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o-Lactalbumin and f-Lactoglobulin. Identification of Active
Peptides by HPLC-MS/MS

BLaNcA HERNANDEZ-LEDESMA, ALBERTO DAVALOS, BEGONA BARTOLOME, AND
LOURDES AMIGO*

Instituto de Fermentaciones Industriales (CSIC), Juan de la Cierva 3, 28006 Madrid, Spain

We have investigated the antioxidant activity of hydrolysates from whey proteins bovine o-lactalbumin
(a-La) and p-lactoglobulin A (5-Lg A) by commercial proteases (pepsin, trypsin, chymotrypsin,
thermolysin, and Corolase PP). Corolase PP was the most appropriate enzyme to obtain antioxidant
hydrolysates from a-La and 3-Lg A (ORAC—FL values of 2.315 and 2.151 umol of Trolox equivalent/
mg of protein, respectively). A total of 42 peptide fragments were identified by HPLC-MS/MS in the
pB-Lg A hydrolysate by Corolase PP. One of the sequences (Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-
Asp-lle) possessed radical scavenging (ORAC—FL value of 2.621 umol of Trolox equivalent/umol of
peptide) higher than that of butylated hydroxyanisole (BHA). Our results suggest that whey protein
hydrolysates could be suitable as natural ingredients in enhancing antioxidant properties of functional
foods and in preventing oxidation reaction in food processing.
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INTRODUCTION proteins, such as egg-white albumiblj, lecithin-free yolk

Reactive oxygen species (ROS) have been implicated in theprote_in (1152),hsoybprotein16), ‘ZOllleble elastind]_(4), :nd rgilk ibed
etiology of various degenerative diseases, including cardiovas-case'n( ) has been reported. Recent studies have describe

cular disease, cancer, diabetes, cataracts, neurodegenerati & antioxidant activity of whey protein hy.drqusate.§(17)..
disorders, and agind.(2). The body has its own defense system OWEVer, there are no data about the a”“ox'da”t_ properties of
against ROS on the basis of antioxidant enzymes (i.e., SOD,the individual peptldes released after_whey protein hydrolys_ls.
CAT, and GPx) and endogenous antioxidants (i.e., glutathione). ©heese whey is an abundant liquid byproduct of the dairy
Oxidative stress occurs when ROS overload the body’s anti- INdustry.-Lactoglobulin (5-Lg) andx-lactalbumin (a-La) are
oxidant defenses or when the antioxidant defense system losedh® main whey proteins, corresponding to 60% and 25% of them,
its capacity for response (e.g., elderly people) and can lead torespectively. The hl_gh nutr|t_|onal, functional, gnd b|_olog|ca_l
damage of vital cellular components. Enhancement of the body’s V&lue reported for its proteins has resulted in their use in
antioxidant defenses through dietary supplementation would different foods, drugs, and cosmetics. Recently, new biological
seem to provide a reasonable and practical approach to reducing@ctivities of whey proteins and peptides derived from them have
the level of oxidative stress, and there is a wealth of evidence Pe€n described, such as the angiotensin-converting enzyme
to support the effectiveness of such a strategy in vijo This |nh|b|tqry, antithrombotic, gnd gnt|m|crqb|al_act|V|ty (18—20).
hypothesis has stimulated human intervention studies concerning A Wwide range of both in vivo and in vitro methods are
well-known dietary antioxidants (i.e., vitamins E and C) and currently used to assess the antioxidant activity of a compound/
other less-known Compounds with potential health_promoting miXture, all of which .haVe certain advantages and limitations
effects (i.e., carotenoids and polyphenols), as well as research(21). The oxygen radical absorbance capacity (ORAC) method
into new food ingredients with antioxidant potentia).( measures the scavenging activity of a compound against peroxyl
Several studies have described the antioxidant activity of radicals and is one of the few methods that combines both
proteins from several animal and plant sources, such as milkinhibition percentage and inhibition time of the antioxidant
proteins (5,6), maize zein 1), and wheat gliading) and activity of th_e reactive species into a single quantiB2)
secretory peptide hormone8)( Amino acids have also been Recently, this method has been improved by the use of
accepted to exhibit antioxidant activity, which is greater when fluorescein (ORAC-FL) as fluorescent prob@8) and has been
they are incorporated in dipeptidek{. Thus, the antioxidant ~ adapted to a conventional fluorescence plate reader (24).
activity of peptides generated from the hydrolysis of various  In this paper, we have investigated the antioxidant properties
of peptides obtained from whey proteins by enzymatic hydroly-
* Corresponding author. Tel+34 91 5622900; fax-+34 91 5644853; sis, with the final aim of using these as antioxidant ingredients.
e-mail: amigo@ifi.csic.es. For this purpose, pure whey proteins (boviréd.a andS-Lg
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Preparation of Antioxidant Enzymatic Hydrolysates

