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ABSTRACT

For the evaluation of antioxidant activities of dipeptides (carnosine, anserine), and free amino acids (histidine, 1-methylhistidine,
taurine, glycine, alanine, β-alanine), four methods were used, including the analysis of the inhibition of linoleic acid autoxidation, scav-
enging effect on α,α-diphenyl-β-picrylhydrazyl free radical, reducing power, and chelating ability of Cu2+.  Results showed that
carnosine and anserine were antioxidants preventing lipid peroxidation in linoleic acid systems.  They also possessed effective abilities
as free radical scavengers, reducing agents, and copper ion chelators.  The activities increased with increasing concentration.  However,
the constituent amino acids of dipeptides, β-alanine, histidine and 1-methylhistidine, were not as effective in inhibiting oxidation
regardless of individual or combined usage.  Taurine, glycine, alanine and β-alanine showed much weaker antioxidant activities than
carnosine, anserine, histidine and 1-methylhistidine.  No synergistic effects on antioxidation were found among compounds used in
combination.  The results suggested that histidine-containing compounds were related to antioxidation abilities, and the peptide linkage
between β-alanine, histidine and 1-methylhistidine was involved in the antioxidant activities of carnosine and anserine. 
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INTRODUCTION

Chicken essence is widely consumed in Southeast Asia
as a traditional health food commonly used as a nutritional
supplement, for the enhancement of mental efficiency, and
recovery from mental fatigue(1).  Our previous study(2)

revealed that chicken essences contained large amounts of
free amino acids (FAAs) and dipeptides, of which anserine
(β-alanyl-1-methylhistidine), carnosine (β-alanylhistidine)
and taurine (2-aminoehanesulfonic acid) were the dominant
compounds. In addition, glycine and alanine were also
abundant in chicken essences.  The role of these FAAs and
dipeptides in human physiological functions has become
interesting for studies.

Extracts of meat tissues contain FAAs, peptides and
other non-protein nitrogenous compounds which are not
incorporated in proteins.  FAAs such as glycine and alanine
have been implicated to be responsible for the characteristic
taste of food(3,4).  Some specific FAAs play important roles
in physiological functions such as buffer ability and
osmoregulation in the tissues of animals.  Free histidine, for
instance, functions as an intracellular buffer in fish when
vigorous movements result in the accumulation of acidic
end products during periods of anaerobic metabolism(3).
Taurine is very widespread in animal tissues.  It is an
essential growth factor following the recognition of its role
in bile acid synthesis and in the prevention of certain patho-

logical problems.  Its accumulation is necessary for regulat-
ing the functions of the eyes, heart, muscles, brain and
central nervous system(5-7).  Carnosine and anserine were
the major dipeptides in the skeletal muscle tissue of most
vertebrates(8-11).  Like histidine, carnosine and anserine
have been recognized as a potent intracellular pH-
buffer(11,12).  Their antioxidative abilities have recently
attracted considerable attention in the search for effective
prevention of oxidation of foods and for eye disorder
remedies(10,12,13).

Many studies(13-17) have been done on the antioxidant
activities of carnosine, but related information on FAAs and
other dipeptides are limited.  The purpose of this study is to
further confirm the antioxidant properties of carnosine and
anserine with different measurements analyzing the inhibi-
tion of linoleic acid autoxidation, scavenging effects on
DPPH (α ,α -diphenyl-β-picrylhydrazyl) free radical,
reducing power, and chelating ability of Cu2+.  In addition,
the antioxidant activities of FAAs (histidine, 1-methylhisti-
dine, taurine, glycine, alanine, β-alanine) are investigated.
The effects of antioxidant activities among FAAs and
dipeptides in combination are also evaluated in this study. 

MATERIALS AND METHODS

I. Reagents

All chemicals and reagents were of the highest purity
available.  Carnosine, anserine, histidine, β-alanine, 1-
methylhistidine, taurine, glycine, alanine, linoleic acid, α,α-
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diphenyl-β-picrylhydrazyl (DPPH), tetramethyl murexide
(TMM), butylhydroxyanisole (BHA), α-tocopherol, citric
acid, and ethylene diamine tetraacetic acid (EDTA) were
obtained from Sigma Chemical Co. (St. Louis, MO).
Ammonium thiocyanate (NH4SCN), ferrous chloride
(FeCl2), potassium ferricyanide (K3Fe(SCN)6), ferric
chloride (FeCl3), trichloroacetic acid (TCA), hexamine, and
copper sulfate (CuSO4) were purchased from Riedel-de
Haen Chemical Co., Ltd., Germany. 

