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The antioxidant activity of casein calcium peptides in several in vitro assay systems was investigated.
Casein calcium peptides were prepared by the microbial enzymic hydrolysis of casein calcium. The
main peak of the molecular mass distribution of the peptides was about 3 kDa. Casein calcium peptides
showed strong antioxidant activity with the j-carotene bleaching method, and they also showed
scavenging activity against radicals such as superoxide radicals, 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radicals, and hydroxyl radicals. Antioxidant activity was increased with an increasing peptide
concentration. Casein calcium peptides also showed strong antioxidant activity against lipid oxidation
in ground beef homogenates. These results suggest that casein calcium peptides are a suitable natural
antioxidant that prevents the lipid oxidation of meat and related food ingredients.
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INTRODUCTION respectively). This phosphate could confer antioxidant activity

Lipid oxidation is one of the major factors in deterioration ©" C@S€ln molgcules: Cqselns are widely usedl as a functional
during the storage and processing of foods, because it can Ieacf’md nutr[tlonal mgregﬂent in food products.. Casg in hydrolysates
to the development of unpleasant rancid or off-flavors as well &€ obtained by in vitro enzymatic digestion with hydrolysates
as potentially toxic reaction productd,(2). Therefore, the both water solqble and high in nutntlonal_value. Casein hy-_
control of lipid oxidation in food products is desirable, and the drolysates obtained by the proteases, trypsin, and chymotrypsin
benefits of antioxidants in food storage have been studied by cONt@in more than 200 peptides of different sizS)( The
many researchers (3—5). Synthetic antioxidants such as buty_herolysates are better absorbed_ than a mixture of free amino
lated hydroxyanisole, butylated hydroxytoluene, and propyl 30"?'5' wrtncg_may_ be due to thels;zelar_\d nature gf ‘;]he pe_lpktldes
gallate have been widely used in food products to retard lipid 4uring the digestive proces&q, 17). It is reported that mi
oxidation. However, the demand for natural antioxidants has protein (1_8) _a_nd Case";19) have antioxidant activity, but therg
recently increased because of the toxicity and carcinogenicity are feW_ S|gn|f|cant studies on_the use of casemophosphopeptldes
of synthetic antioxidants (&) as antioxidants (20). Caseinophosphopeptides, as has been

Many antioxidative substances have been and are beingr?port?d' are obtained by decompqsing cgsein socjium by trypsin
isolated from natural materials, including foods. The antioxi- d|gest|on_. Qn the_ other hand_, casein calcium pe_ptldgs have been
dative action and structure of these compounds have Ioeenreported in intestinal absorption in ragl), but their antioxidant
reported by many researchers, and some of these compoundQCt'V'ty has not been descr.lbed. ) . o
are as effective as synthetic antioxidants in a model system N the present study, we investigated the in vitro antioxidant
(8—10). Amino acids and proteins have been reported as water- aCtivity of casein calm_um peptldes. Th_e aims qf this study were
soluble antioxidants because of the chelating effect on metal !0 characterize casein calcium peptides derived from casein
ions (11, 12). Furthermore, some protein hydrolysates from calcium; measure the antioxidant activity of casein calcium
animal and plant sources have been found to possess antioxidarREPtides by various assay methods sugf-earotene bleaching,
activity (13,14). Use of these antioxidants has been investigated SUP€roxide radicals scavenging, 1,1-diphenyl-2-picrylhydrazyl
primarily for the prevention of lipid oxidation in foods. radicals scavenging, and hydroxyl radicals scavenging; and

Caseins, accounting for about 80% of milk proteins, are |_n\_/est|gate_the_|nh|b|tory effect of casein calcium peptides on
phosphoproteinsy-, 3-, and«-, which differ from each other  lipid oxidation in ground beef homogenates.
in their phosphate content (10, 5, and 1 mol per casein mole,