A) were hydrolyzed by different proteases of digestive and
microbial origin, and the radical scavenging activity of the
hydrolysates was determined by the ORAEL approach.
Furthermore, different peptide fractions were isolated from a
hydrolysate of-Lg A by Corolase PP, their main peptides
identified by tandem mass spectrometry (HPLC-MS/MS), and

the subsequent synthetic peptide sequences evaluated fo

antioxidant activity.

MATERIALS AND METHODS

Chemicals.Bovinea-La andfs-Lg A, and fluorescein disodium (FL),
and amino acid standards [Val (V), lle (1), Asp (D), Thr (T), Leu (L),
Glu (E), Ala (A), Met (M), Tyr (Y), His (H), Phe (F), Trp (W), Cys
(C), Asn (N), Lys (K), Gly (G), GIn (Q), and Pro (P)] were purchased
from Sigma Chemical (St. Louis, MO). 6-Hydroxy-2,5,7,8-tetrameth-
ylchroman-2-carboxylic acid (Trolox), 2,2'-azobis (2-methylpropion-
amide)-dihydrochloride (AAPH), and amino acid standard Arg (R) were
obtained from Aldrich (Milwaukee, WI). Amino acid standard Ser (S)
was purchased from Merck KGaA (Darmstadt, Germany).

Pepsin (EC 3.4.4.1.; 1:60 000, 3400 U/mg protein), trypsin (EC
3.4.21.4.; Type I; 10900 U/mg protein), and chymotrypsin (EC
3.4.21.1.; Type +S, 44 U/mg protein) from bovine pancreas and
thermolysin (EC 3.4.24.4.; 72 U/mg protein) froBacillus thermo-
proteolyticus rokkavere purchased from Sigma. Corolase PP from pig
pancreas glands was purchased from R6hm (Darmstadt, Germany).

Enzymatic Hydrolysis of a-La and f-Lg A. Hydrolysis ofo-La
andg-Lg A was carried out in citrate buffer (pH 2.5) for pepsin and in
Tris-HCI buffer (pH 8.0) for the pancreatic proteases and thermolysin.
o-La andf-Lg A (1 mg/mL) were incubated with the enzyme (1:20,
enzyme-to-substrate ratio, w/w) for 24 h at 32. After incubation,
enzymatic reactions were stopped by heating &®@fr 15 min, except
for thermolysin that was stopped by addition of EDTA (20 mM, final
concentration). Hydrolysates by pepsin were adjusted to pH 7.5 with 1
M NaOH.

The hydrolysates were centrifuged at 10§0@r 30 min, the
supernatants were removed, and an aliquot was frozen and kep0at
°C until use. Another aliquot of the hydrolysates was subjected to
ultrafiltration through a hydrophilic 3000 Da cutoff membrane (Cen-
tripep, Amicon, Inc., Beverly, MA). The 3 kDa-permeates were freeze-
dried and kept at-20 °C until use.

