
Abstract

GREEN, Rodney James. Antioxidant activity of peanut plant tissues.
(Under the direction of Dr. Timothy H. Sanders)

Antioxidant research is an important topic in the medical field as well

as in the food industry.   Recent research with important bioactive

compounds in many plant and food materials, including peanuts and peanut

plants has received much attention.   The research presented here is the

first step in identifying known, or novel, bioactive compounds from peanut

plants that may provide the basis for value added products for the peanut

industry.  The objective of this work was to identify an extract of peanut

plant tissues that has substantial antioxidant activity.

Peanut plants were collected from a NC research farm on two separate

dates.   Plants were separated into various tissues, dried, and extracted with

organic solvents.  The solvents used were hexane, methylene chloride,

acetone, and methanol.  Antioxidant activity of the extracts was tested

using the oxidative stability index (OSI), inhibition of the free radical action in

the Oxygen Radical Absorbance Capacity (ORAC) and free radical scavenging

of 2,2-diphenyl-1-picrylhydrazyl (DPPH•) compared with those of synthetic

antioxidants.

The highest antioxidant activities in the DPPH and ORAC analyses were

found in the leaves and roots of the peanut plant.  Extract activity



increased with increasing polarity of solvents except for the methanol

extract of the roots.  Root extracts had higher antioxidant activity than

nodules found on the roots. The methanol extracts from 500mg of leaves

had an OSI value comparable with 10mg of BHT. The results among leaf

extract antioxidant activity on sampling dates were variable.  The results of

this research suggest that there is extractable antioxidant activity in peanut

plant tissues.   Future isolation and identification of the specific compounds

may lead to value added products along with new or novel bioactive

compounds for use in the food or pharmaceutical industries.
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1. Introduction

Throughout history, plants have provided a rich source for the

development of human medicines.   Through empirical discovery, humans of

many cultures have continually identified plants yielding beneficial health

effects.   The 20th century brought further understanding of human health

and the development of synthetic or semisynthetic analogs of plant

compounds that led to drugs with higher levels of potency.  Over the past

decade there has been an increased interest in phytochemicals for the

purpose of human health and for benefits in the food industry.

The peanut has long been a standard fare of United States and world

consumers.  It provides a good source of essential amino acids, minerals and

healthy plant oils (Ahmed et al., 1982; Awad et al., 2000).  The health

benefits of the peanut seed have been widely studied and continue to be

elucidated (Kris-Etherton et al., 2001; Sanders et al., 2000).   The current

and future demand for phytomedicines could provide important new

opportunities in peanut agriculture for not only the seed but also the plant

(Chen et al., 2002; Duh et al., 1992; Ramarathnam et al., 1995; Rehman,

2003).

Some beneficial pharmaceutical actions of plant materials result from
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the combination of secondary metabolic products that are present in the

plant (Lee et al., 2003; Pietta, 2000).   Although secondary metabolic

products may have a variety of functions in plants, it is likely that their

ecological function may have some bearing on potential medicinal effects in

humans.   Plants from the legume family create a unique niche due to their

particular plant metabolism.  The production of isoflavonoids and phenolic

compounds in the roots are important as nodulation promoters for symbiotic

nitrogen fixing bacterial growth of Rhizobium (Vance, 2002).   These

phenolic compounds have come of interest as antioxidants in humans from

food.   High levels of resveratrol, a phytoalexin, have been found in the roots

(Chen et al., 2002) and at lower quantities in the seeds (Sanders et al.,

2000; Sobolev et al., 1999).  Resveratrol, and similar compounds have been

linked with the deceleration of aging and other age-related diseases (Soleas

et al., 1997).

Currently, peanut plants, after seed harvesting, are either baled as

livestock feed (Golden, 2001) or discarded in the field.   The isolation and

identification of bioactive compounds from peanut plants could create a

value-added agricultural product; however, the extraction and identification

of bioactive molecules can be an arduous process.   There are many external

challenges that may affect the activity of compounds being investigated and
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there are many methods for testing the activity of these compounds.

Extraction and purification methods affect activity. This study was designed

to examine the relative levels of antioxidant activity in roots, stems, and

leaves of peanut plants.  Additionally, the affects of plant drying and

extraction methods on the level of antioxidant activity in peanut plant

extracts was determined.
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2. LITERATURE REVIEW

Early History of the Peanut

The peanut, Arachis hypogaea L., originated in South America.

Peanuts, classified in the Leguminosae family, are differentiated from tree

nuts such as walnuts, almonds, and pecans in other families.    Legumes,

including peanuts, beans, and peas, are dicotyledonous herbs or shrubs

having fruit that are legumes or loments, bearing nodules on the roots that

contain nitrogen-fixing bacteria (Hopkins, 2004).

Today, peanuts have been adapted to soils in tropical and temperate

zones around the world.    In 2002, China was the top producer of peanuts

with 14M tons, while India (7.6M) and the United States (1.9M) round out

the top three producers in the world (USDA, 2004).   The United States is

third in overall production, but has the highest productivity.   The United

States produced 3.4 metric tons per hectare (2.47 acres) in 2002, which is

about one half ton more per hectare than China with 2.89 metric tons per

hectare (USDA, 2004).     Applied technology and weather directly influence

these yields (Rao, 1994).    Although other countries produce more peanuts,

the United States produces higher yields through more efficient production

processes.
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Peanut Production

Until about 1920 in the United States, peanut production was one of

the most laborious farming activities on southern farms (Woodruff, 1983).

The peanut pods were shelled and the seed were hand-planted.  Cultivation

by hand hoeing and plowing with a single row plow occurred about four times

during one growing season (Woodruff, 1983).    Digging the plants was

accomplished with a single row plow.  Removal of the dirt and stacking the

plants around poles was by hand.  When the peanuts dried (2-4 months),

they were handpicked or beaten from the vines (Woodruff, 1983).

By 1964, peanut production in Georgia, Alabama, and other areas of

concentrated production was more than 90% mechanized (Woodruff, 1983).

Mechanization included deep tillage and smooth preparation of the soil,

broadcasting fertilizers, treating and planting seed, applying herbicides, light

multi-row cultivation, digging, windrowing, thrashing, and mechanized drying

(Woodruff, 1983).

In many developing countries of the tropics or semiarid tropics,

peanuts are still produced on small farms using hand labor or animal drawn

equipment; but most large peanut farms in these areas have mechanized

production practices (Hammons, 1994).  Mechanization of peanut
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production provided the ability to increase the acreage of peanuts grown on

each farm and decrease overall man-hours needed per acre.

Planting and Cultivation

Weather and soil conditions determine the best time for planting

peanuts.  In the Southeast, planting usually takes place between April 20 and

May 10 (Sullivan, 2003).    Planting dates must allow sufficient time for the

crop to develop before the weather becomes too cool.  Higher yields can be

achieved by planting early, resulting in more mature pods and earlier harvest

dates, but the onset of disease and insect development can drastically

affect these yields (Sullivan, 2003).

