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Abstract

The porcine skin collagen was hydrolyzed by different protease treatments to obtain antioxidative peptides. The hydrolysate of col-
lagen by cocktail mixture of protease bovine pancreas, protease Streptomyces and protease Bacillus spp. exhibited the highest antioxidant
activities on 1,1-diphenyl-2-picrylhydrazyl (DPPH) radicals, metal chelating and in a linoleic acid peroxidation system induced by Fe*".
And degree of hydrolysis highly affected the antioxidant properties of the hydrolysates. Four different peptides showing strong antiox-
idant activity were isolated from the hydrolysate using consecutive chromatographic methods including gel filtration chromatography,
ion-exchange chromatography and high-performance liquid chromatography. The molecular masses and amino acid sequences of the
purified antioxidant peptides were determined using electrospray ionization (ESI) mass spectrometry. One of the antioxidative peptides,
GIn-Gly-Ala-Arg, was then synthesized and the antioxidant activities measured using the aforementioned methods. The results con-
firmed the antioxidant activity of this peptide, and adds further support to its feasibility as a provider of natural antioxidants from por-

cine skin collagen protein.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Synthetic antioxidants such as butylated hydroxyanisole
(BHA) and butylated hydroxytoluene (BHT) have been
commonly used to preserve food products by delaying dis-
coloration and deterioration due to oxidation. However,
these synthetic antioxidants have been limited in their
applications as food additives because of potential health
hazards (Branen, 1975; Becker, 1993). The past two dec-
ades have witnessed a growing interest in finding safe and
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natural antioxidants that enhance the body’s antioxidant
defenses through dietary supplementation, and inhibit lipid
oxidation in foods (Chow, 1988; Finkel & Holbrook,
2000).

Several natural proteins have been reported as water sol-
uble antioxidants due to their chelating effect on metal ions
(see Cervato, Cazzola, & Cestaro, 1999; Lu & Baker, 1986;
Tong, Sasaki, McClements, & Decker, 2000; Wang, Fujim-
oto, Miyazawa, & Endo, 1991). Antioxidant activity has
also been identified in several protein hydrolysates such
as those in soybean (Pena-Ramos & Xiong, 2002), myofibr-
illar (Saiga, Tanabe, & Nishimura, 2003), and milk pro-
teins (Herndndez-Ledesma, Davalos, Bartolomé, &
Amigo, 2005; Sakanaka, Tachibana, Ishihara, & Juneja,
2005; Suetsuna, Ukeda, & Ochi, 2000), egg-white albumin
(Tsuge, Eikawa, Nomura, Yamamoto, & Sugisawa, 1991),
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and soluble elastin (Hattori, Yamaji-Tsukamoto,
Kumagai, Feng, & Takahashi, 1998). Further, a number
of antioxidative peptides, usually composed of 3 to 16
amino acid residues, have been isolated from these hydrol-
ysates. Among these peptides, some contained hydropho-
bic amino acids (Val or Leu) at the N-terminus, Pro, His,
or Tyr in sequences (Chen, Muramoto, & Yamauchi,
1995), and some containing mainly acidic acid residues
(Glu, Asp) (Saiga et al., 2003). However, little is known
about the structure of antioxidative peptides in the various
proteins.

Collagen is a cheap and resourceful meat byproduct
whose main product is a gelatin that is used extensively
as a food additive to increase the texture, water-holding
capacity and stability of several food products. Although
several studies have been performed to identify potential
antioxidative peptides in fish skin gelatin (Kim et al.,
2001a; Mendis, Rajapakse, & Kim, 2005), there has yet
to be any research on antioxidative peptide activity in por-
cine skin collagen.

The functional properties of peptides are highly influ-
enced by their molecular structure and weight, which are
greatly affected by processing conditions. Enzymatic
hydrolysis has become a valuable tool for modifying the
functionality of proteins (Korhonen, Pihlanto-Leppala, &
Tupasela, 1998). While the antioxidant activity of protein
hydrolysates has been examined using a single enzyme, lit-
tle is known about the antioxidative character of protein
hydrolysates stemming from a cocktail mixture of
proteases.

Analysis of the amino acid sequences of peptides and
proteins is one of the most important issues in peptide iden-
tification. Peptide sequencing was initially achieved using
the Edman degradation method (Edman, 1950; Heinrik-
son, 1984), which was time consuming, had low through-
put, and poor sensitivity in comparison with the mass
spectrometric approach. Tandem mass spectrometry,
where the peptide sequencing is achieved by software using
iterative calculations, is now a widely used approach in
peptide sequencing (Siuzdak, 1996; Lin & Glish, 1998).
The software looks for continuous sequences at the N-
and/or C-terminal fragments that differ by just one amino
acid and allowing the sequence to be obtained from a com-
plete series of fragments (Herndndez-Ledesma et al., 2005).
Unfortunately, the peptides, and especially small peptides,
do not usually break at each amino acid conjunction, mak-
ing the problem very difficult for existing peptide sequenc-
ing methods. In this research, we developed an example for
determining peptide amino acid sequences by processing
mass spectrometry data. Our objective was to determine
whether porcine collagen may represent a source of antiox-
idative peptides upon hydrolysis. The antioxidant activities
of hydrolysates by single protease and cocktail enzymes
were evaluated in three oxidation systems. Further, the
purification and identification of several of the antioxida-
tive peptides was determined using consecutive chromatog-
raphy and tandem mass spectrometry.

