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Abstract

Peanut skin, a low economic value by-product of the peanut industry, is rich in potentially health promoting compounds. The major
objective of this study was to investigate free radical and reactive oxygen species scavenging activities of water soluble extracts from
defatted peanut skins (EPS) employing various in vitro assay systems. The total phenolic content of EPS was 0.097 g gallic acid equiv-
alents/g of skin tested, and the total flavonoid content of EPS was 0.065 g catechin equivalents/g of skin tested. EPS at 500 pg/ml exhib-
ited 97.1% of DPPH radical scavenging activity and 98.6% of inhibition of erythrocyte hemolysis, and showed 98.6%, 89.1% and 85.3%
of scavenging activities on O3, H,O, and OH", respectively, and also effectively exerted 76.6% of Fe®" chelating activity. These results
suggested that EPS might be beneficial as a potent antiradical and antioxidant and effectively employed as an ingredient in food

applications.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Free radicals and other reactive oxygen species including
superoxide anion radicals (O3 ), hydroxyl radicals (OH)
and hydrogen peroxide (H,O,) are highly reactive and
potentially damaging transient chemical species formed in
aerobic life. These unwanted metabolic by-products of nor-
mal aerobic metabolism are removed by a variety of endog-
enous reactive oxygen species scavenging enzymes and
chemical compounds (Halliwell & Gutteridge, 1990). An
imbalance between reactive oxygen species generating and
their scavenging systems in cells leads to oxidative stress,
resulting in some oxidative damage to biomolecules such
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as lipids, nucleic acids, proteins and carbohydrates (Sies,
Stahl, & Sevanian, 2005). Oxidative damage increases the
risk of several human chronic diseases, such as cancer, arte-
riosclerosis, neurodegenerative disorders, as well as aging
processes (Aruoma, 1998). Over the last decade, growing
scientific evidence suggests that polyphenols used as anti-
oxidants may protect cell constituents against oxidative
damage and, therefore limit the risk of various degenera-
tive diseases associated with oxidative stress (Scalbert,
Manach, Morand, & Rémésy, 2005).

Epidemiological studies suggest that frequent consump-
tion of peanuts may reduce the risk of coronary heart dis-
ease (Fraser, Sabate, Beeson, & Strahan, 1992) and certain
types of cancers (Awad, Chan, Downie, & Fink, 2000). The
beneficial health effects might mainly be ascribed to the
bioactive compounds in peanuts, such as flavonoids, plant
sterols and resveratrol (Pennington, 2002). So far, numer-
ous polyphenolics and related compounds, such as luteolin
(Duh, Yeh, & Yen, 1992), proanthocyanidins (Lou et al.,
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1999), resveratrol (Sanders, McMichael, & Hendrix, 2000),
flavonoids (Lou, Yuan, Yamazaki, Sasaki, & Oka, 2001),
ethyl protocatechuate (Huang, Yen, Chang, Yen, & Duh,
2003), p-coumaric acid and its esterified derivatives (Tal-
cott, Passeretti, Duncan, & Gorbet, 2005) have been iden-
tified in peanuts.

Peanut is the pod, or legume, of Arachis hypogaea L., of
the family Leguminosae, which originated in South
America and is cultivated around the world in tropical,
sub-subtropical and warm temperate climates (Stalker,
1997). On a worldwide scale, peanut is grown primarily
for its seed oil. Peanut is also an important food source
of protein in developing and developed countries. Peanut
comprises kernels, skins (seed testae, seed coats) and hulls.
Peanut skins and hulls are extremely low economic value
by-products of peanut processing operations that remain
underutilized. In recent years, several investigations were
conducted to study antioxidant properties of peanut, pea-
nut kernels, peanut hulls and peanut-based products. Pea-
nut kernel has been reported to contain antioxidant
flavonoids, dihydroquercetin (Pratt & Miller, 1984). It
has been reported that the methanolic extracts from peanut
hulls have both strong antioxidant activity (Duh & Yen,
1995) and properties of scavenging free radical and reactive
oxygen species (Yen & Duh, 1994). Hwang, Shue, and
Chang (2001) reported that roasted and defatted peanut
kernels showed remarkable antioxidative activity on lino-
leic acids in emulsions. Nepote, Mestrallet, and Grosso
(2004) reported that the extracts from peanut skins in
honey-roasted peanuts inhibited lipid oxidation.

