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Identification of an Antioxidant, Ethyl Protocatechuate, in
Peanut Seed Testa
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The antioxidant activity and identification of the antioxidant component of peanut seed testa were
investigated. The antioxidant activity of peanut seed testa was studied in the linoleic acid model
system by using the ferric thiocyanate method. Among the five organic solvent extracts, the ethanolic
extracts of peanut seed testa (EEPST) produced higher yields and stronger antioxidant activity than
other organic solvent extracts. EEPST was separated into 17 fractions on silica gel column
chromatography. Fraction 17, which showed the largest yield and significant antioxidant activity, was
separated by thin-layer chromatography. Four major antioxidative subfractions were present.
Subfraction 17-2 was found to be effective in preventing oxidation of linoleic acid. This subfraction
was further fractionated and isolated and characterized by UV, MS, IR, and 'H NMR techniques.
The active compound was identified as ethyl protocatechuate (3,4-dihydroxybenzoic acid ethyl ester).
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INTRODUCTION antioxidant activity §). In our previous studie$(13), peanut
hulls were found to exhibit marked antioxidant activity and

discoloration, or deterioration due to autoxidation. Synthetic antimutagenic effect, and an antioxidant component of methan-

antioxidants are widely used because they are effective and®/i¢ extracts of peanut hulls was identified as luteol). (
cheaper than natural types. However, there has been growing The byproducts of agroindustries such as seed testa,_ _huIIs,
concern over their safety and toxicitg)( In addition, many and peels are was_ted_ or used_ as feedstuffs and fertilizers.
epidemiological studies have strongly suggested that there is aRecently, the investigation of antioxidant components extracted
correlation between intake of antioxidant-rich foods and low from hulls €—17), coats 18, 19), and peels20) has been
mortality (2). Hence, it is important to determine the natural reported.
antioxidant source. However, natural antioxidants such as Peanuts consists of peanut kernels, peanut seed testa, and
tocopherol and ascorbic acid that are used as alternatives taP€anut hulls. The literature has demonstrated that peanut kernels
replace synthetic antioxidants are much less effective thanand peanut hulls contain antioxidant components, and the
synthetic antioxidants3j. Therefore, the identification, develop- ~ antioxidant properties of peanut have been studieel@). In
ment, and utilization of antioxidants from natural sources are addition, a flavone and a flavanone in peanut seed testa were
beneficial and desired. purified by Masquel and Blanquet in 1948 (212); however,
Soybean products, oat products, crude vegetable oils, aminoho reports on the antioxidant activity of peanut seed testa have
acids, nordihydroguaiaretic acid, fruits, nuts, seeds, leaves, rootsP€en made so far. Whether the peanut seed testa exhibits
barks, and Maillard reaction products, etc., have thus been antioxidant activity remains unclear. Therefore, investigation
exploited as potential sources of natural antioxida#tsfeanut ~ Of the antioxidant activity of peanut seed testa is needed.
is a principal agricultural plant in the world. The antioxidative In the present study, we determined the antioxidant activity
property of peanut kernels has been investigated. The flavonoidin the linoleic acid of peanut seed testa by using the ferric

dihydroquercetin, extracted from peanut kernels, exhibited thiocyanate method model system. Major antioxidant principles
of peanut seed testa were also isolated and identified.

Antioxidants are used to preserve food by retarding rancidity,
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anisole (BHA) where purchased form E. Merck (Darmstadt, Germany). Taple 1. Yield and Antioxidant Activity of Peanut Seed Testa

All other reagents were of analytical grade. Extracted with Various Solvents
Extraction. The peanut seed testae (5.0 g) were extracted overnight
with 200 mL of methanol, ethanol, acetone, hexane, and ethyl acetate, ~ sample? yield® (mg) antioxidant activity*~® (%)
respectively, in a shaking incubator at room temperature. The extracts MEPST 212.4 93.5+ 2.0c
were filtered, and the extraction was repeated. The combined filtrates EEPST 2528 95.8 +0.1b
were evaporated to dryness in vacuo and weighed to determine the AEPST 199.0 3.0+24e
yield of soluble constituents. HEPST 35.1 3.0+0.4e
Antioxidant Activity in a Linoleic Acid System. Antioxidant EﬁiPST %04 gg'f f g'gfa
activity assay was carried out by using the linoleic acid system. Linoleic Toc 761+ 0.4d