2. Materials and methods
2.1. Materials

Porcine skin collagen powder was obtained from Pro-
liant Co., USA. Enzymes, pepsin, papain, protease from
bovine pancreas (PP), protease from Streptomyces (PS),
and protease from Bacillus polymyxa (PB) were purchased
from Sigma Chemical Co. (St. Louis, MO). Chemicals
required for the assays including 1,1-diphenyl-2-pic-
rylhydrazyl (DPPH), 2,4,6-trinitrobenzenesulfonic acid
(TNBS), butylated hydroxytoluene (BHT), and ethylenedi-
aminetetraacetic acid (EDTA) were also purchased from
Sigma Chemical Co. (St. Louis, MO). Other chemicals
and reagents used were of analytical grade and commer-
cially available.

2.2. Preparation of collagen hydrolysates

Porcine skin collagen in deionized water (5% w/w) was
preheated to 90 °C for 5min, and then hydrolyzed for
24 h with pepsin. The resulting supernatant was further
hydrolyzed for 24 h by papain, protease from bovine pan-
creas (PP), and the cocktail mixture of three enzymes: PP,
protease from Streptomyces (PS), and protease from Bacil-
lus polymyxa (PB), respectively. The hydrolysis tempera-
ture was 37 °C for the pepsin and cocktail mixture of PP,
PS and PB, and 25 °C for papain.

Considering the enzymatic assay and activity of the dif-
ferent proteases (u/mg powder: pepsin, 800-2500; papain,
1.5-3.5; PP, 5; PS, 4; PB, 1.0) which were offered by
Sigma Chemical Co., we used the different dilution fac-
tors. The ratio of the enzyme/collagen substrate was 1/
2500 for pepsin, 1/50 for papain, and 1/125 for PP, PS,
PB, respectively.

Pepsin was dissolved in a 10 mM HCI solution (pH
2.0), papain dissolved in deionized water, and the PP
and cocktail mixture of PP, PS and PB dissolved in
10 mM sodium acetate buffer (pH 7.5). The pH of sub-
strate solution was adjusted to the optimal value for the
specific proteases (pH 2.0 for pepsin, pH 6.2 for papain
and pH 7.5 for PP, PS and PB) before initiating the
hydrolysis. Inactivation of the enzymes was accomplished
by heating for 3 min in boiling water and then centrifuged
at 20,000 x g for 10 min. The supernatant was stored at
0 °C for future use.

2.3. DPPH radical scavenging assay

DPPH radical scavenging activity was measured based
on methods described in Bersuder, Hole, and Smith
(1998). A 500 pl test sample was mixed with 500 pl of
99.5% ethanol and 125 pul of 99.5% ethanol containing
0.02% DPPH. This mixture was kept in the dark at room
temperature for 60 min before measuring for absorbance
at 517 nm. Radical scavenging activity was calculated as
follows:
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Radical scavenging activity(%)
_ Control + Blank-sample

Control x 100%

where the control was the absorbance value of 500 ul of
distilled water + 125 ul  of ethanol including 0.02%
DPPH + 500 pl of ethanol, the sample that for 500 pl of
sample solution + 125 ul of ethanol including 0.02%
DPPH + 500 pl of ethanol, and the blank that for 500 pl
of sample solution + 125 ul of ethanol + 500 ul of ethanol.

2.4. Metal chelating assay

The metal chelating effect of the sample was determined
using a ferrous ion chelating assay (Chung, Chang, Chao,
Lin, & Chou, 2002). A test sample of 800 ul was mixed with
10 ul of 2 mM FeCl, and 20 ul of 5 mM ferrozine, the mix-
ture vortexed and kept at room temperature for 10 min
prior to measuring for absorbance at 562 nm. EDTA was
used as a standard metal chelating agent.

Chelating effect(%)

B Absorbance of sample at 562 nm 100
- Absorbance of control at 562 nm

2.5. Assay in a linoleic acid oxidation system

Linoleic acid was oxidized in a linoleic acid model sys-
tem to measure the antioxidant activity of hydrolysates fol-
lowing a modified version of the Mendis et al. (2005)
methodology. Briefly, 1.5 ml of 0.1 M sodium phosphate
buffer (pH 7.0) and 1.5 ml of 50 mM linoleic acid in ethanol
(99.5%) were mixed in a glass test tube and 2.0 ml of the
test sample (pH 7.0) added. BHT (2.0 mM and 20 mM in
methanol) was used instead of test sample as positive con-
trol. The mixed solution in a lightly sealed screw cap glass
tube was incubated in the dark at 60 °C. The degree of lin-
oleic acid oxidation was measured at 24-h intervals using
the ferric thiocyanate method described in Osawa and
Namiki (1981). An aliquot (50 or 100 pul) of the reaction
mixture was mixed with 75% ethanol (4.55 ml or 4.5 ml)
followed by the addition of 30% ammonium thiocyanate
(100 pl), HCI of 1.0 N (200 pl) and 20 mM ferrous chloride
solution in 3.5% HCI (100 ul). The reaction solution was
5ml in total. After 5 min incubation, the color develop-
ment, which represents the linoleic acid oxidation, was
measured at 500 nm.

