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Abstract In the current study, two peptides with antiox-

idant properties were purified from skin protein hydroly-

sates of horse mackerel (Magalaspis cordyla) and croaker

(Otolithes ruber) by consecutive chromatographic fractio-

nations including ion exchange chromatography and gel

filtration chromatography. By electron spray ionization

double mass spectrometry (ESI-MS/MS), the sequence of

the peptide from the skin protein hydrolysate of horse

mackerel was identified to be Asn-His-Arg-Tyr-Asp-Arg

(856 Da) and that of croaker to be Gly-Asn-Arg-Gly-Phe-

Ala-Cys-Arg-His-Ala (1101.5 Da). The antioxidant activ-

ity of these peptides was tested by electron spin resonance

(ESR) spectrometry using 1-diphenyl-2-picryl hydrazyl

(DPPH�) and hydroxyl (OH�) radical scavenging assays.

Both peptides exhibited higher activity against polyunsat-

urated fatty acid (PUFA) peroxidation than the natural

antioxidant a-tocopherol. These results suggest that the two

peptides isolated from the skin protein hydrolysates of

horse mackerel and croaker are potent antioxidants and

may be effectively used as food additives and as pharma-

ceutical agents.
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peptide � In vitro digestion � Lipid peroxidation

Introduction

Free radicals are defined as molecules having an unpaired

electron in their outermost orbits. They are generally

unstable and reactive in nature. Reactive oxygen species

(ROS) include superoxide anion radical (O2), hydroxyl

radical (OH�), hydrogen peroxide (H2O2), singlet oxygen

(1O2), and hypochlorous acid (HOCl) (Dahl and Richard-

son 1978). ROS are produced inside the cell under physio-

logical and pathological conditions (Evans and Halliwell

2001) in response to external stimuli and to chemicals.

Cytotoxicity of free radicals is deleterious to mammalian

cells, but is also effective in killing pathogens by activating

macrophages and other phagocytes of the immune system

(McCord 2000). Uncontrolled generation of free radicals

causes havoc in biological system by damaging membrane

lipids, proteins and DNA (Wiseman and Halliwell 1996).

These effects are believed to be involved in aging and in

many health disorders such as diabetes mellitus, cancer,

neurodegenerative and inflammatory diseases (Pryor and

Ann 1982; Butterfield et al. 2002). The key antioxidants

that decrease the impact of ROS by their specific mecha-

nisms are enzymes, such as superoxide dismutase (SOD),

glutathione peroxidase (GPx), glutathione reductase (GR)

and catalase (CAT), as well as readily oxidized substrates,

such as glutathione (GSH) and ascorbic acid (AA).

A number of natural and synthetic antioxidants directly

scavenge free radicals (Dahl and Richardson 1978). How-

ever, the use of synthetic antioxidants, such as butylated

hydroxyl anisole (BHA) and butylated hydroxyl toluene

(BHT), has been suspected to threaten health by causing

liver damage and carcinogenesis (Ito et al. 1986). Hence

the development of natural, safer antioxidants, which have

synergistic effects of amino acids, peptides and proteins,

has attracted considerable attention. Protein hydrolysates

are the major source of bioactive peptides, which are short-

chain peptides with certain biological properties such as

enzyme inhibition, antioxidant ability, or immunomodula-

tory, anti-hypertensive and anti-thrombotic effects etc.

N. S. Sampath Kumar � R. A. Nazeer (&) � R. Jaiganesh

Department of Biotechnology, School of Bioengineering,

SRM University, Kattankulathur 603203, Tamilnadu, India

e-mail: ra_nazeer@yahoo.com

123

Amino Acids (2012) 42:1641–1649

DOI 10.1007/s00726-011-0858-6



(Jung et al. 2005; Suetsuna 1998; Chen et al. 1995). These

peptides are inactive within the sequence of the parent

protein, however, after enzymatic hydrolysis, their bioac-

tivity will be released (Gill et al. 1996). These peptides

usually contain 3–20 amino acid residues, and their activity

is dependent on their amino acid composition and sequence

(Pihlanto 2001). Antioxidant activities have been found in

peptides purified from hydrolyzed proteins of squid muscle

(Rajapakse et al. 2005), milk (Pihlanto 2006), porcine

collagen (Lertittikul et al. 2007), bull frog skin (Qian et al.

2008), round scad mince (Thiansilakul et al. 2007), water

buffalo horn (Liu et al. 2010), black scabbard fish (Batista

et al. 2010), pink perch and flying fish muscle (Shabeena

and Nazeer 2010).

