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†Faculdade de Cîencias da Sa�ude, Universidade de Brasília, Campus Universit�ario Darcy Ribeiro, Asa Norte, 70910-900 Brasília DF,
Brazil
§Embrapa Recursos Gen�eticos e Biotecnologia, Parque Estac-~ao Biol�ogica PqEB, Av. W5 Norte (final), Caixa Postal 02372. Brasília DF,
Brazil

ABSTRACT: Arachis hypogaea, known as the peanut, is native to South America. Peanut contains several active components
including flavonoids, phenolic acids, phytosterols, alkaloids, and stilbenes. Some therapeutic effects have been reported for peanut
seed extracts, such as antioxidative, antibacterial, antifungal, and anti-inflammatory activities. This paper aims to give an overview of
the chemical composition, focusing on secondary metabolites, and of the biological activity of A. hypogaea, to stimulate new studies
about species of the Arachis genus.
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’ INTRODUCTION

The genus Arachis L. (Fabaceae) is native to South America
with a probable center of origin in Brazil, in a region extending
from the southwest of Mato Grosso do Sul State to the south of
Goias.1 The genus has 80 described species, grouped into 9
taxonomic sections. The most remarkable section is Arachis,
because it includes A. hypogaea, the most economically important
species, considered the fourth oleaginous plant in the world. This
species is cultivated in Asia, Africa, and America, mainly for high-
quality vegetal oil production, as a feedstock, and as natural or
processed food for human consumption.1,2 Beyond its nutritional
characteristics and commercial value, several studies have pointed
to the biological properties ofA. hypogaea. Thus, the present review
aims to examine the chemical composition and biological activity
of Arachis species to stimulate new studies about this genus.

’ACTIVE CONSTITUENTS

The class of compound most found in this genus is that of
phenylpropanoid derivatives, mainly stilbenes and flavonoids.
These compounds are involved in a defense mechanism against
physical injuries and microbial contamination. Indeed, the cor-
relation between the concentration of several compounds and
their effects on injuries or contamination has been fully reported.
Therefore, this review does not intend to discriminate the
described active compounds as having been isolated from healthy
plants or from injured ones, considering that it is not rare for the
same compounds to be found in both injured (mainly fungal
contamination) and healthy specimens.3�12

Stilbene Derivatives. Since resveratrol was postulated to be
involved in the health benefits associated with a moderate
consumption of red wine, plant stilbenes have received notable
interest.13 Stilbenes are characterized by a 1,2-diphenylethylene
backbone, usually derived from the basic unit trans-resveratrol
(3,5,40-trihydroxy-trans-stilbene, 1a), although other structures
are found in particular plant families.14 Ring A usually carries two
hydroxy groups in the m-position, whereas ring B is replaced by

hydroxy and methoxy groups in the o-, m-, or p-position. They are
synthesized from cinnamic acid derivatives, and the substitution
pattern of the cinnamic acids determines that of ring B of the adduct.15

Stilbenes are synthesized by a wide range of plant species;
however, they are often in plants that are not routinely consumed
for food or in the edible tissue. Peanuts (1.3�3.7 μg of
resveratrol/g) and peanut butter are considered major dietary
sources of stilbenes, along with grapes and their derivatives.15

Stilbene synthesis has been associated with resistance to some
common peanut diseases, in particular to fungal contamination.
As long as peanuts had the ability for phytoalexin production,
they were not contaminated with aflatoxins.9 Also, stilbene
production is elicited by injuries, fungal contamination, insect
damage, and other attacks.9,16 However, stilbenes can be found in
uninfected and uninjured plants, albeit in minor amounts.
The stilbenes that have been reported for several varieties from

A. hypogaea in different organs from the plant, such as leaves,
roots, and seeds, seem to be derived from trans-resveratrol
(1a), such as piceid (2),17�19 isopentadienylresveratrol (IPD)
(trans-30-isopentadienyl-3,5,40-trihydroxystilbene, 3),20 picea-
tannol (3,4,30,50-tetrahydroxy-trans-stilbene, 4), arachidin-1
[trans-4-(3-methyl-1-butenyl)-3,5,30,40-tetrahydroxystilbene, 5],
arachidin-2 (6), arachidin-3 [trans-4-(3-methyl-1-butenyl)-
3,5,40-trihydroxystilbene, 7],11,21,22 and trans-SB-1 (8).22

After an experiment using spores of Aspergillus caelatus NRRL
to elicit phytoalexin production in peanuts, the stilbenes 1a, 3,
and 5�8 were isolated, as well as chiricanine A (trans-40-
deoxyarachidin-2, 9), arahypin-1 (trans-40-deoxyarachidin-3, 10),
arahypin-2 [trans-30-(200,300-dihydroxy-300-methylbutyl)resveratrol,
11], arahypin-4 [trans-4-(200,300-dihydroxy-300-methylbutyl)-40-
deoxyresveratrol, 12], arahypin-3 [trans-4-(200,300-dihydroxy-
300-methylbutyl)resveratrol, 13], and arahypin-5 (14).8 Keen
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and Ingham characterized the cis-3,5,40-trihydroxy-4-isopente-
nylstilbene (15) from American varieties of Arachis.23 Ingham
also isolated the cis-isomer of resveratrol (16) from the infected
hypocotyls of A. hypogaea.24

From hairy roots of A. hypogaea were isolated resveratrol (1a)
and its derivative pterostilbene (1b).25

Flavonoid Derivatives. Flavonoids and derivatives can be
found in both infected and uninfected Arachis plants. From
peanut pods 5,7-dihydroxychromone (17), eriodictyol (18a),
and luteolin (30,40,50,7-tetrahydroxyflavone) (19a),3,16 dihydro-
quercetin (18b),26 and chrysoeriol (19c) were isolated, as well as
the derivatives 8-isopentenyl-luteolin (20a), 8-isopentenylchrysoer-
iol (20b), and 40,5-dihydroxy-200,200-dimethylpyrano[500,600:7,8]-

flavone (21).27 The isorhamnetin glucoside (22) was also
isolated from the water-soluble fraction of peanut skin,28 whereas
quercetin (19b) was isolated from the exudate of germinating
peanut.29

The isoflavones biochanin A (23a), daidzein (23b), and
genistein (23c)30 and formonetin (23d)31,32 can also be found,
besides glucoside (24)28 and medicapin (25b) and demethylme-
dicarpin (25a).31,32 It is important to consider that demethylme-
dicarpin (25a) seems to be a degradation product from
medicarpin (25b). Isomedicarpin was isolated from aerial parts
of A. hypogaea (25c).33

Medicarpin (25b) was able to promote bone mass and
strength achieved at the end of the growth period, commonly
designated peak bone mass (PBM), in a ex vivo model
and likely acts via estrogen receptor β (ERβ) in osteoblasts.34
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This compound was also isolated from fungus-infected leaves
of A. hypogaea, as well as the pterocarpans aracarpene-1 (26a)
and aracarpene-2 (26b).35 Pterocarpans are a class of com-
pounds considered to have the highest antifungal activity
among the phytoalexins in the flavonoid-based group of
compounds.36

The ethyl acetate fraction from aqueous extract of peanuts skin
gave catechin (27a), epicatechin (27b), the condensation pro-
duct 28, and the proanthocyanidins A1 (29a) and A2 (29b).
Roasted peanut skins exhibit a considerable content of

proanthocyanidin.37 Six A-type proanthocyanidins were isolated
from the water-soluble fraction of peanut skins, the proantho-
cyanidins A1 (29a), A2 (29b), and 29a epimer (30), as well as
compounds 31, 32a, and 32b.38

Phenolic Acids. From exudate of germinating peanut were
isolated the phenolic acids vanillic (4-hydroxy-3-methoxyben-
zoic acid, 33a), protocatechuic (3,4-dihydroxybenzoic acid,
33b), ferulic (4-hydroxy-3-methoxycinnamic acid, 34a), and
caffeic (4-hydroxycinnamic acid, 34b).29