2.6. Degree of hydrolysis

Degree of hydrolysis (DH), defined as the percentage of
peptide bonds cleaved, was calculated by the determination
of free amino groups by reaction with TNBS according to
methods described in Alder-Nissen (1979). The total num-
ber of amino groups was determined in a sample which was
100% hydrolyzed in 6 N HCI at 110 °C for 24 h (10 mg
sample in 4 ml of HCI).

2.7. Amino acid analysis

Hydrolysates of collagen were hydrolyzed in 6 N HCI at
110 °C for 22 h. Amino acid analysis of the hydrolysates
was performed with a Dionex D-300 amino acid analyzer
(Dionex Co., USA) according to standard methods of ion
exchange chromatography. The amino acid composition
of the peptides was determined by subtracting the free
amino acids from the total amino acids in the hydrolysate,
and the hydrolysate concentration then calculated accord-
ing to amino acid composition.

2.8. Purification of antioxidant peptide

Hydrolysates showing antioxidant activity were concen-
trated and loaded onto a Sephadex LH-20 gel filtration col-
umn (2.5 x 80 cm), which was previously equilibrated with
distilled water. The column was eluted with distilled water
and the eluted peptides detected at 254 nm. Each of the
fractions showing antioxidant activity were pooled and
concentrated using a roller-evaporator (38 °C). Each
pooled fraction was loaded onto an ion-exchange column
(2.5 % 18 cm) with a DEAE-Sephadex A-25 (chloride form,
Sigma Chemical Co., St. Louis, MO) previously equili-
brated with 0.5 M tris—HCI buffer (pH 8.3). The column
was washed with the same buffer and eluted with a linear
gradient of NaCl concentrations from 0 to 0.5 M. The frac-
tions showing antioxidant activity were concentrated and
the NaCl removed by 5ml D-Salt Excellulose Plastic
Desalting Column (Pierce Biotechnology co., USA). This
fraction was further separated by reversed-phase high per-
formance liquid chromatography (RP-HPLC, SHIMA-
DZU Scientific Instruments, Japan) on an ODS column
(YMC ODS-AQ S-5 120 A, 4.6 x 250 mm, USA) using a
linear gradient of acetonitrile containing 0.05% trifluoro-
acetic acid (TFA). The peptides were detected at 215 nm.

2.9. Identification of peptide by LC-MS and peptide
sequencing

The molecular mass and De novo peptide sequencing
of the peptide from cocktail protease digestions was done
on positive ion mode on both the electrospray ionization—
mass spectrometry (ESI-MS) and the tandem mass spec-
trometry (MS/MS) using the quadrapole time-of-flight
micro mass spectrometer with capillary liquid chromatog-
raphy capability and electrospray ion source (Waters
Corp., Milford, MS). Each peptide sample was directly
injected into the electrospray ion source and sampled
for 10 min using a mobile phase of 98% water and 2%
acetonitrile containing 0.1% formic acid at a flow rate
of 1.5 pl/min. The mass scanning range was from 50 to
1500 msu at 1 second with a 0.1-s inter-scan delay in con-
tinuum mode. Glu-fibrinopeptide was used in MS and
MS/MS mode and infused through the nano-Lockspray
(Waters Corp., Milford, MS) for single point real time
external mass calibration.
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Raw spectra were processed using Masslynx software
(V4.0, Waters Corp., Milford, MS). A precursor ion scan
of purified antioxidant fraction was used to identify unique
peptide mass, which was then fragmented using a low
energy collision induced dissociation to reveal the peptide
fragment for de novo sequencing.

2.10. Peptide syntheses

The antioxidant peptide was synthesized (New England
Peptide, Inc.) using solid phase peptide synthesis methods.
The synthesized peptide was purified by Gilson HPLC on
an ODS column. The molecular masses of the isolated pep-
tides were determined by mass spectrometry (PE Biosys-
tems Voyager DE MALDI-TOF).

2.11. Statistical analysis

All assays were carried out in triplicate. Data were
expressed as means with standard deviations. Statistical
analysis was conducted on SAS (SAS institute, Inc. Cary,
NC). All means were subjected to analysis of variance at
P <0.05 to determine statistical significance.

3. Results and discussion
3.1. Antioxidant activities of collagen hydrolysates

Porcine skin collagen was first hydrolyzed by pepsin for
24 h to produce gelatin, which showed some antioxidant
activity (Table 1). Because the accessibility to the oxi-
dant-antioxidant test systems has been shown greater for
small peptides than for large peptides and protein (Moos-
man & Behl, 2002), we further hydrolyzed the gelatin (pep-
sin hydrolysate) using papain, PP, and a cocktail mixture
of PP, PS and PB.

