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This study investigated the possibility of converting the insoluble rapeseed meal protein into

functionally active ingredients for food applications. The rapeseed (Brassica napus) meal protein

isolates were first digested by Alcalase and Flavourzyme, and the resultant rapeseed crude

hydrolysate (RSCH) exhibited a dose-dependent reducing antioxidant power and hydroxyl radical

scavenging ability. RSCH could also inhibit the malonyldialdehyde (MDA) generation by 50% in

blood serum at 150 mg/mL. RSCH was further separated into three fractions (RSP1, RSP2, and

RSP3) by Sephadex gel filtration according to their different molecular weights. The amino acid

compositions and antioxidant potentials were assessed for RSP1-3 fractions. All three fractions

showed inhibiting effects on superoxide anion generation to various extents. They could also inhibit

the autohemolysis of rat red blood cells and MDA formation in rat liver tissue homogenate. The

results suggested that rapeseed peptide hydrolysate may be useful as a human food addition as a

source of bioactive peptides with antioxidant properties.
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INTRODUCTION

Many biofunctional components have been identified in foods
with the belief that they could potentially exert beneficial effects
on human health (1 ). Bioactive peptides are small protein frag-
ments that have biological effects once they are released during
gastrointestinal digestion in the organism or by previous in vitro
protein hydrolysis. So far, bioactive peptides with antimicrobial,
antihypertensive, immunomodulatory, opioid, antioxidant, or
hypocholesterolemic activity have been described (2-5).

Rapeseed (Brassica napus) is one of the most important oilseed
cropsworldwide, representing the third largest source of edible oil
according to theU.S.Department ofAgriculture (6 ). Rapeseed is
also the world’s second leading source of protein meal. Defatted
rapeseed meal contains about 32% protein (7 ), which could
potentially be used as a food ingredient instead of being wasted or
being used for animal feed. Because rapeseed constitutes an
interesting raw material for the preparation of protein isolates
and hydrolysates, researchers have tried to utilize rapeseed
protein isolates and its defatted meal as a source of bioactive
peptides to enhance the value of the rapeseed hydrolysates.

For example, Marczak et al. (8 ) used subtilisin to produce
antihypertensive peptides from rapeseed protein. Yust et al. (9 )
reported the HIV protease inhibitory activity of rapeseed protein
hydrolysates produced using Alcalase.

Among bioactive components, those with antioxidant effects
have been the most extensively studied. Natural antioxidants
including rosemarinic acid, catechin, tocopherols, ascorbate, and
various phenolic extracts from plants have been widely used in
processed foods. The search for natural antioxidants has ex-
tended beyond the above traditional sources, and a number of
studies have shown that peptides and protein hydrolysates of
plant and animal origin could possess significant antioxidant
activity. For example, the hydrolysates of soy protein (10, 11),
whey protein (12, 13), zein protein (14 ), potato protein (15 ),
wheat protein (16, 17), gelatin (18 ), and egg albumin (19 ) have
been shown to possess antioxidant activities, which is determined
by their size, amino acid composition, and configuration of
peptides.

Aerobic organisms must deal with free radicals that are
generated from sequential reduction of oxygen during the normal
course of aerobic metabolism. These radicals may cause cellular
damage leading to a number of pathological conditions including
atherosclerosis, arthritis, diabetes, and carcinoma, if produced in
anuncontrolledmanner (20 ).Meanwhile, during foodprocessing

*Author to whom correspondence should be addressed (telephone
+86-22-87401878; fax +86-22-87402171; e-mail jiehuaw_tju@
yahoo.com).



5288 J. Agric. Food Chem., Vol. 57, No. 12, 2009 Xue et al.

and storage, radical-mediated oxidation of fats and oils is one of
themost important reasons for the deterioration of oil-containing
foods. Butylated hydroxyanisole (BHA) and butylated hydro-
xytoluene (BHT) as synthetic antioxidants are widely used to
retard lipid peroxidation, which, however, have increasingly
caused public concerns due to their potential health hazards.
Therefore, there has been a growing interest in the identification
and characterization of natural antioxidants for both human
health and food preservation during the past few decades.
Antioxidant activity has been identified in some protein hydro-
lysates such as those from fish protein (21 ), egg yolk protein (22 ),
wheat germ protein (16 ), milk proteins (23 ), and porcine
hemoglobin (24 ).