MATERIALS AND METHODS
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trichloroacetic acid, 2-thiobarbituric acid, HEPES (2-[4-(2-hydroxy- 0.3 mL of the sample solution (casein calcium peptides in distilled

ethyl)-1-piperazinyllethanesulfonic acid), and 1,1,3,3-tetramethoxypro- water) to give a final concentration of 0.0625, 0.125, 0.25, 0.5, and
pane were purchased from Wako Pure Chemical Industries, Ltd. (Osaka,1.0% of casein calcium peptides. The solution was rapidly mixed, and
Japan). Ground beef (containing 15.8% fat) was purchased from a localafter standing for 30 min at room temperature, the absorbance of the

supermarket. All other reagents were of analytical grade. mixture was measured at 517 nm (9). The results were calculated as
Preparation of and Analytical Methods for Casein Calcium the percentage inhibition according to the formula

Peptides.Casein calcium peptides were prepared by the hydrolysis of

casein calcium using proteolytic enzyme frokspergillussp. (EC % inhibition= [{(C — CB) — (S— SB)}/(C— CB)] x 100

3.4.21.63; Amano Enzyme Inc., Nagoya, Japan). The casein calcium
was dissolved in water containing 10% ethanol at a concentration of where S, SB, C, and CB are the absorbance of the sample, the blank
about 13% and hydrolyzed by protease (0.4:100 enzyme/substrate) akample, the control, and the blank control, respectively.
50 °C while the pH was maintained at 6.0 by the addition of 3 M Hydroxyl Radical-Scavenging Activity. The effect of hydroxyl
NaOH and 3 M HCI. The hydrolysis reaction was stopped after 20 h radicals was assayed using the 2-deoxyribose oxidation method (28,
by heating at 90C for 10 min. The soluble fraction was then filtered  29). 2-Deoxyribose is oxidized by hydroxyl radicals formed by the
using filtration paper (No. 2, Toyo Roshi Co., Tokyo, Japan) with Fenton reaction and degrades to malondialdeh§@e3(). The reaction
precoat layer of Celite (Sigma Chemical Co., St. Louis, MO) and spray- mixture contained 0.45 mL of 0.2 M sodium phosphate buffer (pH
dried. The powder was used as casein calcium peptides. 7.4), 0.15 mL of 10 mM 2-deoxyribose, 0.15 mL of 10 mM FaSO
The amino acid content of the casein calcium peptides was deter- EDTA, 0.15 mL of 10 mM hydrogen peroxide, 0.525 mL of distilled
mined using the method described previoug®)( The molecular mass  water, and 0.075 mL of the sample solution (casein calcium peptides
distribution of the casein calcium peptides was estimated by a Superdexin distilled water) to give a final concentration of 0.03125, 0.0625,
Peptide HR 10/30 column (10 mm i.ck 300 mm; Amersham Bio- 0.125, 0.25, and 0.5% of casein calcium peptides in a tube. The reaction
sciences Corp., Piscataway, NJ) equilibrated with 50 mM phosphate was initiated by the addition of hydrogen peroxide. After incubation
buffer (pH 7.0) containing 150 mM NaCl at a flow rate of 0.5 at 37°C for 4 h, the reaction was quenched through addition of 0.75
mL/min. The elution profiles were monitored with absorption at 220 mL of 2.8% trichloroacetic acid and 0.75 mL of 1.0% thiobarbituric
nm. Standard materials of known molecular weight (bovine serum acid. The mixture was boiled for 10 min, cooled in ice, and absorbance
albumin, 66 kDa; soybean trypsin inhibitor, 21 kDa; lysozyme, 14 kDa; measured at 520 nm. Hydroxyl radical-scavenging ability was evaluated
bovine lung aprotinin, 6.7 kDa; bradykinin, 1.06 kDa; aspartame, 0.294 as the inhibition rate of 2-deoxyribose oxidation by hydroxyl radicals.
kDa) were also separated on the column under similar analytical The results were calculated as the percentage inhibition according to
conditions. The molecular weight was calculated by comparison with the formula
standard materials.