II. Methods

(I) Inhibition of autoxidation in a linoleic acid system

The antioxidant activity was determined according to
the ferric thiocyanate method(18).  Various concentrations of
carnosine, anserine, free amino acids and their combina-
tions from 0.5 to 40 mM were prepared for the experiment.
Deionized water, pretreated with reverse osmosis
membrane, was used as the control sample.  0.5 mL of
sample, 1.0 mL 0.1 M sodium phosphate buffer (pH 7.0),
and 1.0 mL of 50 mM linoleic acid in ethanol (95%) were
mixed in 5 mL tubes.  The test tubes were placed in the
dark at 60˚C to accelerate oxidation.  To 50 µL of the
reaction mixtures were added 2.35 mL of 75% ethanol, 50
µL of 30% ammonium thiocyanate, and 50 µL of 20 mM
ferrous chloride solution in 3.5% HCl.  After stirring the
mixtures for 3 minutes, the peroxide values were deter-
mined by recording absorbance readings at 500 nm.  The
number of days taken to attain an absorbance of 0.3 was
defined as the induction period.  The induction period
indicates the relative antioxidative activity of the samples.
The analyses of all samples were conducted in three repli-
cates.

(II) Scavenging effect on DPPH radical

The scavenging effect of carnosine, anserine, and free
amino acids on α ,α-diphenyl-β-picrylhydrazyl (DPPH)
radical was measured using a method published by
Shimada et al.(19) with some modification.  Chemical
compounds and their combinations in concentrations from
0.5 to 40 mM were prepared for the experiment.  Deionized
water, pretreated with reverse osmosis membrane, was used
as the blank sample. 1.5 mL of each sample was added to
1.5 mL of 0.1 mM DPPH in 95% ethanol.  The mixtures
were shaken and left alone for 30 minutes at room tempera-
ture.  The absorbances of the resulting solutions were
measured spectrophotometrically at 517 nm.  The lower the
absorbance, the higher the DPPH scavenging activity.  The
scavenging effect is expressed as [(blank
absorbance–sample absorbance) / blank absorbance]
×100%. 

(III) Reducing power

The reducing power of carnosine, anserine, and free

amino acids was measured according to the method of
Oyaizu(20). Chemical compounds and their combinations in
concentrations from 0.5 to 40 mM were prepared for the
experiment. Deionized water, pretreated with reverse
osmosis membrane, was used as the blank sample. 2 mL of
each sample was added to 2 mL of 0.2 M phosphate buffer
(pH 6.6) and 2 mL of 1% potassium ferricyanide.  The
mixtures were incubated at 50˚C for 20 minutes, and then 2
mL of 10% tricholoroacetic acid was added to each reaction
mixture.  2 mL from each incubated mixture was mixed
with 2 mL of distilled water and 0.4 mL of 0.1% ferric
chloride in the tubes.  After 10 minutes the resulting
solutions were measured at 700 nm.  Increased absorbance
of the reaction mixture indicated increased reducing power.

(IV) Cu2+-chelating ability

Cu2+-chelating ability of carnosine, anserine, and free
amino acids was measured according to the method
published by Shimada et al.(19).  Chemical compounds and
their combinations in concentrations from 0.5 to 40 mM
were prepared for the experiment.  Deionized water, pre-
treated with reverse osmosis membrane, was used as the
blank sample. 2 mL of each sample was mixed with 2 mL
of 10 mM hexamine buffer containing 10 mM KCl and 3
mM CuSO4. Then 0.2 mL of 1 mM tetramethyl murexide
(TMM) was added.  The mixtures were shaken and left
alone for 3 minutes at room temperature.  The absorbance
of the resulting solutions was then measured at 485 nm.
The chelating ability is expressed as [(blank
absorbance–sample absorbance) / blank absorbance] ×100%