Table 1 shows the DPPH radical scavenging and metal
chelating activities of the above gelatin and the gelatin
hydrolysates. Among the four hydrolysates, the cocktail
hydrolysate exhibited the highest radical scavenging activ-

Table 1

ity (87.18 + 1.84%), which was as strong as that of 2 mM
of BHT. However, its metal chelating activity
(37.4 + 1.5%) was significantly lower than that of 1.0 mM
of EDTA.

All the hydrolysates were tested for their antioxidant
activity against the peroxidation of linoleic acid in a lipid
peroxidation model system (Fig. 1). The cocktail hydroly-
sate exhibited a stronger peroxidation inhibition activity
compared to the other three hydrolysates, which suggests
that the antioxidative property of peptides is highly influ-
enced by the processing conditions. In addition, the cock-
tail protease treatment was the most effective means of
obtaining the antioxidant hydrolysate from porcine colla-
gen. This may be due to the fact that the cocktail protease
treatment is capable of increasing the DH of the collagen
hydrolysate.

It was speculated that DH may influence the antioxidant
activities of the hydrolysates except the certain types of
enzymes. In this research, the cocktail hydrolysate had
the highest DH (Table 1). To further examine the effect
DH may have on antioxidant activity, the cocktail hydro-
lysate (24 h) was continuously hydrolyzed for 48 and 72 h
(Fig. 2). The results indicated that the DH of the hydroly-
sates increased with time. The metal chelating activity also
increased with increases in DH during the test. The radical
scavenging activity of the cocktail hydrolysate also
increased with DH at first (below 85%), but then decreased
because most of collagen is already hydrolyzed into free
amino acids when the DH of the hydrolysate is greater
than 85%. Based on these findings, we believe that DH
can highly affect the antioxidant properties of peptides,
and that smaller peptides have a higher level of radical
scavenging and metal chelating activity than larger pep-
tides; a finding consistent with that of Moosman and Behl
(2002).

The hydrolysate for 48 h had the highest radical scav-
enging activity (89.12 + 2.1%) while that for 72 h had the
highest metal chelating activity (85.5 £ 3.8%). The cocktail
hydrolysate from 24 h had the highest peroxidation inhibi-
tion activity (Fig. 1).

Antioxidant activities and degree of hydrolysis of the hydrolysates by different protease treatment

Sample® Enzyme Antioxidant activities© (%) Degree of hydrolysis©(%)
DPPH radical Iron chelating

A Pepsin 13.44 £ 3.22¢ 9.5+1.2d 8.39 + 1.04c

B Papain 20.45 +4.84d 329+2.3b 20.43 +3.12b

C PP 27.01 +7.35¢ 16.5+0.7c 21.55+1.67b

D Cocktail® 87.18 + 1.84a 374+ 1.5b 55.32 £ 4.08a

Standard 85.31 +0.63a,b 93.54+3.3a

a—e, Antioxidant activities/Degree of hydrolysis are significantly different at p < 0.05 with Student’s 7-test. Means followed by the same letter are not

significantly different.

A Porcine skin collagen was hydrolyzed with pepsin (A), then A was continuously hydrolyzed with papain (B), PP (C) and cocktail (D), respectively. The
concentration of sample A was 1.38 + 0.02%, and the concentration of sample B, C and D was 1.11 4 0.04% respectively. BHT (2.0 mM in methanol) was
used as standard for DPPH radical scavenging activity of the hydrolysates and EDTA (1.0 mM in distilled water) for iron chelating activity.

B Cocktail mixture of PP, PS and PB (D).
€ Results are presented as the means (n = 3) +SE.
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Absorbance at 500 nm

Incubation time (days)

Fig. 1. Antioxidant activities of collagen hydrolysates by different
protease treatment in linoleic acid oxidation system. The degree of linoleic
acid oxidation was assessed by measuring optical density at 500 nm at
every 24 h interval. Butylated hydroxytoluene (BHT) was used as
standard. Key: (—{—) Control; (-[J-) porcine skin collagen was hydrolyzed
with pepsin (A); sample A was continuously hydrolyzed for 24 h with
papain (-A-), PP (—x-) and cocktail (—x-) respectively; (—+-) the cocktail
hydrolysates of 48 h; (—e—) the cocktail hydrolysates of 72 h; (—A—) 2 mM
BHT; (—), 20 mM BHT.

When the amino acid composition of the cocktail gelatin
hydrolysate was analyzed, it was rich in Hyp (19.0%), Gly
(15.0%), Pro (12.6%), Glu (10.6%), Ala (8.0%) and Arg
(5.2%) (data not shown). The amino acid composition of
the porcine skin cocktail hydrolysate was different from
that of the fish skin gelatin hydrolysate, although the major
amino acid components of the two gelatin hydrolysates was
same.
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Fig. 2. Degree of hydrolysis and antioxidant activities of collagen
hydrolysates by cocktail of three crude enzymes, PP, PS and PB at
different hydrolysis time. Key: (-C0-) DH; (—{—) DPPH radical scavenging
activity; (—A-) metal chelating activity.