From peanut roots inoculated with mycorrhizal and Rhyzo-
bium, besides vanillic (33a), protocatechuic (33b), ferulic (34a),
and p-coumaric (34b) acids, 4-hydroxybenzoic acid (33c), caffeic
acid (34c), the cis-isomers from 34a, 34b, and 34c (35a�35c,
respectively), and chlorogenic acid (36)5 were isolated. Ferulic
(33a) and p-coumaric (33b) acids were also isolated as major
compounds from dry-roasted peanuts.39 Compounds 1a, 2, and
34a�34c were also detected in peanuts submitted to combined
ultrasound and ultraviolet treatments.40

Chlorogenic acid (36) was also isolated from leaves of A.
paraguariensis, besides neochlorogenic (37) and 1-caffeoyl-4-
deoxyquinnic acid (38).41

Chicoric acid (39)42 was isolated from partially opened
vegetative quadrifoliate leaf buds of peanuts presenting late leaf
spot disease fungus (Cercosporidium personatum), insect tobacco
thrips (Frankliniella fusca), and potato leafhopper (Empoasca
fabae).
Phytosterols. In peanut butter, oil and groundseed were

found β-sitosterol (40a), campesterol (41), stigmasterol (42), R-
spinasterol (43), Δ5-avenasterol (44), Δ7-avenasterol (45), sitos-
tanol (46), and campestanol (47).43�50 A similar steroid composi-
tion was found in otherArachis species such asA. sylvestris,A. pintoi,
A. chinquitana, A. appresipila, A kretschmeri, A. matiensis, A. trini-
tensis, A. kempff-mercadoi, A. diogoi, A. benensis, A. valida, A. helodes,
A. kuhlmannii, A. williamsii, A. hoehnei, A. villosa, A. stenosperma, A.
fastigiata var. fastigiata, and A. fastigiata var. peruviana.44,47 Accord-
ing to the authors,47 there were no significant changes in steroid
content. β-Sitosterol (40a) was also isolated from aerial parts of A.
hypogaea, as well as daucosterol (40b).33

Other phytosterols can be found in Arachis: lophenol (48a), 24-
ethyllophenol (48b), obtusifoliol (49), 31-norcycloartenol (50),
cycloleucalenol (51), gramisterol (52), and citrostadienol (53).45,51.
Triterpenes. The presence of triterpene in peanut oil is not

surprising, considering that triterpenes and sterols are synthe-
sized via the same metabolic route and Arachis oil is rich in
sterols, mainly β-sitosterol (40a). The most usual triterpenes in
peanut seem to be cycloartanol (54), cycloartenol (55a), cyclo-
branol (55b), 24-methylenecycloartenol (56), β-amyrin (57),
and lupeol (58).45,51,52

From roots were isolated sophoradiol (59a) and soyasapo-
genol B (59b)53. Soyasapogenol B (59b) was also isolated from
aerial parts.33 From groundnuts were isolated 59b and its gluco-
side soyasaponin I (59c).54
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Alkaloids.There are few reports of the occurrence of alkaloids
in the Arachis genus. Probably the first report of these com-
pounds in Arachis was made by Mooser (1904), which described
the alkaloid named arachine.55 However, Moll (1961) showed
that arachine was, in fact, choline (60).56

Myosmine [3-(1-pyrroline-2-yl)pyridine, 61] was first struc-
turally identified as a tobacco alkaloid present along with nicotine
in tobacco smoke, presenting low toxicity to mammals.57 Myos-
mine (61) was detected in untreated and roasted groundnuts, as
well as in the oil from both untreated and roasted groundnuts.57

From the water-soluble fraction of peanut skins were isolated
2-hydroxyl-3-[3-(1-N-methyl)indolyl]propionic acid (62a) and
2-methoxyl-3-(3-indolyl)-propionic acid (62b).28

Fatty Acids.The following fatty acids were detected in several
varieties of peanut (A. hypogaea): palmitic (16:0), stearic (18:0),
oleic (18:1), linoleic (18:2), arachidic (20:0), eicosenoic (gadoleic)
(20:1), behenic (22:0), and lignoceric (24:0) acids.58�60

However, no significant differences could be found among
varieties.46,52 The same fatty acid composition was found
in other species from the Arachis genus, such as A. sylvestris,
A. pintoi, A. chinquitana, A. appresipila,A. kretschmeri, A. matiensis,
A. trinitensis, A. kempff-mercadoi, A. diogoi, A. benensis, A. valida, A.
helodes, A. kuhlmannii, A. williamsii, A. hoehnei, A. currentina, A.
durannensis, A. monticola, A. batizocoi, A. cardenasii, A. villosa,
A. stenosperma, A. fastigiata var. fastigiata, and A. fastigiata var.
peruviana.44,47,61 Peanut, peanut oil, and peanut butter from six
varieties of A. hypogaea from Nigeria and two from Turkey also
presented capric (10:0), lauric (12:0), myristic (14:0), palmito-
leic (16:1n-7), and linolenic acids (18:3).58,62

The fatty acid composition usually varies among species,
except for stearic acid.47 Oleic and linoleic acids were the major
components of the fatty acid fraction from groundnut oil.52,63

Other Compounds. The inositol D-pinitol (63) was isolated
from groundnuts.64 Among vitamins, 5-formyltetrahydrofolate
was found to be the most important folate vitamin in peanut.65

Peanuts are a good source of tocopherol (vitamin E).48

The characteristic odor from raw or roasted peanut is due to
several compounds such as 2- and 3-methylbutanal, phenylace-
taldehyde, ethyl 2-methylbutanoate, ethyl 3-methylbutan-
oate, butanoic acid, methylbutanoic acid, 4-vinylphenol,
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2-methoxyphenol, 2-methoxy-4-vinylphenol, β-pinene, limo-
nene,R-terpineol, and sulfur compounds such as 3-(methylthio)-
propionaldehyde, 4-hydroxy-2,5-dimethyl-3(2H)-furanone, ethyl
2-methylbutanoate, 2,5-ethyl-3-dimethylpyrazine, 2,3-diethyl-
5-methylpyrazine, (Z)-2-nonenal, (E,E)-2,4-decadienal, (E)-β-
damascenone, 4-hydroxy-3-methoxybenzaldehyde, and others.66

’BIOLOGICAL ACTIVITIES OF A. HYPOGAEA

The traditional use of peanuts for a medicinal purpose has
been reported since ancient times. In 2003, a Qualified Health
Claim was approved, stating that eating 42 g of nuts per day may
reduce the risk of heart disease.67 Peanut skins are used to treat
chronic hemorrhage and bronchitis in China.38 Groundnut
extracts have been used in the management of diabetic patients
in northern Nigeria.68 In fact,Arachis is used to lower cholesterol,
aid weight loss, and prevent cardiovascular diseases and cancer.69

Peanuts have been shown to have a favorable nutrient profile,
presenting several highly valued dietary constituents, including
dietary fibers, proteins, micronutrients, and phytochemicals such
as phytosterols, phenolics, stilbenes, and arginine,70,71 which
elicit several biological effects, including cardioprotective, anti-
inflammatory, anticancer, and others. Indeed, resveratrol (1a),
luteolin (19a), quercetin (19b), and many other phytochemicals
have already been isolated from peanut tissues, including in-
dustrial residues (shells, leaves, roots, etc.), presenting many
biological activities.

