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The antioxidant activities of the phenolic compounds found in peanut skin is well documented. The 

aim of the present study was to investigate the structure-activity relationship of these compounds， and 

more particularly， that of (+)-catechin (monomer)， procyanidin A1 (dimer)， and epicatechin-(4β→6)-

epicatechin-(2s→O→7，4 s→8) -catechin (EEC， trimer). Their antioxidant properties were compared 

using four di任erent assays. namely. 1.1-diphenyl-2 -picrylhydrazyl (DPPH) radical. oxygen radical 

absorbance capacity (ORAC)， s-carotene bleaching， and lipid peroxidation in liver microsomal fractions 

and mitochondria. Our results showed that DPPH radical scavenging activity and ORAC value 

increased with the number of phenolic hydroxyl groups. in the order EEC > procyanidin A1 > ( + )-

catechin. On the other hand， using the β-carotene bleaching method， the bleaching activity was 

inhibited depending on the phenolic molecular weight. in the order (+)ーcatechin>procyanidinA1 > 
EEC. These results might be explained by di妊erentialaffinity between polyphenols and substrates. In 

the lipid peroxidation test using rat liver mitochondria and microsomes， the antioxidant activity of 

both procyanidin A1 and EEC were greater than that of (+) -catechin. 

(Received Sep. 1， 2014 ; Accepted Dec. 3， 2014) 
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The red skin of peanut (Arachis hypogaea L.) 

contains high levels of polyphenols. Recently， we 

reported the antiallergic， hypocholesterolemic， and 

hypoglycemic effects of peanut skin polyphenolsト 3)

These biological e妊ects were determined to be 

closely related to their stereochemistry. For example， 

procyanidin A 1， a proanthocyanidin dimer were 

reported to elicit the inhibitory activity of β-

hexosaminidase release， while (+) -catechin did noe). 

In addition， epicatechin司 (4β→6)-epicatechin (2s→0 

→ 7，4β → 8) -catechin ( EEC) ， a proanthocyanidin 

trimer， exhibits a more potent cholesterol micelle-

degrading activity compared to procyanidin A 1 ， 

while (+) -catechin did not either3
). 

Peanut skin polyphenols have also been 

documented for their antioxidative e旺ect4
).5). YU et 

al.5
) showed that after blanching， loasting， or direct 

peeling， peanut skin retained its free radical 

S Corresponding auther， E-mail: t3tamura@nodai.ac.jp 

scavenging activities， while the composition of 

procyanidin dimers， trimers and tetramers was 

di妊erentdepending on the processing method. No 

significant di妊erence was observed between the 

scavenging activities of dimer， trimer. and tetramer 

proanthocyanidins using the DPPH (l，l-diphenyl-l・2・

picrylhydrazyl ) radica16l method， whereas other 

analytical methods， such as total antioxidant 

capacity， oxygen radical absorbance capacity 

(ORAC)， and discoloration ofβ-carotene were not 

examined. The antioxidant activity between 

proanthocyanidin dimers was different. Epicatechin-

(4β→8， 2β→O→7) -catechin from peanut skin had 

lower protective e旺ecton lipid oxidation compared 

to epicatechin-(4β→8)・epicatechinfrom cocoa7). The 

antioxidant activities are closely related to the 

stereochemistry. Meanwhile， almost all studies on 

the antioxidant effects were conducted with 
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polyphenol-containing extracts. Currently， little 

information is available on the chemical structures 

and plural analysis of peanut skin polyphenol 

antioxidant activities. 

In the present study， we investigated the in vitro 

antioxidant activities of proanthocyanidins extracted 

from peanut skin. The antioxidant activities of (+)-

catechin (monomer )， procyanidin A 1 (dimer )， and 

EEC ( trimer) were measured by various assay 

methods such as DPPH radical scavenging assay， 

ORAC assay， β-carotene bleaching， and lipid 

peroxidation inhibition assay using liver microsomal 

fractions and mitochondria. 

Materials and methods 

1 . Peanut skin polyphenols extraction 

Peanut skin extract (PSE) was obtained from 

peanut skin as we previously reported3
). In brief， 

peanut skins were boiled in water for 30 min， 

residue was separated from the supernatant and 

boiled again in water. This was repeated 5 times， 

and all supernatants were concentrated初 vacuoto 

obtain PSE. Higher- and lower-molecular fractions 

were prepared by ultrafiltration (MWCO 10，000; 

Advantec， Tokyo). Procyanidin A1 and EEC were 

separated by chromatography on a TSK-gel 

Toyopearl HW-40 F column (26 x 800 mm) (Tosoh 

3. ORAC assay 

Solutions of Trolox，血lOresceinand 2，2' -Azobis 

( 2 -amidinopropane) dihydrochloride (AAPH) were 

prepared in a phosphate bu妊er(75 mM， pH 7.0). 