RESULTS AND DISCUSSION

I. Inhibition of Linoleic Acid Autoxidation

The inhibition of linoleic acid autoxidation by free
amino acids and dipeptides was expressed as the relative
antioxidant activity based on the days of the induction
period according to the ferric thiocyanate method(18).  Table
1 shows the antioxidant activities of carnosine (β-alanylhis-
tidine), anserine (β-alanyl-1-methylhistidine), histidine, β-
alanine, 1-methylhistidine, taurine, glycine and alanine.
Carnosine exhibited the strongest ability among all the
compounds, and its activity increased with increasing con-
centration from 0.5 to 40 mM.  Anserine, the other
dipeptide, showed a lower activity than that of carnosine.
The antioxidation activity of anserine reached the highest at
a concentration of 10 mM, and no further increases were
found at the higher concentrations.  In addition to carnosine
and anserine, other histidine-related compounds including
1-methylhistidine and histidine also possessed antioxidant
abilities; however, the former had a much higher activity
than the latter. Although glycine and alanine both showed
antioxidation capabilities at concentrations of 20-40 mM,
their activities were much lower as compared to those of
carnosine and 1-methylhistidine.  Taurine and β-alanine, on
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the other hand, exhibited no inhibition abilities.  No syner-
gistic effects on the inhibition of linoleic acid autoxidation
were found among carnosine, anserine and histidine.  The
combinations of two free amino acids, β-alanine and
histidine, or β-alanine and 1-methylhistidine also showed
no synergistic effects, and their activities were even weaker
than carnosine and anserine alone. 

Boldyrev et al.(14) demonstrated that carnosine and
anserine could decrease membrane lipid/oxidation rates by
measuring the level of thiobarbituric acid reactive substance
(TBARS).  Our study, using the method of inhibition in
linoleic acid peroxidation, also revealed that carnosine
possessed strong antioxidant activity.  Inhibition of lipid
oxidation by carnosine was concentration dependent with
significant antioxidant activities occuring at concentrations
comparable to those in skeletal tissues(8-11).  The induction

period of linoleic acid peroxidation of 2.5 mM carnosine
was slightly shorter than that obtained from 0.5 mM BHA,
but much longer than that of 0.5 mM α-tocopherol.  The
constituent amino acids of carnosine, β-alanine and
histidine, were not as effective at inhibiting oxidation
regardless of individual or combined usage.  Anserine,
which differed from carnosine only in the methylation of
imidazole group, showed a less-pronounced antioxidant
activity than carnosine.  The results indicated that the inhi-
bition activity on the autoxidation of linoleic acid by
histidine-containing dipeptides depended on amino acid
composition. 

II. Scavenging of DPPH Radical

The scavenging activities of dipeptides and free amino

Table 1. Antioxidant activity of dipeptides and free amino acids based on the induction period (day) * of linoleic acid autoxidation

Concentration (mM)