The present study reports the antioxidant activities of rapeseed
peptides obtained from the rapeseed Huaza3 variety, which is
widely planted in China as it is high in oil and low in erucic acid
and glucosinolate. After the rapeseed protein isolate was digested
by Alcalase and Flavourzyme, the rapeseed crude hydrolysate
(RSCH) was shown to possess antioxidant activities revealed by
its reducing power and scavenging effects on hydroxyl free
radicals. Next, we produced three rapeseed peptide fractions by
gel filtration chromatography, and their respective abilities to
inhibit the production of reactive oxygen species and prevent
malondialdehyde (MDA) production in rat liver homogenate
were demonstrated in vitro.

MATERIALS AND METHODS

Enzymatic Hydrolysis and Preparation of RSCH. Crude com-
mercial defatted and dehulled meal of rapeseed variety Huaza3 after oil-
pressingprocedurewas obtained froma local factory andused in this study
as starting material. After grinding, rapeseed protein was 1:30 w/v
dissolved in 850 mM saline and centrifugated (Hitachi, SCR20BC) at
3000g at room temperature for 20min. The pellet was dissolved in distilled
water and centrifuged again to get the albumin fraction. After freeze-
drying, this fraction was adjusted to 5% w/v concentration using distilled
water and used for further analysis. Albumin isolate, prepared as described
above, was then hydrolyzed by sequential treatment with Alcalase
(Novozymes) and Flavourzyme (Novozymes) using a hydrolysis reactor.
A digestion with Alcalase for 1 h was followed by incubation with
Flavourzyme for another 2 h. A three-factorial response surface design
optimization with degree of hydrolysis (DH) as response values was
determined for Alcalase. The three parameters, enzyme concentration
[0.2, 0.3, and 0.4 Alcalase units (AU)/g substrate], substrate percent (3, 5,
and 7%), and temperature (40, 50, and 55 �C) were fitted to generate
optimum concentrations of enzyme, substrate concentration, and tem-
perature for achieving optimum degree of hydrolysis. Box-Behnken
surface response using the JMP 7.0 statistical software (SAS Institute
Inc.) was used to evaluate the interactions between parameters to generate
optimum values for enzymatic hydrolysis. Hydrolysis parameters were
then used as follows: protein isolate concentration, 5% w/v; enzyme
concentration, 0.2 AU/g of substrate for Alcalase and 50 LAPU/g of
substrate for Flavourzyme; pH8 and temperature 50 �C for both enzymes.
Hydrolysis was conducted in a 1000 mL reaction vessel equipped with a
stirrer, thermometer, and pHelectrode.Hydrolysiswas stopped byheating
at 80 �C for 10 min. Hydrolysates were clarified by centrifugation at
3000g for 10 min. The DH, defined as the percentage of peptide
bonds cleaved, was calculated by determining free amino groups
by reaction with TNBS according to the method of Adler-Nissen (25 ).
The hydrolysate was subjected to the Kjeldahl procedure to determine
crude protein content, as outlined by the Official Methods of Analysis of
the AOAC (26 ).

G-25 Gel Filtration Chromatography and Preparation of Rape-

seed Peptide (RSP1-3) Fractions. Rapeseed protein hydrolysate
(0.2 mL; 100 mg/mL) was injected into a Sephadex G-25 gel filtration
column at a flow rate of 0.5 mL/min, and eluted peptide fractions
were pooled andmolecularmasses determinedby reference to a calibration
curve created by running molecular mass markers on the Sephadex G-25
under running conditions identical to those for the test samples.Molecular

mass standards were bacitracin (1422 Da), oxidized glutathione (612 Da),
and reduced glutathione (307 Da).