Determination of Anti-autoxidant Activity Using the f-Carotene % inhibition= [{(C — CB) — (S — SB)}/(C— CB)] x 100
Bleaching Method. Anti-autooxidant activity was assayed using the

fp-carotene bleaching metha23—25). -Carotene (2 mg) was dissolved  yhere S, SB, C, and CB are the absorbance of the sample, the blank
in 20 mL of chloroform. A 4-mL aliquot of the solution was added to sample, the control, and the blank control, respectively.
a conical flask with 40 mg linoleic acid and 400 mg Tween 40. The  antioxidant Activity against Lipid Peroxidation in Ground Beef
chloroform was removed using a rotary evaporator atG0Distilled Homogenates Ground beef (5 g) was homogenized in 25 mL of 50
wgter (100 mL) was added to tI;i%ecarote_ne emulsion and mixed, and  ,z\ HEPES buffer (pH 7.0) using a homogenizer (Nihon Seiki
aliquots (3 mL) of thes-carotene emulsion and 0.2 mL of the sample  gejsakusyo Co., Tokyo, Japan) for 5 min. Buffered systems have been
solution (casein calcium peptides in distilled water) were placed to give widely used to study oxidation—reduction reactions in meat systems
a final concentration of 0.0125, 0.025, 0.05, 0.1, and 0.2% of casein (32). The test medium contained 0.8 mL of beef homogenate and 0.2
calcium peptides in capped culture tubes and mixed well. The tubes m_of either the HEPES buffer or one of the sample solutions (casein
were immediately placed in a water bath and incubated atG0  calcium peptides in HEPES buffer) to give a final concentration of
Oxidation of the3-carotene emulsion was monitored taking absorbance 0.25, 0.5, 1.0, 2.0, and 4.0% of casein calcium peptides and was
at 20-min intervals at 470 nm for 100 min. A control consisted of 0.2 jncubated at 37C for 60 min. After incubation, the mixture was tested
mL of distilled water instead of the sample solution. for the formation of thiobarbituric acid reactive substances (TBARS).
Superoxide Radical-Scavenging Activity Superoxide radicals were TBARS were determined by a modified procedure as shown below
generated in vitro by xanthine oxidase. The scavenging activity of the (32—34). On the day of use, a trichloroacetic acid (TCA/TBA) stock
casein calcium peptides was determined using the nitroblue tetrazoliumgg|ytion was prepared consisting of 15% TCA (w/v) and 0.375% TBA
(NBTngreductlon method. In this method,Oreduces the yellow dye () in 0.25 M HCI. After mild heating and agitation to dissolve the
(NBT*") to produce the blue formazan, which is measured spectro- components, 3 mL of 2% butylated hydroxytoluene (BHT) in absolute
photometrically at 560 nm. Antioxidants can inhibit the blue NBT  athanol was added per 100 mL of the TCA/TBA stock solution. At
formation (26,27). The capacity of the samples to scavenge the appropriate intervals, 1.0 mL of aliquot of the test medium was added
superoxide radicals was assayed as follows: The reaction mixture to the TCA/TBA stock solution in a test tube and immediately mixed
contained 0.5 mL of 0.8 mM xanthine in 0.1 mM phosphate buffer thoroughly with a Vortex mixer. The sample was then heated in a
(pH 8.0), 0.48 mM NBT in 0.1 mM phosphate buffer (pH 8.0), and - pojling water bath for 10 min and cooled to room temperature, and it
0.1 mL of the sample solution (casein calcium peptides in 0.1 MM a5 centrifuged at 17dor 10 min. The absorbance of the supernatant
phosphate buffer, pH 8.0) to give a final concentration of 0.03125, yas measured at 532 nm using a UNIDEC-50 spectrophotometer
0.0625, 0.125, 0.25, and 0.5% of casein calcium peptides. After heating (JASCO Corp., Tokyo, Japan). TBARS were calculated from a standard
to 37°C for 5 min, the reaction was initiated by adding 1.0 mL of = ¢yrve of malonaldehyde (MDA), a breakdown product of tetraethoxy-
XOD (0.049 U/mL) and was carried out at 3T for 20 min; the propane (TEP).