Peanut skins consist of skins from processed peanuts,
broken nuts and, sometimes, nuts that may have been
rejected during the preparation of peanuts for human con-
sumption. Peanut skins were demonstrated to be rich in
phenolics and potentially other health promoting com-
pounds and to be free of compounds that are toxic to ani-
mals, which can be extracted for use in food applications
(Sobolev & Cole, 2003). Peanut skins have long been used
in China as a traditional Chinese medicine for the treat-
ment of chronic haemorrhage and bronchitis. Recently,
very few works have been undertaken to study the antiox-
idative compounds obtained from peanut skins. These few
studies showed the water soluble extract of peanut skins
containing proanthocyanidins and flavonoids suppressed
protein glycation (Lou et al., 2001) and possessed substan-
tial activity against hyaluronidase (Lou et al., 1999). How-
ever, to the best of our knowledge, there is limited
literature on the free radical and reactive oxygen species
scavenging activities of the water soluble extract of peanut
skins (EPS). The objectives of this work were to investigate
free radical and reactive oxygen species scavenging activi-
ties of the water soluble EPS employing various in vitro
assay systems, namely, 2,2-diphenyl-1-1picrylhydrazyl
(DDPH) radical, superoxide anion (O;"), hydroxyl radical
(OH) and hydrogen peroxide (H>O,") scavenging activities,
Fe?" chelating activity, and inhibition of hemolysis of nor-
mal human erythrocyte induced by peroxyl radicals, in

order to understand the mechanisms of its antioxidative
activity.

2. Materials and methods
2.1. Material

Peanut skins purchased from a local herbal pharmacy
were kept in a sealed plastic bag and stored at 4 °C until
use. Ascorbate, 2,2'-azobis-2-amidinopropane dihydro-
chloride (AAPH), butylated hydroxyanisole (BHA), cate-
chin, 2-deoxy-p-ribose, 2,2-diphenyl-1-1picrylhydrazyl
(DPPH), nitroblue tetrazolium (NBT), thiobarbituric acid
(TBA), xanthine, xanthine oxidase were purchased from
Sigma-Aldrich (St. Louis, MO). Hydrogen peroxide, diso-
dium ethylenediamine tetracetate (EDTA), trichloroacetic
acid and ferric chloride were purchased from Shanghai
chemical agents company, China. All other chemicals and
solvents used were of analytical grade.

2.2. Preparation of EPS

A 50 g sample of peanut skins were defatted with
n-hexane (3 x 400 ml) for 10 h at room temperature, and
the n-hexane remained in peanut skins was removed under
reduced pressure in a vacuum oven. The defatted peanut
skins (20.0 g) were macerated overnight with 300 ml aque-
ous ethanol (50% v/v) in a shaking incubator (150 rpm) at
room temperature in darkness. The extract was filtered and
the residue was extracted again under the same conditions.
The combined filtrates were evaporated to a final volume of
10 ml under vacuum in a rotary evaporator (RE-52AA
Model, Yarong Biochemical Instruments Plant of Shang-
hai, China) at 35 °C. The concentrated solution was lyoph-
ilized with a freeze dryer system (AIPHA 1-4, Christ,
Germany) to obtain the peanut skin extract. The dried
extract was weighted to determine the yield based on pea-
nut skins dry basis. Data are reported as means + standard
deviation (SD) for three replications.

2.3. Determination of total phenolic content

The total phenolic content of EPS was determined with
the Folin—Ciocalteu method (Singleton, Orthofer, & Lamu-
ela-Raventos, 1999). Briefly, EPS (3 mg) was dissolved in
10 ml of distilled water. An aliquot of 100 pul of appropriate
dilution of sample extract was shaken for 1 min with 500 pl
of the Folin—Ciocalteu reagent freshly prepared in our lab-
oratory, and 6 ml of distilled water. After the mixture was
shaken, 2 ml of 15% (w/v) sodium carbonate was added
and the mixture was shaken once again for 0.5 min.
Finally, the solution was brought up to 10 ml by adding
distilled water. After 2 h of reaction at ambient tempera-
ture, the absorbance at 750 nm was evaluated using glass
cuvettes. Using gallic acid as standard, the total phenolic
content of peanut skins was expressed as a gallic acid
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equivalent (g gallic acid/g skin). Data are reported as
means + SD for at least three replications.