Harvesting

The processes for harvesting peanuts are digging, inverting into

windrows, picking, and drying (curing).   Timing of peanut harvest is critical,

since it greatly affects yields and peanut quality (Woodruff, 1983).  Growers

attempt to harvest the crop when the highest percentage of mature fruit are

on the plants (Woodruff, 1983).

Mechanical digging/inverting of peanuts began about 1957 (Woodruff,

1983).   This process involves cutting the taproot of plants and lifting them

from the soil, shaking any residual soil from the roots, and inverting the

plants into windrows so the foliage is in contact with the soil and the
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peanuts are exposed to the air.   The inversion process allows for more

efficient harvesting and drying, and on a limited basis depending on

environment, may allow the peanuts to mature as they dry (Woodruff,

1983).   With modern peanut digging equipment the depth of the blade that

cuts the taproot and the speed of the shaker tines are adjustable to

minimize peanut losses with changes in soil quality and moisture.

During production, the processing step between windrow and wagon

drying of peanuts is called “picking.”   Picking is performed with a peanut

combine.   The combine lifts the vines from the windrow to allow the

peanuts to be pulled off with fingers or in perforations (Sullivan, 2003).

The picking action of the combine is adjusted to optimize the peanut yields

with minimum vine breakage.   If the combine picks too aggressively, the

vines will be broken into smaller pieces and instead of going out over the

vine racks, they will fall through with the peanuts and fill up the cleaner

screens (Sullivan, 2003).

Peanuts begin to cure as soon as they are lifted from the soil and

inverted into windrows.   The curing process involves the drying of the

peanut pods from 30-40% mean moisture content at the time of digging to

approximately 8-10% mean moisture for quality maintenance during storage

(Pattee, 1982).   To accomplish curing, the pods are dried in windrows and
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then in wagons with heated air.  Peanuts remain in windrows until they reach

approximately 20% mean moisture content and then they are picked

(Sullivan, 2003).   Peanuts are dumped from the combine into wagons to dry

them to about 10% moisture content.  Wagon drying of peanuts is

accomplished with heated air forced through perforated floors of wagons.

Wagon drying is costly compared to windrow drying, depending on the

region; use of these two methods is varied to achieve maximum cost

effectiveness (Sullivan, 2003).   In regions with hot, dry climates windrows

are left in the fields longer and wagon drying is used less or not at all.

Regions with more humid, cool climates tend to utilize wagon drying with a

shorter period of time after digging to prevent mold and other problems that

might occur in windrow drying in these climates.

Peanut Vegetation

Peanut plant vegetation from commercial production is not usually

considered a viable source of income for U.S. farmers.  However, after

peanuts are shelled, the shells may be used as fuels, soil conditioners, filler in

animal feeds, processed as a substitute for corks, or composted (Asiedu,

1994).

The perennial peanut plant (Arachis glabrata), reported as nutritionally

comparable to grass hay, has been a source of livestock feed in the Southern
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U.S. for years with digestibility and composition similar to alfalfa.   These

peanut plants produce few seeds and are a warm season, tropical, perennial

legume that originated from South Africa.  Yields for the perennial peanut

average around 4 tons of baled vegetation per acre (Golden, 2001).  Most

commonly used for the horse industry, perennial peanut hay is marketed

from $125 to $225 per ton with profits ranging from $100 to $1,000 per

acre depending on the yields.

Plant hormones, available nutrients, water stress, and cropping

patterns have an affect on overall vegetative growth (Maiti, 2002).  In

peanut plants, the leaf and stem dry weights increase until about 90-100

days after planting (Ketring, 1982).   After the maximum dry weight was

reached, it was found that during the next 30 days, leaf weights decreased

nearly 50%, while stem weight remained relatively constant.  The stem

height of peanut plants is a function of genotype and environment, and may

range from 12 to 65 cm (Rao, 1988).  There are close relationships of stem

height with leaf area and leaf dry weight and possibly total biomass in plants

(Maiti, 2002).  Leaf area has been studied under increasing light intensities

and a negative correlation was found. Awal et al. (2003) investigated

temperature effects on the source-sink economy in the peanut.   Soil

temperatures at 25°C and 32°C produced the highest total biomass of ca.
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160 g of dry matter per plant, and at 25°C the leaves, stems, pods, and

roots at harvest maturity accounted for 23.2±4.0%, 26.4±1.9%, 47.0±2.9%,

and 3.4±0.7% respectively.

Pattee and Young (1982) reported that the roots accounted for

approximately 1-2% of the total plant weight 150 days after planting.  Liu et

al. (2003) found field- and aquatic-cultivated peanut root to weigh 2.2 ± 1.1

and 4.2 ± 0.1 grams per plant (dry weight) respectively.  The quantity of

peanut plant vegetation discarded and the activity attributed to the roots,

stems, and leaves make it a potent and consistent source for these bioactive

compounds.

Plant Metabolism

Plants acquire energy from sunlight and allocate carbon in the leaves,

while absorbing minerals, nitrogen, and water from the soil through the

roots.  These metabolites are transferred throughout the plant by the

phloem and xylem.

The primary function of leaves is photosynthesis.   Photosynthesis in a

very broad sense is the process in which an organism captures light energy

and the secondary metabolites are stored for other cellular processes

(Blankenship, 2002).  There are generally three classes of photosynthetic

pigments, including chlorophyll, phycobilins and carotenoids (Prezelin, 1997).
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In higher plants, chlorophyll a is the pigment in which light excitation energy

is utilized in photochemical reactions that result in the formation of

adenosine triphosphate (ATP) and nicotinamide adenine dinucleotide

phosphate (NADPH).

Figure 1.0 Chemical structures of chlorophylls a, b, c, and d.
(Blankenship, 2002)

ATP is an energy source in plants and NADPH provides reducing energy for

nutrient assimilation within the plant.  Carotenes (orange or red-orange in

color) and xanthophylls (yellow in color) are in the carotenoid family of
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pigments.  Carotenoids are terpenoids (polymers of 2-methyl-1,3-butadiene

or isoprene) of ca. 40 carbons with cyclized ends.  The major difference

between carotenes and xanthophylls is the oxygenation of the cyclic ends on

the xanthophylls.

Figure 2.0 Structures of lycopene (carotenoid precursor), β-carotene
(carotenoid), and lutein (xanthophyll) (Blankenship, 2002).

The carotenoid pigments absorb light and transfer the energy to a

chlorophyll complex. They also function as photoprotectants, or antioxidants

in photooxidation (Blankenship, 2002).    The carotenoids primarily quench

the triplet-excited state of chlorophyll during photosynthesis before it reacts

with oxygen to form the highly reactive and damaging singlet oxygen.

Carotenoids may also reduce singlet oxygen to a less reactive state.

Nitrogen is the fourth most abundant nutrient in plants.   It is essential
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for the formation of proteins, nucleic acids, hormones, chlorophyll, and other

plant metabolites.  Acquisition and assimilation of nitrogen are second only

to photosynthesis in terms of plant growth and development (Vance, 2002).