Twenty microliters of sample or Trolox solution (6. 

25-50μM)， and 200 tA of 94.4 nM fluorescein were 

mixed and incubated at 37
0

C in a 96-well microplate. 

After 10 min， a volume of 75 tA /well of 31.7 mM 

AAPH was added to the plate. The mixture was 

further incubated for 9 s before the initial 

fluorescence was measured. The fluorescence of the 

mixture was then recorded every 2 min for 70 

min. A Trolox solution series (6.25， 12.5， 25 and 50 

μM) was used to draw a standard curve. The 

blank or background value was determined by 

using 20 tA of phosphate bu妊erinstead of extract. 

Fluorescence measurements were normalized to the 

blank. Using the normalized curves， the area under 

the fluorescence decay curve (AUC) was calculated 

as follows: 

AUC= 1+ ~)日以
t~l 

where /0 is the initial fluorescence reading at 0 

min and fi is the fluorescence reading at time i.. 

The net AUC of a given sample was calculated as 

follows: 

net AUC = AUCantioxidant-AUCblank 
Bioscience， Tokyo)， and YMC gel ODS-AQ 12S50 The linear regression between net AUC and 

column (YMC， Kyoto)， as described previouslyl)，3). 

Total contents of polyphenol were determined 

according to the method of SrNGLETON and Rossr8
) 

with Folin・Ciocalteu'sreagent. 

2. DPPH radical scavenging activity assay 

A 140μM solution of DPPH was prepared in 

ethanol and 200 tA of the solution was added to 

400 tA of the PSE sample. A control reaction was 

prepared by adding 400 tA of solvent instead of 

extract. The mixture was incubated at room 

temperature for 20 min， and then the absorbance 

was measured at 517 nm. The percentage inhibition 

was calculated as follows: 

% Scavenging = [(Ao -A) / AoJ x 100， 

where， Ao is the absorbance of the control reaction， 

As is the absorbance of the reacted extract. The 

results were expressed as the median e妊ectivedose， 

which was calculated from a calibration curve 

obtained with di妊'erent concentrations of extract. 

Trolox， which is a strong DPPH radical scavenger， 

was also tested， and the median effective dose value 

was converted to trolox equivalent (TE). 

antioxidant concentration was determined and the 

ORAC value was calculated by dividing the slope of 

the Trolox curve obtained in the same assay. Final 

ORAC values were expressed as TE equivalent per 

gram and molar of polyphenol. 

4.βーcarotene-linoleicacid bleaching assay 

A stock solution ofβ-carotene-linoleic acid was 

prepared as follows: 1 mg ofβ-carotene， 100 mg of 

linoleic acid， and 200 mg of Tween 40 were each 

dissolved in 1 mR of chloroform. Then 100 tA of 

linoleic acid， 250 tA ofβ-carotene， and 250 tA of 

Tween 20 were mixed together， and the chloroform 

was evaporated under vacuum. A solution of 20 

mM phosphate bu旺er(25mR) was then added to the 

residue. An aliquot of 8 tA of extracted polyphenols 

was pipetted into a 96-well plate and 200tA of the 

previously described mixture was added. The plate 

was incubated for 50 min at 50
0

C together with a 

control well containing Trolox. The absorbance was 

then measured at 470 nm at 5 and 50 min. The 

antioxidant capacity was calculated as percentage 

inhibition of oxidation using the following equation: 
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Antioxidant activity (%) 

=[ !(B日 -B5)一(V50-V5) 1/ B叩-B5J x 100， 

where B5 and B50 are the absorbance of wells 

without sample extract measured at the beginning 

of reaction (5min) and at 50 min， respectively， V5 

and V50 are the absorbance of the wells containing 

extract at the beginning (5 min) and at 50min after 

the reaction， respectively. 

5. Preparation of rat liver mitochondria and 

mlcrosorr】es

Male Wistar rats weighting 200 g were used in 

the experiment. The livers were removed 

immediately and the tissue was homogenized in 9 

volumes of ice-cold 0.25 M sucrose -0.2 mM EDT A. 