3.2. Purification and characterization of radical scavenging
peptide (RSP)

Fig. 3 illustrates the column chromatographic profiles of
the cocktail hydrolysates and their radical scavenging
effects. The cocktail hydrolysate was initially separated into
five fractions (P1-P5) on a Sephadex LH-20 gel filtration
column as shown in Fig. 3A. Fraction P2, P3, P4 showed
stronger radical scavenging activity compared with a con-
trol sample (no peptides), and fraction P4 showed the
strongest activity (61.08 4 1.24%) among all fractions.
Fraction P4 was pooled according to its peak value and
concentrated in vacuo prior to loading onto a DEAE-
Sephadex A-25 ion exchange column. The peptides in frac-
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Fig. 3. Separation scheme of radical-scavenging peptide obtained from cocktail hydrolysate of porcine skin collagen (48 h). (A) gel filtration
chromatography on a Sephadex LH-20 column. The hydrolysate solution was concentrated and filtered (0.45 pm), then loaded onto the gel filtration
column. The sample was separated into five fractions (P1-P5) and tested for radical-scavenging activities of DPPH and illustrated as a percentage in the
upper panel. (B) ion-exchange chromatography on a DEAE-Sephadex A-25. Potent fraction P4 obtained from gel filtration chromatography was
separated into four fractions and tested for DPPH free radical scavenging activities.
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tion P4 were then further separated into four fractions (A—
D) as shown in Fig. 3B, with fraction A indicating the
unbound fraction and B-D representing the bound frac-
tions. That means one neutral or basic peptide fraction
(A) and three weak acidic peptide fractions (B-D) were
obtained. Among the bound fractions, fraction D had the
highest radical scavenging activity (30.33 4 0.44%). The
fractions A and D were further separated by RP-HPLC
on an ODS column and the fraction A yielded seven addi-
tional fractions (Fig. 4). Fraction RSP, which was fully
identified, was responsible for the highest radical scaveng-
ing activity.

For peptide identification, the RSP fraction was sub-
jected to nano-ESI+ mass spectrometry. The precursor
ion scan mass spectrum is shown in Fig. 5A. The MS/
MS spectrum of a single charged ion with m/z at 430.91
(Da) is shown in Fig. 5B. Following sequence interpreta-
tion and a database search, the RSP with m/z 430.91
(Da) was determined to be the peptide GIn-Gly-Ala-Arg,
which matched 72-75 and 180183 residues of the «1 chain
in rat (residues 1-402) skin collagen (Hulmes, Milier,
Parry, Piez, & Woodhead-Galloway, 1973). However, the
MS/MS spectrum for Fig. 5B did not contain the complete
series of fragments; which is often the case because as the
collision energy increases, the peptide may break at loca-
tions that are not an amino acid conjunction and making
peptide sequencing very difficult. According to Bruni,
Gianfranceschi, and Koch (2005), each peak in the spec-
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Fig. 4. The potent fraction A obtained from ion-exchange chromatogra-
phy was further purified into a RSP by a C,g reverse phase HPLC column
chromatography. The peaks from HPLC were tested for the radical
scavenging activities and presented in relative activity (percentage) in the
upper panel.

trum can be due to the presence of any one of the various
classical types of fragments (a-ion, b-ion, c-ion, x-ion, y-
ion, z-ion,). As such, each ion has a unique weight depend-
ing on its components, which are determined according to
the following criteria: a-ions, molecular mass of amino acid
residue plus -27; b-ions, plus 1; c-ions, plus 18; x-ions, plus
45; y-ions, plus 19; z-ions, plus 3, y-NHs-ions, plus 37; y-
H,O-ions, plus 37; etc.

Although the Biolynx peptide sequencer failed to obtain
an amino acid sequence from the MS/MS spectrum
(Fig. 5B), each mass signal and corresponding fragmenta-
tion spectra could be matched to a single peptide fragment
by manual calculation. In fact, the manual analysis gave
three sequences, Gln-Gly-Ala-Arg, Lys-Gly-Ala-Arg, and
Gly-Ala-Gly-Ala-Arg. This is because the fragmentation
is not complete and the molecular weight of the amino
acids inside the peptide chain may represent the sum of
two amino acids:

GIn(128) or Lys(128) = Gly(57) + Ala(71).

Notice that a non-unique or a partial peptide sequence
may still be considered as satisfactory if the emphasis is
on identification of the protein from database blasting
(Bruni et al., 2005). In our case, the selected amino acid
sequence GlIn-Gly-Ala-Arg agrees with the 72-75 and
180-183 residues of the ol chain from rat skin collagen
(Hulmes et al., 1973). Although it was found from the data-
base of rat skin collagen, according to Xu, Olivry, and
Chan (2004), the domain amino acid sequence identity
between porcine and that of canine and mouse was calcu-
lated to be 55% and 57%, respectively.