Among various marine bio-resources available in

Tamilnadu coastal line, the antioxidant activity of fish-

derived peptides has not yet been adequately studied.

Therefore, the aim of this study was to identify potential

antioxidant peptides derived from the skin of two marine

fishes—horse mackerel (Magalaspis cordyla) and croaker

(Otolithes ruber)—and to characterize their amino acid

sequences. To this purpose, the skins of both fishes were

enzymatically hydrolyzed in an in vitro digestion proce-

dure mimicking conditions in the gastrointestinal tract, and

the activity of the resulting peptides against different free

radicals was tested.

Materials and methods

Proteases for enzymatic hydrolysis (pepsin, trypsin and

a-chymotrypsin), a-linoleic acid, ammonium thiocyanate,

a-tocopherol, 5,5-dimethyl-1-pyrroline-N-oxide (DMPO),

FeSO4, and H2O2 were purchased from Sigma Chemical

Co. (St. Louis, MO, USA). Other commercially available

chemicals and reagents were of analytical grade.

Sample collection

Horse mackerel (Magalaspis cordyla) and croaker (Otoli-

thes ruber) were collected from Royapuram sea coast

(13�602600N 80�1704300E), Tamilnadu, India. Skin was dis-

sected from the fish, wiped with blotting paper and

weighed. The organs were minced separately using a

grinder and stored in plastic bags at -20�C until used.

Proximate analysis

Proximate (moisture, ash, lipid and protein) composition

was determined on wet weight basis. Moisture content was

determined by placing approximately 2 g of sample into a

pre-weighted aluminum dish (AOAC 1991). Samples were

then dried in an oven at 105�C until a constant mass was

obtained. Ash content was estimated by charring the pre-

dried sample in a crucible at 600�C until a white ash was

formed (AOAC 1991). The total crude protein (N 9 6.25)

in raw material was determined using the Kjeldahl method

(AOAC 1991). Lipid content was determined gravimetri-

cally using the Bligh and Dyer (1959) method.

In vitro digestion

The digestion process was carried out using the method

described by Kapsokefalou and Miller (1991) with neces-

sary modifications. A 100 ml aliquot of 4% (w/v) fish skin

suspension in protein isolating solution (0.1 M phosphate

buffer, pH 6.4) was brought with HCl to pH 2.5 to repre-

sent the stomach digestion milieu. Pepsin was added at an

enzyme-to-substrate ratio of 1/100 (w/w), and the mixture

incubated on a shaker at 37�C for 2 h. The pH was then set

to 8 with NaOH to obtain the conditions of small intestine

digestion. Both trypsin and a-chymotrypsin were supple-

mented at an enzyme-to-substrate ratio of 1/100 (w/w), and

the solution was further incubated at 37�C for 2.5 h.

Samples were taken at the start and at the end of the

treatment, and their pH was quickly adjusted to 6.5. After

centrifugation at 10,0009g for 15 min at 4�C, the super-

natants were collected and cooled at -80�C. The frozen

samples were lyophilized to obtain dry powder.

Reducing power assay

The ability of the hydrolysates to reduce iron(III) was

determined according to the method of Yen and Chen

(1995). An aliquot of 1 ml of each hydrolysate at the

concentration of 1 mg/ml was mixed with 2.5 ml of 0.2 M

phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium

ferricyanide. The mixture was incubated at 50�C for

30 min, followed by addition of 2.5 ml of 10% (w/v) tri-

chloroacetic acid. The mixture was then centrifuged at

1,6509g for 10 min. Finally 2.5 ml of the supernatant were

mixed with 2.5 ml of distilled water and 0.5 ml of 0.1%

(w/v) ferric chloride. After 10 min of reaction the absor-

bance of the resulting solution was measured at 700 nm.

Reducing power was proportional to absorbance of the

reaction mixture.

Chelating activity on Fe2?

The chelation of Fe2? was measured by the method of

Decker and Welch (1990) with a slight modification. An

aliquot of 4.7 ml of sample at the concentration of 1 mg/ml

was mixed with 0.1 ml of 2 mM FeCl2 and 0.2 ml of

5 mM ferrozine. The reaction mixture was allowed to stand
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for 20 min at room temperature. The absorbance was then

read at 562 nm. The chelating activity was calculated as

follows;

Chelating activity %ð Þ

¼ Absorbance of control�Absorbance of sampleð Þ
Absorbance of control

� 100

The blank was prepared in the same manner except that

distilled water was used instead of the sample. EDTA was

used as positive control.