Freeze-dried 3 KkDaDa-permeates were reconstituted with distilled

water. The protein content of the hydrolysates and of the permeates

was determined by the bicinchoninic acid method (BCA) (Pierce,
Rockford, IL) using bovine serum albumin as standard protein.
ORAC Assay.The ORAC-fluorescein (ORAEFL) assay was based
on that proposed by Ou et a23) and modified by Davalos et ak4).
Briefly, the reaction was carried out at 3C in 75 mM phosphate
buffer (pH 7.4) and the final assay mixture (2@0) contained FL (70
nM), AAPH (12 mM), and antioxidant [Trolox (28 M) or sample
(at different concentrations)]. The plate was automatically shaken before
the first reading and the fluorescence was recorded every minute for
80 min. A Polarstar Galaxy plate reader (BMG Labtechnologies GmbH,
Offenburg, Germany) with 485-P excitation and 520-P emission filters
was used. The equipment was controlled by the Fluostar Galaxy
software version (4.11—0) for fluorescence measurement. Black 96-
well microplates (96F untreated, Nunc, Denmark) were used. AAPH
and Trolox solutions were prepared daily and FL was diluted from a
stock solution (1.17 mM) in 75 mM phosphate buffer (pH 7.4).
All reaction mixtures were prepared in duplicate and at least three

independent runs were performed for each sample. Fluorescence

measurements were normalized to the curve of the blank (no antioxi-
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fluorescence reading at timeThe net AUC corresponding to a sample
was calculated as follows:

net AUC= AUC,oxidant— AUChank

The regression equation between net AUC and antioxidant concen-
ation was calculated. The slope of the equation was used to calculate
he ORAC-FL value by using the Trolox curve obtained for each assay.
Final ORAC-FL values were expressedasol of Trolox equivalent/
mg of protein for hydrolysates and permeates, andrasl| of Trolox
equivalent/umol of compound for synthetic amino acids and peptides.

Fractionation of Antioxidant Hydrolysates by RP-HPLC. Semi-
preparative RP-HPLC analysis was carried out on a Waters System
HPLC (Waters Corp., Milford, MA), equipped with two pumps (module
Delta 600), a pump controller (module 600), an autosampler (module
717), and a diode array detector (module 996) in combination with an
automatic fractions collector (module 11). The data processing software
was Program Millenium, version 32 (Waters).

The 3 kDa-permeate from thLg A hydrolysate by Corolase PP
was applied to a column Prep Nova-Pack HR, @0 A, 4um, 7.8 x
300 mm (Waters) with a (g cartridge as guard column. Solvent A
was a mixture of water and trifluoroacetic acid (TFA) (1000:1, v/v),
and solvent B contained acetonitrile and TFA (1000:0.8, v/v). The
injection volume was 25@L. The peptides were eluted with a linear
gradient of solvent B in A going from 0% to 20% over 60 min, at a
flow rate of 4 mL/min. Detection was carried out at 214 and 280 nm.
Five fractions (corresponding to 10 min each one) were collected from
35 separate RP-HPLC runs, pooled, dried under vacuum, and redis-
solved in distilled water. Protein concentration and antioxidant activity
were determined for each fraction.

Analysis by Online RP-HPLC-MS/MS. RP-HPLC separation of
the five fractions (F+F5) obtained from the 3 kDa-permeatefbt.g
A hydrolysate by Corolase PP was performed on an Agilent HPLC
system connected online to an Esquire-LC quadrupole ion trap
instrument (Bruker Daltonik GmbH, Bremen, Germany), according to
the method of Hernandez-Ledesma et al. (25). The flow rate was 0.8
mL/min. Peptides of fractions F1 and F2 were eluted with a linear
gradient of solvent B in A going from O to 8% over 60 min. Peptides
of fractions F3 and F4 were eluted with a linear gradient from 0 to 5%
of solvent B in solvent A over 5 min followed by a 65-min gradient of
solvent B in A from 5 to 15%. Peptides of fraction F5 were eluted
with a linear gradient from 0 to 10% of solvent B in solvent A over 5
min followed by a 65-min gradient of solvent B in A from 10 to 20%.