reaction was stopped by adding 2.0 mL of 69 mM SDS. The absorbance  gtatistical Analysis. Values represent means of triplicate analysis

of the reaction mixture was measured at 560 nm. ~and are given with standard deviations. Differences among experimental
The results were calculated as the percentage inhibition according 4ata were analyzed by Tukey’s studentized rang test, and thpse at
to the formula 0.05 were considered significant.
% inhibition= [{(C — CB) — (S~ SB)}/(C— CB)] x 100 RESULTS AND DISCUSSION
where S, SB, C, and CB are the absorbance of the sample, the blank Characteristics of Casein Calcium Peptides. Figure 1
sample, the control, and the blank control, respectively. shows the gel permeation chromatography profiles of casein

DPPH Radical-Scavenging Activity.The assay mixture contained ~ calcium peptides. The main peak of the molecular mass
0.3 mL of the 1.0 mM DPPH radical solution, 2.4 mL of ethanol, and distribution of casein calcium peptides was about 3 kDa, and
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Table 1. Amino Acid Composition of Casein Calcium Peptides and 0
Casein Calcium? __ 80
S 70
casein casein g 60
amino calcium casein amino calcium casein B 50
acid peptides calcium acid peptides calcium 2 40
Asp 6.9 67 lle 5.1 5.4 £ 5
Thr 49 4.7 Leu 9.0 9.1 20
Ser 7.0 6.9 Tyr 3.8 3.9
Glu 18.4 184 Phe 3.8 4.0 10
Gly 3.2 3.0 Lys 7.4 7.2 ]
Ala 43 42 His 2.6 25 0.5 0.25 0.125 0.0625 0.03125
Cys 04 0.3 Arg 2.3 24 . . .
val 71 71 Pro 115 119 Casein °a",:“"f’ pe’:}'des
Met 23 24 concentration (%)
Figure 3. Superoxide radical-scavenging activity of casein calcium
aMol (%). peptides. Data represent the mean + SD of three determinations. Bars

with different letters are significantly different (p < 0.05).

area % of the main peak was 75.2% in the chromatogram. The ) ) o

amino acid compositions of casein calcium peptides and caseinMay also play an important role in the peroxidation of unsatu-

calcium were almost the same (Table 1). rated fatty acids qnd possibly othgr susceptible subst_aﬁsgzs_(
Antioxidant Effect with the B-Carotene Bleaching Method. Therefore, studying the scavenging effects of casein calcium

Casein calcium peptides were analyzed for their antioxidant PePtides on superoxide radicals is one of the most important

activity by thep-carotene bleaching assay. The antioxidant assay Ways of clarifying the mechanism of antioxidant activity.

using discoloration off-carotene is widely used, because  The superoxide-scavenging activity of casein calcium peptides

S-carotene is extremely susceptible to free-radical mediated was measured using the xanthinenthine oxidase system, and

oxidation. 8-Carotene has 11 pairs of double bonds and they the results are indicated as the inhibition rate of superoxide

are extremely sensitive to oxidation, afiecarotene is decol-  activity. Casein calcium peptides exhibited superoxide-scaveng-
orized easily with the oxidation of linoleic aci®%, 36). The ing activity, and 0.5% of casein calcium peptides showed more
decrease in the absorbancefetarotene with or without casein ~ than 70% inhibition. These activities were dose-dependent
calcium peptides was recorded as a function of tiffigyre (Figure 3). These results show that casein calcium peptides have