Amino Acid Analysis. Peptide samples (10 mg) were treated with
4 mL of 6 M HCl in tubes sealed under nitrogen for 24 h at 110 �C for
hydrolysis. Amino acids were determined by high-performance liquid
chromatography (HPLC) of the derivatives obtained by reaction with
diethyl ethoxymethylenemalonate, according to the method of Alaiz
et al. (27 ).

Reducing Power Assay. The reducing power of the peptide fractions
was measured according to the method of Oyaizu (28 ) with minor
modifications. Various concentrations of the hydrolysates in 2.5 mL of
0.2 M phosphate buffer at pH 6.6 were added to 2.5 mL of potassium
hexacyanoferrate(III). Themixturewas incubated at 50 �C for 20min, and
then 2.5 mL of 10% trichloroacetic acid (TCA) was added to the mixture
followed by vortexmixing for 2 s. After centrifugation at 3000g for 10min,
2.5mLof themixturewasmeasured for absorbance at 700 nmwavelength.
A high absorbance was indicative of strong reducing power.

Hydroxyl Radical Scavenging Assay. The hydroxyl radical scaven-
ging effects of the rapeseed peptide fractions were assayed using the
method of Halliwell et al. (29 ). The reagents were added to a test tube in
the following order: 0.4 mL of KH2PO4-KOH buffer (50 mM, pH 7.5),
0.1 mL of sample solution at various concentrations, and 0.1 mL of 1 mM
EDTA, 10 mMH2O2, 60 mM 2-deoxy-D-ribose (0.1 mL of distilled water
in place of the 2-deoxy-D-ribose solution as sample blank), 2 mM ascorbic
acid, and 1 mM FeCl3. The reaction solution was incubated at 37 �C
for 1 h. Next, 1 mL of 25%HCl was added to stop the reaction. The color
was developed by the addition of 1 mL of 1% thiobarbituric acid (TBA)
into the reaction tubes, which were placed in boiling water for 15min. The
tubes were cooled to room temperature, and then the absorbance was read
at 532 nm. At each concentration of the hydrolysate from one batch,
determinations were carried out in triplicate. The scavenging effects
were calculated according to the formula •OH scavenge (%) = [A0 -
(A1-A2)]/A0� 100, whereA0,A1, andA2 represent the absorbance of the
control, the sample, and the sample blank, respectively.

Superoxide Radical Scavenging Activity. Superoxide radicals were
generated in vitro by xanthine oxidase. The scavenging activity of the
rapeseed peptides was determined using the nitroblue tetrazolium (NBT)
reductionmethod. In thismethod,O2

- reduces the yellow dye (NBT2+) to
produce the blue formazan, which is measured spectrophotometrically at
560 nm. The capacity of the samples to scavenge the superoxide radicals
was assayed as follows: The reactionmixture contained 0.5 mL of 0.8 mM
xanthine and 0.48 mM NBT in 0.1 mM phosphate buffer (pH 8.0) and
0.1mLof the sample solution to give various concentrations. After heating
to 37 �C for 5 min, the reaction was initiated by adding 1.0 mL of xanthin
oxidase (XOD) (0.049 U/mL) and was carried out at 37 �C for 20 min; the
reaction was stopped by adding 2.0 mL of 69 mM sodium dodecyl
sulfonate (SDS). The absorbance of the reaction mixture was measured
at 560 nm. The results were calculated as the percentage inhibition
according to the formula % (inhibition) = [(A0 - A1) - (A2 - A3)]/
(A0 - A1) � 100, where A0, A1, A2, and A3 are the absorbance of the
control, the blank control, the sample, and the blank sample, respectively.