The leaves of A. hypogaea have astringent action and several
biological properties. They are used therapeutically against
abdominal pain, bronchitis, constipation, and flatulence.72 Pea-
nut also has therapeutic effects as a solvent for bleeding in
hemophiliacs.73

Peanuts are a rich source of magnesium, folate, fiber, R-
tocopherol, copper, and arginine,74 and dietary consumption of
peanuts has been stimulated.70 Although the biological activity of
pure compounds has been proved, the intake of peanuts or their
extract may sometimes be more favorable than the ingestion of
pure phytochemicals. For example, the absorption of luteolin
(19a) was proved to be more efficient from peanut hull extract
than that of the pure compound.75

Anti-inflammatory Activity. Usually all tested peanut stilbe-
noids presented anti-inflammatory activities; this could be attrib-
uted to the fact that stilbenoids bear a 40-hydroxyl group, as the
most important determinant of bioactivity.76 Arachidin-1 (5),
piceatannol (4), and resveratrol (1a) could effectively inhibit
lipopolysaccharide (LPS)-induced nitric oxide (NO) produc-
tion; piceatannol (4) presents strongest inhibitory potency
on LPS-induced prostaglandin E2/NO production, C/EBPδ
gene expression, and nuclear fator-κB activation.77 In general,
arachidin-1 (5), piceatannol (4), and resveratrol (1a) perform
effective anti-inflammatory activity following an identical me-
chanism but with different potencies among molecules. The
authors suggested these compounds might be of importance
in further development for nutraceutical or chemopreventive
applications.77

Resveratrol (1a), in an ex vivomodel, inhibited TNF-R and IL-
6 released from macrophages, thereby suppressing macrophage-
CM-induced inflammatory response in adipocytes.78 Also,
resveratrol exerts anti-inflammatory effects in microglia and
astrocytes by inhibiting different pro-inflammatory cytokines
and key signaling molecules.79

Resveratrol (1a) treatment of mice presented protection
against colitis through up-regulation of SIRT1 in immune cells
in the colon.80

Antitumor Activity.There is evidence suggesting a protective
role of phytosterols, especially β-sitosterol (40a), in colon,
prostate, and breast cancer.81 Because peanuts and their pro-
ducts, such as peanut oil, peanut butter, and peanut flour, are
good sources of phytosterols, consuming these products can
bring health benefits.81

Piceatannol (4), arachidin-1 (5), and resveratrol (1a) also
showed high cytotoxicity in mouse macrophages.77 On the basis
of in vitro, ex vivo, and animal studies, resveratrol (1a) and
derivatives inhibit cellular events associated with the beginning,
promotion, and progression of tumors.82�84 Resveratrol inhibits
free radical formation, which will inhibit tumor formation; it acts
as an antimutagen, because it induces the quinine reductase able
to detoxify carcinogens; moreover, it inhibits the development of
preneoplastic lesions.15

Depending on the concentration and cell type, resveratrol
(1a) can act as a pro-oxidant molecule, and this effect could be an
important action mechanism for its anticancer and pro-apoptotic
properties.85

Arachidin-1 (5), arachidin-3 (7), isopentadienylresveratrol
(3), and resveratrol (1a) have been isolated from germinating
peanut kernels and characterized as antioxidant and anti-inflam-
matory agents. Some studies have indicated that 1a induces
programmed cell death (PCD) in human leukemia HL-60 cells,
and the anticancer activity of these stilbenoids was determined in
the same lineage cells. Arachidin-1 (5) had the highest efficacy in
inducing PCD inHL-60 cells, with an approximately 4-fold lower
EC50 than resveratrol (1a), causing mitochondrial membrane
damage, activation of caspases, and nuclear translocation of
apoptosis-inducing factor and resulting in chromosome degrada-
tion and cell death. Therefore, 5 induces PCD in HL-60 cells
through caspase-dependent and caspase-independent pathways.
Arachidin-1 (5) demonstrates its efficacy as an anticancer agent
by inducing caspase-independent cell death, which is an alter-
native death pathway of cancer cells with mutations in key
apoptotic genes.86

Oral administration of resveratrol at a daily dose of 15 mg/kg
was effective as chemopreventive treatment for pulmonary
metastasis of the challenged CT26 cells. More than 57.1% of
the CT26-challenged BALB/c mice treated with resveratrol were
free of tumor nodules in their lungs. Of further merit is the
observation that resveratrol-treated mice that survived were
highly resistant (100%) to tumor colonization by the second
challenge of CT26 cells.87

Hypotin, a protein isolated from Arachis seeds, showed anti-
proliferative activity toward human liver hepatoma Bel-7402
cells.88

Isoflavones are an important group of the phytochemicals that
have been reported not only to have anticarcinogenic properties
but also to play a role in the mitigation of osteoporosis in
postmenopausal woman.30

Antifungal Activity. The protein hypogin was isolated from
seeds of peanut and shows inhibitory activity on the growth of the
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fungiMycosphaerella arachidicola,M. berkeleyii, Fusarium oxyspor-
um, andCoprinus comatus.89,90 Hypotin exerted potent antifungal
action against various fungal species, including Pythium aphani-
dermatum, Botrytis cinerea, Alternata alternata, Physalospora pir-
icola, Fusarium solani, and F. oxysporum.88 From roots of peanut
two antifungal proteins named PAFP-I and PAFP-II were
purified to homogeneity and characterized, and these showed
strong in vitro growth inhibition of Trichoderma viride, B. cinerea,
and Cladosporium spp.91

The chromone 17 presented antimicrobial activity against soil
pathogenic fungi R. solani and Sclerotium rolfsii.92 This suggests
17 plays a role in the protection of peanuts against fungal
contamination, together with resveratrol (1a) and derivatives.
Furthermore, the stilbene derivative 3 was inhibitory to both
spore germination and hyphal extension of the fungus Aspergillus
flavus.20

Antibacterial and Antiproliferative Activity. The aqueous
extract from peanut leaves presented antibacterial activity against
Enterobacter aerogenes and Klebsiella pneumoniae.72 The ethanol
extract was also active against K. pneumoniae. In contrast, these
extracts were inactive against Escherichia coli, Proteus mirabilis,
Proteus vulgaris, and Salmonella typhimurium.72

Hypotin exerted antibacterial activity toward the Gram-posi-
tive bacterium Staphylococcus aureus. However, this protein did
not present any effect against Gram-negative strains.88

Antioxidant Effects. The antioxidant activity of peanuts has
been widely reported. Several authors describe different models
to assess this activity,29,93,94 usually attributed to the phenolic
contents.39,95 The methanol extract from peanut presented 1,1-
diphenyl-2-picrylhydrazyl (DPPH) radical-scavenging activity.
The isolated stilbenes resveratrol (1a), IPD (3), arachidin-1
(5), and arachidin-3 (7) displayed potent antioxidant activity; in
particular, arachidin-1 (5) showed equivalent or even better
antioxidant activity than BHT did.76 The compounds quercetin
(19b), 3,4-dihydroxybenzoic acid (33b), ferulic acid (34a), and
4-hydroxycinnamic acid (34b) presented potent antioxidant
activity in DPPH as well as ABTS assays.29

In dry-roasted peanuts, p-coumaric acid (34b) seems to be
responsible for the major antioxidant activity among the isolated
polyphenols.39 The antioxidant capacity of whole extracts from
roasted peanut skins was determined by various methods (i.e.,
total antioxidant capacity, ORAC, DPPH test, and reducing
power), and the results showed that these extracts present high
antioxidant activity, mainly due to the polyphenol content.37

The volatile fraction from a Pakistani cultivar of peanut
exhibits antiradical activities by both DPPH and phosphomo-
lybdenum complex methods, as well as an antioxidant potential
similar to that of butylated hydroxytoluene (BHT).96

Hypoglycemic and Hypolipidemic Activities. Frequent nut
consumption, including that of peanut, is associated with a
reduced risk of developing diabetes and cardiovascular disease.
The exact mechanisms are not known but may relate to beneficial
changes in blood lipids and reduction in oxidative damage and
inflammatory biomarkers.97 The low-density lipoprotein-choles-
terol (LDL-C)-lowering response of peanut studies is greater
than expected on the basis of the blood cholesterol-lowering
equations that are derived from changes in the fatty acid profile of
the diet. Thus, in addition to a favorable fatty acid profile, peanuts
contain other bioactive compounds that explain their multiple
cardiovascular benefits.71