2.4. Determination of total flavonoid content

Total flavonoid content was determined by a colorimet-
ric method described by Jia, Mengcheng, and Wu (1999)
with minor modification. An aliquot of 10 ml of appropri-
ate dilution of EPS was added to volumetric flask contain-
ing 1 ml of 5% (w/v) sodium nitrite and placed for 6 min,
followed by reaction with 1ml of 10% (w/v) aluminum
nitrate to form a flavonoid-aluminum complex. After
6 min, 10 ml of 4.3% (w/v) NaOH was added and the total
was made up to 25 ml with distilled water. After 15 min at
room temperature, the final solution was mixed well again
and the absorbance was measured against a blank at
510 nm with a UV-2100 UV/VIS Recording Spectropho-
tometer (UNICO (Shanghai) Instruments Co., Ltd.,
China). The total flavonoid content of peanut skins was
expressed as a catechin equivalent (g catechin/g skin). Data
are reported as means + SD for at least three replications.

2.5. Scavenging activity of DPPH radical

The scavenging activity of EPS on DPPH radicals was
measured according to the method of Yuan, Wang, Yao,
and Chen (2005) with minor modification. BHA was used
as a reference material. Briefly, an aliquot of 0.2 ml of sam-
ple solution at different concentrations (10-500 pg/ml) was
mixed with 0.8 ml of Tris—HCI buffer (100 mM, pH 7.4)
and 1.0 ml of 0.5 mM methanolic solution of DPPH. The
control contained all the reaction reagents except EPS or
BHA. The reaction mixture was shaken well and incubated
for 30 min in the darkness at room temperature, and the
absorbance of the resulting solution was measured at
517 nm with a UV-2100 UV/VIS Recording Spectropho-
tometer. The radical scavenging capacity of the tested sam-
ples was measured as a decrease in the absorbance of
DPPH radical and was calculated by Eq. (1). All determi-
nations were performed in triplicate

Scavenging capacity (%) = (1 — Asampies/Acontrol) X 100.
(1)

2.6. Metal ions chelating activity

The ferrous ion chelating potential of EPS was measured
according to the method of Yamaguchi, Ariga, Yoshimura,
and Nakazawa (2000) with minor modification. EDTA was
used as reference material. Briefly, 0.25 ml of FeSO,4 solu-
tion (1 mM) and an equal volume of test sample solution
at different concentrations (10-500 pg/ml) were mixed;
1 ml of Tris—HCI buffer (pH 7.4) and 2,2’-bipyridyl solution
(0.1% (w/v) in 0.2 M HCI), were added to the mixture,
respectively, together with 0.4 ml of 10% (w/v) hydroxyl-
amine-HCI and 2.5 ml of ethanol. The control contained

all the reaction reagents except the tested samples. The reac-
tion mixture was adjusted to a final volume of 5 ml with
water and shaken well and incubated for 10 min at room
temperature. The absorbance was determined at 522 nm.
A lower absorbance of the reaction mixture indicated a
higher ferrous ion chelating ability. The capability to che-
late the ferrous iron was calculated by the following:

Chelating effect (%) = (1 — Asample/Acontro1) % 100. (2)

All determinations were performed in triplicate.
2.7. Hydroxyl radical-scavenging assay

The hydroxyl radical-scavenging ability of EPS was
determined using 2-deoxy-p-ribose oxidative degradation
mediated by hydroxyl radicals as described by Halliwell,
Gutteridge, and Aruoma (1987) with slight modification.
The reaction mixture, which contained EPS (0.5 ml, 10—
500 pg/ml), 0.1 ml of 2.8 mM 2-deoxy-pD-ribose, 0.2 ml of
a premixed 100 pM FeCl;, and 104 uM EDTA solution
(1:1, v/v), 0.1 ml of 1 mM hydrogen peroxide and 0.1 ml
of 0.1 mM ascorbic acid, was incubated at 37 °C for
60 min. Thereafter, 1.0 ml of 0.5% (w/v) thiobarbituric acid
in 10% (w/v) trichloroacetic acid were added and the mix-
tures were vortexed and heated in a water bath at 100 °C
for 15 min. The reaction was stopped by a 5 min ice water
bath. The mixtures were centrifuged at 12,000¢ for 5 min at
room temperature, and the absorbance of the supernatants
were measured at 532 nm. BHA was used as the reference
material. The scavenging effect of hydroxyl radicals (%)
was calculated using the following:

Scavenging effect (%) = (1 — Asumples/Acontro) X 100. (3)

where Agmples Was the absorbance in the presence of the
tested samples, and A onio1 Was the absorbance of the con-
trol contained all the reaction reagents except the tested
samples.

2.8. Superoxide anion radical-scavenging assay

The superoxide anion radical scavenging activity of EPS
was assessed spectrophotometrically using the xanthine/
xanthine oxidase method described by Okamura, Mimura,
Yakou, Niwano, and Takahara (1993) with slight modifi-
cation. The reaction mixture, which contained EPS
(0.5 ml, 10-500 pg/ml), 1.0 ml mixture of 0.4 mM xanthine
and 0.24 mM NBT in 0.1 M phosphate buffer (pH 8.0) and
1.0 ml solution of xanthine oxidase (0.049 U/ml) diluted
with 0.1 M phosphate buffer (pH 8.0), was incubated in a
water bath at 37 °C for 40 min. The reaction was termi-
nated by adding 2.0 ml of an aqueous solution of 69 mM
sodium dodecylsulfate and the absorbance of the reaction
mixture was measured at 560 nm. Decreased absorbance
of the reaction mixture indicates increased superoxide
anion radical scavenging activity. BHA was used as posi-
tive control. The scavenging effect of superoxide anion
was calculated by the following:
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Scavenging effect (%) = (1 — Asumples/Acontror) X 100 (4)

where Agmpies Was the absorbance in the presence of the
tested samples, and A.oniro) Was the absorbance of the con-
trol without the tested samples.

2.9. Hydrogen peroxide-scavenging assay

The hydrogen peroxide scavenging ability of EPS was
determined according to the method described by Ruch,
Cheng, and Klauning (1989). A solution of hydrogen per-
oxide (2 mM) was prepared in phosphate buffer (0.1 mM,
pH 7.4) at 20 °C. Hydrogen peroxide concentration was
determined spectrophotometrically at 230 nm using a
molar extinction coefficient of hydrogen peroxide of
81 M~ 'em ™! (Beers & Sizer, 1952). An aliquot of 3.4 ml
of sample dissolved in phosphate buffer (0.1 mM, pH 7.4)
with various concentrations (10-500 pg/ml) was mixed
with 600 pl of a hydrogen peroxide solution. BHA was
used as the reference compounds. The concentration of
hydrogen peroxide was measured by reading the absor-
bance values at 230 nm of the reaction mixtures at
10 min against a blank solution containing in phosphate
buffer without hydrogen peroxide. The scavenging capaci-
ties of hydrogen peroxide of both sample and standard
compounds were calculated using the following:

Scavenging effect (%) = (1 — Asumples/Acontror) X 100 (5)

where Agmpies Was the absorbance in the presence of the
tested samples, and A.oniro) Was the absorbance of the con-
trol without the tested samples.

2.10. Assay for normal human erythrocyte hemolysis induced
by peroxyl radicals

The in vitro inhibition of normal human erythrocyte
hemolysis of EPS was assessed according to the procedures
described by Yuan, Wang, and Yao (2005) with some mod-
ifications. Human blood from healthy donors was obtained
from the local Red Cross Blood Branch. Blood was centri-
fuged (1500g, 10 min) at 4 °C using a refrigerated centri-
fuge (20PR-52D, Hitachi, Japan). Erythrocytes separated
from the plasma and the buffy coat were washed three
times by centrifugation (1500g, 5Smin) in 10 vol. of
10 mM phosphate buffer saline (PBS), which consisted of
125 mM NaCl and 10 mM NaH,PO, and Na,HPO, in
deionized water, adjusted to pH 7.4. The supernatant and
buffy coat of white cells was carefully removed with each
wash. During the last washing, the erythrocytes were
obtained by centrifugation (1500g, 10 min). Washed eryth-
rocytes were finally suspended using the same buffer to the
desired hematocrit level and stored at 4 °C and used within
6 h of sample preparation.