Despite the abundance of nitrogen as N2 (N≡N) in the environment, higher

plants do not contain the enzyme able to break down the triple covalent

bond; therefore, they are unable to convert N2 into a usable form.   However,

legumes are unique in the symbiotic relationship with Rhizobia which form

root nodules and the plant actively utilizes ammonia produced by the

bacteria.   Rhizobia produce nitrogenase to reduce nitrogen gas to ammonia.

In this reaction, atmospheric nitrogen is converted to form ammonia:

 N2 + 8H+ + 8e-  2NH3 + H2  (Equation 1.0)

The reaction is coupled with the hydrolysis of ATP to ADP + Pi, with probable

stoichiometry of 16 ATP for reduction of one molecule of N2. This amount of

ATP used coupled with a redox potential of around –430mV, means that the

nitrogenase reaction is energy intensive (Sprent, 1994).  Generally nitrogen

fixation is a more energy intensive reaction than assimilation of nitrate (NO3
-)

and ammonium (NH4), which are other sources of nitrogen found in the

environment.

This symbiotic relationship would not be possible without the direct

biochemical interaction of the Rhizobia and root.    Specifically, the roots of
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legumes produce phenolic flavonoid and isoflavonoid, aromatic acids, amino

acids, and dicarboxylic acids that function as specific chemoattractants for

these bacteria (Dakora, 2002).  The chemoattractants are chemical

compounds that elicit migration of Rhizobia into the area around the root,

known as the rhizosphere.   Rhizobial genes involve three broad categories

(Vance, 2002).  The genes affecting nodulation are known as the nod genes.

Those controlling nitrogenase are nif genes, and others that affect N2

fixation are fix genes.  The chemoattractant phenolic flavonoids and

isoflavonoid compounds bind to rhizobial NodD gene products, which

promote further nod gene transcription (Vance, 2002).  The nod gene

affects the nodulation of the bacteria onto the root, in turn producing more

nodules and making more nitrogen available to the plant.   The phenolic

compounds within the roots may function as a nutrient source, microbial

growth promoter, nod gene inducer and inhibitor in Rhizobia, resistance

inducers against phytoalexins, chelators of mineral nutrients, or phytoalexins

(Daruka, 2002).



15

Figure 3.0 Structures of some isoflavonoid and flavonoid compounds
exuded from legume roots (Vance, 2002).

These flavonoids are derived from phenylalanine (B ring) and malonate

(A & C rings).  The nodulation inducing isoflavonoids from alfalfa, pea, clover,

and soybean seed exudates are luteolin, hesperitin, 7,4’-dihydroxyflavone,

and 4’,7-dihydroxyisoflavone (daidzein), respectively (Vance, 2002).

Isoflavonoids play a role not only in symbiosis, but also in plant disease

resistance in legumes.  Microbial infection of legumes frequently induces the

accumulation of certain isoflavonoids that act as antibiotics (phytoalexins).   

These phytoalexin properties limit the growth of invading organisms;

therefore, subtle differences in secondary metabolites may determine

whether microbial interaction is symbiotic or pathogenic.
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Peanut Nutritional Benefits

 Peanut seed contains many compounds of nutritional benefit for

human health.  Ahmed et al. (1982) and Awad et al. (2000) indicated

peanuts as a good source of β-sitosterol, a plant sterol, believed to have

anticancer properties.  In her review, Kris-Etherton et al. (2001) investigated

studies on the effects of nuts on coronary heart disease risks.   Kris-

Ehterton et al. stated that she, and her colleagues in 1999, and O’Byrne et

al. (1997) showed in different studies that a diet rich in peanuts results in

lower LDL cholesterol, further associating peanuts as a heart healthy food.

Peanuts are a rich source of unsaturated fatty acids and are low in saturated

fatty acids.   These heart healthy lipid profiles may not be the only reason

for their beneficial nature.

Peanuts are also a source of plant proteins, dietary fiber, antioxidant

vitamins, minerals, and bioactive compounds such as the flavonoids,

resveratrol, and plant sterols that may further benefit human health (Ahmed

et al., 1982; Sanders et al., 2000; Sobolev et al., 1999; and Awad et al.,

2000).    Resveratrol is a phytoalexin and antifungal compound with human

health benefits for reducing atherosclerosis and carcinogenesis (Soleas et al.,

1997).   Resveratrol is a bioactive compound that has been identified in

peanuts.   Sanders and his colleagues (2000) found 0.03 to 0.14 µg/g of
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resveratrol in peanuts while Chung et al. (2003) confirmed these findings.

Resveratrol was also found in roasted peanuts (0.055±0.023 µg/g), peanut

butter (0.324±0.129 µg/g), and boiled peanuts (5.138±2.849 µg/g)

(Sobolev et al., 1999).

Studies have not only identified resveratrol in peanut seeds but also in

the vegetative plant tissues.  Chung et al. (2003) determined the free

resveratrol content in peanut plants that were 40 days after flowering and

found that the leaves, pods, and roots contained 2.05, 1.34, and 1.19 µg/g

(fresh weight) of resveratrol, respectively.   Resveratrol synthesis in peanut

plants increased with induced biotic and abiotic stresses such as UV light,

paraquat addition, intentional wounding of the plant, and hydrogen peroxide

addition (Chung, 2003).

Chen et al. (2002) indirectly associated the resveratrol level in peanut

roots with their antioxidant activity in pork fat patties.    Examining peanuts

in the fall and spring of 2000 he reported 0.13 to 1.33 mg/g and 0.015 to

0.06 mg/g respectively, of resveratrol in roots. The addition of root powders

to pork fat inhibited the production of conjugated diene hydroperoxide

(CDHP) for 9 to 15 days in the oil compared with the control in which CDHP

production was inhibited for only 3 days at 60 °C.

Duh et al. (1992) extracted antioxidant compounds from peanut hulls.
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They compared the inhibition of linoleic acid peroxidation by dried methanolic

extracts (8.6 mg of material extracted from 2.5 g hull extraction) with

butylated hydroxyanisole (BHA) (200µg) and α-tocopherol (200µg).    The

peanut hull extracts inhibited peroxidation (95%), similar to BHA (ca. 95%)

and greater than α-tocopherol (ca. 77%).  Later fractionation of the hull

extract indicated high antioxidant activity in a fraction that was later

attributed to luteolin, which is a known antioxidant and flavanoid present in

plants.

In 2003, Rehman added methanolic extracts from peanut hulls (MEPH)

to frying oils for potato chips.  After six months of storage, the addition of

1600ppm MEPH to the frying oil resulted in a lowered free fatty acid (FFA)

content (0.08%) and peroxide value (POV) (29.0mEq/kg) compared to the

control (FFA 0.377% and POV 180mEq/kg) and similar in result to the BHT

(FFA 0.074% and POV 25.0mEq/kg) and BHA (FFA 0.0086% and POV

29mEq/kg) standards at 200ppm.   Chemical characteristics and sensory

were measured during this study.  The sensory panel data indicated that the

chips treated with MEPH tasted significantly (p<0.05) better than the

control, while panelists found no significant difference in taste between the

chips treated with MEPH and BHT and BHA (Rehman, 2003).
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Oxidation

Oxidation involves the transfer of electrons from one atom to another.