Peanut shell ethanol extract was screened for inhibitory effects
on pancreatic lipase (PL) and lipoprotein lipase (LPL) activities

as well as on lipolysis of 3T3-L1 adipocytes. Treated Wistar rats
showed increased fecal lipid excretion compared to that of the
control group. Body weight, body weight gain, and liver size were
significantly lower in rats fed the high-fat diet with 1% of extract
than in those fed the high-fat diet alone. Additionally, the rats
treated with peanut extract showed reduced triacylglycerol
content in the liver, as well as serum glucose and insulin. The
observed decline in intracellular lipolytic activity of cultured 3T3-
L1 adipocytes suggests that peanut ethanol extract may reduce
the levels of circulating free fatty acids. The observed effects may,
at least in part, be attributed to the fat absorption inhibition in the
digestive tract and the decrease in adipocyte lipolysis.98 Also,
resveratrol (1a) presented reversed inflammation-related ad-
verse changes in adipokines, facilitated insulin signaling trans-
duction by phosphorylationmodification of IRS-1, and improved
insulin sensitivity in 3T3-L1 cells.78

In an experiment with streptozotocin-induced diabetic rats,
diet supplementation with peanut in the diabetic group led to
significantly higher high-density lipoprotein-cholesterol (HDL-
C) levels and lower atherogenic index (AI) levels compared to a
control group. In addition, peanut consumption increased glu-
tathione (GSH) levels significantly in both control and diabetic
groups, showing that peanut consumption may improve oxi-
dant�antioxidant status in healthy and diabetic rats without
increasing blood lipids, suggesting that peanut consumption may
have protective effects against cardiovascular complications of
diabetes.99

The aqueous extract from groundnuts was evaluated for
hypoglycemic and hypolipidemic activity on alloxan-induced
diabetic rats. The extract promoted a decrease in glucose level,
as well causing a drop in serum triglyceride, total cholesterol,
LDL-C, and HDL-C in both normal and diabetic rats.68 Because
of their structure, stilbenes, if absorbed, could accumulate at the
water�lipid boundary and might therefore protect LDLs and
cellular membranes from oxidative damage.15 Recent human
clinical trials have demonstrated the cardiovascular protective
properties of A. hypogaea in decreasing LDL-C without reducing
HDL-C.100,101 Peanut, peanut oil, and fat-free peanut flour
reduced the cardiovascular disease factor and the development
of atherosclerosis in animals consuming an atherosclerosis-
inducing diet.101

A 30-week, randomized, crossover trial study conducted with
healthy Ghanaian adults suggested that regular consumption of
peanuts lowers the total cholesterol and triacylglycerol
concentrations.102 In addition, peanut oil consumption can elicit
significant blood pressure reduction in normolipidemic adults.103

The protein arachin and its hydrolysis products are at least
partly responsible for the hypotensive activity of peanuts, due to
angiotensin I-converting enzyme (ACE) inhibition activity.104

Antiplatelet Aggregation Activity. The antiplatelet activity
of phenolic compounds isolated from A. hypogaea was deter-
mined in washed rabbit platelets. Eriodictyol (18), luteolin
(19a), chrysoeriol (19c), 8-isopentenyl-luteolin (20a), 8-iso-
pentenylchrysoeriol (20b), and the luteolin derivative 21 inhib-
ited platelet aggregation induced by arachidonic acid, collagen,
platelet-activating factor (PAF), and thrombin in a concentra-
tion-dependent manner.27

Fat-free peanut flour, peanuts, and peanut oil were evaluated
for their effects on cardiovascular disease risk factors in male
Syrian golden hamsters. All samples (fat-free peanut flour, peanuts,
and peanut oil) were able to retard the development of athero-
sclerosis in animals consuming an atherosclerosis-inducing diet.
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In addition, the results showed they were able to retard the
increase of aortic cholesteryl ester, a primary metabolic para-
meter associated with the development of atherosclerosis, sug-
gesting that peanuts, peanut oil, and fat-free peanut flour retard
the development of atherosclerosis.101

Enzyme Inhibition. Water-soluble fractions from peanut
skins present the ability to inhibit hialuronidase activity, because
of the presence of tannin and proanthocyanidins.38

Protease inhibitors presenting low molecular weights were
isolated from peanut seeds. They were able to inhibit bovine
trypsin and chymotrypsin.105�107

The protein hypogin presents suppressive action on human
immunodeficiency virus (HIV) reverse transcriptase and en-
zymes associated with HIV infection, including R- and β-
glucosidase.89

Sedative and Hypnotic Effect. The aqueous extract from A.
hypogea leaves presented a mildly hypnotic effect on sleep
ameliorations in rats.108

Other Effects. Clinical trials reveal little or no weight change
with inclusion of various types of nuts in the diet over 1�6
months, and mechanistic studies indicate this is largely attribu-
table to the high satiety properties of nuts. Additionally, due to
resistance of the cell walls of nuts to degradation in the intestinal
tract and poor bioaccessibility of lipids, there is a limited
efficiency of energy absorption. The literature suggests nuts
may be included in the diet, in moderation, to enhance palat-
ability and nutrient quality without posing a threat of weight
gain.103 Also, the consumption of peanuts may augment energy
expenditure, suggesting that this food may be useful in the
management of obesity.109

Allelopathy includes both positive and negative effects of one
plant or substance on another through the environment. It plays
a key role in both natural and managed ecosystems. In agro-
ecosystems, several weeds, crops, agro-forestry trees, and fruit
trees have been shown to exert an allelopathic influence on the
crops, adversely affecting their germination and growth. The
chromone 17, isolated from peanut shells, presents phytotoxicity
(radicle elongation).92 Also, 17 can inhibit the germination of
velvetleaf (Abutilon theophrasti Medic) seeds.110

The procyanidin level is related to resistance of Arachis species
against Aphis craccivora. The high concentration of procyanidin
can inhibit the fertility of this aphid.111

The caffeic acid derivatives 36�38 and the flavonoid quercetin
19b can inhibit the development of Spodoptera litura larvae. The
resistance ofA. paraguariensis to attachment of these larvae seems
to be due to the presence of these compounds.41

The saponin-rich fraction from hydroethanol extract of pea-
nuts inhibits both the emergence and development of Calloso-
bruchus chinensis larvae, an important pest of stored seeds.112 The
oil of A. hypogaea presented toxicity on the larval development of
C. maculatus.113

D-Pinitol (63) presents larvicidal activity against Aedes aegypti
and Culex quinquefasciatus.64

The species A. hypogaea is commonly remembered as a good
source of oil and protein, but studies have shown that peanuts
have a strong potential as functional food besides having
therapeutic and other biological uses. Peanuts present great
diversity of secondary metabolites, and many of them are
responsible for plant defense against herbivores or pathogenic
microorganisms and for response to damage in any plant tissue,
as well as protection against ultraviolet radiation.

Several Arachis wild species have higher resistance levels to
diseases when compared to A. hypogaea germplasm
accessions,114 so it is believed that those species have higher
concentrations of these metabolites. Therefore, phytochemical
and pharmacological studies with wild species are necessary,
seeking new potential genetic resources for application in
medicine, agriculture, and food science as for the commercial
species.

’AUTHOR INFORMATION

Corresponding Author
*E-mail: damaris@unb.br. Phone: þ55-61-3307-2979. Fax:
þ55-61-3340-2134.

’REFERENCES

(1) Freitas, F. O.; Moretzsohn, M. C.; Valls, J. F. Genetic variability
of Brazilian Indian landraces ofArachis hypogaea L.Genet. Mol. Res. 2007,
6, 675–684.