acid emulsion (0.02 M) was prepared with linoleic acid (0.2804 g) and
Tween 20 (0.2804 g) in potassium phosphate buffer (50 mL, 0.05 M,
pH 7.4). A reaction solution containing extracts (0.2 mL, 5.0 mg/mL),
linoleic acid emulsion (2.5 mL), and potassium phosphate buffer (2.3
mL, 0.2 M, pH 7.0) was mixed with a homogenizer. The reaction
mixture was incubated at 3T in the dark, and the degree of oxidation
was measured according to the thiocyanate metd8y by sequentially
adding ethanol (4.7 mL, 75%), ammonium thiocyanate (0.1 mL, 30%),
sample solution (0.1 mL), and ferrous chloride (0.1 mL, 0.02M). After
the mixture had been stirred for 3 min, the peroxide value was
determined by reading the absorbance at 500 nm, and the inhibition
percent of linoleic acid peroxidation was calculated as (%) inhibition oxidative component in methanol was recorded. A Hitachi UV-3210
=100— [(absorbance increase of sample/absorbance increase of control)spectrophotometer (Hitachi, Tokyo, Japan) was used.
x 100]. All tests were run in duplicate, and analyses of all samples IR SpectrometryR spectral data were recored in potassium bromide
were run in triplicate and averaged. (KBr) disks with a Jasco IR Report-100 unfrared spectrophotometer
Silica Gel Column Chromatography. The ethanolic extracts of ~ (Jasco, Tokyo, Japan). One milligram of KBr granules was ground into
peanut seed testa (EEPST) were fractionated by silica gel column (9.5fine powder and made into a thin transparent tablet. The dry sample
cm diameter and 125 cm height, 7230 mesh particle size, E. Merck) (0.3 mg) was dissolved with 5 drops of chloroform. The sample solution
chromatography. A 458.3 g sample of EEPST was dissolved in ethanolwas spotted on a KBr tablet and then blown to dryness.
and evaporated to powder. The powder sample was mixed with silica  Nuclear Magnetic Resorance (NMR) SpectromeiiIR spectra
gel and introduced to the column. @, CH,Clz/ethanol (10:1, v/v), for *H at 200 MHz were recorded on a Bruker AC-200 spectrometer
and CHCl,/ethanol (5:1, v/v) were used as eluant solvents, respectively. (Bruker, Karlsruhe, Germany) at room temperature%@g Chemical
Silica gel chromatography of the material gave 17 fractions. Each shifts were recorded relative to tetramethylsilane (TMS) as an internal
fraction was evaporated to dryness and weighed to determine the yieldstandard.
and then redissolved in ethanol for measuring the antioxidant activity =~ Mass Spectrometrjlass spectra were obtained on a Finnigan LCQ
(23). duo spectrometer (Finnigan, San Jose, CA) by liquid chromatography
Identification of Phenols. Identification of the phenols of each ~ mass spectrometry (e: 40%).
fraction was according to the method of Pratt and Milir The same
volumes of ferric chloride (1%) and potassium ferricyanide (1%) were RESULTS AND DISCUSSION
mixed and sprayed, making an orange-brown solution with no blue
color, and sprayed. Phenols give an immediate blue color. Table 1 shows the yields and antioxidant activity of peanut
Purification of Active Antioxidative Component. Of the 17 seed testa extracted with various solvents. Among the solvent
fractions, fraction 17 showed the highest yield and marked antioxidant extracts, ethanol extracts produced the highest yields, followed
activity, determined by using the thiocyanate meth2d)( and was by methanol extracts, acetone extracts, ethyl acetate extracts,
used for further purification on a silica gel column chromatography. and hexane extracts. The results indicate that the polar solvents
Fraction 17 (16.54 g) was loaded on the top of the column. The solution gn the extraction were more efficient than less polar solvents.
of chloroform/acetone (5:1, v/v) was used as the elution solvent. g shown inTable 1, the antioxidant activities of various solvent
Silica gel chromatography of fraction 17 yielded four subfractions, extracts were compared with commercial antioxidants such as
nar_nec_j subfra(_:tl_ons 17-1, 17-2, 17-3, and 17-4, _respectlve_ly. The dl-a-tocopherol (Toc) and BHA. Among the five solvent
ant|OX|dant activity of each subf_ractlon was determined by using the extracts, EEPST at 200 ppm showed the strongest antioxidant
thiocyanate metho®@). Subfraction 17-2 showed marked antioxidant . " o L
activity and was further investigated. Acetone solvent was added to activity. In addition, the antioxidant activity of EEPST .at. 200
subfraction 17-2, and some material was crystallized. After the crystal PPM Was stronger than 200 ppm of Toc. Frdmble 1, it is
called subfraction 17-2-1 was removed, the soluble components in €vident that the antioxidant activity of polar solvent extracts
acetone were named subfraction 17-2-2. was markedly stronger than that of less polar solvent extracts,
Test of Antioxidant Activity. The antioxidant activity of subfrac- ~ Which showed hardly any antioxidant activity.
tions 17-2-1 and 17-2-2 was examined by a thin-layer chromatography  Of the five solvent extracts, EEPST exhibited the highest yield
(TLC) methodology on silica gel plates (20 20 cm, ks, 0.25 mm, and the strongest antioxidant activity. Ethanol was, therefore,
E. Merck) using chloroform/acetone (9:1, v/v) as a mobile phase. chosen for extraction for antioxidant isolation and identification.
Antioxidants on TLC plates were detected using the carotene spray EEPST was separated into 17 major fractions on silica gel
according to the_method _of Pratt and Millés)( Nine miIIigrams_ of _ column chromatography. Fractions-@ and fractions 1817
artene s sl 30 Lo ool T 196 SO e chromatographed on a iica el pat and cutec with i
Cl, and CHCI/CH3OH (25:1, v/v), respectively, to obtain