The oxidized molecule loses an electron while the receiving molecule is

reduced. Oxidation reactions are an essential part of aerobic metabolism,

since oxygen is an electron acceptor in the electron flow system that

produces energy (Lee, 2004).  Oxidation becomes a problem when reactions

become uncoupled and free radicals are formed.

Free radicals are molecules that are highly reactive and unstable

because they contain an unpaired electron.   Electrons are most stable in

pairs, hence the free radicals tend to attach to or receive hydrogen ions

from molecules with lower bond dissociation energy like unsaturated fatty

acids or phenolic antioxidants.

Reactive oxygen species (ROS) are oxygen-centered free radicals.

Examples of the ROS species are superoxides (O2•-), peroxyls (ROO•),

alkoxyls (RO•), hydroxyls (HO•), and nitric oxides (NO•) (Pietta, 2000).

While these ROS are all free radicals, singlet oxygen (O2), hydrogen peroxide

(H2O2), and hypochlorous acid (HOCl) do not contain free radicals and are

classified as nonradical ROS species.   The ROS may react in various

environments.

In vivo, ROS function in energy production, phagocytosis, regulation of
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cell growth, and synthesis of biologically important compounds (Pietta,

2000).  ROS species have been linked to cell membrane damage, protein and

enzyme modifications, and DNA damage within the body (Ramarathnam,

1995).   These types of reactions are also thought to accelerate aging and

to play a causative role in a variety of degenerative diseases such as cancer

and heart disease.

ROS are not only involved in reactions in the body, but also take part

in autoxidation occurring in food materials. Autoxidation of lipids is of

concern to the food industry because it leads to the development of off

flavors, which shorten the acceptable shelf life or reduce the sensory quality

of food.  Multiple factors affect the rate at which lipid oxidation occurs in

foods including fatty acid composition, oxygen concentration, temperature,

surface area, moisture, pro- and anti-oxidants available, and radiant energy in

the system (Nawar, 1985).     The autoxidation of lipids proceeds by a free

radical mechanism (Equation 2.0-2.5).     Autoxidation is initiated by the

abstraction of hydrogen adjacent to a double bond in a fatty acid (RH).  This

abstraction forms a alkyl radical (R•) and hydrogen radical (H•) and is

classified as the initiation step.

Intiation

RH + (light, metals, or heat)   R• + H• (Equation 2.0)

The production of the alkyl radical (R•) is thermodynamically difficult so the
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start of the initiation begins by some catalytic means such as hydroperoxide

decomposition, metal catalysis, or through exposure to light or singlet

oxygen (Nawar, 1985).   The alkyl radicals (R•) are highly reactive and will

interact with atmospheric oxygen (O2) to form an unstable peroxy radical

(ROO•), in the propagation step.

Propagation

R• + O2  ROO• (Equation 2.1)

ROO• + RH  ROOH + R• (Equation 2.2)

The peroxy radicals (ROO•) may abstract more hydrogen atoms from other

fatty acids (RH) and produce hydrogen peroxide (ROOH) and a new alkyl

radical (R•).   Propagation continues until termination occurs by a

combination of two radicals.

Termination

R• + R•  RR (Equation 2.3)

R• + ROO•  ROOR (Equation 2.4)

ROO• + ROO•  ROOR + O2 (Equation 2.5)

As alkyl free radicals (R•) become more abundant, they react with

themselves and other peroxy free radicals (ROO•) to form free fatty acid

dimers (RR or ROOR).   Hydroperoxides are the other common end product of

oxidation.   Hydroperoxides are relatively unstable and degrade easily into
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acids, aldehydes, alcohols, carbonyls, and ketones (Schmidt, 2000)

producing off flavors and odors.

Antioxidants

Synthetic antioxidants are used in commercial processing of foods and

other materials to delay oxidation processes.  There are two types of

antioxidants, preventative and chain-breaking.   Preventative antioxidants

can chelate metals and/or decompose peroxides in order to stall the

initiation of free radicals before oxidation (Nawar, 1985).   Polyphosphates,

citric acid, citrate esters, and ethylenediaminetetraacetic acid (EDTA) are

common antioxidant synergists and are generally used to chelate metal ions,

which are possible catalysts of oxidation.  Eliminating trace metals and

peroxides is difficult in foods and in the body; therefore, focus has been on

the action of free radical acceptors.

The mechanism of antioxidants in the autoxidation cycle is molecule-

dependant.  A free radical acceptor, like hydroquinone or resveratrol, reacts

with the ROO• species during propagation instead of the R• species during

initiation.  Hydroquinone is a phenolic compound and has the ability to

donate both hydrogen ions from the two hydroxyl groups attached to the

phenolic ring structure.   Equation 3.0 shows how hydroquinone reacts with

peroxy radicals to form stable semiquinone resonance hybrids (Nawar,
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1985).   Semiquinone radicals may react with each other to produce more

quinone species (Equation 3.1), or react with more peroxy radicals (ROO•)

to further inhibit free radical propogation.   Flavonoids and phenolic

compounds have the same ability to donate hydrogen ions while maintaining

a stable structure.

The example of hydroquinone as an antioxidant describes the first

pathway of antioxidant activity, the hydrogen atom transfer.  Simplistically

displayed in Equation 4.0, a peroxy radical (ROO•), or radical formed during

oxidation, is quenched by the donation of a hydrogen atom by the aromatic

ring antioxidant (ArOH).

Hydrogen Atom Transfer

ROO• + ArOH  ArO• + ROOH (Equation 4.0)

Hydroquinone

(Equation 3.0)

(Equation 3.1)

Semiquinone
Radicals
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 The aromatic radical (ArO•) remain stable by aromatic ring stabilization and

hydroperoxide is produced.

As an antioxidant is applied to a system, it will inhibit propagation of

the peroxy radical (ROO•) by hydrogen atom transfer, and will also follow a

single electron transfer pathway for antioxidant activity.

Single Electron Transfer

ROO• + ArOH  ROO¯ + ArOH+• (Equation 5.0)

ROO¯ + ArOH+•  ArO• + ROOH (Equation 5.1)

This mechanism involves the antioxidant molecule (ArOH) donating an

electron to stabilize the peroxy radical (ROO•) and create a peroxy radical

with a negative charge (ROO-) due to an over abundance of electrons on the

oxygen.   With a positively charged aromatic free radical available, the

opposite charges attract, and a proton (H+) is donated to quench the

charged hydroperoxide.  Logically, this pathway plays a minor role in

physiological conditions, yet the hydrogen atom transfer pathway will

dominate in most cases (Wright, 2001).  The single electron transfer model

has been shown to have strong solvent dependence because of stabilization

of charged species within certain solvents.

Antioxidants are primarily added to foods in combination with

synergists like ascorbic, tartaric, phosphoric acids or compounds like lecithin

to increase the efficiency of the antioxidant.   There are only a few synthetic
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and natural compounds specifically used as antioxidant ingredients in foods;

however, there are over 8000 individual flavonoids or phenolic compounds

isolated from plants that demonstrate antioxidant properties (Pietta, 2000).