A 0.1 ml of 10% suspension of erythrocytes was added
to 0.2 ml of 200 mM AAPH and 0.1 ml of EPS with differ-
ent concentrations (10-500 pg/ml). The reaction mixture
was shaken gently, while being incubated at 37 °C for

3 h. The reaction mixture was diluted with 8 ml of PBS
and centrifuged at 2000g for 10 min. The absorbance (A4)
of the resulting supernatant was measured at 540 nm by
a spectrophotometer. Similarly, the reaction mixture was
treated with 8§ ml of distilled water to obtain complete
hemolysis and the absorbance (B) of its supernatant in
the same conditions was measured at 540 nm. The inhibi-
tion ratio (%) was calculated using the following formula:

Inhibition (%) = (1 — 4/B) x 100 (6)

Ascorbic acid was used as a positive control. Each test
was performed at least three times and the results were
reproducible within 10% deviation. Data represent the
means + SD of one representative experiment.

2.11. Statistical analysis

All analyses were performed in triplicate. The experi-
mental results obtained were expressed as means + SD.
The ECso value was estimated by a nonlinear regression
algorithm (Data processing system, V3.01). Statistical anal-
ysis was performed using the software Statistica 6.0. Data
were analyzed by an analysis of variance (p <0.05) and
the means separated by Duncan’s multiple range test.

3. Results and discussion
3.1. The extract from defatted peanut skins

Solvents used for extraction significantly affected the
concentration of peanut skins extract at equal volume of
solvent. The polar solvents were more efficient than less
polar solvents (Huang et al.,, 2003), and ethanol and
methanol were more effective in the extraction of phenolic
compounds from peanut skins than water (Yu, Ahmedna,
& Goktepe, 2005). In this study, the defatted peanut skins
were extracted with aqueous ethanol (50%, v/v) and the
yield of extraction was 0.107 + 0.003 g dry matter of eth-
anolic extract per gram of defatted peanut skin. Huang
et al. (2003) reported that the extraction with ethanol pro-
duced a yield of ethanolic extract of 0.051 g/g of peanut
skin. Nepote, Grosso, and Guzman (2005) reported that
the ethanol (96%, v/v) extracted 0.179 g soluble constitu-
ents from the peanut skins and 0.099 g from the defatted
peanut skins. Duh et al. (1992) reported the yields of
methanolic and ethanolic extracts from peanut hulls were
0.042 and 0.020 g/g of dried peanut hull, respectively.
These results showed that peanut skins contained much
more ethanol soluble constituents than hulls, and different
yields of extract could be obtained using different extrac-
tion conditions.

3.2. Total phenolic content and total flavonoid content
Generally, the outer layers of plants such as the peel,

shell, and hull contain large amounts of polyphenolic
compounds to protect inner materials. Several hundreds
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of different plant polyphenols have been identified (Scalbert
et al., 2005). In the present work, the total phenolic content
in EPS was determined by the Folin—Ciocalteu method,
which is considered the best method for total phenolic con-
tent (including tannins) determination (Engelhardt, 2001).
Total phenolic compounds of EPS were 0.909 + 0.003 g
per gram of extract, correspondingly, the one gram defat-
ted peanut skins had 0.097 + 0.003 g phenolic compounds.
Lou et al. (2001) reported eight flavonoids were separated
from the water soluble fraction of peanut skins. The total
flavonoid content was also determined in the present study,
which was 0.065 4 0.003 g catechin equivalents/g of peanut
skins tested. Nepote et al. (2005) reported that the phenolic
content in peanut skins was 0.118 g/g dry peanut skin. Yu
et al. (2005) reported that one gram dry peanut skin con-
tained 0.090-0.125 g total phenolics, and the skin removal
methods (such as direct peeling, blanching and roasting)
and extraction solvents had significant effects on total
extractable phenolics. It has also been reported that the
contents of both luteolin and total phenolics of peanut
hulls increased significantly with maturity (Yen & Duh,
1993) and the contents of both luteolin and total phenolic
compounds of peanut hulls from various cultivars differed
significantly (Yen & Duh, 1995).