The flow was split postdetector by placing a T-piece (Valco,
Houston, TX) connected to a 76w i.d. peek outlet tube of an adjusted
length to give approximately 26L/min of flow entering directly into
the mass spectrometer via the electrospray interface. Nitrogen was used
as nebulizing and drying gas and operated with an estimated helium
pressure of 5« 102 bar. The capillary was held at 4 kV. Spectra were
recorded over the mass/charge@Z) range 106-1500. About 25 spectra
were averaged in the MS analyses and about 5 spectra in the MS(n)
analyses. The signal threshold to perform auto MS(n) analyses was
5000 (i.e., 5% of the total signal) and the precursor ions were isolated
within a range of 4.n/zand fragmented with a voltage ramp going
from 0.35 to 1.4 V. Using Data Analysis (version 3.0; Bruker
Daltoniks), them/z spectral data were processed and transformed to
spectra representing mass values. BioTools (version 2.1; Bruker
Daltoniks) was used to process the MS(n) spectra and to perform peptide
sequencing.

Peptide SynthesisPeptides were prepared by the conventional Fmoc
solid-phase synthesis method with a 431A peptide synthesizer (Applied
Biosystem Inc., Werlingen, Germany), and their purity was verified
by analytical RP-HPLC-MS/MS.

dant). From the normalized curves, the area under the fluorescence

decay curve (AUC) was calculated as

i=80
AUC=1+ S f/f,

where fp is the initial fluorescence reading at 0 min afds the

RESULTS AND DISCUSSION

Radical Scavenging Activity of Enzymatic Hydrolysates.
Table 1reports the protein concentration and radical scavenging
activity (ORAC—FL values) for the hydrolysates and their
corresponding 3 kDa-permeates obtained fima andj-Lg
A by enzymatic digestion with pepsin, trypsin, chymotrypsin,
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Table 1. Protein Concentration and Radical Scavenging Activity (ORAC—FL Values) of the Hydrolysates and Their Corresponding Permeates (F < 3
kDa) from o-Lactalbumin and S-Lactoglobulin by Pepsin, Trypsin, Chymotrypsin, Corolase PP, and Thermolysin

o-lacta lbumin [-lactoglobulin
ORAC-FL value (umol of ORAC-FL value (umol of
protein concn? (mg/mL) Trolox equivimg of protein) protein concn? (mg/mL) Trolox equivimg of protein)
enzyme hydrolysate F<3kDa hydrolysate F<3kDa hydrolysate F<3kDa hydrolysate F<3kDa
pepsin 0.911 +0.010 0.466 + 0.001 1.065 + 0.056 0.790 £ 0.017 0.627 £ 0.006 0.245 +0.001 0.701 £ 0.033 0.821 +0.007
trypsin 0.932 +£0.038 0.415 £ 0.001 1.031 +0.046 0.942 +£0.011 0.771 £0.015 0.472 £0.014 0.979 £ 0.022 0.667 £ 0.012

chymotrypsin 0.645 + 0.007 0.653 +0.012 2.528 +0.078 1.755 +0.051 0.842 +0.003 0.571+0.011 1.378 £ 0.032 1.508 +0.039
Corolase PP 0.546 £ 0.049 0.496 +0.012 2.954 +0.106 2.315+0.080 0.423 +£0.042 0.408 +0.024 2.151+0.051 1.897 +0.019
thermolysin 0.539 £0.016 0.487 £0.016 2.039+0.018 1.365 +0.030 0.620 +0.028 0.446 +0.038 1.657 +0.038 1.519 + 0.005

@Results are presented as the mean (n = 3) = SD.