These naturally occurring polyphenolic compounds have a range of activities

from antioxidant or antimicrobial within the plants to possible antiviral to

antiallergenic activities outside of plants.  This range suggests the largely

untapped potential of natural plant isolates.

Extractions

There are many examples of isolations and extractions of antioxidants

and antioxidant compounds from plants and plant material in literature.

When choosing an extraction method, maintaining the activity of the

extracted compound(s) is the priority.   Wet extractions involve solid

material in direct contact with a liquid solvent (Houghton, 1998).  During the

extraction, organic solvents diffuse into the solid material and solubilize

compounds with similar polarity.  The nature of the solvent used will

determine the types of chemicals likely extracted from the plant.    Organic

solvents for extractions include polar solvents such as water, methanol and

acetone to non-polar solvents such as dichloromethane (DCM) and hexane.

Extracting the plant tissues with an array of solvents with regard to polarity

allows for a thorough study for a range of bioactive compounds.
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Testing Antioxidants

There have been a number of methods developed to measure the

efficiency of antioxidants as pure compounds or in extracts.  These methods

focus on different mechanisms of the antioxidant such as scavenging of

oxygen and hydroxyl radicals, reduction of lipid peroxyl radicals, chelation of

metal ions, or inhibition of lipid peroxidation.  Some methods determine the

ability of an antioxidant to scavenge free radicals generated by the system

such as the Oxygen Radical Absorbance Capacity (ORAC) (Cao et al., 1993),

Total Reducing Ability of Plasma (TRAP) (Ghiselli, et al., 1995), and Trolox

Equivalent Antioxidant Capacity (TEAC) (Miller et al., 1993).   Methods such

as DPPH• (2,2-diphenyl-1-picrylhydrazyl) (Brand-Williams et al., 1995) and

ABTS• (2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid)) (Re et al.,

1999) measure the scavenging of a stable free radical by the antioxidant.

Other methods evaluate antioxidants by quantifying lipid peroxidation

products such as malenaldehyde by Thiobarbituric Acid Reactive Substances

(TBARS) (Plumb et al., 1996) and volatile organic acid decomposition

products in Oxidative Stability Index (OSI) (AOCS, 1992).

Oxidative Stability Index

The OSI analysis method (Method Cd 12b-92, AOCS, 1992) was

developed as a means of measuring the natural stability of fats and oils.
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This method involves inducing oxidation of oils using heat and air while

collecting the volatile organic acids produced during oxidation in a water trap

and measuring the increase in conductivity in the water.  This method is used

with a standardized oil system to test for antioxidant activity.  The use of a

10% methyl linoleate in silicone oil (w/w) mixture provides a standardized oil

substrate for the method (Nakatani, 2001).  Natural oils contain varying

levels of different unsaturated fatty acids and other natural antioxidants

resulting in variability among tests, so by use of a standardized fatty acid,

the oxidation reaction mechanisms are concise and defined.   Increases in OSI

value, suggest that a more concentrated level of antioxidant or a more

efficient antioxidant compound is present to inhibit the peroxy radical

reactions under high temperature and oxygen content.

Oxygen Radical Absorbance Capacity (ORAC)

The Oxygen Radical Absorbance Capacity (ORAC) method was adapted

from the work by Cao and co-workers (1993) utilizing the fluorescent

capacity of β-phycoerythrin and the inhibition of deterioration by antioxidant

compounds after addition of 2,2′-azobis(2-amidino-propane) (AAPH).   Ou et

al. (2001) reported that β-phycoerythrin reacted with polyphenols,

commonly known for their antioxidant properties, was expensive, and

demonstrated variability amongst production lots.   Consequently, Ou and his
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coworkers changed the fluorescent indicator to fluorescein (FL), which does

not exhibit these negative properties.   The ORAC assay is performed in a

water-based buffer solution, therefore the use of lipophilic extracts results in

erroneous data.   The incorporation of lipophilic compounds or extracts into a

7% (w/v) randomly methylated β-cyclodextrin in acetone:water (1:1)

solution increases the solubility of the antioxidants into the ORAC buffer

solution (Huang, 2002).  Initial development of the ORAC assay was

performed on the COBAS FARA II analyzer (Roche Diagnostic Systems, Inc,

Branchburg, NJ), which Davalos and his coworkers (2004) adapted for a 96-

well fluorescent plate reader.

ORAC involves the deterioration of the fluorescent intensity of

fluorescein by peroxy radical deterioration.   As the azo compound (R-N≡N-

R), AAPH, is introduced, it loses a dinitrogen (N2) generating two molecules

of AAPH• radical (Equation 6.0) at a constant rate.

R-N≡N-R  2R• + N2 (Equation 6.0)

The unstable fatty acid radicals (R•), Equation 2.1, quickly react with

atmospheric oxygen (O2) to form slightly stable peroxy radicals (ROO•).

The loss of fluorescent intensity in fluorescein is indicative of oxidation by

these peroxy radical, as shown in Figure 4.0.   As an antioxidant is added to

the system, inhibition of the propagation of the peroxyl radical (ROO•)
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Figure 4.0 Fluorescein oxidation pathway in the presence
of AAPH (Ou, 2002).

occurs, thus inhibiting the loss of florescent intensity over time.  The

phenoxy radical (ArO•) may react with the fluorescein to inhibit

deterioration, but reacts more readily with the peroxyl radicals (ROO•) that

deteriorate fluorescein (Ou, 2002).
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DPPH (2,2-diphenyl-1-picrahyrdazyl) Method

The hydrogen atom transfer predominates as the mechanism for

antioxidants to quench free radicals and inhibit peroxyl radical oxidation.

Quenching and preventing radical propagation is mimicked in the 2,2-

diphenyl-1-picrahyrdazyl (DPPH) assay (Blois, 1958).   The DPPH method

allows a direct investigation of the ability for the extract or antioxidant to

donate hydrogen and/or electrons to quench the DPPH radical.    As the

radical is quenched, the color of the solution changes from a deep purple to

a light yellow and the absorbance at 515 nm decreases.

Brand-Williams et al. (1995) found that certain antioxidant compounds

elicited different reaction kinetics with DPPH•.   In the study, antioxidants

such as BHT and protocatechuic acid did not reach steady state, or the

reaction endpoint, until three and two hours respectively, whereas

compounds like ascorbic acid, isoascorbic acid, and isoeugenol achieved

steady state within one minute.  At steady state, the DPPH• reaction has

been shown to have a stoichiometric correlation with the quantity of

antioxidant present.  Caffeic acid, gentisic acid and gallic acid exhibited the

highest antiradical activity with stoichiometry of 4.54, 5.6, and 6.25

reduced DPPH• molecules per molecule of antioxidant respectively while one
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molecule of phenol, ascorbic acid, α-tocopherol, and BHT reduced <1, 1.85,

2, and 2.63 molecules of DPPH• respectively (Brand-Williams et al., 1995).

According to Brand-Williams, there are three ways to explain the

different efficiencies of monophenolic compounds in reducing one DPPH•.