3.3. DPPH radical scavenging activity

Phenolic compounds in plants are viewed as powerful
in vitro antioxidants due to their ability to donate hydro-
gen or electrons and to form stable radical intermediates
(Scalbert et al., 2005). DPPH, a stable nitrogen centered
free radical, has been used to evaluate natural antioxidants
for their radical quenching capacities in a relatively short
time compared with other methods. The method is based
on the reduction of the absorbance of methanolic DPPH
solution at 517 nm in the presence of a proton-donating
substance, due to the formation of the diamagnetic mole-
cule by accepting an electron or hydrogen radical (Soares,
Dins, Cunha, & Ameida, 1997). To better understand its
antioxidant mechanism(s), EPS was evaluated for radical
scavenging activities against DPPH. As shown in Fig. 1,
EPS exhibited a strong scavenging activity on the DPPH
radical in vitro assay. A significant (p < 0.05) increase of
the scavenging activity was observed at the concentration
range (0-100 pg/ml) of EPS, and the scavenging reached
a maximum plateau at round 97% from 10 to 500 pg/ml.
The estimated ECs, value of EPS (30.8 pg/ml), which
stands for the concentration of an antioxidant required
to scavenge 50% of the radicals in the reaction mixture
under the experimental conditions, was lower than that
of the synthetic antioxidant, BHA (40.0 pg/ml).

3.4. Chelating activity
It has been recognized that transition metals are

involved in both initiation and propagation of lipid perox-
idation (Hsiao, Teng, Wu, & Ko, 1996). Undoubtedly, the
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Fig. 1. Scavenging capacity of DPPH radical of EPS (O) and BHA (M) at
different concentrations (10-500 pg/ml). Data represent the means 4= SD
(n=3).

compounds interfering with the catalytic activity of metal
ions could affect the peroxidative process. Flavonoids were
known to retain free radical scavenging capacity by form-
ing less reactive flavonoid phenoxyl radicals and chelating
transition metal ions (Rice-Evans, Miller, Bolwell, Bram-
ley, & Pridham, 1995). Fe** ion is the most powerful pro-
oxidant among various species of metal ions (Shimada,
Fujikawa, Yahara, & Nakamura, 1992). Thus, Fe?"-bind-
ing activity of EPS was determined by 2,2-bipyridyl com-
petition assay. 2,2'-Bipyridyl can quantitatively form red
complexes with Fe’". In the presence of other chelating
agents, the complex formation is disrupted with the result
that the red color of the complex is decreased. Therefore,
the chelating effect of the coexisting chelator was estimated
by measurement of the rate of red color reduction (Yamag-
uchi et al., 2000). In the assay, EPS interfered with the for-
mation of ferrous and bipyridyl complex, suggesting that
they have chelating activity and capture ferrous ions before
bipyridyl. The Fe’*-chelating effect of EPS at various con-
centrations (10-500 pg/ml) is shown in Fig. 2. The ferrous
ion chelating effect of EPS was significantly (p <0.05)
increased at the concentration range (10-100 pg/ml).
Although EPS had an overall lower chelating effect than
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Fig. 2. Chelating effect of EPS (O) and EDTA (@) at different

concentrations (10-500 pg/ml) on Fe*". Data represent the means + SD
(n=23).
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EDTA, 76.6% maximum effect was evident at 500 pug/ml,
which was comparable to that of the chelating activity of
EDTA at the lowest concentration of 10 pg/ml. Significant
Fe?"-chelating capacity of EPS demonstrated that it might
reduce the concentration of the catalysing transition metal
in lipid peroxidation and suppress the superoxide-driven
Fenton reaction (Egs. (7) and (8)), which is currently
believed to be the most important route to active oxygen
species (Arora, Nair, & Strasburg, 1998), thereby, protect-
ing against oxidative damage

0; +Fe’" — 0, + Fe** (7)
Fe’" + H,0, — Fe’* + OH' + OH~ (8)