Fl F2 F3 F4 F5

A A e A A

Ana (AU)

0.6 i

) 10 15 20 25 30 i5 40 45 50 55
Time (min)

0,0 4

- 4
~ 400 - L)
‘En (B) —3§c
2 300 - =k
s = g9
£ £ 4
E 2 &5
E 200 Sz
8 2 =
-E 100 - - r1 g—'
g E
o
= 4 , e — '

F1 F2 F3 F4 F5

Peptidic fractions

Figure 1. (A) Fractionation by preparative RP-HPLC of the 3 kDa-permeate obtained from the S-lactoglobulin A hydrolysate by Corolase PP. Collected
fractions are termed with F followed by a number. (B) Protein concentration (bars) and ORAC—FL values (M) of the collected fractions from the preparative
RP-HPLC system. Vertical bars represent standard errors (n = 3).

Corolase PP, and thermolysin. Corolase PP and thermolysinequivalent/mg of protein (Table 1). These values were higher
acting ona-La and Corolase PP acting @¢lhLg A conducted than that obtained for a hydrolysate from crude egg protein by
at the lowest protein concentration in the hydrolysates. This fact pepsin (0.38mol Trolox equivalent/mg of proteing). The
was due to the greatest degradation of the whey proteins.hydrolysates obtained frona-La by Corolase PP and by
Corolase PP is a complex mixture of enzymes that acts chymotrypsin (2.954 and 2.528no0l Trolox equivalent/mg of
synergistically on whey proteins resulting in extensive degrada- protein, respectively) and that froftLg A by Corolase PP
tion. Low enzymatic specificity of thermolysin would explain  (2.151 umol Trolox equivalent/mg of protein) showed the
its action on whey proteins. For these two proteases, the proteinhighest antioxidant activity. Differences in the radical scaveng-
concentration of the 3 kDa-permeates was slightly lower than ing activity among hydrolysates were attributed to differences
that corresponding to the hydrolysat@sle 1), indicating that in the size and amino acid sequence of the peptides released by
the peptides from whey proteins released by Corolase PP andhe proteases, which exhibited different specific activity on whey
thermolysin were, mainly, of small size. A previous analysis proteins. Chen et al. also found differences in the antioxidant
of the peptides released from bovifid.g AB after hydrolysis activity of hydrolysates from sog-conglycinin depending on
with thermolysin revealed that peptide size was between 390 the protease used d). The range of variation of the ORAC
and 855 kDa (18). FL values for the 3 kDa-permeates (from 0.667 to 2.3l

The ORAC-FL values for the hydrolysates obtained from Trolox equivalent/mg of protein) was close to that reported
o-La andf-Lg A varied from 0.667 to 2.954imol Trolox above for the corresponding hydrolysates, which indicated that



Preparation of Antioxidant Enzymatic Hydrolysates J. Agric. Food Chem., Vol. 53, No. 3, 2005 591

100 (A) | (B)

245.0

| £
80 | & \ i ]

| ! -

| |

\\ l i 11 443.1

! i 5713 813.4
I |\ {\\ oA sttt b bt ey 1..1 s LL.
20 i \ N ‘ v . ; ; ; ;
f § \ ’ \\ [\ /\J \ \ 200 400 600 800 1000 1200 1400
0 ‘\)\v\__‘_v\,v'w N ALY, VLA__,\J \ mz
20 30 40 50 60 70
Time (min)
6.0] 68435
47121 v6
(©) v
5.01 1024.35
- b9
= 59933 797.35 .
e b5 v b ions 3 4 5 7 8 9
= |
. o .. VE LE—LL—LKIP ﬂ PW EW
J 1 v
2ol 813.42 y ""ions 7 6 5 4
< 35817 7
1 b3 7142
1.0} ¥
’ ‘\ l h 80444, ‘ 1
| b8
0.0! s JAII (111 S l]hlllLI“A Y N \ t N IH | . I
300 400 500 600 1wz 700 800 $00 1000 1100
24