One mechanism involves the delocalization of an electron onto the para-

substituted group of the molecule prior to the donation of a second

hydrogen to reduce DPPH•.  Another pathway involves the dimerization

between two phenoxyl radicals in which two hydroxyl groups would be

regenerated through an intramolecular transfer of H•, consequently reacting

further with DPPH•.  The final pathway stated is a complexation of the aryl

radical directly with the DPPH•.    All of these pathways depend on the

structure of the antioxidants themselves, whether it will go through a

dimerization between antioxidants or a direct complexation with DPPH•

depends on the stability and reaction potential of the molecular structure.
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3. MATERIALS & METHODS

Plant Samples

Peanut plants (Arachis hypogaea L.) were dug by hand from the

Lewiston, NC field on September 17, 2003 and October 30, 2003.   An

additional sample dug on October 17, 2003 was windrow-dried (air-dried)

until November 2, 2003 when it was processed.

Whole peanut plants were cleaned with water to remove all visible soil

and then separated into roots, stems, and leaves.   All plants tissues were

stored at –45°C in separate sealed plastic containers.

Drying Methods

Oven drying and freeze-drying were utilized in the experimental design

to compare effects of each drying process on antioxidant activity.

Oven Drying - The peanut plant tissues were subjected to

conventional oven heating for 24 hours at 60°C on perforated shelves in a

Despatch Oven, LXD series (Despatch Industries, Minneapolis, MN).  Samples

were ground in a Krups 3 oz. household coffee mill (Krups North America,

Closter, NJ) to a course powder.    The ground plant tissues were then

stored in screw capped glass jars at –20°C until extraction.

Freeze Drying - Peanut plant tissues were taken from cold storage

and placed into a Virtis freeze dryer (Model No. FFD-40-WS, Gardiner, NY).
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The refrigeration condenser was set at –15.5°C.  The shelf temperature was

set at 15.5°C for the first 24 hours, 38°C for the second 24 hour period, and

57°C for the final 24 hour period of drying.    The freeze-drying process was

complete after three days and samples were ground and stored as the oven

dried materials.

Extraction Methods   

Soxhlet and infusion extraction methods were assessed in the

experimental design to compare efficacy of the extraction process.  HPLC

grade methanol, acetone, methylene chloride (DCM), and hexane (Sigma, St.

Louis, MO) were used as extraction solvents.

Soxhlet Extraction - Five grams of dried ground plant material were

weighed and transferred into a 25 x 100 mm cellulose extraction thimble

(Whatman, Maidstone, UK).    Thimbles were placed into the soxhlet

extraction apparatus (Tudor Scientific Glass, Belvedere, SC) and extracted

for 6 hours with 100mL of each solvent.  Solvent cycled through the soxhlet

apparatus approximately 10 times per hour depending on the solvent.  After

six hours, solvent remaining in the extraction thimble was removed from the

apparatus with multiple solvent rinses.  The extract was transferred into a

200 mL beaker, covered with aluminum foil and placed in a hood overnight

to evaporate the solvent.
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When the solvent was fully evaporated, the amorphous solid was

resolubilized with 30mL of solvent.   Sonication aided in the recovery of the

extract which was transferred into a 40mL amber autosampler vial (National

Scientific Company, Duluth, GA).  The amber vials were placed in a water

bath at 60 ± 5°C and solvent was evaporated to dryness under nitrogen

flow.    Vials were sealed with Teflon septa screw-caps and held at –20°C

until further analysis

Infusion Extraction - Infusion followed the same principle as the

soxhlet extraction but was accomplished without heat.    Five grams of dried

ground peanut plant tissues were measured into a 500 mL Erlenmeyer flask

with 500mL of solvent.     Flasks were sealed, shaded with aluminum foil, and

stirred vigorously for twelve hours.   Solvent extracts were filtered through

Whatman No. 4 filter paper into 600 mL beakers. The extracted particulate

was placed into the same Erlenmeyer flask and the infusion process was

repeated with 500 mL of new solvent for 12 hours.  The second extract was

filtered and the extracts are combined. Solvent was fully evaporated and the

amorphous solid was resolubilized with 30mL of solvent and transferred into

a 40 mL amber autosampler vial.  The amber vials were heated at 60 ± 5°C

in a water bath and solvent was evaporated to dryness under nitrogen flow.
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Vials were sealed with Teflon septa screw-caps and held at –20 °C until

further analysis.

Extract Preparation

The dried extract from 5 grams of extracted plant tissues (EPT) was

contained in amber vials as described above.   After addition of 10mL of the

respective solvents, each vial was vigorously shaken and sonicated for 10

minutes to solubilize the amorphous dried material, resulting in a solution of

500mg EPT/mL solvent.   EPT is the equivalent, in solution, to the original

dry weight of plant tissues extracted.

 The 500mg EPT/mL concentration was used in the OSI analysis, but

was diluted 1:10 and 1:50 for the DPPH• assay resulting in extracts of 50

and 10mg EPT/mL, respectively.  The dilute samples were transferred into

27.25x108mm clear screw cap vials (Fisher Scientific, Hampton, NH) and

stored at –20°C.

The ORAC assay required very low concentrations for the results to be

in the linear portion of the response curve for the assay.   The organic

solvents used for extractions interact with the assay, so samples were

diluted in phosphate buffer (75mM).  Phosphate buffer is water-based, thus

the non-polar solvents, hexane and DCM were insoluble.  A 5% (w/v)

randomly methylated cyclodextrin (RMCD) (Sigma Aldrich, St. Louis, MO) in a
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30% (v/v) solution of acetone in phosphate buffer (pH 7.4) was used to

improve solubility as adapted from Huang et al. (2002).   A 200µL aliquot of

the 500mg EPT/mL solution was transferred into a 10mL volumetric flask

and filled to volume with phosphate buffer for methanol and acetone

extracts and with 5% RMCD solution for hexane and DCM extracts.   These

samples (10mg EPT/mL) were transferred to 12mL amber screw cap vials

(National Scientific Co., Duluth, GA) and placed on a plate rocker for four

hours prior to dilution.   After mixing, 1000, 200, 100, 20, and 10µL

aliquots of the 10mg EPT/mL solution were transferred into 1, 1.8, 1.9,

1.98, and 1.99mL of phosphate buffer or 5% RMCD solution depending on

the solvent providing samples at 5, 1, 0.5, 0.1, and 0.05mg EPT/mL

respectively.  All dilutions were performed in the 12mL amber vials and

stored at 4°C after use.  