0.5 2.5 5.0 10 20 40

Carnosine 5.70 ± 1.03** 8.83 ± 0.60 8.20 ± 0.92 9.17 ± 0.98 9.39 ± 0.85 10.66 ± 3.96
Anserine 2.03 ± 0.74 2.77 ± 1.19 3.08 ± 0.98 3.30 ± 0.93 2.97 ± 1.02 2.24 ± 0.57
Histidine 1.57 ± 0.36 1.58 ± 0.59 1.90 ± 0.47 2.14 ± 0.71 2.05 ± 1.26 1.59 ± 0.73
Taurine 1.20 ± 0.14 1.12 ± 0.25 1.16 ± 0.10 1.20 ± 0.21 1.12 ± 0.10 1.06 ± 0.16
Glycine 1.27 ± 0.07 1.95 ± 0.13 2.19 ± 0.80 2.50 ± 0.12 3.01 ± 0.14 2.91 ± 0.52
Alanine 1.33 ± 0.19 1.67 ± 0.34 2.09 ± 0.27 2.24 ± 0.55 2.67 ± 0.52 2.71 ± 0.55
β-Alanine 1.05 ± 0.04 1.11 ± 0.07 1.07 ± 0.05 1.17 ± 0.12 1.18 ± 0.08 1.21 ± 0.03
1-Methylhistidine 1.34 ± 0.12 2.79 ± 0.57 3.70 ± 0.60 5.98 ± 0.65 7.66 ± 0.29 8.39 ± 0.24
Carnosine + Anserine 3.61 ± 1.38 6.07 ± 3.19 6.39 ± 2.64 7.06 ± 2.90 6.10 ± 2.71 5.36 ± 1.04
Carnosine + Histidine 4.07 ± 1.09 7.69 ± 1.84 9.11 ± 1.73 8.79 ± 1.34 8.18 ± 1.90 6.21 ± 0.89
Anserine + Histidine 1.99 ± 0.36 2.15 ± 0.14 1.82 ± 0.08 1.71 ± 0.17 1.46 ± 0.00 1.47 ± 0.11
Carnosine + Anserine + Histidine 2.53 ± 0.04 4.03 ± 0.18 4.71 ± 0.31 4.45 ± 0.27 3.59 ± 0.16 2.94 ± 0.21
β-Alanine + Histidine 1.55 ± 0.03 1.84 ± 0.20 2.02 ± 0.09 2.23 ± 0.03 2.31 ± 0.01 2.26 ± 0.02
β-Alanine + 1-Methylhistidine 1.21 ± 0.08 1.44 ± 0.06 1.66 ± 0.16 2.11 ± 0.07 2.66 ± 0.01 1.86 ± 1.62

* : The results are shown as the relative antioxidative activity based on the days of induction period.
The induction period of control group is 1.19 day. The induction period of 0.05 and 0.5 mM BHA are 4.32 and 9.31 days, respectively.
The induction period of 0.05 and 0.5 mM α-tocopherol are 1.15 and 2.19 days, respectively.

** : Expressed as mean ± standard deviation (n = 3).

Table 2. Scavenging effect (%)* of dipeptides and free amino acids on α,α-diphenyl-β-picrylhrazyl (DPPH) radical

Concentration (mM)

0.5 2.5 5.0 10 20 40

Carnosine 1.3 ± 1.0** 4.4 ± 2.9 9.2 ± 3.0 19.7 ± 4.8 30.9 ± 5.7 44.0 ± 4.7
Anserine 1.3 ± 1.8 7.8 ± 0.4 11.3 ± 2.0 19.1 ± 2.6 33.7 ± 2.4 50.6 ± 3.1
Histidine 0.2 ± 0.4 2.3 ± 1.2 2.7 ± 1.3 4.9 ± 1.8 7.4 ± 2.9 13.0 ± 1.1
Taurine ***
Glycine
Alanine
β-Alanine
1-Methylhistidine 0.6 ± 0.5 1.9 ± 0.5 2.9 ± 0.5 5.0 ± 0.7 8.5 ± 0.3 14.4 ± 0.3
Carnosine + Anserine 1.6 ± 0.2 3.7 ± 0.3 6.9 ± 0.2 11.9 ± 0.3 18.9 ± 1.2 36.3 ± 0.5
Carnosine + Histidine 1.7 ± 0.3 3.5 ± 0.3 6.1 ± 0.8 12.2 ± 0.7 20.3 ± 2.0 34.0 ± 0.4
Anserine + Histidine 2.4 ± 0.6 4.1 ± 0.1 5.8 ± 0.2 8.3 ± 0.4 14.9 ± 0.7 25.1 ± 0.5
Carnosine + Anserine + Histidine 1.6 ± 0.2 4.3 ± 0.1 7.1 ± 0.5 10.9 ± 0.4 17.8 ± 1.2 32.7 ± 0.2
β-Alanine + Histidine 1.0 ± 0.3 1.4 ± 0.3 1.6 ± 0.3 2.1 ± 0.4 3.1 ± 0.2 4.4 ± 0.5
β-Alanine + 1-Methylhistidine 1.0 ± 0.3 1.2 ± 0.2 1.9 ± 0.1 2.6 ± 0.1 4.0 ± 0.6 5.7 ± 1.0

* : The results are shown as [(Blank absorbance–Sample absorbance)/Blank absorbance] × 100%. The scavenging effect of 0.05, 0.1, 0.5
mM BHA are 78.1%, 81.0%, 81.4%, respectively.