Measurement of the antioxidative activity

in the linoleic acid model system

The antioxidative activity was measured in the a-linoleic

acid model system according to the methods of Osawa and

Namiki (1985). Briefly, a sample (corresponding to 1 mg

of lyophilized peptides) was dissolved in 10 ml of 50 mM

phosphate buffer (pH 7.0), and added to a solution con-

taining 0.13 ml of linoleic acid and 10 ml of 99.5% etha-

nol. The total volume was then adjusted to 25 ml with

distilled water, and the mixture was incubated in a storage

bottle with a screw cap at 40 ± 2�C in the dark. The degree

of oxidation was evaluated by measuring the ferric thio-

cyanate values according to the method of Mitsuta et al.

(1996): an aliquot of 100 ll of the above solution was

mixed with 4.7 ml of 75% ethanol, 0.1 ml of 30%

ammonium thiocyanate, and 0.1 ml of 2 9 10-2 M ferrous

chloride solution in 3.5% HCl. After 3 min, the absorbance

was read at 500 nm.

Assays using electron spin resonance (ESR)

spectroscopy

DPPH radical scavenging activity (RSA)

The DPPH RSA of protein hydrolysates was measured

using the method described by Nanjo et al. (1996). An

aliquot of 60 ll of peptide solution at the concentration of

1 mg/ml (or ethanol itself as control) was added to 60 ll of

DPPH (60 lM) in ethanol solution. After mixing vigor-

ously for 10 s, the solution was transferred into a 100 ll

quartz capillary tube, and the spin adduct was measured

exactly 2 min later in an EMX ESR spectrometer equipped

with rectangular cavity (Bruker, Germany). The experi-

mental conditions employed were as follows: magnetic

field, 336.5 ± 5 mT; power, 5 mW; modulation frequency,

9.41 GHz; amplitude, 1 9 1000; sweep time, 30 s. DPPH

radical scavenging ability was calculated with the follow-

ing equation, in which H and H0 are relative peak height of

radical signals with and without sample, respectively.

DPPH radical scavenging ability %ð Þ ¼ 1� Hð Þ=H0 � 100

Hydroxyl radical scavenging activity

Hydroxyl radicals were generated by iron-catalyzed Fenton

Haber–Weiss reaction and the generated hydroxyl radicals

were rapidly reacted with the nitrone spin trap DMPO (Rosen

and Rauckman 1984). The resultant DMPO–OH adducts was

detectable with an ESR spectrometer. The peptide solution

(0.2 ml) was mixed with DMPO (0.3 M, 20 ll), FeSO4

(10 mM, 20 ll) and H2O2 (10 mM, 20 ll) in a phosphate

buffer solution (pH 7.4), and then transferred into a 100 ll

quartz capillary tube. After 2.5 min, the ESR spectrum was

recorded using an EMX ESR spectrometer equipped with

rectangular cavity (Bruker, Germany). The experimental

conditions employed were as follows: magnetic field,

336.5 ± 5 mT; power, 1 mW; modulation frequency,

9.41 GHz; amplitude, 1 9 200; sweep time, 4 min. Hydro-

xyl radical scavenging ability was calculated with the fol-

lowing equation, in which H and H0 are relative peak height

of radical signals with and without sample, respectively.

Hydroxyl radical scavenging activity %ð Þ ¼ 1� Hð Þ=H0

� 100

Purification of the antioxidant peptide

Ion exchange chromatography (IEC)

The lyophilized protein hydrolysates were dissolved in

20 mM sodium acetate buffer (pH 4.0) at a concentration

of 20 mg/ml, and loaded for fast protein liquid chroma-

tography (FPLC) on a XK 26 DEAE anion exchange col-

umn equilibrated with 20 mM sodium acetate buffer (pH

4.0). Elution was with a linear gradient of NaCl (0–1.5 M)

in the same buffer at a flow rate of 1 ml/min. Each fraction,

collected at a volume of 6 ml, was monitored at 280 nm.

Pooled fractions were then concentrated using a rotary

evaporator, and antioxidant activities were investigated.

The fractions having strong antioxidant properties were

lyophilized, and subjected to further separation.

Gel filtration chromatography (GFC)

The fractions exhibiting the highest antioxidant activity

were further purified after dissolution in distilled water by

loading onto a Sephadex G-25 gel filtration column

(2.5 9 75 cm) previously equilibrated with distilled water.