Rat Red Blood Cell Hemolysis Inhibition Test. The hemolysis test
was performed according to the method described by Sakurai and
others (30 ). In brief, an aliquot (200 μL) of RSCH and RSP1-3 fractions
with a series of concentrations were mixed with 5 mL of washed rat
erythrocytes (1� 1010 cells/mL), respectively, suspended in 128mMNaCl,
and incubated at 37 �C for 24 h. After incubation, the mixture was diluted
1:5 with 128 mMNaCl, and the unlysed cells were then pelleted by 1000g
centrifugation for 10 min. The A540 of the resulting supernatants was
measured to determine the release of hemoglobin. Efficiency of hemolyis
inhibition was expressed as a percentage calculated according to the
equation inhibition (%) = (1- A1/A0) � 100, where A0 and A1 represent
the absorbance of the control and the sample, respectively.

Lipid Peroxidation Assay. For the in vitro studies, approximately
100 mg of rat liver was homogenized in ice-cold 20 mMTris-HCl (pH 7.4)
to produce a tissue homogenate. The homogenate was centrifuged at
2500g for 30 min at 4 �C, and the protein concentration was determined
using a standard commercial kit (Bio-Rad Laboratory Ltd.) with bovine
serum albumin as a standard. The homogenate (200 μL) was mixed with
100 μL of rapeseed peptide preparations (128 mM NaCl instead in blank
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control) and incubated at 37 �C for 1 h.After cooling on ice,MDA levels in
liver were measured with a commercial MDA kit (Jiancheng Bioengineer-
ing Institute, Nanjing, China). In acidic medium,MDA reacted with TBA
uponboiling, and the resultantMDA-TBAadductswas pink in color and
measured at 532 nm. The results were expressed as MDA formation per
milligram of protein. In another two groups of experiments, 0.1 mL of
10 mM H2O2 or 1 mM FeSO4 was added into the incubation mixture,
respectively, to evaluate the iron-chelating ability and H2O2-quenching
ability of RSPs.

Rat Intraperitoneal Injection Experiment.Wistar rats (35( 2 g) at
4months of age were divided into three groups (five females and fivemales
per group) including control group, high-dose group (150 mg of RSCH/
kg 3day), and low-dose group (50 mg of RSCH/kg 3day). The rats were
housed under normal laboratory conditions (27( 2 �C, 12/12 h light/dark
cycle) with free access to standard rat feed andwater. The rapeseed peptide
was intraperitoneally injected to the animals at 50 or 100 mg/kg (control
group received 128 mM NaCl instead). On the 16th day, the rats were
killed by decapitation. Blood was collected in test tubes with heparin
sodium (50 U/mL blood), and serum was collected by centrifuging the
blood at 1000g for 15 min at 4 �C. Serum was removed immediately for
MDAassay according to the procedures described below.Blood collection
from animal experiments was approved by the institutional Animal Ethics
Committee.

Statistical Analysis. Each data point represents the mean of three
samples. Data were subjected to analysis of variance (ANOVA) followed
by Duncan’s multiple-range posthoc test, and the significance level
of P < 0.05 was employed.

RESULTS AND DISCUSSION

Preparation of Rapeseed Protein Hydrolysates. In Huaza3
rapeseed variety, albumins were found to be 37% in total protein
according to the Bradford assay result in this study. We chose the
albumin part to continue with enzymatic hydrolysis. Alcalase, a
commercially available serine protease that prefers uncharged
residue sites for action, was chosen as the first food-grade proteo-
lytic enzyme to obtain the rapeseed peptide hydrolysates. During
the enzymatic process of protein isolate hydrolysis, the specificity
of the enzyme, the operating conditions, and the extent of hydro-
lysis are the main factors that may influence the nature and the
composition of peptide mixtures produced and consequently the
functional properties of the resulting hydrolysates. Recent
results (31 ) showed that the protease employed can greatly affect
the biological activity of the obtained hydrolysates when used as
additive in insect cell cultures devoid of serum. A three-factorial
response surface design optimization with degree of hydrolysis as
response values was determined. The prediction profile designated
0.38AUenzyme concentration and 4.87%substrate concentration
at 50 �C for obtaining the optimum DH of 14%.