** : Expressed as mean ± standard deviation (n = 3).
*** : Not detectable.



Journal of Food and Drug Analysis, Vol. 11, No. 2, 2003

151

acids on DPPH radical are shown in Table 2.  The histidine-
related compounds including histidine, 1-methylhistidine,
carnosine and anserine, possessed abilities to scavenge
DPPH radicals, and activities increased with increasing
concentration.  However, non-histidine-related compounds
such as taurine, glycine, alanine and β-alanine showed no
scavenging activities at any concentration.  No synergistic
effect was found between carnosine and anserine.  The con-
stituent amino acids of carnosine and anserine including β-
alanine, histidine and 1-methylhistidine also showed no
synergistic effects on scavenging DPPH radicals, and their
activities were even weaker than carnosine and anserine by
themselves.  The results showed that histidine and its
related compounds were free radical inhibitors, as well as
primary antioxidants that reacted with free radicals.

Rubtsov et al.(15) reported that carnosine possessed
hydroxyl radical-scavenging capabilities and was effective
in inhibiting oxidation.  Aruoma et al.(16) indicated that
carnosine could prevent biomacromolecules from •OH
damage.  Our study also revealed that carnosine and
anserine possessed DPPH radical quenching abilities.  The
scavenging of DPPH by carnosine and anserine suggests
that neither the imidazole group methylation nor the free
carboxyl group amidation interferes greatly with quenching
ability.  The constituent amino acids, β-alanine, histidine
and 1-methylhistidine, were not as effective at quenching
DPPH radicals when used individually or in combination.
This suggests that the peptide linkage between β-alanine,
histidine and 1-methylhistidine was involved in the antioxi-
dant activity of the histidine-contained dipeptides.  The fact
that only histidine-related compounds possessed the
abilities suggested that the histidine group was responsible
for the DPPH radical scavenging activity. 

III. Reducing Power

Table 3 shows the reducing power (absorbance at 700

nm) of dipeptides, free amino acids and their synergistic
effects.  Anserine, with concentrations from 2.5 to 40 mM,
exhibited the greatest reducing power among all
compounds.  The reducing power of anserine at 40 mM
(0.90) was higher than 0.5 mM of BHA (0.78).  Carnosine
was the second compound with a strong reducing power,
but that was only about half of anserine.  The powers of
these two dipeptides strengthened with increasing concen-
tration.  In contrast to dipeptides, free amino acids showed
little activity at any concentration.  The dipeptides had
reducing power when used individually or in combination;
however, no synergistic effect was found between
compounds.  The results revealed that anserine and
carnosine were electron donors and could react with free
radicals to covert them to more stable products and
terminate radical chain reactions.  The constituent amino
acids of anserine and carnosine possessed little reducing
power, suggesting that the peptide linkage between β-
alanine, histidine and 1-methylhistidine was involved in the
reducing capacity of the histidine-contained dipeptides.

IV. Chelating Ability of Cu2+

The chelating abilities of Cu2+ by dipeptides and free
amino acids are shown in Table 4.  All compounds tested in
this study increased the chelating abilities of Cu2+ with
increasing concentration from 0.5 to 40 mM.  At the same
concentration, 1-methylhistidine and histidine showed
stronger abilities than the other compounds.  The chelating
abilities of 1-methylhistidine and histidine at 40 mM were
similar to that obtained from 4 mM EDTA (68%); however,
they were much stronger than that of 4 mM citric acid
(27%).  Anserine exhibited the weakest ability among the
histidine-related compounds.  Non-histidine-related
compounds, such as glycine, alanine and β-alanine, had
abilities for chelating Cu2+, but their abilities were only
about half of histidine and 1-methylhistidine.  Taurine, on

Table 3. Reducing power* of dipeptides and free amino acids

Concentration (mM)