(2) Raina, S. N.; Rani, V.; Kojima, T.; Ogihara, Y.; Singh, K. P.;
Devarumath, R. M. RAPD and ISSR fingerprints as useful genetic
markers for analysis of genetic diversity, varietal identification, and
phylogenetic relationships in peanut (Arachis hypogaea) cultivars and
wild species. Genome 2001, 44, 763–772.

(3) Pendse, R.; Rao, A. V.; Venkataraman, K. 5,7-Dihydroxychro-
mone from Arachis hypogaea shells. Phytochemistry 1973, 12,
2033–2034.

(4) Lee, J. H.; Baek, I.-Y.; Ha, T. J.; Choung, M.-G.; Ko, J.-M.; Oh, S.-
K.; Kim, H.-T.; Ryu, H. W.; Park, K. Y.; Park, K. H. Identification and
characterization of phytochemicals from peanut (Arachis hypogaea L)
pods. Food Sci. Biotechnol. 2008, 17, 475–482.

(5) Charitha Devi, M.; Reddy, M. N. Phenolic acid metabolism of
groundnut (Arachis hypogaea L.) plants inoculated with VAM fungus
and Rhizobium. Plant Growth Regul. 2002, 37, 151–156.

(6) Sobolev, V. S.; Horn, B. W.; Potter, T. L.; Deyrup, S. T.; Gloer,
J. B. Production of stilbenoids and phenolic acids by the peanut plant at
early stages of growth. J. Agric. Food Chem. 2006, 54, 3505–3511.

(7) Sobolev, V. S.; Neff, S. A.; Gloer, J. B. New dimeric stilbenoids
from fungal-challenged peanut (Arachis hypogaea) seeds. J. Agric. Food
Chem. 2010, 58, 875–881.

(8) Sobolev, V. S.; Neff, S. A.; Gloer, J. B. New stilbenoids from
peanut (Arachis hypogaea) seeds challenged by an Aspergillus caelatus
strain. J. Agric. Food Chem. 2009, 57, 62–68.

(9) Sobolev, V. S.; Guo, B. Z.; Holbrook, C. C.; Lynch, R. E.
Interrelationship of phytoalexin production and disease resistance in
selected peanut genotypes. J. Agric. Food Chem. 2007, 55, 2195–2200.

(10) Sobolev, V. S.; Deyrup, S. T.; Gloer, J. B. New peanut (Arachis
hypogaea) phytoalexin with prenylated benzenoid and but-2-enolide
moieties. J. Agric. Food Chem. 2006, 54, 2111–2115.

(11) Sobolev, V. S.; Cole, R. J.; Dorner, J. W.; Yagen, B. Isolation,
purification, and liquid chromatographic determination of stilbene
phytoalexins in peanuts. J. AOAC Int. 1995, 78, 1177–1182.

(12) Sobolev, V. S.; Cole, R. J. trans-Resveratrol content in com-
mercial peanuts and peanut products. J. Agric. Food Chem. 1999,
47, 1435–1439.

(13) Stervbo, U.; Vang, O.; Bonnesen, C. A review of the content of
the putative chemopreventive phytoalexin resveratrol in red wine. Food
Chem. 2007, 101, 449–457.

(14) Chong, J.; Poutaraud, A.; Hugueney, P.Metabolism and roles of
stilbenes in plants. Plant Sci. 2009, 177, 143–155.

(15) Cassidy, A.; Hanley, B.; Lamuela Raventos, R. M. Isoflavones,
lignans and stilbenes� origins, metabolism and potential importance to
human health. J. Sci. Food Agric. 2000, 80, 1044–1062.

(16) Kim, J. S.; Lee, S. Y.; Park, S. U. Resveratrol production in hairy
root culture of peanut, Arachis hypogaea L. transformed with different
Agrobacterium rhizogenes strains. Afr. J. Biotechnol. 2008, 7, 3788–3790.



4328 dx.doi.org/10.1021/jf104663z |J. Agric. Food Chem. 2011, 59, 4321–4330

Journal of Agricultural and Food Chemistry REVIEW

(17) Tokusoglu, O.; Unal, M. K.; Yemis, F. Determination of the
phytoalexin resveratrol (3,5,40-trihydroxystilbene) in peanuts and pis-
tachios by high-performance liquid chromatographic diode array
(HPLC-DAD) and gas chromatography�mass spectrometry (GC-
MS). J. Agric. Food Chem. 2005, 53, 5003–5009.
(18) Sanders, T. H.; McMichael, R. W.; Hendrix, K. W. Occurrence

of resveratrol in edible peanuts. J. Agric. Food Chem. 2000,
48, 1243–1246.
(19) Chen, R. S.; Wu, P. L.; Chiou, R. Y. Y. Peanut roots as a source

of resveratrol. J. Agric. Food Chem. 2002, 50, 1665–1667.
(20) Cooksey, C. J.; Garratt, P. J.; Richards, S. E.; Strange, R. N. A

dienyl stilbene phytoalexin from Arachis hypogaea. Phytochemistry 1988,
27, 1015–1016.
(21) Ku, K. L.; Chang, P. S.; Cheng, Y. C.; Lien, C. Y. Production of

stilbenoids from the callus of Arachis hypogaea: a novel source of the
anticancer compound piceatannol. J. Agric. Food Chem. 2005,
53, 3877–3881.
(22) Sobolev, V. S. Localized production of phytoalexins by peanut

(Arachis hypogaea) kernels in response to invasion by Aspergillus species.
J. Agric. Food Chem. 2008, 56, 1949–1954.
(23) Keen, N. T.; Ingham, J. L. New stilbene phytoalexins from

American cultivars of Arachis hypogaea. Phytochemistry 1976, 15,
1794–1795.
(24) Ingham, J. L. 3,5,40-Trihydroxystilbene as a phytoalexin from

groundnuts (Arachis hypogaea). Phytochemistry 1976, 15, 1791–1793.
(25) Medina-Bolivar, F.; Condori, J.; Rimando, A. M.; Hubstenber-

ger, J.; Shelton, K.; O’Keefe, S. F.; Bennett, S.; Dolan, M. C. Production
and secretion of resveratrol in hairy root cultures of peanut. Phytochem-
istry 2007, 68, 1992–2003.
(26) Hsu, W.-C.; Cho, P. J.; Wu, M. J.; Chiou, R. Y. Y. A rapid and

small-scale method for estimating antioxidative potency of peanut
sprouts. J. Food Sci. 2002, 67, 2604–2608.
(27) Tsai, W. J.; Lin, Y. L.; Ho, Y. C.; Kuo, Y. C. Inhibition of cyclic

AMP phosphodiesterase and blockage of arachidonate metabolism by
antiplatelet principles from the seed hulls of Arachis hypogaea L.
Zhonghua Yaoxue Zazhi 2003, 55, 335–345.
(28) Lou, H. X.; Yuan, H. Q.; Yamazaki, Y.; Sasaki, T.; Oka, S. C.