Flavourzyme was used in this study as the second proteolytic
enzyme after the Alcalase treatment. After the hydrolysis with
Alcalase, the number of N-terminal sites was increased for the
action by Flavourzyme, which is a fungal complex of exopepti-
dases and endoproteases. In addition, it can also decrease the
bitterness of its digested products. The DH of protein hydro-
lysates is an important parameter that relates well with the
bioactive, functional, and immunological properties (32, 33).
After the 2 h digestion by Flavourzyme, the DH increased
progressively to 30% and the bitterness decreased by 60%
compared to the Alcalase hydrolysates (data not shown).
The degree of hydrolysis obtained in this study was lower than
that of the sunflower protein hydrolysates digested by the same
enzyme regimen treatment (Alcalase plus Flavourzyme), 30%
reported here versus 60 and 50%, respectively, in those two
studies (34, 35).

Separation of Three Rapeseed Peptide Fractions. The final
rapeseed hydrolysates obtained by sequential incubation with
Alcalase and Flavourzyme were applied to a G-25 gel filtration

column to obtain peptides with a homogeneous size (Figure 1).
The obtained profile is typical of a protein hydrolysate formed by
a pool of peptides of gradually decreasing molecular masses.
Peaks were not detected in the chromatograms corresponding to
the nonhydrolyzed rapeseed protein, which indicates the effi-
ciency of the enzymatic hydrolysis. Rapeseed hydrolysate was
characterized by a profile with separated peaks that suggests the
presence of peptides quite heterogeneous in size. Three major
fractions named RSP1, RSP2, and RSP3, respectively, were
separated, recovered, and studied. The overall recovery after gel
filtration is 54%, and three fractions took 30.4, 41.2, and 28.4%,
respectively. All three fractions reacted positively with biuret and
ninhydrin, which indicated their peptide identity. The eluted
fractions after RSP3 reacted only with ninhydrin, but not with
biuret, which indicated that they are mainly composed of free
amino acids along with low molecular saccharide and salts.

We also analyzed the amino acid composition of three peptide
fractions and found they were quite different as shown inTable 1.
Because after the enzyme hydrolysis Trp is totally destroyed and
Gln and Asn were transformed into Glu and Asp, respectively,
17 amino acids were included in Table 1. A number of studies
have demonstrated a good correlation between certain amino
acid residues or short peptides with radical scavenging ability of
protein hydrolysates or peptides (36, 37).Table 1 shows that three
RSP fractions are rich in Arg, Glu, Phe, Leu, Tyr, and Pro, most
of which reportedly have relation to antioxidant properties
either in their free forms or as residues in proteins and
peptides (13, 38, 39). Hydrophobic amino acids accounted
for <35% for all three RSP fractions, so the abundance of
charged or polar N- and C-terminal groups in peptides produced
would enable them to be readily soluble in aqueous solution.

Antioxidant Properties of RSCH. Hydrolysates obtained from
the enzymatic hydrolysis of various food proteins are known to
possess antioxidant potential. During the past two decades,
studies have described the antioxidant properties of animal and
plant protein hydrolysates (40-43). In the attempts to evaluate
the antioxidant potential of rapeseed meal enzyme-treated pro-
tein hydrolysate, we first determined whether RSCH as a whole
had any potential as antioxidative nutraceuticals by reducing
activity and •OH scavenging measurements.

To determine the reducing activity of RSCH and RSP1-3, we
used the ferric reducing antioxidant assay, which is based on the
ability of an antioxidant to reduceFe3+ toFe2+ in a redox-linked
colorimetric reaction, which involves one electron transfer. In
our study, we found that the reducing power of RSCH was
positively correlated with the concentrations used in the assay
(Figure 2). The presence of reducing power indicates that the
RSCHextract has electron donors and can reactwith free radicals
to convert them to more stable products and terminate radical
chain reactions.