Antioxidant Activity Measurement

Oxidative Stability Indices - The modified Oxidative Stability Index

(OSI) analysis (AOCS – Method Cd 12b-92, 1992) was used with a 10%

methyl linoleate in silicone oil mixture as a model oil system (Nakatani,

2001).   A stock of the oil mixture for every 24 OSI determinations

consisting of 14 grams of methyl linoleate (95%)(Nu Check Prep, Elysian,

MN) and 126 grams of silicone oil (Sigma, St. Louis, MO) was prepared.  The
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mixture was stirred under gentle nitrogen flow for 20 minutes.  The 10%

methyl linoleate mixture (5.0 ± 0.2g) and 500mg EPT were transferred into

disposable glass tubes for OSI analysis on an Oil Stability Instrument

(Omnion, Inc., Rockland, MA).   The tubes were vortexed, sealed with two-

hole rubber stoppers and placed in 110 °C heating blocks on the Oil Stability

Instrument.   A disposable Pasteur pipette was inserted into the oil through

the rubber stopper and connected by rubber tubing to an air source.  A

second pipette in the stopper was connected via plastic tubing to a second

tube containing 50 mL of deionized water containing a conductivity sensor.

Compressed air was purged through the oil and into the deionized water.

The change in conductivity of the water was measured by a data acquisition

system.   OSI, performed in triplicate, was determined by the acquisition

software to be the number of hours until the rate of increase in conductivity

became exponential.

Oxygen Radical Absorbance Capacity - This procedure was

adapted from Cao et al. (1993) and Davalos et al. (2004) with fluorescence

measurements made by the SAFIRE (TECAN, Raleigh NC) monochromator

based microplate reader, with the FisherBrand polystyrene flat-bottom 96-

well microplate. The reaction was carried out in 75mM phosphate buffer (pH

7.4).
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The ORAC phosphate buffer was prepared by mixing 79.9mL of 13%

(w/v) dibasic potassium phosphate in deionized water and 20.1mL of 10.2%

(w/v) monobasic potassium phosphate in deionized water into 890mL of

deionized water.   Additional mono- and/or dibasic phosphate buffer solution

was added until a final pH of 7.4 ± 0.02.  The resulting ORAC buffer

concentration was 75mM.

Fluorescein (Reidel-de Haen, Milwaukee, WI) solution was prepared by

mixing approximately 0.19 grams of fluorescein powder to 50 mL of 75mM

phosphate buffer.   This concentrated fluorescein solution (10mM) was

diluted to 4µM by diluting 100µL of the solution to 250mL with 75mM

phosphate buffer solution.   This stock solution was stored at 4°C for no

longer than four weeks before a new stock solution was prepared.   To

decrease deterioration over time, the 12mL aliquots of the stock solution

were placed into 12mL amber vials (Fisher), sealed with Teflon® septa screw

caps, and stored at 4°C until use.  For each ORAC assay, 730µL of 4µM

fluorescein stock was transferred into a 25mL volumetric flask and filled to

volume.  The dilute fluorescein solution (0.117mM) was placed into a multi-

well pipette channel until preparation of the plate.

The total volume of liquid in the micro-plate well was 200µL.  Sample

extracts and standards, both at 20µL, were added to the well followed by
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120µL of fluorescein (70nM well concentration).   In the SAFIRE

measurement parameters, fluorescent excitation was measured at 485 nm

and fluorescent emission at 520 nm.  Readings were determined from the

bottom of the plate and the photomultiplier gain of the SAFIRE was manually

set at 85 after preliminary testing of the stock fluorescein solution

(0.117mM).  Integration lag time was set at 0µs while integration time was

set at 1000µs with three flashes occurring per well.   Measurements for the

relative fluorescent units (RFU) were taken every minute for 80 cycles.

Before the measurements started, the plate containing only the

extracts and fluorescein was incubated within the SAFIRE for 15 minutes at

37°C ± 2°C.   During this incubation period, 0.2170 grams of 2,2′-azobis (2-

methylpropionamidine) dihydrochloride (AAPH) was dissolved in 25 mL of

phosphate buffer and placed in a water bath at 37°C ± 3°C.   After 15

minutes of incubation, the AAPH solution (40mM) was transferred into a

multi-well pipette channel and 60µL was added into each well.   Immediately

following the addition of the AAPH solution, the plate was placed into the

SAFIRE plate reader.  Before beginning measurements, a five second, high

intensity, linear shaking was performed by the SAFIRE followed by one

second of settling time.   Between kinetic cycles, a two second, high

intensity orbital shaking occurred followed by one second of settling.   Data
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were acquired over time as relative fluorescent units (RFU) ranging from 0-

60000 RFU using the Magellan V 4.00 software (TECAN, Raleigh, NC) and

exported into Microsoft Excel for further analysis.

The antioxidant activity, or ORACFL, is expressed in Trolox equivalents

by using a standard curve calculated from Trolox standards (1-8µM well

concentration), prepared as described below.    The Trolox standard curve

describes the change in the area under the curve (AUC) with concentration.

The AUC of the sample is calculated as:

AUC = [1 + ∑ (ƒi / ƒ0) ] - AUCBlank Equation 7.0

This AUC is then expressed as µM Trolox equivalents/mg of sample by way

of the standard curve calculation:

AUC = (µM Trolox) x (m) + b Equation 7.1

The AUC of the antioxidant is input into the y = mx + b equation format.

The (m) and (b) signify the slope and intercept respectively from the

standard curve results.   Final results are calculated as µM Trolox equivalents

per gram of dry sample.

Radical Scavenging - The method of Brand-Williams et al. (1994)

was adapted for testing the radical scavenging of the extracts using the

stable free radical 2,2-diphenyl-1-picrahydrazyl (DPPH•) (Sigma, St. Louis,

MO).  All spectrophotometric data were acquired using the Spectronic
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Genesys 20 (Thermo Electron, Waltham, MA) and disposable methacrylate

cuvettes with a 4.5 mL capacity and 1 cm light path (Fisher Scientific,

Pittsburgh, PA).

A 6x10-5 M solution of DPPH• (394.3 g/mol) was prepared by

dissolving 0.024 g of DPPH• powder in 1L of methanol.

The visible green color of the extracts increased with concentration

and imparted an increased absorption at 515nm in methanol.   A blank of 1,

2, and 5mg EPT in 2mL of methanol was measured at 515nm and the

absorbance was subtracted from the T16 absorbance before calculation of

radical scavenging activity.   In the assay, 0.1 and 0.2mL of extract were

added to 2mL of DPPH• solution.   A decrease in absorption was noted by

addition of greater volumes of methanol from a diluting effect.   Methanol

was added at 0.1 and 0.2mL to 2mL of 6x10-5 M DPPH• solution and

absorption at 515nm was measured.  The difference in absorption compared

to absorption of 2mL of 6x10-5 M DPPH• solution was subtracted from T0

readings to correct for the diluting effect of extract volume.

In the radical scavenging analysis, two mL of 6x10-5 M DPPH• was

transferred into a cuvette and initial absorbance (T0) at 515nm was

determined before addition 1, 2, and 5mg EPT.   Upon adding the extract,

the sample was covered for 16 minutes, which was long enough for the
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reaction rates to reach steady state at these concentrations.  After 16

minutes, the absorbance (T16) was measured at 515nm.  Analysis was done

in triplicate for each concentration of extract (1, 2, and 5 mg EPT).

The DPPH radical scavenging activity (%) was calculated as {[(T0 –

T16)/T0] X 100} in Microsoft Excel (Microsoft, Roselle, IL) to show the

percent inhibition of DPPH• by the extracts.