Alkaloids and flavonoids from peanut skins. Planta Med. 2001,
67, 345–349.
(29) Lee, J. H.; Baek, I. Y.; Kang, N. S.; Ko, J. M.; Kim, H. T.; Jung,

C. S.; Park, K. Y.; Ahn, Y. S.; Suh, D. Y.; Ha, T. J. Identification of
phenolic compounds and antioxidant effects from the exudate of
germinating peanut (Arachis hypogaea). Food Sci. Biotechnol. 2007,
16, 29–36.
(30) Chukwumah, Y. C.; Walker, L. T.; Verghese, M.; Bokanga, M.;

Ogutu, S.; Alphonse, K. Comparison of extraction methods for the
quantification of selected phytochemicals in peanuts (Arachis hypogaea).
J. Agric. Food Chem. 2007, 55, 285–290.
(31) Edwards, C.; Strange, R. N.; Cole, D. L. Accumulation of

isoflavonoid phytoalexins in leaves of Arachis hypogaea differing in
reaction to rust (Puccinia arachidis) and early leafspot (Cercospora
arachidicola). Plant Pathol. 1995, 44, 573–579.
(32) Edwards, C.; Strange, R. N. Separation and identification of

phytoalexins from leaves of groundnut (Arachis hypogaea) and devel-
opment of a method for their determination by reversed-phase high-
performance liquid chromatography. J. Chromatogr., A 1991, 547,
185–193.
(33) Liu, J.; Wang, G.; Wang, G. Chemical constituents in aerial

parts of Arachis hypogaea (III). Chin. Tradit. Patent Med. 2009,
31, 1902–1903.
(34) Bhargavan, B.; Singh, D.; Gautam, A. K.; Mishra, J. S.; Kumar,

A.; Goel, A.; Dixit, M.; Pandey, R.; Manickavasagam, L.; Dwivedi, S. D.;
Chakravarti, B.; Jain, G. K.; Ramachandran, R.; Maurya, R.; Trivedi, A.;
Chattopadhyay, N.; Sanyal, S. Medicarpin, a legume phytoalexin,
stimulates osteoblast differentiation and promotes peak bone mass
achievement in rats: evidence for estrogen receptor [β]-mediated
osteogenic action of medicarpin. J. Nutr. Biochem. 2011, doi: 10.1016/
j.jnutbio.2010.11.002.

(35) Sobolev, V. S.; Neff, S. A.; Gloer, J. B.; Khan, S. I.; Tabanca, N.;
De Lucca, A. J.; Wedge, D. E. Pterocarpenes elicited by Aspergillus
caelatus in peanut (Arachis hypogaea) seeds. Phytochemistry 2010,
71, 2099–2107.

(36) Jim�enez-Gonz�alez, L.; �Alvarez-Corral, M.; Mu~noz-Dorado, M.;
Rodríguez-García, I. Pterocarpans: interesting natural products with
antifungal activity and other biological properties. Phytochem. Rev. 2008,
7, 125–154.

(37) Monagas, M.; Garrido, I.; Lebr�on-Aguilar, R.; G�omez-
Cordov�es, M. C.; Rybarczyk, A.; Amarowicz, R.; Bartolom�e, B. Com-
parative flavan-3-ol profile and antioxidant capacity of roasted peanut,
hazelnut, and almond skins. J. Agric. Food Chem. 2009, 57, 10590–10599.

(38) Lou, H.; Yamazaki, Y.; Sasaki, T.; Uchida, M.; Tanaka, H.; Oka,
S. A-type proanthocyanidins from peanut skins. Phytochemistry 1999,
51, 297–308.

(39) Duncan, C. E.; Gorbet, D. W.; Talcott, S. T. Phytochemical
content and antioxidant capacity of water-soluble isolates from peanuts
(Arachis hypogaea L.). Food Res. Int. 2006, 39, 898–904.

(40) Sales, J. M.; Resurreccion, A. V. A. Phenolic profile, antiox-
idants, and sensory acceptance of bioactive-enhanced peanuts using
ultrasound and UV. Food Chem. 2010, 122, 795–803.

(41) Stevenson, P. C.; Anderson, J. C.; Blaney, W. M.; Simmonds,
M. S. J. Developmental inhibition of Spodoptera litura (Fab.) larvae by a
novel caffeoylquinic acid from the wild groundnut,Arachis paraguariensis
(Chod et Hassl.). J. Chem. Ecol. 1993, 19, 2917–2933.

(42) Snook, M. E.; Lynch, R. E.; Culbreath, A. K.; Costello, C. E. 2,3-
Di-(E)-caffeoyl-(2R,3R)-(þ)-tartaric acid in terminals of peanut
(Arachis hypogaea) varieties with different resistances to late leaf spot
disease (Cercosporidium personatum) and the insects tobacco thrips
(Frankliniella fusca) and potato leafhopper (Empoasca fabae). J. Agric.
Food Chem. 1994, 42, 1572–1574.

(43) Phillips, K. M.; Ruggio, D. M.; Ashraf-Khorassani, M. Phytos-
terol composition of nuts and seeds commonly consumed in the United
States. J. Agric. Food Chem. 2005, 53, 9436–9445.

(44) Grosso, N. R.; Zygadlo, J. A.; Burroni, L. V.; Guzman, C. A.
Fatty acid, sterol and proximate compositions of peanut species (Arachis
L.) seeds from Bolivia and Argentina. Grasas Aceites 1997, 48, 219–225.

(45) Gaydou, E. M.; Bianchini, J. P.; Ratovohery, J. V. Triterpene
alcohols, methylsterols, sterols, and fatty acids in five Malagasy legume
seed oils. J. Agric. Food Chem. 1983, 31, 833–836.

(46) Grosso, N. R.; Guzm�an, C. A. Lipid, protein, and ash contents,
and fatty acid and sterol compositions of peanut (Arachis hypogaea L.)
seeds from Ecuador. Peanut Sci. 1995, 22, 84–89.

(47) Grosso, N. R.; Nepote, V.; Guzman, C. A. Chemical composi-
tion of some wild peanut species (Arachis L.) seeds. J. Agric. Food Chem.
2000, 48, 806–809.

(48) Jonnala, R. S.; Dunford, N. T.; Dashiell, K. E. Tocopherol,
phytosterol and phospholipid compositions of new high oleic peanut
cultivars. J. Food Compos. Anal. 2006, 19, 601–605.

(49) Cherif, A. O.; Trabelsi, H.; Ben Messaouda, M.; Ka,abi, B.;
Pellerin, I.; Boukhchina, S.; Kallel, H.; Pepe, C. Gas chromatography-
mass spectrometry screening for phytochemical 4-desmethylsterols
accumulated during development of Tunisian peanut kernels (Arachis
hypogaea L.). J. Agric. Food Chem. 2010, 58, 8709–8714.

(50) Shin, E. C.; Pegg, R. B.; Phillips, R. D.; Eitenmiller, R. R.
Commercial peanut (Arachis hypogaea L.) cultivars in the United States:
phytosterol composition. J. Agric. Food Chem. 2010, 58, 161–167.

(51) Cherif, A. O.; Ben Messaouda, M.; Kaabi, B.; Pellerin, I.;
Boukhchina, S.; Kallel, H.; Pepe, C. Characteristics and pathways of
bioactive 4-desmethylsterols, triterpene alcohols and 4[R]-mono-
methylsterols, from developing Tunisian cultivars and wild peanut
(Arachis hypogaea L.). Plant Physiol. Biochem. 2011, doi: 10.1016/j.
plaphy.2011.02.009.

(52) Bansal, U. K.; Satija, D. R.; Ahuja, K. L. Oil composition of
diverse groundnut (Arachis hypogaea L) genotypes in relation to
different environments. J. Sci. Food Agric. 1993, 63, 17–19.

(53) Lee, Y. Y.; Kwon, S. H.; Kim, H. J.; Park, H. J.; Yang, E. J.; Kim,
S. K.; Yoon, Y. H.; Kim, C. G.; Park, J. W.; Song, K. S. Isolation of



4329 dx.doi.org/10.1021/jf104663z |J. Agric. Food Chem. 2011, 59, 4321–4330

Journal of Agricultural and Food Chemistry REVIEW

oleanane triterpenes and trans-resveratrol from the root of peanut
(Arachis hypogaea). J. Korean Soc. Appl. Biol. Chem. 2009, 52, 40–44.
(54) Kinjo, J.; Hatakeyama, M.; Udayama, M.; Tsutanaga, Y.;

Yamashita, M.; Nohara, T.; Yoshiki, Y.; Okubo, K. HPLC profile analysis
of oleanene-glucuronides in several edible beans. Biosci., Biotechnol.,
Biochem. 1998, 62, 429–433.
(55) Mooser, W. To the knowledge of the Arachis. Landwirtsch.

Vers.�Stn. 1904, 60, 321–346.
(56) Moll, F. Die chemische natur des “erdnusalkaloid” arachin.