Figure 2. (A) UV-chromatogram of the fraction F4 of the 3 kDa-permeate obtained from the /3-lactoglobulin A hydrolysate by Corolase PP. (B) Mass
spectrum of the selected chromatographic peak in (A). (C) Tandem mass spectrum of ion m/z 1041.4. Following sequence interpretation and database
searching, the MS/MS spectrum was matched to S-lactoglobulin A f(43-51). The sequence of this peptide is displayed with the fragment ions observed

in the spectrum. Fragment ions are labeled according to the nomenclature proposed by Roepstorff and Fohlman (28). For clarity, only the b and the y"'
fragment ions are labeled.

the 3 kDa-fraction was mainly responsible for the antioxidant F2, and F4 (ORAGFL values of 2.327, 3.384, and 3.44mol

activity found in the whole hydrolysat& éble 1). For instance, Trolox equivalent/mg of protein, respectivel\Bigure 1B) was

it was calculated that the antioxidant activityngol Trolox higher than that of the 3 kDa-permeate (1.88%ol Trolox

equivalent/mL of solution) of the 3 kDa-permeates obtained equivalent/mg of protein). Antioxidant activity of the rest of

from o-La andf-Lg A by Corolase PP represented 71% and the fractions (F3 and F5) was lower, with ORAEL values

85% of the total activity of their corresponding hydrolysates. of 1.389 and 0.87&xmol Trolox equivs/mg of protein, respec-

A previous study on egg white proteins also revealed that the tively (Figure 1B). Identification of the possible fragments

3 kDa-permeate retained most of the antioxidant activity found responsible for the antioxidant activity was carried out for the

in the total hydrolysate by pepsin (26). Other authors have different fractions.

reported that accessibility to the oxidant—antioxidant test For peptide identification, the five fractions were subjected

systems is greater for small peptides and amino acids than forto RP-HPLC coupled online to a mass spectrometer. As an

large peptides and protein®)( Short peptides exhibiting  exampleFigure 2A shows the UV-chromatogram obtained for

antioxidant activity have been isolated and characterized from F4. The mass spectrum of one selected peak is showigime

casein (15) and protein sources such as soy proiij ( 2B and the MS/MS spectrum of a single charged ion waittz
Although the antioxidant activity of the 3 kDa-permeate from 1041.4 and the amino acid sequence of the identified peptide

o-La by Corolase PP was slightly higher than that frgrhg with the major fragment ions is shown kigure 2C. Following

A, we selected the latter as material for further peptide sequence interpretation and database searching, the MS/MS

identification studies,3-Lg is the major whey protein, so  spectrum was matched {&Lg A f(43—51). All peptides of

identification of potential active peptides derived from this dairy the total ion chromatogram with a signal5000 units were

industry byproduct should initially concentrate on those derived considered for peptide sequencing. The strategy of identifying

from -Lg. the peptides by matching the tandem mass spectra to selected
Purification and Characterization of Antioxidant Peptides. peptides with a given mass allowed the unambiguous identifica-

The 3 kDa-permeate from thieLg A hydrolysate by Corolase  tion of most peptides included in these fractions. In this process,

PP was subjected to preparative RP-HPIEQy(re 1A). The certain mass signals and their corresponding fragmentation

total chromatogram was divided into five different fractions spectra obtained by MS/MS could not be matched with any
(F1-F5). Enough material of each fraction was collected in single peptide fragment, such as for disulfide-containing pep-
successive analysis to determine radical scavenging activity andtides. A total of 42 peptide fragments derived frépLg A were