The other three peptides derived from Fraction D were
also identified (Table 2). With regard to the conversion of
proline to hydroxyproline and conversion of lysine to
hydroxylysine, sequences No. 2, No. 3 and No. 4 matched
well with the NCBI (National Center for Biotechnology
Information) database. The fragments contained between
2 and 5 residues. The sequence for No. 3 was found to
be the same as that for No. 2, except for one additional
amino acid residue, Hyp, at the C-terminus of No. 2. Three
of the four antioxidant peptides identified had the Gln-Gly
sequence. In the peptides No. 2, No. 3 and No. 4, Met and
Cys may be important to the radical scavenging activity of
the identified peptides because Met is prone to oxidation of
the Met sulfoxide and Cys donates the sulfur hydrogen
(Hernandez-Ledesma et al., 2005).

Da’valos, Miguel, Bartolome’, and Lo’pez-Fandino
(2004) reported that among the amino acids, Trp, Tyr,
Met showed the highest antioxidant activity, followed by
Cys, His and Phe. The rest of the amino acids (Arg, Asn,
Gln, Asp, Pro, Ala, Val, Lys, Ile, Tre, Leu, Glu and Gly)
did not exhibit antioxidant activity. Therefore, the radical
scavenging activity of the peptides obtained from the
p-Lactoglobulin hydrolysate by Corolase PP could be
attributed to the presence of Trp, Tyr, Met and His in the
identified peptides (Hernandez-Ledesma et al., 2005). The
antioxidative peptides isolated from soybean hydrolysate
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Fig. 5. Identification of the antioxidant peptide. The mass spectrum of the highest active peak (RSP) was acquired (A). The accurate molecular weight of
RSP (M + H) was determined to 430.91 Da. The collision induced fragmentation of 430.9 was illustrated (B). Following sequence interpretation and
database searching, the MS/MS spectrum was matched to the al chain of collagen (residues 72-75, 180-183).

(Chen et al., 1995) and egg white albumin hydrolysate
(Tsuge et al., 1991) have also been attributed to His due
to the proton-donation ability of the His imidazole group.
It has also reported that His and Pro play an important role
in the antioxidant activity of peptides designed peptides

Table 2
Sequences of antioxidant peptides identified by MS/MS in fractions
separated by RP-HPLC of the cocktail hydrolysate from porcine skin
collagen

Fraction  No. MW Sequence Fragment . . . .. .
au £ - - test, among which Pro-His-His was the most antioxidative

A 1 4302 Gln-Gly-Ala-Arg 7215, tl)g(H% (Chen, Muramoto, Yamauchi, & Nokihara, 1996).

D 2 447.2 Leu-GIn-Gly-Met 123-126 G 1l h hi £f dical has b ib

D 3 5603  Leu-Gln-Gly-Met-Hyp  123-127" enerally, the quenching of free radical has been attljl -

D 4 265.1  Hyl-Cys 37_38P uted to the donation of hydrogen. Further, some amino

# The amino acid sequence of the «1chain from rat (residues 1-402) skin acids such as His, Leu, Tyr, Met enhance the scavenging

collagen (26).
® The amino acid sequences are found from porcine collagen databases
on NCBI (<http://www.ncbi.nlm.nih.gov/>).

activities of peptides. However, the purified peptide RSP
(GIn-Gly-Ala-Arg) in this study did not contain any of
the strong proton-donating amino acid residues in the
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sequence. To find out whether RSP has strong antioxidant
activities, RSP was further synthesized and the antioxidant
activities tested and compared to the artificial antioxidant
BHT (Fig. 6A). Even though the antioxidant activity was
very weak at low concentrations (less than 2 mM), RSP
is a potential antioxidative peptide at high concentrations.
Here, the radical scavenging activity of RSP was 40%
(37.27 £2.66%) of BHT at 20 mM and 51% (38.48 +
6.49%) of BHT activity at 20 mM in the lipid peroxidation
system (Fig. 6B). However, the metal ion chelating activity
(Fe*") was poor at 20 mM (21.4 + 3.8%). Compared to
reported antioxidative peptides (Chen et al., 1995; Saiga
et al., 2003), this is a hydrophilic basic peptide.

In fact, collagen has a specifically arranged amino acid
sequence where glycine strictly represents every third
amino acid residue. Kim et al. (2001a, 2001b) were able
to isolate gelatin-derived antioxidative peptides containing
the Gly-Pro-Hyp sequence from marine fish and bovine
skin (Kim et al., 2001b). The strong radical scavenging pep-
tide from Hoki fish skin (His-Gly-Pro-Leu-Gly-Pro-Leu)
also produced Gly-Pro amino acid residues with the excep-
tion of His (Mendis et al., 2005). In this study, we speculate
that the GIn-Gly sequence may play an important role in
RSP as a potent radical scavenger.