Planta Med. 1961, 9, 213–215.
(57) Zwickenpflug, W.; Meger, M.; Richter, E. Occurrence of the

tobacco alkaloid myosmine in nuts and nut products of Arachis hypogaea
and Corylus avellana. J. Agric. Food Chem. 1998, 46, 2703–2706.
(58) €Ozcan, M.; Seven, S. Physical and chemical analysis and fatty

acid composition of peanut, peanut oil and peanut butter from COM
and NC-7 cultivars. Grasas Aceites 2003, 54, 12–18.
(59) Carrín, M. E.; Carelli, A. A. Peanut oil: compositional data. Eur.

J. Lipid Sci. Technol. 2010, 112, 697–707.
(60) Wang, M. L.; Chen, C. Y.; Davis, J.; Guo, B.; Stalker, H. T.;

Pittman, R. N. Assessment of oil content and fatty acid composition
variability in different peanut subspecies and botanical varieties. Plant
Genet. Resour. 2010, 8, 71–73.
(61) Kaveri, S. B.; Nadaf, H. L.; Salimath, P. M. Comparison of two

methods for fatty acid analysis in peanut (Arachis hypogaea L.). Indian J.
Agric. Res. 2009, 43, 215–218.
(62) Anyasor, G. N.; Ogunwenmo, K. O.; Oyelana, O. A.; Ajayi, D.;

Dangana, J. Chemical analyses of groundnut (Arachis hypogaea) oil.
Pakistan J. Nutr. 2009, 8, 269–272.
(63) Barkley, N. A.; Chamberlin, K. D. C.; Wang, M. L.; Pittman,

R. N. Development of a real-time PCR genotyping assay to identify high
oleic acid peanuts (Arachis hypogaea L.).Mol. Breed. 2010, 25, 541–548.
(64) Chaubal, R.; Pawar, P. V.; Hebbalkar, G. D.; Tungikar, V. B.;

Puranik, V. G.; Deshpande, V. H.; Deshpande, N. R. Larvicidal activity of
Acacia nilotica extracts and isolation of D-pinitol � a bioactive carbohy-
drate. Chem. Biodivers. 2005, 2, 684–688.
(65) Rychlik, M.; Englert, K.; Kapfer, S.; Kirchhoff, E. Folate

contents of legumes determined by optimized enzyme treatment and
stable isotope dilution assays. J. Food Compos. Anal. 2007, 20, 411–419.
(66) Chetschik, I.; Granvogl, M.; Schieberle, P. Comparison of the

key aroma compounds in organically grown, raw West-African peanuts
(Arachis hypogaea) and in ground, pan-roasted meal produced thereof.
J. Agric. Food Chem. 2008, 56, 10237–10243.
(67) King, J. C.; Blumberg, J.; Ingwersen, L.; Jenab, M.; Tucker, K. L.

Tree nuts and peanuts as components of a healthy diet. J. Nutr. 2007,
138, 1736S–1740S.
(68) Bilbis, L. S.; Shehu, R. A.; Abubakar, A. G. Hypoglycemic and

hypolipidemic effects of aqueous extract of Arachis hypogaea in normal
and alloxan-induced diabetic rats. Phytomedicine 2002, 9, 553–555.
(69) Vijaya, T.; Maouli, K. C.; Rao, S. D. Phytoresources as potential

therapeutic agents for cancer treatment and prevention. J. Global
Pharma Technol. 2009, 1, 4–18.
(70) Higgs, J. The beneficial role of peanuts in the diet� part 2.Nut

Food Sci. 2003, 33, 56–64.
(71) Kris-Etherton, P. M.; Hu, F. B.; Ros, E.; Sabate, J. The role of

tree nuts and peanuts in the prevention of coronary heart disease:
multiple potential mechanisms. J. Nutr. 2007, 138, 1746S.
(72) Parekh, J.; Chanda, S. In vitro screening of antibacterial activity

of aqueous and alcoholic extracts of various Indian plant species against
selected pathogens from Enterobacteriaceae. Afr. J. Microb. Res. 2007,
1, 92–99.
(73) Al-Qura‘n, S. Taxonomical and pharmacological survey of

therapeutic plants in Jordan. J. Nat. Prod. 2008, 1, 10–26.
(74) Alper, C. M.; Mattes, R. D. Peanut consumption improves

indices of cardiovascular disease risk in healthy adults. J. Am. Coll. Nutr.
2003, 22, 133–141.
(75) Zhou, P.; Li, L. P.; Luo, S. Q.; Jiang, H. D.; Zeng, S. Intestinal

absorption of luteolin from peanut hull extract is more efficient than that
from individual pure luteolin. J. Agric. Food Chem. 2008, 56, 296–300.

(76) Chang, J. C.; Lai, Y. H.; Djoko, B.; Wu, P. L.; Liu, C. D.; Liu,
Y. W.; Chiou, R. Y. Biosynthesis enhancement and antioxidant and anti-
inflammatory activities of peanut (Arachis hypogaea L.) arachidin-1,
arachidin-3, and isopentadienylresveratrol. J. Agric. Food Chem. 2006,
54, 10281–10287.

(77) Djoko, B.; Robin, Y. Y. C.; Shee, J. J.; Liu, Y. W. Characteriza-
tion of immunological activities of peanut stilbenoids, arachidin-1,
piceatannol, and resveratrol on lipopolysaccharide-induced inflamma-
tion of RAW 264.7 macrophages. J. Agric. Food Chem. 2007,
55, 2376–2383.

(78) Kang, L.; Heng, W.; Yuan, A.; Baolin, L.; Fang, H. Resveratrol
modulates adipokine expression and improves insulin sensitivity in
adipocytes: relative to inhibition of inflammatory responses. Biochimie
2010, 92, 789–796.

(79) Lu, X.; Ma, L.; Ruan, L.; Kong, Y.; Mou, H.; Zhang, Z.; Wang,
Z.; Wang, J. M.; Le, Y. Resveratrol differentially modulates inflammatory
responses of microglia and astrocytes. J. Neuroinflammation 2010,
7, 46–60.

(80) Singh, U. P.; Singh, N. P.; Singh, B.; Hofseth, L. J.; Price, R. L.;
Nagarkatti, M.; Nagarkatti, P. S. Resveratrol (trans-3,5,40-
trihydroxystilbene) induces silent mating type information regulation-
1 and down-regulates nuclear transcription factor-κB activation to
abrogate dextran sulfate sodium-induced colitis. J. Pharmacol. Exp. Ther.
2010, 332, 829–839.

(81) Awad, A. B.; Chan, K. C.; Downie, A. C.; Fink, C. S. Peanuts as a
source of β-sitosterol, a sterol with anticancer properties. Nutr. Cancer
2000, 36, 238–241.

(82) Bishayee, A.; Politis, T.; Darvesh, A. S. Resveratrol in the
chemoprevention and treatment of hepatocellular carcinoma. Cancer
Treat. Rev. 2010, 36, 43–53.

(83) Patel, K. R.; Brown, V. A.; Jones, D. J. L.; Britton, R. G.;
Hemingway, D.; Miller, A. S.; West, K. P.; Booth, T. D.; Perloff, M.;
Crowell, J. A.; Brenner, D. E.; Steward, W. P.; Gescher, A. J.; Brown, K.
Clinical pharmacology of resveratrol and its metabolites in colorectal
cancer patients. Cancer Res. 2010, 70, 7392–7399.

(84) Basini, G.; Tringali, C.; Baioni, L.; Bussolati, S.; Spatafora, C.;
Grasselli, F. Biological effects on granulosa cells of hydroxylated and
methylated resveratrol analogues.Mol. Nutr. Food Res. 2010, 54, S236–S243.

(85) Gagliano, N.; Aldini, G.; Colombo, G.; Rossi, R.; Colombo, R.;
Gioia, M.; Milzani, A.; Dalle-Donne, I. The potential of resveratrol
against human gliomas. Anti-Cancer Drugs 2010, 21, 140–150.