The column was then eluted with distilled water at a flow

rate of 1 ml/min. Each fraction collected at a volume of

3 ml was monitored at 280 nm. Pooled fractions were then

concentrated using a rotary evaporator, and antioxidant
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activities were investigated. The fractions having strong

antioxidant properties were lyophilized, and subjected to

ESI-MS/MS to determine the sequence of the purified

peptides.

Identification of peptides by ESI-MS/MS

The fraction with the highest antioxidant activity after GFC

was dissolved in 75% acetonitrile/25% water of HPLC

grade, and loaded into a FIA type 3200 QTRAP mass

spectrometer (Applied Biosystem). The sample was passed

at a flow rate of 20 ll/min via the electro spray interface,

which was operated in the positive electrospray ionization

(ESI? ve) mode. The gas used for drying (35 psi) and ESI

nebulization (45 psi) was high-purity nitrogen. Spectra

were recorded over the mass/charge (m/z) range 50–1200.

About three spectra were averaged in the MS and multiple

MS (MS/MS) analyses. Peptide sequencing was performed

by manual calculation.

Statistical analyses

All the assays for antioxidant activities of hydrolysates

were conducted on three replicates. Data were expressed as

mean ± standard deviation. The statistical analysis was

performed using SPSS 10.0 software (SPSS Inc. Chicago,

IL, USA). Significant differences were determined with

95% confidence interval (P \ 0.05).

Results and discussion

Proximate composition

Proximate composition of horse mackerel and croaker skin

is shown in Table 1. Moisture, ash, crude protein, lipid and

carbohydrate contents were tabulated as per their wet

weight basis. The protein content was 13 and 14.3%,

respectively; usually, marine fish contains between 8 and

21% of crude protein (Chandrasekhar and Deosthale 1993)

and the results observed for our samples fall in this

interval.

Reducing power assay

The protein hydrolysates of horse mackerel and croaker

skin were prepared by in vitro digestion mimicking gas-

trointestinal conditions, and were then lyophilized for

further studies. Crude hydrolysates were tested for their

reducing ability and metal chelating activity. The reducing

power assay is often used to evaluate the ability of an

antioxidant to donate electrons (Yildirim et al. 2000), a

mechanism through which it can stabilize the free radicals.

Both crude hydrolysates showed good antioxidant activity

in a dose-dependent manner at a concentration of 1 mg/ml;

the activity was comparable to that of standard compounds

such as a-tocopherol and BHT, as depicted in Fig. 1.

Several papers have also reported that the reducing power

of peptides increases with sample amount (Zhu et al. 2006;

Klompong et al. 2007; Bougatef et al. 2010).

Chelating activity on Fe2?

Crude skin protein hydrolysates of horse mackerel and

croaker were tested for their metal chelating ability at a

concentration of 1 mg/ml (Fig. 1). Transition metals, such

as Fe, Cu, and Co, react very quickly with peroxides by

acting as one-electron donors to form alkoxyl radicals

(Gordon 2001). Therefore, chelation of transition metal

ions would retard the oxidation process (Sherwin 1990). In

comparison with other ions, ferrous ion is a key active

species responsible for ROS formation in cells, leading to

increased levels of lipid peroxidation (Huang et al. 2002).

In the Decker and Welch (1990) test, the formation of a

violet complex by ferrozine and Fe2? is interrupted in the

presence of a chelating agent. Both crude hydrolysates

showed good chelating activity (52.3 and 57.2%, respec-

tively) and the results were comparable with those obtained

with EDTA (P \ 0.05). Our results were thus similar to

those reported for hemp and alfalfa leaf protein hydroly-

sates (Tang et al. 2009; Xie et al. 2008). Peptides are well

known metal chelators and this is one of the antioxidant

mechanisms for many active peptides (Peng et al. 2009);

the activity is affected by size and amino acid sequence.

Purification of the antioxidant peptide

The skin protein hydrolysates were fractionated on an anion

exchange column at pH 4.0 with a linear gradient of NaCl

concentration resulting, with both samples, in the elution of

four peaks (1–4) as depicted in Fig. 2. All the fractions were

tested against DPPH and hydroxyl radicals; as shown in

Table 2, fraction 2 of horse mackerel and fraction 4 of

croaker skin hydrolysates showed good activity. The active

fractions were further fractionated on a gel filtration col-

umn. GFC had also been used for the purification of

Table 1 Proximate composition of horse mackerel (HM) and croaker

(CR) skin

Proximate composition (%) HM CR

Moisture 73.1 ± 0.6 70.3 ± 1.5

Ash 03.2 ± 0.2 02.4 ± 1.1

Crude protein 13.0 ± 3.6 14.3 ± 2.5

Lipid 02.0 ± 0.1 04.8 ± 1.2

Carbohydrate 08.7 ± 2.1 08.2 ± 1.9

Mean ± standard deviation; n = 3
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peptides from marine rotifer (Byun et al. 2009), water

buffalo horn (Liu et al. 2010), and sardinelle (Bougatef et al.