2). Casein calcium peptides strongly suppressed discolorationstrong superoxide radical-scavenging effects.
of B-carotene compared with the control. The absorbance of DPPH Radical-Scavenging Activity. DPPH is a free-radical
the control dropped at a faster rate to 0015 after 60 min, compound and has been widely used to test the free-radical-
whereas at 0.2% casein calcium peptides, the rate was slowerscavenging ability of various sampleé29(-41). Figure 4 shows
maintaining an absorbance of 0.8 after 60 min. Thus, it is the scavenging activity of casein calcium peptides on DPPH
apparent that casein calcium peptides have a strong effect againstadicals at various concentrations. The scavenging activity of
the discoloration of3-carotene. casein calcium peptides on DPPH radicals increased with
Double bonds in3-carotene and unsaturated fatty acids are increasing concentrations (0 to 1%). AccordingRigure 4,
attacked by radicals. Antioxidants suppress the degradation ofcasein calcium peptides (1.0%) exhibited 64.4% scavenging
double bonds as radical scavengers. In this result, it would be activity. The results show that casein calcium peptides are also
suggested that casein calcium peptides delayed the degradatiofree-radical scavengers, particularly of the peroxyl radical, which
of 5-carotene by acting as antioxidants. is the major propagator of the oxidation chain of fat, thereby
Superoxide Anion Scavenging Activity Superoxide radicals ~ terminating the chain reaction (423).
have been observed to kill cells, inactivate enzymes, and degrade Hydroxyl Radical-Scavenging Activity. Among the oxygen
DNA, cell membranes, and polysaccharid®g)( These radicals  radicals, the hydroxyl radical is the most reactive and severely
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100 . . . . . -
90 | antioxidant activity 44, 45). Using at least two methods is
80 recommended. In this study, we used several methods showing
F 70 different sensitivity and using different systems. First, we
= 60 evaluated the antioxidant activity of casein calcium peptides
2 0 by the 5-carotene bleaching assay, becafdsearotene shows
= 5 strong biological activity and is physiologically an important
g 40 compound 85). Casein calcium peptides showed strong effects
30 against the discoloration ¢f-carotene, that is, casein calcium
20 peptides delayed the degradation/tarotene by acting as
10 antioxidants. Next, scavenging activity against free radicals such
0 05 025 0425 0.0625 0.03125 as superoxide radicals, DPPH radicals, and hydroxyl radicals
) - i e was investigated. The model systems of scavenging these free
Casein calcium Pelzt'des radicals are simple methods to evaluate the antioxidant activity
concentration (%) of antioxidants. With 0.5% of casein calcium peptides, the
Figure 5. Hydroxyl radical-scavenging activity of casein calcium peptides. inhibition rates of superoxide radicals, DPPH radicals, and
Data represent the mean + SD of three determinations. Bars with different hydroxyl radicals were 72.6, 48.3, and 78.4%, respectively.
letters are significantly different (p < 0.05). Casein calcium peptides showed antioxidant activity in all of

the different in vitro assay systems. These results suggest that
damages adjacent biomolecules. The scavenging effect agains¢asein calcium peptides are a good source of natural antioxidant.
hydroxyl radicals was investigated by using the Fenton reaction. When incorporated into ground beef homogenates, casein
Figure 5 shows the hydroxyl radical-scavenging effects of calcium peptides (2.0%) effectively inhibit about 70% of lipid
casein calcium peptides using the 2-deoxyribose oxidation oxidation in homogenates. Casein calcium peptides may be as
method. The results are shown as the inhibition rate. Caseinyseful in meat processing as other naturally occurring antioxi-
calcium peptides showed hydroxyl radical-scavenging activity, dants, helping to prevent the formation of an off-flavor in meat
and its activity increased with an increasing concentration of products thereby increasing shelf life. Further works on the
casein calcium peptides. A 0.5% concentration of casein calcium characterization of antioxidant compounds in casein calcium
peptides exhibited 78.4% scavenging activity. peptides are in progress to establish the connection between

Antioxidant Effects in Ground Beef Homogenates.As antioxidant activity and chemical composition.

mentioned earlier, casein calcium peptides showed antioxidant
activity with four different in vitro methods. In addition, their
activity was tested using a meat model system. The lipid
contents of the ground beef was 15.8%. Casein calcium peptides (1) Lin, C. C.; Liang, J. H. Effect of antioxidants on the oxidative
were added to the homogenates at different concentrations, and stability of chicken breast meat in a dispersion systénfood
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