Among the oxygen radicals, the hydroxyl radical is the most
reactive and causes great damage to living cells due to its ability to
react with various molecules such as phospholipids, DNA, and
organic acids. The scavenging effect of RSCH against hydroxyl
radicals was shown as the inhibition rate (Figure 3). Rapeseed
hydrolysate showed a very potent dose-dependent hydroxyl
radical scavenging activity, and its activity increased with increas-
ing concentration. At a dose of only 0.1 mg/mL, RSCH sca-
venged >9% of hydroxyl free radicals produced, and at the 100
and 250 mg/mL concentration, RSCH exhibited 80 and 87%
scavenging activities, respectively.

We next investigated further whether the presence of RSPs
has any in vivo impact on cellular antioxidative enzyme levels.
After abdominal injection of RSCH, we measured the MDA
production level in rat blood serum. The blood serumMDA level
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in normal rat was significantly higher than that of the RSCH-
injected rat (11.18( 2.01 versus 9.75( 1.67 nM for the low-dose
group, P < 0.05, and 5.94 ( 0.43 nM for the high-dose group,
P < 0.01) (Table 2). Therefore, RSCH injection at both 50 and
150 mg/kg 3day could significantly decrease the rat blood serum
MDA level.

Superoxide Anion Scavenging Activity of RSPs. Superoxide
radicals have been observed to kill cells, inactivate enzymes, and
degrade DNA, cell membranes, and polysaccharides (44 ). These
radicals may also play an important role in the peroxidation of
unsaturated fatty acids and possibly other susceptible
substances (45 ). Therefore, after we detected the antioxidant
activities in rapeseed hydrolysates, we further studied the scaven-
ging effects of RSCH and RSP1-3 fractions on superoxide
radicals because it is one of the most important ways of clarifying
the mechanism of antioxidant activity. The superoxide scaven-
ging activity was measured using the xanthine-xanthine oxidase
system, and the results are indicated as the inhibition rate of
superoxide activity (Figure 4). RSCH and RSP 1-3 fractions

exhibited superoxide scavenging activity. The highest inhibition
rates of RSCH and RSP1-3 were 80, 90, 35, and 80%, respec-
tively, at concentrations of 0.5 (RSCH), 0.5 (RSP1), 0.05 (RSP2),
and 2 mg/mL (RSP3) (Figure 4).

Effects of RSPs on the Hemolysis of Rat Red Blood Cells

(RBCs).Research shows that RBCs undergo autohemolysis daily
in vivo, and in the current study, we used an in vitro model to
mimic this situation. RBCs undergo hemolysis due to membrane
destruction during their oxidation. Results indicated that
at certain concentrations, four RSPs including RSCH and
RSP1-3 could prevent RBC hemolysis (Figure 5). The highest
inhibition rate was observed for RSCH at 0.5 mg/mL with
inhibition of 40% and for RSP1 at 2 mg/mL with inhibition of
26%. In Figure 5, a diminishment of inhibition effect was

Figure 1. Elution profile of the double enzyme digested rapeseed meal
hydrolysates on the Sephadex G-25 column. Each fraction group was
collected according to their different molecular weight ranges, condensed,
and freeze-dried. Sample size, 20 mg; flow rate, 0.5 mL/min; detection,
280 nm.G-25 The arrows indicate the predictedmolecularmassmarkers of
three major elution peaks designated RSP1, RSP2, and RSP3.

Table 1. Free Amino Acid Compositions of RSP1-3 Fractions on Sephadex
G-25 Gel Filtration Column after Preparation of Rapeseed Meal Hydrolysate
by Two Different Enzymesa