2010). As shown in Fig. 3, three peaks were eluted in both

cases (A, B and C). The fractions were tested for their

radical quenching efficiency and those showing antioxidant

activity were concentrated for further characterization.

ESR spectroscopy

ESR spectroscopy with a proper radical trapper is a sensitive

method to detect RSA of proteins and peptides. It is a sen-

sitive, direct and accurate spectroscopic tool to monitor

reactive species generated at room temperature. The high

sensitivity of ESR allows the detection of even low con-

centration of radicals with peptide samples (Peng et al.

2009). In this study, to investigate the discriminating nature

of the antioxidant activity, a small ROS (OH�) and a rela-

tively large radical (DPPH�) were used; the protein hydro-

lysate prepared from the skin of horse mackerel and croaker

were effective in quenching both of these radicals (Table 2).

Therefore, both samples were subjected to RSA tests against

DPPH� and OH� species; in these tests croaker protein

hydrolysate showed a higher activity (65.3 and 41.2%) than

horse mackerel (56.4 and 36.3%). Testing was repeated after

purification for all the fractions collected from ion exchange

and GFC. After every step the activity increased, as reported

for their systems by Peng et al. (2009), Liu et al. (2010),

Batista et al. (2010), and Qian et al. (2008). For the peptides

isolated from fish skin hydrolysates showed the increase in

Fig. 1 Reducing power and

metal chelating ability of horse

mackerel (HM) and croaker

(CR) skin protein hydrolysate;

Mean ± standard deviation;

n = 3

Fig. 2 Separation of antioxidant peptides from horse mackerel and

croaker skin protein hydrolysate by XK 26 DEAE anion exchange

chromatography

Table 2 Free radical scavenging activity (%) of fractions from ion

exchange (1–4) and further gel filtration chromatography (A–C) on

horse mackerel (HM) and croaker (CR) skin protein hydrolysates

Name DPPH radical Hydroxyl radical

HM CR HM CR

Crude 56.4 ± 2.1 65.3 ± 1.5 36.3 ± 2.3 41.2 ± 2.7

Fraction 1 50.1 ± 2.9 52.7 ± 2.0 31.6 ± 2.6 40.3 ± 2.2

Fraction 2 57.8 ± 1.4 45.8 ± 2.2 45.2 ± 2.0 36.5 ± 2.1

Fraction 3 48.3 ± 2.2 53.1 ± 2.7 42.4 ± 1.8 31.2 ± 2.0

Fraction 4 49.8 ± 2.1 69.6 ± 3.1 39.2 ± 2.2 47.8 ± 1.9

Fraction A 39.2 ± 2.6 79.6 ± 2.6 19.3 ± 2.4 56.8 ± 2.1

Fraction B 48.0 ± 3.0 49.3 ± 2.1 21.9 ± 2.1 39.9 ± 2.9

Fraction C 72.3 ± 2.5 20.1 ± 1.8 51.2 ± 2.3 09.7 ± 0.6

Mean ± standard deviation; n = 3

Fig. 3 Separation of antioxidant peptides from active fractions of

horse mackerel and croaker skin protein hydrolysate after XK 26

DEAE anion exchange chromatography by Sephadex G-25 gel

filtration chromatography
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scavenging activity against both the radicals amounted to

*14–16%. Radical quenching is a primary mechanism to

inhibit oxidative processes. Therefore, the results obtained

from the ESR spectroscopy associate a strong antioxidant

activity to the peptides purified from horse mackerel and

croaker skin protein hydrolysates.

Identification of peptides by ESI-MS/MS

The two active peptides were loaded onto ESI-MS/MS to

characterize the sequence of their amino acids. The

peptide purified from horse mackerel skin protein

hydrolysate was identified as the hexapeptide Asn-His-

Arg-Tyr-Asp-Arg (856 Da) and that purified from croaker

skin protein hydrolysate was identified as the decapeptide

Gly-Asn-Arg-Gly-Phe-Ala-Cys-Arg-His-Ala (1101.5 Da),

respectively (Figs. 4, 5). Antioxidant peptides identified

from fish sources have been reported in the literature to

have molecular weights between 500 and 1500 Da (Jun

et al. 2004; Ranathung et al. 2006; Wu et al. 2003).