(86) Huang, C.-P.; Au, L.-C.; Chiou, R. Y. Y.; Chung, P.-C.; Chen,
S.-Y.; Tang, W.-C.; Chang, C.-L.; Fang, W.-H.; Lin, S.-B. Arachidin-1, a
peanut stilbenoid, induces programmed cell death in human leukemia
HL-60 cells. J. Agric. Food Chem. 2010, 58, 12123–12129.

(87) Weng, Y.-L.; Liao, H.-F.; Li, A. F.-Y.; Chang, J.-C.; Chiou,
R. Y. Y. Oral administration of resveratrol in suppression of pulmonary
metastasis of BALB/c mice challenged with CT26 colorectal adenocar-
cinoma cells. Mol. Nutr. Food Res. 2010, 54, 259–267.

(88) Wang, S. Y.; Shao, B.; Rao, P. F.; Lee, Y. Y.; Ye, X. Y. Hypotin, a
novel antipathogenic and antiproliferative protein from peanuts with a
sequence similar to those of chitinase precursors. J. Agric. Food Chem.
2007, 55, 9792–9799.

(89) Ye, X.; Ng, T. B. Hypogin, a novel antifungal peptide from
peanuts with sequence similarity to peanut allergen. J. Pept. Res. 2001,
57, 330–336.

(90) Abdou, Y. A. M. The sources and nature of resistance in Arachis
L. species to Mycosphaerella arachidicola Jenk. and Mycosphaerella
berkeleyii Jenk., and factors influencing sporulation of these fungi. North
Carolina State University, Raleigh, NC, 1966.

(91) Devi, S. I.; Vashista, P.; Sharma, C. B. Purification to homo-
geneity and characterization of two antifungal proteins from the roots of
Arachis hypogaea L. Natl. Acad. Sci. Lett.�India 2005, 28, 21–28.

(92) Vaughn, S. F. Phytotoxic and antimicrobial activity of 5,7-
dihydroxychromone from peanut shells. J. Chem. Ecol. 1995, 21, 107–115.

(93) Yen, G. C.; Duh, P. D. Antioxidant activity of methanolic
extracts of peanut hulls from various cultivars. J. Am. Oil Chem. Soc. 1995,
72, 1065–1067.



4330 dx.doi.org/10.1021/jf104663z |J. Agric. Food Chem. 2011, 59, 4321–4330

Journal of Agricultural and Food Chemistry REVIEW

(94) Green, R. J. Antioxidant activity of peanut plant tissues. North
Carolina State University, Raleigh, NC, 2004.
(95) G€ulc-in, I. Antioxidant properties of resveratrol: a structure�

activity insight. Innovative Food Sci. Emerging Technol. 2010, 11, 210–
218.
(96) Abbasi, M. A.; Riaz, T.; Khan, F. M.; Aziz-Ur-Rehman;

Shahwar, D.; Ahmad, N.; Shahzadi, T.; Ajaib, M.; Ahmad, V. U.
Chemical composition of volatile fraction of Pakistani peanut and its
antiradical activities. J. Chem. Soc. Pakistan 2009, 31, 955–959.
(97) Jenkins, D. J. A.; Hu, F. B.; Tapsell, L. C.; Josse, A. R.; Kendall,

C. W. C. Possible benefit of nuts in type 2 diabetes. J. Nutr. 2008,
138, 1752S.
(98) Moreno, D. A.; Ilic, N.; Poulev, A.; Raskin, I. Effects of Arachis

hypogaea nutshell extract on lipid metabolic enzymes and obesity
parameters. Life Sci. 2006, 78, 2797–2803.
(99) Emekli-Alturfan, E.; Kasikci, E.; Yarat, A. Peanut (Arachis

hypogaea) consumption improves glutathione and HDL-cholesterol
levels in experimental diabetes. Phytother. Res. 2008, 22, 180–184.
(100) Ghadimi Nouran, M.; Kimiagar, M.; Abadi, A.; Mirzazadeh,

M.; Harrison, G. Peanut consumption and cardiovascular risk. Public
Health Nutr. 2010, 13, 1581–1586.
(101) Stephens, A. M.; Dean, L. L.; Davis, J. P.; Osborne, J. A.;

Sanders, T. H. Peanuts, peanut oil, and fat free peanut flour reduced
cardiovascular disease risk factors and the development of atherosclero-
sis in Syrian Golden hamsters. J. Food Sci. 2010, 75, H116–H122.
(102) Lokko, P.; Lartey, A.; Armar-Klemesu, M.; Mattes, R. D.

Regular peanut consumption improves plasma lipid levels in healthy
Ghanaians. Int. J. Food Sci. Nutr. 2007, 58, 190–200.
(103) Sales, R. L.; Coelho, S. B.; Costa, N. M. B.; Bressan, J.; Iyer, S.;

Boateng, L. A.; Lokko, P.; Mattes, R. D. The effects of peanut oil on lipid
profile of normolipidemic adults: a three-country collaborative study.
J. Appl. Res. 2008, 8, 216–225.
(104) Jimsheena, V. K.; Gowda, L. R. Angiotensin I-converting

enzyme (ACE) inhibitory peptides derived from arachin by simulated
gastric digestion. Food Chem. 2010, 125, 561–569.
(105) Norioka, S.; Omichi, K.; Ikenaka, T. Purification and char-

acterization of protease inhibitors from peanuts (Arachis hypogaea).
J. Biochem. 1982, 91, 1427–1434.
(106) Norioka, S.; Ikenaka, T. Amino acid sequence of a trypsin�

chymotrypsin inhibitor, B-III, of peanut (Arachis hypogaea). J. Biochem.
1983, 93, 479–485.
(107) Norioka, S.; Ikenaka, T. Amino acid sequences of trypsin-

chymotrypsin inhibitors (A-I, A-II, B-I, and B-II) from peanut (Arachis
hypogaea): a discussion on the molecular evolution of legume
Bowman�Birk type inhibitors. J. Biochem. 1983, 94, 589–599.
(108) Zu, X.-Y.; Zhang, Z.-Y.; Liu, J.-Q.; Hu, H.-H.; Xing, G.-Q.;

Zhang, Y.; Guan, D. Sedative effects of peanut (Arachis hypogaea L.) leaf
aqueous extracts on brain ATP, AMP, adenosine and glutamate/GABA
of rats. J. Biomed. Sci. Eng. 2010, 3, 268–273.
(109) Mattes, R. D.; Dreher, M. L. Nuts and healthy body weight

maintenance mechanisms. Asia Pac. J. Clin. Nutr. 2010, 19, 137–141.
(110) Spencer, G. F.; Tjarks, L. W. Germination inhibition by 5,7-

dihydroxychromone, a flavanoid decomposition product. J. Plant Growth
Regul. 1985, 4, 177–180.
(111) Grayer, R. J.; Kimmins, F.M.; Padgham, D. E.; Harborne, J. B.;

Ranga Rao, D. V. Condensed tannin levels and resistance of groundnuts
(Arachis hypogaea) against Aphis craccivora. Phytochemistry 1992,
31, 3795–3800.
(112) Applebaum, S. W.; Marco, S.; Birk, Y. Saponins as possible

factors of resistance of legume seeds to the attack of insects. J. Agric. Food
Chem. 1969, 17, 618–622.
(113) Boughdad, A.; Gillon, Y.; Gagnepain, C. Effect of Arachis

hypogaea seed fats on the larval development ofCallosobruchus maculatus
(F.) (Coleoptera: Bruchidae). J. Stored Prod. Res. 1987, 23, 99–103.
(114) F�avero, A. P.; Moraes, S. A.; Garcia, A. A. F.; Valls, J. F. M.;

Vello, N. A. Characterization of rust, early and late leaf spot resistance in
wild and cultivated peanut germplasm. Sci. Agric. 2009, 66, 110–117.


