the
air-water interface. Therefore, the foaming property is en-
hanced with increase in the net charge (Sorgentini and
Wagner, 2002; Townsend and Nakai, 1983). The lowest
foaming levels seen for the proteins coincided with the
lowest solubilities at their isoelectric pH (Kinsella, 1979).
EPH foam stability was lowest at pH 7.6 and 9.0. In order
to form a foam, surface active agents, including proteins
and peptides, must adsorb rapidly at the air-water inter-
face, which reduces the surface tension during the tran-
sient stage of foam formation (Phillips ef al., 1994). Dic-

kinson (1989) and Mutilangi et al. (1996) suggested that
the foaming capacity of protein was improved by making
it more flexible, by exposing more hydrophobic residues,
and by increasing capacity to decrease surface tension.

Protein digestion produces a variety of peptides with
altered hydrophobicity, charge balance, and conformation
as compared with the native molecule. Their reduced
molecular weights make them more flexible for forming
a stable interfacial layer and increasing the rate of diffu-
sion to the interface. These features improve their foam-
forming properties (Groninger and Miller, 1975).

Hydrolysis could reduce the foaming stability because
the more microscopic peptides do not have the strength
needed to maintain stable foam (Shahidi e al., 1995). This
increase of foam capacity after hydrolysis may make pos-
sible to expand further applications of dried egg white in
food processing.
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Radical scavenging activity of EPH before and after

Neutrase treatment

DPPH- and ABTS radical scavenging activities were
significantly higher after enzymatic digestion (Fig. 6). Be-
fore digestion, the IC;, values for DPPH and ABTS radi-
cals were 73.27 and 7.19 mg/mL, respectively; after dige-
stion, the IC,, values were 38.28 and 5.36 mg/mL, respec-
tively. Similarly, Sannaveerappa et al. (2008) reported that
enzymatic breakdown of proteins from an aqueous her-
ring extract under gastrointestinal-like conditions increased
peroxyl radical scavenging activity and inhibited LDL
oxidation.

Gastrointestinal digestion of food proteins by digestive
enzymes or microbial enzymes from gut microflora (Moller
et al., 2008) also produces peptides with antioxidant func-
tions in the gut. These peptides activate receptors or cell-
signaling pathways either locally or at distant sites in the
body if the peptides can cross the epithelial cell mem-
brane and enter the circulation. Oligopeptides, especially
di- and tri-peptides, can be absorbed from the upper gas-
trointestinal tract depending on their structural character-
istics.

The activities of preformed antioxidant hydrolysates and
peptides may be altered while passing through the gastro-
intestinal tract. For example, Sheih et al. (2009) reported
that the antioxidant peptidle VECYGPNRPQF isolated
from the microalga Chlorella vulgaris was resistant to
gastrointestinal digestion. Antioxidant activity has been
found to significantly increase upon simulated gastrointe-
stinal digestion of Pacific hake protein hydrolysate and
antioxidant peptides with molecular weights of 1000-
3000 Da (Samaranayaka et al., 2010). Zhu et al. (2008)

reported that zein hydrolysate, which was shown to have
antioxidant activity (Kong and Xiong, 2006), displayed
either increased or decreased antioxidant activity during
in vitro digestion, depending on the enzymes and duration
of hydrolysis. Therefore, peptide modification or break-
down during gastrointestinal digestion must be consid-
ered when evaluating food-derived antioxidant peptides
for health-related purposes.

Conclusion

In addition to their nutritional value, hen eggs contain
numerous substances with therapeutic effects. Several of
these substances have already been produced on an indus-
trial scale for food and medical applications. EPH may be
a good source of desirable peptides and amino acids. Fur-
thermore, it may be used as an emulsifier and foaming
agent with antioxidant activities. EPH prepared with Neu-
trase is preferable to those prepared using other enzymes,
as it had the highest radical scavenging activity. Ongoing
research is aimed at identifying the active peptides and
determining their individual radical scavenging activities.
Moreover, continued identification of the biological func-
tions of egg components will define new methods for
improving the utility of eggs as a source of biologically
active compounds with specific health benefits and secure
their role in the treatment and prevention of disease.
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