protein concentration (Figure 1B). Antioxidant activity of F1, identified: 10 peptides in F1, 15in F2, 8 in F3, 4 in F4, and 5
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Table 2. Peptides Identified by MS/MS in Fractions Collected by fore, the radical scavenging activity found in the 3 kDa-permeate
Preparative RP-HPLC of the 3 kDa-Permeate of the Hydrolysate from obtained fronp-Lg A hydrolysate by Corolase PP was attributed
S-Lactoglobulin A by Corolase PP to the presence of Trp, Tyr, Met, and His in the identified
, peptides, but not to Cys.
fraction obsd mass calcd mass fragment sequence . . . . ..
On the basis of their amino acid composition, three sequences
Fl gg% g;géi ;gggﬁ%z) gﬁgFN were selected as the most potentially active peptides: Met-His-
268.1 268.11 f(20-21) Ys lle-Arg-Leu (from F2), Tyr-Val-Glu-Glu-Leu (from F2), and
346.2 346.19 f(15-18) VAGT Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-Asp-lle (from F5). They
4201 42019 f(27-30) SDIS were synthesized and their radical scavenging activity deter-
gggé ggggé ;gg:zg)l) g'\'{QK mined. A high antioxidant activity was found for Trp-Tyr-Ser-
768.4 76837 96-101) DTDYKK Leu-Ala-Met-Ala-Ala-Ser-Asp-lle (ORAEFL value of 2.621
432.2 432.19 f(52-55) GDLE umol Troloxjumol of peptide). Compared to known antioxidants
454.2 454.19 f(19-21) WYS of plant origin, this radical scavenging activity was ap-
F2 570.3 570.30 f(47-51) KPTPE proximately 1.7- and 4-fold lower than thosep€oumaric acid
681.3 680.37 f(142-147)  ALPMHI and the flavonoid quercetin, respectively, measured under the
ggg-g ggggg ;giig:ﬁ% \L/FFf’\TAE“EV same conditions?4). However, the antioxidant activity of this
7133 713.40 f(43-48) VEELKP peptide was slightly higher than that of butylated hydroxyanisole
445.3 445.25 (83-86) KIDA (BHA) (2.43 umol Troloxfumol BHA) (24). BHA is currently
645.3 645.30 f(155-159)  QLEEQ used in the food industry as a synthetic antioxidant, although
667.3 668.38 f(145-149)  MHIRL its potential adverse effects have stimulated its replacement by
gg?g ggggi Igg:gi; EQ\E’E'QVLV new natural antioxidants. These results suggest that hydrolysates
9132 914.60 f(77-84) KIPAVEKI from whey proteins could be used as natural antioxidants in
572.4 572.35 f(71-75) IIAEK enhancing antioxidant properties of functional foods and in
658.2 658.28 f(50-55) PEGDLE preventing oxidation reaction in food processing. Protein
ggg'g 2‘5“1"5‘2 ]fgéjlgg L'(’\\/EEL hydrolysates can be obtained from a low-cost source (i.e., cheese
' ' whey). Besides, they have an extra nutritional value in com-
F3 1ggg§ 1%’2'2‘2‘ ;ggéig% EgE\E/EFD%KA parison to other antioxidants from plants, although studies about
5504 55035 f100-103)  KKYL their antigenicity should be done before any proposal for human
528.4 528.33 f(76-80) TKIPA use (27). The antioxidant activity of Trp-Tyr-Ser-Leu-Ala-Met-
874.2 874.36 f(125-132)  TPEVDDEA Ala-Ala-Ser-Asp-lle would be due to the residues of Trp, Tyr,
g?gi gii-ii I%?;é)ls) \S/EEEEF?T and Met, although the ORAEFL value of the peptide was
9843 984.48 f(47-55) KPTPEGDLE Iov(;/_er i[han that _of Trp_(s_ee ?bove). _To ?axplair_1 this _rgsu_lt, the
radical scavenging activity of an equimolar amino acid mixture
4 1005 et fEbs  FODALNEN [Trp, Tyr, (Serx 2), Leu, (Alax 3), Met, Asp, and lle] was
1040.4 1040.54 f(43-51) VEELKPTPE determined. The ORACFL value obtained (4.314mol Trolox/
673.3 674.29 f(85-90) DALNEN umol of amino acid mixture) indicated that the peptidic bond
F5 1225.4 1226.56 f(19-29) WYSLAMAASDI or structural peptide conformation attenuated the antioxidant
805.5 804.44 f(1~7) LIVTQTM activity of the constitutive amino acids. Besides, the presence
g;gi g;;ig ;gﬁ;?@ /E\%';’}‘(T of other amino acids may lead to antagonist effects among them,
7724 771.44 f(52-58) GDLEILL reducing their own radical scavenging activity.