solution. This solution was sprayed on chromatograms spotted with = o .
subfractions 17-2-1 and 17-2-2. After spraying, the background color differentRs values (data not shown), indicating that each fraction

of of the chromatograms was bleached because the visual color ofcontained different components. The yield, antioxidant activity,
B-carotene had disappeared due to oxidatiofg-carotene. Spots in  and phenolic characteristic of each fraction are showreible

which a yellow color persisted possessed antioxidant activity. 2. The antioxidant activity of fraction 14 was the strongest of
Instrumental Analysis of Active Antioxidative Component. UV all the fractions; however, its yield was less than that of fraction
SpectrophotometryThe UV absorption spectrum of the active anti- 17. The yield of fraction 17 was higher than that of other

aMEPST, methanol extracts of peanut seed testa; EEPST, ethanol extracts of
peanut seed testa; AEPST, acetone extracts of peanut seed testa; HEPST, hexane
extracts of peanut seed testa; EAEPST, ethyl acetate extracts of peanut seed
testa; BHA, butylhydroxy anisole; Toc, tocopherol. ® Based on 5.0 g of peanut
seed testa for each solvent (200 mL). ¢ Antioxidant activity of each sample (200
ppm) was determined by thiocyanate method. dValues are mean + standard
deviation of three replicate analyses. ® Means within a column with the same letters
are not significantly different (p > 0.05).
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Table 2. Some Characteristics of Different Fractions of Ethanolic
Extracts from Peanut Seed Testa Separated on Silica Gel Column |
Chromatography Subfra.17-4 ’///////////////
fraction? yield (g) antioxidant activity© (%) blue colord i
: 3+030) - ;
i e R
| o i 7
s w0 e JERRT
TN - e
13 2.800 80.8 £ 040d +
15 1246 760+ 1900 - " 2 e wm wm w
16 14.448 19.6 +3.60g -
oot 16539 e gggg Antioxidant Activity (% inhibition)
Toc 71.1+0.20e Figure 1. Antioxidant activity of fraction 17 separated by silica gel column
BHA 99.1+0.00a chromatography. Antioxidant activity of each sample (200 ppm) was

determined by thiocyanate method. Fra., fraction; Subfra., subfraction.