3.5. Hydroxyl radical scavenging activity

Among the oxygen radicals, hydroxyl radicals are the
most reactive and induce severe damage to the adjacent
biomolecules (Chance, Sies, & Boveris, 1979). Competition
between deoxyribose and the sample against hydroxyl rad-
ical generated from the Fe®'/ascorbate/EDTA/H,0, sys-
tem was measured for determination of hydroxyl radical
scavenging activity in this study. Fig. 3 showed the ability
of EPS at different concentrations (10-500 pg/ml) to scav-
enge hydroxyl radical compared with BHA as a standard.
EPS scavenged hydroxyl radical in a concentration depen-
dent way. The hydroxyl radical scavenging capacity of EPS
was significant at all the tested concentrations. At 500 pg/
ml, EPS exhibited 85.3% of scavenging activity on hydroxyl
radical, however, BHA exhibited 53.3% of scavenging
activity on hydroxyl radicals. The estimated ECso value
of EPS (84.0 ug/ml) was 4 times ca. lower than that of
the synthetic antioxidant, BHA (389 ug/ml). Generally
molecules that inhibit deoxyribose degradation are those
that can chelate the iron ions and thereby prevent them
from complexing with the deoxyribose and render them
inactive in a Fenton reaction (Smith, Halliwell, & Aruoma,
1992). As shown in Fig. 2, EPS exerted marked Fe*" che-
lating activity, suggesting that EPS minimize the concen-
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Fig. 3. Scavenging effect of EPS (OJ) and BHA (#) at different
concentrations (10-500 pg/ml) on hydroxyl radical. Data represent the
means + SD (n = 3).

tration of Fe’'in the Fenton reaction. Overall, the
scavenging activities of EPS might be due to the active
hydrogen donating ability of hydroxyl substitutions of phe-
nolic compounds presented in EPS as phenolic compounds
are good electron donors, they may accelerate the conver-
sion of H,O, into H,O.

3.6. Superoxide anion scavenging activity

Superoxide anion is produced by a number of enzyme
systems in autooxidation reactions and by nonenzymatic
electron transfers that univalently reduce molecular oxy-
gen. In cellular oxidation reactions, superoxide radical is
normally formed first, and its effects can be magnified
because it produces other types of cell-damaging free radi-
cals and oxidizing agents, which has been implicated in the
initiating oxidation reactions associated with aging (Liu &
Ng, 2000).

It has been reported that antioxidant properties of some
flavonoids are effective mainly via scavenging of superoxide
anion radicals (Robak & Gryglewski, 1988). In the present
study, the superoxide anion radical scavenging activity of
EPS was determined by the xanthine—xanthine oxidase sys-
tem. The decline of absorbance at 560 nm reflected the
elimination of superoxide anion radical. Fig. 4 showed
the percentage inhibition of superoxide anion radicals by
EPS and BHA at different concentrations (10-500 pg/ml).
EPS scavenged superoxide anions in a concentration
dependent manner. Significant (p <0.01) scavenging
(34.8-98.6%) of superoxide radicals was evident at the all
tested concentrations of EPS (10-500 pug/ml). The esti-
mated ECs, value of EPS (25.4 pg/ml) was 5 times lower
than that of the synthetic antioxidant, BHA (152.1 ug/
ml). Furthermore, these results revealed that EPS was
apparently more potent than the nonenzymatic superoxide
scavenger BHA. Therefore, EPS might be possibly advan-
tageous in the micromolar range for preventing injury
induced by superoxide anion radicals in pathological
conditions.

Savenging effect (%)

0 v T T T T T
0 100 200 300 400 500

Concentration (ug/ml)

Fig. 4. Scavenging effect of EPS (O) and BHA (#) at different
concentrations (10-500 pg/ml) on superoxide anion radical. Data repre-
sent the means + SD (n = 3).
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3.7. Hydrogen peroxide scavenging activity