amino acid compositiona (% v/v) RSP1 RSP2 RSP3

essential amino acids

His 5.4( 0.3 7.1( 0.3 5.8( 0.3

Ile 3.2( 0.2 3.1( 0.3 4.1( 0.2

Leu 6.0( 0.3 7.4( 0.4 7.2( 0.5

Lys 6.4( 0.4 3.1( 0.3 3.6( 0.2

Met 1.1( 0.2 2.6( 0.2 1.8 ( 0.2

Cys 4.3( 0.2 1.5( 0.2 1.4( 0.1

Phe 4.2( 0.3 11.2( 0.5 7.1( 0.2

Thr 3.6( 0.3 4.4( 0.2 3.8 ( 0.2

Val 3.5( 0.2 3.1( 0.3 3.5( 0.2

nonessential amino acids

Tyr 2.5( 0.2 9.7( 0.4 6.9( 0.3

Ala 2.6( 0.2 2.9( 0.3 2.3( 0.2

Arg 21.4( 0.7 9.1( 0.5 18.0( 0.5

Aspb 6.9( 0.3 8.1 ( 0.4 10.0( 0.4

Gluc 13.3( 0.5 12.7( 0.7 10.6( 0.4

Gly 3.3( 0.2 5.3( 0.3 4.9( 0.3

Pro 8.5( 0.3 5.2( 0.3 6.2( 0.3

Ser 3.7( 0.2 3.2( 0.3 3.0 ( 0.3

aData correspond to the average and SD of three independent experiments.
b Aspartic acid + asparagine. cGlutamic acid + glutamine.

Figure 2. Reducing power of double enzyme digested rapeseed meal
hydrolysate (RSCH) measured by the ability to donate electrons and
reduce Fe3+ to Fe2+ ions. The formation of a Fe2+/ferricyanide complex was
measured as the absorbance at 700 nm. Data were expressed as means
with standard deviations (n = 3).

Figure 3. Scavenging effects on hydroxyl radicals of double enzyme
digested rapeseed meal hydrolysates (RSCH). Data were expressed as
means with standard deviations (n = 3).

Table 2. MDA Formation in Rat Blood Serum 16 Days after Rat Abdominal
Injection of RSCH (n = 10, X ( SD)a

group n MDA in serum (nmol/mL)

control 10 11.18( 2.02

RSCH, 50 mg/kg 3 day 10 9.75( 1.67b

RSCH, 150 mg/kg 3 day 10 5.94( 0.43c

a Values are the average of 10 replicate determinations. b P < 0.05 compared to
control group. c P < 0.01 compared to control group.
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observed for all four peptide preparations, and this indicated that
in the preparation, the active components responsible for the
inhibiting effect probably got lost during the gel filtration
procedure.

Effects of RSPs onMDAGeneration in Rat Liver Tissues.Lipid
oxidation in the human body may play a significant role in
coronary heart disease, atherosclerosis, cancer, and the aging
process (46 ). In this study, the antioxidant activity in terms of
prevention of lipid oxidation was tested for RSPs using a rat liver
tissue homogenate model system. RSCH and RSP1-3 were
added to the rat liver homogenates at different concentrations,
and MDA generation in the homogenates was monitored to
indicate the degree of lipid oxidation (Table 3).At the doses tested
(0.05, 0.5, and 2 mg/mL), four RSP preparations were able to
inhibit theMDA formation by 8-57% (Table 3). Fe2+ andH2O2

are two inducers of free radicals. When the mice liver tissue was
incubated with Fe2+ or H2O2, the MDA content increased
significantly (P < 0.05). It was found that in the presence
H2O2, RSPs could still decrease liver tissue MDA levels in a
dose-dependent manner and the inhibition extent was quite
similar (Table 3). Becausse the content of MDA in the system
wasmuchhigherwhenH2O2was involved, RSPs showed a higher
antioxidant activity in an induced oxidation system than in a
noninduced oxidation system using mouse liver homogenates.
In contrast, in the presence of Fe2+, the percentages of
RSP inhibition on liver tissue MDA levels were much less.
The inhibition of 2 mg/mL RSCH on the Fe2+-induced
MDA formation was only 9%, significantly lower than in
the same system without Fe2+ (57%) (Table 3). Therefore, RSPs
was less potent in the Fe2+-induced oxidation system than in
the same system without inducers. In conclusion, these
data showed that different RSP preparations are potent scaven-
gers of peroxyl radicals, but not excellent iron chelators. Because
RSPs showed potent free radical scavenging activity, it is reason-
able to hypothesize that RSPs exerted their protection agai-
nst phospholipid oxidation through strong radical scavenging
activity.