@ EEPST, ethanolic extract of peanut seed testa; BHA, butylhydroxy anisole;
Toc, tocopherol. ® Antioxidant activity of each sample (200 ppm) was determined

by thiocyanate method. ¢ Means within a column with the same letters are not . . .
significantly different (p > 0.05). ¢ Each fraction was reacted with ferric chloride— and 17-4, subfractions 17-1 and 17-2 were further investigated.

potassium ferricyanide, and phenolic compounds gave a blue color. Subfractions 17-1 and 17-2, loaded on a thin-layer chromato-
graph, were developed on silica gel using chloroform/acetone
fractions. No significant differencep(> 0.05) in antioxidant (9:1, viv) as a mobile phase. Subfraction 17-1 was fractionated
activity was found among fractions 12, 13, 15, and 17. into 15 spots. TheR: values of all spots fractionated from
Obviously, fraction 17 with the highest yield and remarkable subfraction 17-1 were very close, and the yield of each spot
antioxidant activity was further separated to obtain the most was too small to be purified. Hence, the isolation and identifica-
active antioxidant component; the other fractions remain to be tion of subfraction 17-1 remain to be further investigated. On
further investigated. the other hand, subfraction 17-2 was fractionated into two spots,
Previous studies suggested that polyphenolic compounds aré’amed subfractions 17-2-1 and 17-2-2, suggesting that subfrac-
associated with antioxidant activity and play an important role tion 17—2 is available for easier isolation and structural
in stabilizing lipid oxidation. To elucidate the causes of elucidation than subfraction 17-1. Hence, subfractions 17-2-1
antioxidant characteristics of the fractions, it is essential to and 17-2-2 fractionated from subfraction 17-2 were further
evaluate whether the antioxidant activity of the fractions is investigated.
related to phenolic compounds. Ascending TLC on silica gel ~ The antioxidant activities of subfractions 17-2-1 and 17-2-2
plates developed in chloroform/methanol (9:1, v/v), fractions were determined by using/&carotene/linoleate spray system.
4-6, 9, 13, and 17 have positive reactions to ferric chleride  Subfraction 17-2-2 was more effective in preventing the
potassium ferricyanide sprays. These results indicate theseoxidation of-carotene than subfraction 17-2-1. Therefore, the
fractions to be phenolics. However, other fractions with anti- chemical structure of subfraction 17-2-2 was determined by
oxidant activity gave negative reactions to ferric chloride instrumental analysis as follows. Subfraction 17-2-2, colorless
potassium ferricyanide sprays. This indicates that the phenolic granules, had a molecular weightrafz 183 (M* + 1) by liquid
compounds are not the only factor in the consideration of the chromatography mass spectrum. The UV spectrum, with
antioxidant activity of EEPST. Although EEPST exhibited absorption bands at 219.4 (sh), 260.0, and 292.6 nm, and the
marked antioxidant activity, all isolated fractions showed lower IR spectrum, with bands at 1715 and 1605 ¢énshowed the
antioxidant activity than EEPST. Possible synergism of phen- structure of the compound to be an esteryl benzene ring nucleus
olics with one another or with other components present in (24).
EEPST may be responsible for this observation. In the™H NMR spectrum, ABX pattern signals at6.91 (1H,
Figure 1 shows the antioxidant activity of fraction 17 d,J= 8.6 Hz, H-5),0 7.57 (1H, ddJ= 2.0, 8.6 Hz, H-6), and
separated on silica gel column chromatography. Fraction 17 waso 7.58 (1H, d,J = 2.0 Hz, H-2) indicated the presence of three
separated into four major subfractions. The antioxidant activity substituents on the benzene ring. Two hydroxyl groups at
was in the following descending order: subfraction 17-1 (58.5%) 6.03 and 6.05 (each 1H, br s,® exchangeable) and an ethyl
> subfraction 17-2 (37.5%) subfraction 17-4 (34.5%) group até 1.37 (3H, t,J = 7.0 Hz) andd 4.33 (2H, dd,J =
subfraction 17-3 (22.2%). All four subfractions showed anti- 4.4, 7.0 Hz) also appeared il NMR spectrum. In the mass
oxidant activity, although the activity of all four subfractions spectrum, the fragment ions at/z 137 for [M™ — OEt] and
was less than that of fraction 17 (78.6%). In other words, the 111 for [Mt — COOEt] were supported by the presence of a
antioxidant activity of fraction 17 was greater than the sum of carboxy ethyl substituent; therefore, two hydroxyl groups were
its subfractions. This may be due to the fact that the synergism substituted on the benzene ring. On the basis of these data, the
of each subfraction with one another may contribute to this structure of subfraction 17-2-2 was identified as ethyl proto-
observation. Because the antioxidant activities of subfractions catechuate (3,4-dihydroxybenzoic acid ethyl eskégure 2)
17-1 and 17-2 were stronger than those of subfractions 17-3(25).
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