Hydrogen peroxide can be formed in vivo by many oxi-
dizing enzymes such as superoxide dismutase. Hydrogen
peroxide together with reactive oxygen species (ROS) can
damage several cellular components. Hydrogen peroxide
is a relatively unstable metabolic product being responsible
for the generation of hydroxyl radicals and singlet oxygen,
which is formed by Fenton reaction and initiate lipid per-
oxidation or are toxic to cells. Thus, the removing of
hydrogen peroxide is very important for antioxidant
defence in cells. Fig. 5 depicted the hydrogen peroxide
scavenging activity of EPS and compared with BHA as
standard. EPS were capable of scavenging hydrogen perox-
ide in an dose dependent manner. Significant (p <0.01)
hydrogen peroxide scavenging activity was obvious at all
the tested concentrations of EPS (10-500 pg/ml). At
500 pg/ml, EPS exhibited 89.1% of scavenging activity on
hydrogen peroxide, however, BHA exhibited only 37.3%
of scavenging activity on hydrogen peroxide. These results
showed that EPS had stronger hydrogen peroxide scaveng-
ing activity. Scavenging of hydrogen peroxide by EPS
might be attributed to the phenolics in it, which could
donate electrons to hydrogen peroxide, thus neutralizing
it to water, as shown in the following:

H202 + 2H+ + 2¢e” — 2H20 (9)

3.8. Inhibition of normal human erythrocyte hemolysis
induced by peroxyl radical

Erythrocytes have been used as a model to investigate
oxidative damage in biomembranes due to their high sus-
ceptibility to peroxidation (Liu & Ng, 2000). In this study,
the protection of oxidative damage by EPS in normal
human red blood cells was investigated. The erythrocyte
hemolysis was induced by AAPH, a water soluble azo com-
pound, which is a peroxyl radical initiator that generates

100 A

Scavenging effect (%)
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Concentration (ug/ml)

Fig. 5. Scavenging effect of EPS (O0) and BHA (A) at different
concentrations (10-500 pg/ml) on hydrogen peroxide. Data represent the
means + SD (n = 3).
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Fig. 6. Inhibitory effect of EPS () and ascorbic acid (@) at different
concentrations (10-500 pg/ml) on hemolysis of 10% human erythrocytes
induced by 200 mM AAPH for 3h at 37°C. Data represent the
means + SD (n = 3) of one representative experiment.

free radicals by its decomposition at physiological temper-
ature at a constant rate in a water environment without
biotransformations or enzymes (Miki, Tamai, Mino,
Yamamoto, & Niki, 1987). Fig. 6 shows the inhibitory
effect of different concentrations of EPS (10-500 pug/ml)
on AAPH-induced hemolysis of 10% human erythrocytes
for 3 h, as a result of protection against the oxidative dam-
age to cell membranes of human erythrocytes. A significant
(» <0.01) increase of inhibition percentage of hemolysis
was observed at the concentration range (0-100 pg/ml) of
EPS. EPS showed a significantly (p < 0.05) higher inhibi-
tion percentage of hemolysis (22.8-98.6%) than ascorbic
acid (8.7-84.4%) at the concentration range of 10-500 pg/
ml and inhibited hemolysis of erythrocytes in a dose-depen-
dent manner. The estimated ECsy value of EPS (29.4 ug/
ml) was much lower than that of ascorbic acid (88.1 pg/
ml). These results indicated that the water-soluble EPS
had a greater protective effect against hemolysis of red
blood cells than ascorbic acid under in vitro conditions.

The membrane of erythrocytes is rich in polyunsatu-
rated fatty acids that are very susceptible to free radical
mediated peroxidation. The peroxyl radicals generated
from AAPH can attack the polyunsaturated fatty acids in
the membrane of erythrocytes to induce the chain oxida-
tion of lipid and protein, disturbing the membrane organi-
zation and eventually leading to hemolysis. The inhibitory
effect of EPS on the oxidative hemolysis of human erythro-
cyte might be related to their scavenging activity on peroxyl
radicals, thereby inhibiting the peroxidation of erythro-
cytes in vitro.

4. Conclusions

The water soluble extract from defatted peanut skins
contains a number of phenolic compounds including flavo-
noids, which can effectively scavenge DPPH radical and
various reactive oxygen species, chelate Fe’", inhibit the
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hemolysis of normal human erythrocyte induced by per-
oxyl radicals in vitro conditions, suggesting that multiple
mechanisms are responsible for the antioxidant activity of
EPS. The significant antioxidant activity of EPS demon-
strated that it might alleviate oxidative damage in cell
induced by oxygen radicals, thereby, being beneficial to
human health and effectively employed as an ingredient
in food applications. The in vivo antioxidant activity of
EPS and the isolation of the antioxidative components will
be further investigated.
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