In this paper, we have investigated the antioxidant prop-
erties of peptide obtained from collagen by enzymatic

Ay

——RSP
100 -

—o— BHT
80

60
40
2() | 6/

100
80
60

—o— RSP
—— BHT

20

Antioxidant activity U3  Radical scavenging activity
o

220 I I I
0.01 0.1 1 10 100

Concentration mM

Fig. 6. Effects of RSP on antioxidant activities using DPPH radical
scavenging activity (A) and linoleic acid oxidation system (B). The
antioxidant activity was estimated as the rate of inhibition of hydroper-
oxide production at 48 h. Butylated hydroxytoluene (BHT) was used as
positive controls. Values were means 4 SE of triplicate experiments. Data
were significantly different from the control at P <0.05 with Student’s ¢-
test.

hydrolysis, with the final aim of using these as antioxidant
ingredients. For this purpose, collagen was hydrolyzed by
different protease treatments. The results indicated that
the cocktail protease treatment was the most effective to
obtain the antioxidant hydrolysate in the utilization of col-
lagen, because the cocktail protease treatment is more
advantageous to the yield of antioxidative peptides than
single protease treatment.

In conclusion, this research reports the results obtained
from porcine skin collagen by cocktail-enzymatic hydroly-
sis relative to the antioxidant properties of peptides. The
cocktail-derived hydrolysate exhibited higher radical scav-
enging and metal chelating activity than the others. Four
new peptides were identified from the porcine gelatin
hydrolysate by cocktail proteases treatment using tandem
mass spectrometry. Of special interest is the peptide Gln-
Gly-Ala-Arg, which has high antioxidant activity without
strong proton-donating amino acid residues in the
sequence. Results from this study indicated that it is feasi-
ble to produce natural antioxidants from porcine collagen
by enzymatic hydrolysis.

Acknowledgement

This research was supported by research grant from
Fats and Protein Research Foundation.

References

Alder-Nissen, J. (1979). Determination of the degree of hydrolysis of food
protein hydrolysates by trinitrobenzene sulphonic acid. Journal of
Agriculture and Food Chemistry, 27, 1256-1262.

Becker, G. L. (1993). Preserving food and health: antioxidants make
functional, nutritious preservatives. Food Processing (Chicago), 12,
54-56.

Bersuder, P., Hole, M., & Smith, G. (1998). Antioxidants from a heated
histidine-glucose model system. I. Investigation of the antioxidant role
of histidine and isolation of antioxidants by high performance liquid
chromatography. Journal of American Oil Chemists’ Society, 75,
181-187.

Branen, A. L. (1975). Toxicology and biochemistry of butylated hydroxy-
anisole and butylated hydroxytoluene. Journal of American Oil
Chemists” Society, 52, 59-63.

Bruni, R., Gianfranceschi, G., & Koch, G. (2005). On peptide de novo
sequencing: a new approach. Journal of Peptide Science, 11, 225-234.

Chen, H. M., Muramoto, K., Yamauchi, F., & Nokihara, K. (1996).
Antioxidant activity of designed peptides based on the antioxidative
peptide isolated from digests of a soybean protein. Journal of
Agriculture and Food Chemistry, 44, 2619-2623.

Cervato, G., Cazzola, R., & Cestaro, B. (1999). Studies on the antioxidant
activity of milk caseins. International Journal of Food Science and
Nutrition, 50, 291-296.

Chen, H.-M., Muramoto, K., & Yamauchi, F. (1995). Structural analysis
of antioxidative peptides from soybean .beta.-conglycinin. Journal of
Agriculture and Food Chemistry, 43, 574-578.

Chow, C. K. (1988). Interrelationships of cellular antioxidant defense
systems. In C. K. Chow (Ed.). Cellular antioxidant defense mechanisms
(Vol. 11, pp. 217-237). Boca Raton, FL: CRC Press.

Chung, Y. C., Chang, C. T., Chao, W. W,, Lin, C. F., & Chou, S. T.
(2002). Antioxidative activity and safety of the 50 ethanolic extract
from red bean fermented by Bacillus subtilis IMR-NKI1. Journal of
Agriculture and Food Chemistry, 50, 2454-2458.



B. Li et al. | Food Chemistry 102 (2007) 1135-1143 1143

Da’valos, A., Miguel, M., Bartolome’, B., & Lo’pez-Fandino, R. (2004).
Antioxidant activity of peptides derived from egg white proteins by
enzymatic hydrolysis. Journal of Food Protection, 67, 1939-1944.

Edman, P. (1950). A method for determination of the amino acid sequence
in peptides. Acta Chemica Scandinavica, 4, 283-293.

Finkel, T., & Holbrook, N. J. (2000). Oxidant, oxidative stress and the
biology of aging. Nature, 408, 239-247.

Hattori, M., Yamaji-Tsukamoto, K., Kumagai, H., Feng, Y., & Takah-
ashi, K. (1998). Antioxidant activity of soluble elastin peptides. Journal
of Agriculture and Food Chemistry, 46, 2167-2170.

Heinrikson, R. L. (1984). The Edman degradation in protein sequence
analysis. In T. B. Lo (Ed.), Biochemical and biophysical studies of
proteins and nucleic acids (pp. 285-302). New York: Elsevier.