0.5 2.5 5.0 10 20 40

Carnosine 0.06 ± 0.00** 0.09 ± 0.00 0.11 ± 0.01 0.15 ± 0.01 0.25 ± 0.02 0.45 ± 0.05
Anserine 0.08 ± 0.01 0.16 ± 0.08 0.27 ± 0.18 0.39 ± 0.27 0.60 ± 0.38 0.90 ± 0.49
Histidine 0.06 ± 0.00 0.06 ± 0.00 0.07 ± 0.00 0.07 ± 0.01 0.07 ± 0.00 0.07 ± 0.00
Taurine 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00
Glycine 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00
Alanine 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.01
β-Alanine 0.05 ± 0.00 0.05 ± 0.00 0.06 ± 0.00 0.05 ± 0.00 0.05 ± 0.00 0.06 ± 0.00
1-Methylhistidine 0.05 ± 0.00 0.05 ± 0.00 0.05 ± 0.00 0.06 ± 0.00 0.06 ± 0.01 0.06 ± 0.00
Carnosine + Anserine 0.07 ± 0.00 0.10 ± 0.01 0.14 ± 0.01 0.21 ± 0.01 0.35 ± 0.01 0.49 ± 0.02
Carnosine + Histidine 0.06 ± 0.00 0.08 ± 0.00 0.10 ± 0.00 0.13 ± 0.01 0.18 ± 0.01 0.31 ± 0.01
Anserine + Histidine 0.07 ± 0.00 0.09 ± 0.01 0.11 ± 0.01 0.16 ± 0.01 0.25 ± 0.01 0.42 ± 0.02
Carnosine + Anserine + Histidine 0.07 ± 0.00 0.09 ± 0.00 0.12 ± 0.01 0.17 ± 0.01 0.28 ± 0.01 0.46 ± 0.01
β-Alanine + Histidine 0.05 ± 0.00 0.05 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00
β-Alanine + 1-Methylhistidine 0.06 ± 0.00 0.06 ± 0.00 0.06 ± 0.00 0.05 ± 0.00 0.05 ± 0.00 0.06 ± 0.00

* : Absorbance at 700 nm. The reducing power of control group is 0.05. The reducing power of 0.05, 0.1, 0.5 mM BHA are 0.09, 0.10 and
0.78, respectively.

** : Expressed as mean ± standard deviation (n = 3).
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the other hand, showed a very weak ability even at the
higher concentration of 40 mM.  Carnosine, anserine,
histidine, β-alanine and 1-methylhistidine showed no syner-
gistic effects on chelating abilities of Cu2+.  Erickson and
Hultin(21) indicated that, under inhibitory conditions,
histidine’s ability to inhibit lipid peroxidation might stem
from its ability to coordinate with iron, thus preventing the
reduction of Fe3+ to Fe2+.  Nuclear magnetic resonance
(NMR) studies revealed that the chelation of metal ions
with the imidazole ring group of histidine-related
compounds has been indicated by the loss of the C-2 and
C-4 peaks of the imidazole ring(21).  The results obtained
from our study showed that histidine-related compounds
demonstrated capacities for Cu2+ binding, suggesting that
their activities as peroxidation protectors might be related
to its metal binding capacity of the imidazole group.

CONCLUSIONS

The histidine-containing dipeptides, carnosine and
anserine, are antioxidants preventing lipid peroxidation in
linoleic acid systems.  They also possessed effective
abilities as free radical scavengers, reducing agents, and
copper ion chelators.  These activities increased with
increasing concentration.  However, the constituent amino
acids, β-alanine, histidine and 1-methylhistidine, were not
as effective at inhibiting oxidation regardless of individual
or combined usage.  Taurine, glycine, alanine and β-alanine
showed much weaker antioxidant activities than carnosine,
anserine, histidine and 1-methylhistidine.  No synergistic
effects were found on antioxidation among compounds
used in combination.  The results indicated that an
imidazole group of histidine-containing compounds was
related to the ability of antioxidation, and the peptide
linkage between β-alanine, histidine and 1-methylhistidine
was also involved in the activities of the dipeptides.  The

roles of dipeptides as endogenous antioxidants in meat
essences cannot be underestimated.  These compounds
could be applied to inactivate lipid oxidation catalysts and
to chelate metal ions in medicine and food preservation.
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* : The results are shown as [(Blank absorbance–Sample absorbance) / Blank absorbance] × 100%. The scavenging effect of 4 mM EDTA and
citric acid are 68.0% and 26.5%, respectively.

** : Expressed as mean standard deviation (n = 3).
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