The homogenate was centrifuged at 600 X g for 10 

min to remove liver debris and then centrifuged at 

8，400 X g for 10 min to sediment mitochondria. This 

pellet was washed with 0.25 M sucrose-0.2 mM 

EDT A. Liver microsomes were prepared from the 

supernatant when the solution containing 

mitochondria was obtained. The supernatant was 

ultracentrifuged at 105，000 X g for 90 min and the 

supernatant removed. The concentration of 

mitochondria and microsome proteins was 

determined using the Quick Start Protein Assay 

(BioRad Laboratories， Tokyo). 

6. Assay for thiobarbituric acid reactive products 

Lipid peroxidation in mitochondria and microsome 

solutions was measured using thiobarbituric acid 

(TBA). Mitochondria (3 mg/m2 mitochondrial protein) 

was added to 500 t.A of reaction bu妊er，containing 

20 mM potassium phosphate buffer (pH7.4)， 125μM 

FeSO" 125μM ascorbic acid， and 10t.A of peanut 

extract. The mixture was incubated at 37
0

C for 60 

min. Then， 250 t.A of 20% trichloroacetic acid and 

250t.A of 1% TBA were added to the mixture， and 

kept in a boiling water bath for 15 min to obtain 

the characteristic red colors of TBA -MDA. After 

centrifugation， the color intensity was measured at 

532 nm. To determine the blank value， a potassium 

phosphate bu妊er without FeSO， or ascorbic acid 

was used. To determine the amount of TBA 

reactive products， MDA was calculated using a 

molar extinction of 1.56 X 105 M-1cm -1. Similarly， 

microsomal lipid peroxidation was induced by Fe3
+-

ADP / NADPH. The 1.5 mg / m2 protein-containing 

microsome ( 250 t.A) was mixed to 750 t.A of a 

mixture consisting of 0.5 mM ADP-25μM Tris-HCl 

bu妊er(pH 7.4)， 25μM EDTA-50μM FeCb， and 25 

t.A of peanut extract. The reaction was initiated by 

the addition of 0.5 mM NADPH and incubated at 

37
0

C for 30 min. Subsequently， the samples were 

analyzed for TBA reactive products as described 

above. 

7. Statistical analysis 

Experimental results were expressed as mean 士

standard deviation (SD ) for three samples using 

Statistical Program for Social Sciences ( SPSS， 

standard version). Repeated measures ANOV A was 

used to analyze the change of variables with group. 

Fisher's LSD test was used for group-to group 

comparison at ORAC assay. A p-value < 0.05 was 

considered statistically significant. 

Results and discussion 

1 . Total polyphenol content and antioxidant activity 

of PSE and its fractions 

Peanut skin presented a total of 134. 3 mg 

polyphenols， with 44.0 and 78.5mg/ g dry skin in its 

lower- and higher-molecular weight fractions， 

respectively. Thirty-three percent of the polyphenol 

content was contained in the lower-molecular 

fraction， with an overall recovery rate of 91%. The 

lower-molecular weight fraction showed higher 

DPPH radical scavenging activity and ORAC value 

compared to PSE or the high-molecular weight 

fraction (Table 1). Antioxidant activities determined 

by the β-carotene bleaching method were similar in 

all three fractions. We further isolated 

proanthocyanidins (Table 2) from the lower-

molecular fractiod).3)， and determined their 

antioxidant activities. 

Table 1 Polyphenol content and antioxidant activities of PSE using di妊erentassays 

Polyphenol 
DPPH radical 

ORAC value 
Antioxidant activity measured 

Fraction scavengmg acttvlty by s-carotene bleaching method 
(mg/ g dry skin) (mmol 01 TE / g polyphenol) 

(mmo! 01 TE / g po!yphenol) (mmo! of TE / g po!yphenol) 

PSE 134.3 (100 %) 8.03 45.95:t 1.00' 6.45 

M.W.>10，OOO 78.5 (58.45 %) 6.01 50.95 :t 3.39' 6.26 

M.W.<10，OOO 44.0 (32.76 %) 10.03 100.91:t 5.65b 7.99 

Different letters indicate statistically significant di妊erencesat p<O.05 
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Table 2 Structure and properties of polyphenols isolated from peanut skin 

Structure 

Molecular weight 

Content(% of total polyphenol) 

(+ )ーCatechin

!っこ
可λ

290.27 

0.24 

Procyanidin A1 

576.51 

5.62 

EEC 

864.78 

2.20 

Procyanidin Al: epicatechin目 (2s→7，4s→8)-catechin EEC: epicatechin-(4s→6) -epicatechin (2s→O→7，4s→8) -catechin 