Hernandez-Ledesma, B., Davalos, A., Bartolomé, B., & Amigo, L. (2005).
Preparation of antioxidant enzymatic hydrolysates from r-lactalbumin
and a-lactoglobulin. identification of active peptides by HPLC-MS/
MS. Journal of Agriculture and Food Chemistry, 53, 588-593.

Hulmes, D. J. S., Milier, A., Parry, D. A. D., Piez, K. A., & Woodhead-
Galloway, J. (1973). Analysis of the primary structure of collagen for
the origins of molecular packing. Journal of Molecular Biology, 7,
137-148.

Kim, S., Kim, Y., Byun, H., Nam, K., Joo, D., & Shahidi, F. (2001a).
Isolation and characterization of antioxidative peptides from gelatin
hydrolysate of Alaska Pollack skin. Journal of Agriculture and Food
Chemistry, 49, 1984-1989.

Kim, S. K., Kim, Y. T., Byun, H. G., Park, P. J., & Ito, H. (2001b).
Purification and characterization of antioxidative peptides from bovine
skin. Journal of Biochemistry and Molecular Biology, 34, 219-224.

Korhonen, H., Pihlanto-Leppala, A., & Tupasela, T. (1998). Impact of
processing on bioactive proteins and peptides. Trends in Food Science
and Technology, 9, 307-319.

Lin, T., & Glish, GL. (1998). C-terminal peptide sequencing via multistage
mass spectrometry. Analytical Chemistry, 70, 5162-5165.

Lu, C. L., & Baker, R. C. (1986). Characteristic of egg yolk phosvitin as an
antioxidant for inhibiting metal-catalyzed phospholipids oxidations.
Poultry Science, 65, 2065-2070.

Mendis, E., Rajapakse, N., & Kim, S. (2005). Antioxidant properties of a
radical-scavenging peptide purified from enzymatically prepared fish
skin gelatin hydrolysate. Journal of Agriculture and Food Chemistry,
53, 581-587.

Moosman, B., & Behl, C. (2002). Secretory peptide hormones are
biochemical antioxidants: structure—activity relationship. Molecular
Pharmacology, 61, 260-268.

Osawa, T., & Namiki, M. (1981). A novel type of antioxidant isolated
from leaf wax of Eucalyptus leaves. Agricultural and Biological
Chemistry, 45, 735-739.

Pena-Ramos, E. A., & Xiong, Y. L. (2002). Antioxidant activity of soy
protein hydrolysates in a liposomal system. Journal of Food Science,
67, 2952-2956.

Saiga, A., Tanabe, S., & Nishimura, T. (2003). Antioxidant activity of
peptides obtained from porcine myofibrillar proteins by protease
treatment. Journal of Agriculture and Food Chemistry, 51, 3661-3667.

Sakanaka, S., Tachibana, Y., Ishihara, N., & Juneja, L. (2005). Antiox-
idant properties of casein calcium peptides and their effects on lipid
oxidation in beef homogenates. Journal of Agriculture and Food
Chemistry, 53, 464-468.

Siuzdak, G. (1996). Mass spectrometry for biotechnology. New York:
Academic Press.

Suetsuna, K., Ukeda, H., & Ochi, H. (2000). Isolation and characteriza-
tion of free radical scavenging activities peptides derived from casein.
Journal of Nutritional Biochemistry, 11, 128-131.

Tong, L. M., Sasaki, S., McClements, D. J., & Decker, E. A. (2000).
Mechanisms of the antioxidant activity of a high molecular weight
fraction of whey. Journal of Agriculture and Food Chemistry, 48,
1473-1478.

Tsuge, N., Eikawa, Y., Nomura, Y., Yamamoto, M., & Sugisawa, K.
(1991). Antioxidant activity of peptides prepared by enzymatic
hydrolysis of egg-white albumin. Nippon Nogeikagaku Kaishi, 65,
1635-1641.

Wang, J. Y., Fujimoto, K., Miyazawa, T., & Endo, Y. (1991).
Antioxidative mechanisms of maize zein in powder model systems
against methyl linoleate: effect of water activity and coexistence of
antioxidants. Journal of Agriculture and Food Chemistry, 39,
351-355.

Xu, L., Olivry, T., & Chan, L. (2004). Molecular cloning of a cDNA
encoding the porcine type XVII collagen noncollagenous 16 A
domain and localization of the collagen noncollagenous 16 A
domain and localization of the domain to the upper part of porcine
skin basement membrane zone. Veterinary Dermatology, 15,
146-151.



	Isolation and identification of antioxidative peptides from porcine collagen hydrolysate by consecutive chromatography  and electrospray ionization-mass spectrometry
	Introduction
	Materials and methods
	Materials
	Preparation of collagen hydrolysates
	DPPH radical scavenging assay
	Metal chelating assay
	Assay in a linoleic acid oxidation system
	Degree of hydrolysis
	Amino acid analysis
	Purification of antioxidant peptide
	Identification of peptide by LC-MS and peptide sequencing
	Peptide syntheses
	Statistical analysis

	Results and discussion
	Antioxidant activities of collagen hydrolysates
	Purification and characterization of radical scavenging peptide (RSP)

	Acknowledgement
	References