ROS are constantly generated for various physiological func-
tions in the human body. An imbalance caused by excessive
oxidants may result in oxidative damage to many large bio-
molecules, such as lipids, DNA, and proteins (47 ). In our cur-
rent study, we evaluated the antioxidant potential of double
enzyme-treated rapeseed meal protein hydrolysates (RSCH)
and three gel filtration fractions (RSP1-3) and determined
whether these RSPs have any potential commercial use as

Figure 4. Superoxide anion scavenging activity of RSPs using the
xanthine-xanthine oxidase system. The results are indicated as the
inhibition rate of superoxide activity. Data were expressed as means with
standard deviations (n = 3).

Figure 5. Inhibiting effects of RSPs on the autohemolysis of rat blood cell.
The results are indicated as the inhibition rate of hemolysis. Data were
expressed as means with standard deviations (n = 3).

Table 3. Inhibition Effect of Rapeseed Peptide Preparations on Noninduced and FeSO4- and H2O2-Induced Lipid Peroxidation (MDA Production) in Rat Liver Tissue
Homogenate in Vitro (n = 10, X ( SD)a

inoculation in vitro Fe2+-induced H2O2-induced

sample dose (mg/mL) MDA (nmol/mg) inhibition ratio (%) MDA (nmol/mg) inhibition ratio (%) MDA (nmol/mg) inhibition ratio (%)

control 0 3.3( 0.2 0 6.4( 1.4 0 5.0( 1.0 0

RSCH 0.05 3.1( 0.2 8.4 5.2( 1.1 19.7 3.3( 0.7 33.3

0.50 2.7( 0.2 20.7 5.7( 1.3 10.9 3.7( 0.8 26.3

2.00 1.4( 0.1 57.5 5.9( 0.2 9.2 1.5( 0.1 70.7

RSP1 0.05 3.0( 0.3 9.3 5.8( 0.5 9.5 4.1( 0.3 17.2

0.50 2.5( 0.2 24.0 6.0( 1.2 6.4 3.1( 0.2 38.9

2.00 1.8( 0.1 45.5 5.4( 1.2 16.8 2.6( 0.2 48.1

RSP2 0.05 3.0 ( 0.2 10.8 6.4( 1.5 0.6 4.4( 0.5 11.0

0.50 3.0( 0.3 11.7 6.3( 1.6 3.0 4.9( 0.4 1.6

2.00 2.8( 0.3 15.9 6.3( 1.5 1.9 3.9( 0.3 21.6

RSP3 0.05 3.0( 0.4 9.0 6.3( 1.4 1.6 4.6( 0.4 7.8

0.50 2.7( 0.3 19.5 6.4( 1.2 1.4 3.8( 0.4 23.5

2.00 2.2( 0.2 33.2 6.2( 1.1 3.1 3.1( 0.2 37.3

aValues are the average of 10 replicate determinations.



5292 J. Agric. Food Chem., Vol. 57, No. 12, 2009 Xue et al.

antioxidative nutraceuticals. Our data showed that RSPs could
effectively scavenge superoxide radicals and hydroxyl radicals
and inhibit the generation of MDA in liver tissue homogenate,
which could be the major forms of ROS generated in the human
body. Thus, RSPs might serve as promising agents to reduce
oxidative damage to biomolecules by modulating the effects of
reactive oxidants. We intend in our future studies to identify the
most antioxidative fractions and determine ways to increase the
yield of these specific fractions in a cost-effective and environ-
mentally friendly manner. Meanwhile, it will be interesting to
evaluate in vitro the antioxidant activity of RSPs in the human
digestive system by pepsin and pancreatin. With the increase of
DH in the human digestive system, electron-dense amino acid
side residue chain groups will become more exposed. Further-
more, peptide scissions and an increased availability of free amino
acids during digestion provided an additional source of protons
and electrons to maintain a high redox potential. These physico-
chemical changes can lead to an enhanced radical scavenging
capacity and need further work.
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