Met-His-lle-Arg-Leu and Tyr-Val-Glu-Glu-Leu also showed
in F5 (Table 2). The fragments contained between 2 and 11 adical scavenging activity (ORAC—FL values of 0.30@ol

residues and some of them were further synthesized and tested rolox/zmol of peptide and 0.799mol Trolox/«mol of peptide,
for their antioxidant activity. respectively), which was attributed to the respective presence

Radical Scavenging Activity of Amino Acids and Peptide of Met and Tyr, although the antioxidant activity of these amino
Fragments. To synthesize the most potentially active peptide 2cids on their own was higher (see above). Contrary to previous

fragments reported above, the ORAEL of their constitutive  findings for Trp-Tyr-Ser-Leu-Ala-Met-Ala-Ala-Ser-Asp-lle, the
amino acids were determined. Trp (ORAEL value of 4.649 ~ ORAC—FL value of the equimolar mixture [Try+Val+(Ghd

umol Trolox/umol of amino acid), Tyr, and Met (1.574mol 2)+Leu_] (0.427umol Troloxjumol of amino acid mixture) was
Trolox/umol of amino acid and 1.126mol Troloxjzmol amino ~ @pproximately 2-fold lower than that of Tyr-Val-Glu-Glu-Leu,
acid, respectively) showed the highest antioxidant actia6),( indicating in this case that the peptidic bond or structural peptide

followed by Cys (0.1492«mol Trolox/umol of amino acid), c_onformation t_anhanced the antioxidant activity of the constitu-
His (0.073umol Trolox/umol of amino acid; 26), and Phe tive amino acids. As seen for Trp-Tyr-Se_r-Leu-_AIa-Met-AIa—
(0.0025:mol Trolox/«mol of amino acid). The rest of the amino ~ Ala-Ser-Asp-lle, the presence of other amino acids may lead to
acids ana|yzed (Arg’ Asn, G|n, Asp, Pro, A|a’ Vaj7 Lys’ ||e, al’ltagonllst effe.Ct.S among them, I’educmg their own radical
Thr, Leu, Glu, and Gly) did not exhibit antioxidant activity by ~ Scavenging activity.

this method (ORAC—FL values 0.00001zmol Trolox/umol In conclusion, this paper reports for the first time the
of amino acid). The high antioxidant activity of Trp and Tyr antioxidant properties of peptides obtained from whey proteins
may be explained by the capacity of the indolic and phenolic by enzymatic hydrolysis. Corolase PP is the most appropriate
groups, respectively, to serve as hydrogen donors. It is, therefore enzyme to obtain antioxidant hydrolysates frarba ands-Lg
likely that the oxygen radical quenches the Trp-indolic and Tyr- A. Identification of 42 peptides obtained from the hydrolysate
phenolic hydrogen (H), resulting in the formation of more  of 5-Lg A with Corolase PP was successfully carried out by
stable indoyl and phenoxyl radicals. Met is prone to oxidation HPLC-MS/MS. Of special interest is the peptide Trp-Tyr-Ser-
to Met sulfoxide and Cys donates the sulfur hydrogen. There- Leu-Ala-Met-Ala-Ala-Ser-Asp-lle which has a stronger anti-
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oxidant activity than BHA. Present results also suggest that (14) Hattori, M.; Yamaji-Tsukamoto, K.; Kumagai, H.; Feng, Y.;

peptide conformation can lead to both synergistic and antago-

nistic effects in comparison to the antioxidant activity of the

Takahashi, K. Antioxidant activity of soluble elastin peptides.
J. Agric. Food Chem1998,46, 2167—2170.

amino acids on their own. Further research about the structure/ (15) Suetsuna, K.; Ukeda, H.; Ochi, H. Isolation and characterization

activity relationship in peptides and about the synergistic and
antagonistic effects among the amino acids will be carried out

in our laboratory.
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