Bioactive peptides usually contain 2–20 amino acid res-

idues per molecule (Pihlanto 2001), and the lower the

Fig. 4 Characterization of the antioxidant peptide from horse

mackerel skin protein hydrolysate: a mass spectrum of the purified

fraction C; b MS/MS spectrum of ion m/z 856. By manual calculation,

the sequence of this peptide is displayed with the fragmentations

observed in the spectrum. For clarity, only a, b, and y00 ions are

labeled
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molecular weight, the higher their chance to cross the

intestinal barrier and exert biological effects (Roberts

et al. 1999). The active peptide isolated from the skin of

horse mackerel contains both essential and non-essential

amino acids. The presence of aromatic amino acids like

tyrosine allows direct electron transfer to ROS (Qian

et al. 2008). In addition this peptide contains aspartic

acid, which seems to play a vital role as observed in

several antioxidative peptides (Rajapakse et al. 2005).

Conversely, the good ROS quenching activity observed

for the antioxidant peptide isolated from croaker skin

may be due to the presence of cysteine, phenylalanine,

glycine and alanine, which are known for their potential

antioxidant activity. This peptide is also rich in alanine

(approximately 20% of the purified peptide sequence), a

hydrophobic amino acid residue; it is presumed that the

presence of hydrophobic amino acids in individual pep-

tides may contribute to their lipid peroxidation inhibitory

activity by increasing peptide solubility in lipid hence

facilitating the in situ interaction with radical species

(Chen et al. 1996). Furthermore, both the isolated pep-

tides contain histidine, which enhances the scavenging

activity due to the proton-donation ability of the histidine

imidazole group (Chen et al. 1996).

Fig. 5 Characterization of the antioxidant peptide from croaker skin protein hydrolysate: a mass spectrum of the purified fraction A; b MS/MS

spectrum of ion m/z 1101.5. By manual calculation, the sequence of this peptide is displayed with the fragmentations observed in the spectrum.

For clarity, only a, b, and y00 ions are labeled
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Measurement of the antioxidative activity

in the linoleic acid model system

Peroxidation of lipids is a complex process that involves

formation and propagation of lipid radicals and lipid

hydroperoxides in the presence of oxygen (Ames 1983).

The activity of the two purified peptides from horse

mackerel and croaker skin protein hydrolysates against the

peroxidation of a-linoleic acid was investigated and com-

pared to that of a-tocopherol, a natural antioxidative agent.

As shown in Fig. 6, the control (without antioxidant)

had—as expected—the highest absorbance value in the

Osawa and Namiki (1985) test, indicating the highest

degree of oxidation among the samples after a 7-day

incubation, whereas the peptide from croaker skin protein

hydrolysate had the lowest absorbance followed by

a-tocopherol and by the peptide from horse mackerel skin

protein hydrolysate. Cheng et al. (2003) reported that

phenolic compounds afford their protective actions in lipid

peroxidation by scavenging the lipid-derived radicals

(R�, RO� or ROO�) in a heterogeneous lipid phase. According

to this model, the presence of hydrophobic properties is

very important for a compound to inhibit lipid peroxida-

tion. From their sequence, both purified peptides contain

several hydrophobic residues; thanks to this feature, both

could easily interact with lipid molecules and scavenge

lipid-derived radicals through proton donation. As reported

by Halliwell and Gutteridge (1989) the beneficial effects of

antioxidants are mediated by the prevention of oxidative

damage with the interruption of the radical chain reaction

involved in lipid peroxidation. Our results show that the

peptides isolated from horse mackerel and croaker skin

protein hydrolysates are very successful in this process,

which makes them of great interest as antioxidant

compounds.

Conclusion

By-products of marine fish processing are used in many

industries and their commercial applications are expanding

every year. However, their applicability as bioactive

compounds and their nutraceutical value are not exten-

sively studied. Based on our results in this study, it appears

that the low molecular weight peptides released from horse

mackerel and croaker skin by in vitro digestion have good

antioxidant properties. The purified antioxidant peptides

also are potent free radical scavengers and effectively

inhibit lipid peroxidation. With these properties they may

be expected to protect against oxidative damage in living

systems in relation to aging, carcinogenesis, and neurode-

generative diseases. Therefore, our data suggest that horse

mackerel and croaker skin present a potential as nutra-

ceutical and bioactive material. Further detailed studies on

peptide fractions will be needed to evaluate their in vivo

antioxidant activities.
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