2. DPPH radical scavenging activity and ORAC 

value 

Using equal molarity of polyphenols， EEC 

exhibited the most potent DPPH radical scavenging 

activity. in the order EEC>procyanidin A1> ( + )-

catechin (Table 3). The activity normalized per unit 

weight. however， was the same in the three grades 

of purities. Interestingly. the antioxidant activity 

increased with the molecular weight. The catechol 

structure of polyphenols plays a critical role in their 

antioxidant activity9). EEC has three catechol 

structures in a molecular. and procyanidin A 1 and 

( + ) -catechin has 2 and 1 structures. Number of the 

catechol hydroxyl groups of those polyphenols may 

result in altered DPPH radical scavenging activity. 

would be increased depending on the number of 

phenolic hydroxyl group. and the order of 

antioxidant potency would be EEC > P A 1 > ( + ) -

catechin. The antioxidant activity of the three 

polyphenols by ORAC value were also shown in 

Table 3. TE antioxidant capacity were strong in 

ORAC assay compared to DPPH assay in any three 

polyphenols. The order of antioxidant activity was 

EEC > P A 1 > ( + ) -catechin in the ORAC value. and 

this order was same as the DPPH radical 

scavenging activity. 

3.β-Carotene bleaching activity 

In table 4 are shown the antioxidant activities of 

peanut skin polyphenols as measured by the β-

carotene-linoleic acid system. ( + ) -Catechin showed 

Moreover. DONG et al.10
) observed that the B-type higher antioxidant activity in equal weight 

procyanidin dimer presented a more potent DPPH 

radical clearing effect than the A-type dimers. This 

may be explained by the presence of phenolic OH 

group， which is very important in scavenging 

radical. and by the additional C2-0-C7 ether linkage 

present in the A-type procyanidin dimer decrease 

the DPPH radical clearing e任ect. DING et al.10
) 

suggested that lower DPPH clearing activity of A 

type procyanidin dimer than that of B-type may 

due to the additional C2-0・C7ether linkage instead 

of a phenolic OH group as in B-type dimer. We 

suggested that DPPH radical scavenging activity 

polyphenols. The order of β-carotene bleaching 

activity was (+) -catechin > procyanidin A 1 > EEC. 
although no difference in antioxidant activity was 

determined among the three polyphenols， when the 

antioxidant activity was normalized per mole of 

polyphenol. It has previously been reported that 

epicatechin gallate and epigallocatechin gallate have 

stronger β-carotene bleaching activity than either 

epicatechin or epigallocatechinll). In addition. DONG et 

al.10)also observed that the order of lipid 

peroxidation inhibition potency was A-type 

epicatechin gallate dimer > A-type epigallocatehin 

Table 3 Antioxidant activities of polyphenols 

DPPH radical scavenging activity ORAC value 

Polyphenol mmol of TE / mmol of TE / mmol of TE / mmol of TE / 
g polyphenol mmol polyphenol g polyphenol mmol polyphenol 

(+)ーCatechin 9.89 2.87 30.82:t 1.44' 8.95 :t 0.42' 

Procyanidin A1 10.54 6.08 120.59:t 16.71 b 69.52 :t 9.64 b 

EEC 13.32 11.59 147.60:t 11.01 b 127.64:t 9.52' 

Different letters indicate statistically significant di妊erenceatρ<0.05 



procyanidin Al and EEC used at a concentration of 

1.7 mM  inhibited the production of MDA by 39 and 

26%， respectively， whereas that of (+) -catechin was 

87% (Fig. lA). Procyanidin Al and EEC inhibited 

nearly all of the MDA production， when the (+)-

catechin inhibited only about 50% of the 

peroxidation. MDA production were strongly 

inhibited by polyphenols than tocopherol， which is 

commonly utilized as an antioxidant reagent in food 

products， in any concentration. In the liver 

microsomal fraction， the antioxidant activities of 

procyanidin Al and EEC were stronger than that of 

( + ) -catechin， whereas no di妊'erencewas observed 

between procyanidin Al and EEC (Fig. lB). In the 

presence of procyanidin A 1 and EEC at 0.5 mM， 

MDA productions were repressed down to 19.6 and 

19.0%， respectively. In the presence of tocopherol， 

MDA products were only repressed to 63%. These 

results suggest that procyanidin A 1 and EEC may 

possess unexpectedly high antioxidant properties in 

VIVO. 
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lipid on polyphenols of activity Table 4 Inhibitory 

peroxidation 

mmol of TE / 

mmol polyphenol 

mmol of TE / 

g polyphenol 
Polyphenol 

( + ) -Catechin 

Procyanidin Al 

EEC 

3.14 

3.77 

3.81 

10.81 

6.45 

4.41 

Conclusions 

We sought to examine the antioxidant activity of 

proanthocyanidin oligomers isolated from peanut 

skin. We suggest that the DPPH radical scavenging 

activities and ORAC values of polyphenols may be 

due to their hydrogen-donating ability. The β-

carotene bleaching activity of (+) -catechin was 

higher than that of proanthocyanidin oligomer， and 

this may be explained by the presence of distinct 

interaction areas between polyphenol and substrate. 

Procyanidin Al and EEC exhibited high inhibition 

gallate dimer> A-type epicatechin dimer > B- type 

epicatechin dimer. VERSTRAETEN et. aZ7
) reported that 

the subunits of B-type dimers were stacked up， 

while the subunits of A-type dimers are linked by 

two covalent bonds. As such， the structural subunits 

in the A-type dimers are not capable of folding 

over themselves， making A-type dimers a more 

elongated structure than B-type dimers. This may 

in turn explain why A-type dimers may have a 

higher number of interaaction sites with the lipid 

than the B-types. Futher， VERSTRAETEN et. aZ7
) 

described that dimers and trimmers can interact 

with membrane phospholipids， presumably with their 

polar headgroup， and that procyanidins can provide 

protection against the attack of oxidants 

consequence of the interaction. Thus， we suggest 

that inhibition activity of lipid peroxidation may be 

interpreted as di妊erences in a伍nity between 

polyphenols and respective substrates， and the 

affinity will be stronger if a degree of 

polymerization is more smaller. 

4. Lipid peroxidation test using rat liver homogenate 

The antioxidant assay using rat liver was 

conducted to reflect in vivo circumstances. In a 

mitochondria preparation obtained from rat liver， 

a as 
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80 

40 

20 

B 

暗号
~ 

、・---・、，・、、・r-

ー@ー(+ ) -catechin 
一色ーprocyanidinAl 60 

-ー-EEC
一串ーtocopherol

100 

80 

20 

60 

40 

A 

(
求
)
〈
凸
冨

0 

0 

。。 2.0 1.0 1.5 

Polyphenol (mM) 

0.5 8 2 4 6 

Polyphenol (mM) 

Effect of polyphenols on MDA levels in rat liver homogenate 

Reaction mixtures containing mitochondria (A) and microsome (B) were added to 
different concentrations of polyphenols and tocopherol 

Fig.l 
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e宜'ect on lipid paeroxidation in liver homogenate. 

Such oligomers derived from peanut skin may 

therefore be high-antioxidant in vivo. 
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ラッカセイ種皮から単離した異なる重合度の

プロアントシアニジンによる抗酸化活性の比較
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* 3 アドパンテック(株)
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ラッカセイ種皮は多くのポリフェノールを含む。これ

まで，食材が含有するポリフェノールの抗酸化活性に関

する研究は多くなされているが，多様なポリフェノール

が混在した状態で抗酸化活性を検討しているものが大半

である。また，複数の方法で抗酸化活性を検討していな

い場合が多い。そこで私たちは，ラッカセイ種皮から単

離・同定した単量体の(+)ーカテキン， 2量体のプロ

シアニジンA1， 3量体のエピカテキンー(4β→ 6 ) 

ーエピカテキンー(2β→O→ 7，4β→ 8) ーカテキン

(EEC) を用いて，重合度の違いによるプロアントシア

ニジンの抗酸化活性の違いについて検討した。 DPPHラ

ジカル消去試験とORAC法で抗酸化活性を測定すると，

抗酸化活性は 1モル当たりのフェノール性水酸基の数に

比例し， ECC>プロシアニジンA1> (+)ーカテキン

の順であった。しかしながらβーカロテン退色法での測

定では，重合度が高いほど抗酸化活性は低減し， (+) 

ーカテキン〉プロシアニジンA1) EECの順であった。

この結果から，プロアントシアニジンは重合度の上昇に

より基質との親和性が低下する可能性があることが考え

られた。さらに，生体内での作用を検討するため，ラッ

ト肝臓ミトコンドリアおよびミクロソームを用いて脂質

過酸化抑制試験を行ったところ，プロシアニジンA1と

EECは(+)ーカテキンよりも強い抗酸化活性を示し，

DPPHラジカル消去試験ならびにORAC法での測定結果

と同様，単量体のカテキンより重合体のプロアントシア

ニジンのほうが強い抗酸化活性を示した。しかし二量体

のプロシアニジンA1と三量体のEECの聞では大きな差

はみられなかった。

(平成26年9月1日受付，平成26年12月3日受理)
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