Preparation of Standard Antioxidants

Butylated hydroxytoluene (BHT), α-tocopherol,  and resveratrol (Sigma

Aldrich, St. Louis, MO) and Trolox (Fluka, Milwaukee, WI) are known

antioxidants that were used to make comparisons with the peanut plant

extracts.

The BHT standard (10mg/mL) was prepared by mixing 0.0251g of

BHT powder into a total volume of 25mL of methanol.  Three 1:10 dilutions

of this concentration resulted in standard solutions of 1mg/mL, 0.1mg/mL,

and 0.01mg/mL.   These standards were used in the DPPH and OSI assays.

The α-tocopherol standard was prepared under lowered light

conditions.   A drop of α-tocopherol was placed into a 50mL volumetric flask

and brought to volume with hexane.   This sample was diluted 1:10, 1:100,

and 1:1000.   An absorbance reading was taken at α294 and α-tocopherol

concentration may be calculated by Beer’s Law (A=∈cb) when ε =
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71.0g/100mL (Merck Index 12th Ed., 1996) for α-tocopherol.  The 1:100

dilution had an absorbance of 0.732, indicating that 1:1, 1:10, 1:100, and

1:1000 dilutions had concentrations of 10.3mg/mL, 1.03mg/mL,

0.103mg/mL, and 0.0103mg/mL respectively.   The α-tocopherol standard

was stored at 4°C in a screw cap vial wrapped in aluminum foil until needed.

The resveratrol standard (10mg/mL) was made by placing 0.1003

grams of resveratrol powder in a total volume of 10mL of ethanol under low

light intensity.  This solution was diluted 1:10, 1:100, and 1:1000 to provide

standards of 1mg/mL, 0.1mg/mL, and 0.01mg/mL respectively.   For the

ORAC assay, 200µL of the α-tocopherol and resveratrol standards were

diluted in 1.8mL of phosphate buffer (75mM) to yield solutions of 1mg/mL,

0.1mg/mL, 0.01mg/mL, and 0.001mg/mL respectively.    These standards

were kept at 4°C in screw cap vials covered in aluminum foil until needed.

The Trolox standards were only needed for the ORAC assay.  The first

Trolox standard (10mM) was prepared by adding 0.1256 grams of Trolox

powder into a total volume of 50mL phosphate buffer (75mM).   From this

standard (10mM), 80, 70, 60, 50, 40, 30, 20, and 10µL were transferred

into 10mL volumetric flasks and filled to volume with phosphate buffer to

provide standards of 80, 70, 60, 50, 40, 30, 20, and 10µM respectively.

The standards were stored at 4°C in amber screw cap vials until needed.
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Experimental Approach

There were three phases in this project; the first phase evaluated how

preparation variables such as drying method and extraction method affect

the antioxidant activity of peanut leaf extracts; the second phase compared

the antioxidant activity of root, stem, and leaf extracts using constant

preparation methods; and the final phase included experiments to examine

antioxidant activity of root nodules vs. roots and the effects of different

sampling dates on antioxidant activity in extracts.

Phase One - Leaves were chosen as the plant material to be tested,

and were from the September 17, 2003 sample date.   One lot of leaves, ca.

300 grams was dried in the oven and another lot of equal size was freeze-

dried.  From each of the batches, five grams of dried-ground leaves were

taken for the subsequent extractions.  For both lots of dried leaves, each of

the 16 treatment combinations for solvent (hexane, DCM, acetone, and

MeOH) and extraction method (infusion and soxhlet) were performed in

triplicate.  Each treatment combination replicate were analyzed in triplicate

by ORAC and DPPH assays and in duplicate with the OSI.

Phase Two - The root, stem, and leaf extracts were tested for

antioxidant activity in stage two.   Oven dried leaves, stems, and roots were

extracted with methanol, acetone, DCM, and hexane using the soxhlet
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extraction.   Each soxhlet extraction was performed in triplicate, and

subsequent DPPH, ORAC, and OSI assays measured antioxidant activity of

each extraction rep in triplicate.

Phase Three - This final phase examined attributes that may affect

antioxidant activity in the extracts.   Based on preliminary OSI and DPPH

data, the methanolic extract resulted in the highest antioxidant activity

among the solvents and was used as the extraction solvent for phase three.

In order to state added value in regard to bioactive compounds in

peanut plants, the bioactivity should be sustained until it can be accessed,

which in this case is after peanut harvest.  Peanut plants were dug on

September 17, 2003 and October 30, 2003.  An additional sample was dug

in the field on October 17, 2003 and windrow-dried (air-dried) until

November 2, 2003 to mimic a peanut plant taken after seed harvesting.

The three samples were oven dried and extracted in duplicate with methanol

using soxhlet extraction.    Each extract was tested in triplicate by the DPPH,

ORAC, and OSI method.

The metabolism of the roots, in regard to nodulation and nitrogen

fixation is unique to legumes.   Possible antioxidant compounds are produced

to induce and propogate the nodulation and nitrogen fixation of Rhizobia on

the roots.   After oven drying, five grams of nodules were scraped from
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roots and consequent de-noduled roots were extracted in duplicate with

methanol using a soxhlet extraction.   Triplicate measurements were

performed with the DPPH, ORAC, and OSI assay for each extraction.

Statistical Analysis

The PROC MIXED procedure using paired t-test for differences in SAS

(Statistical Analysis System, Cary, NC) was utilized for all statistical

computations and inferences.   The statistical computations were based on a

mixed nested model.  Extraction rep (triplicate and duplicate as stated

above) and analysis reps (in triplicate) are nested within the fixed effects of

drying method, extraction method, solvent, plant tissue, sampling date, and

root sections.
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4. RESULTS

Effects of Preparation Methods on Antioxidant Activity in Peanut
Leaves

OSI Method

The OSI for the various preparation variables of solvent, drying

method, and extraction method on peanut leaves ranged from ca. 11 to 32

hours (Table 1.0).   The methanol, acetone, DCM, and hexane extracts

prepared by freeze-drying of the leaves and infusion extraction resulted in

OSI of 28.47±1.60, 23.18±1.60, 15.24±1.60, and 11.80±1.60 hours

respectively.   Extracts prepared with the same solvents by oven drying and

infusion extraction resulted in OSI of 31.85±1.60, 24.45±1.60, 14.79±1.60,

and 10.79±1.60 hours, respectively.    Methanol, acetone, DCM, and hexane

extracts prepared by freeze-drying and soxhlet extraction resulted in OSI of

26.18±1.60, 23.98±1.60, 14.03±1.60, and 11.56±1.60 hours, respectively

and the extracts prepared with the same solvents by oven drying and

soxhlet extraction resulted in OSI of 29.94±1.60, 25.40±1.60, 18.13±1.60,

and 11.41±1.60 hours respectively.  The methanolic extract resulted in a

higher antioxidant activity than any of the other solvents, and solvent was

found to be the most significant factor for difference (p<0.001) among the

results accounting for 80% of the total variance (Table 1.0).  There were no
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significant differences found between the extraction methods (p=0.99) and

drying methods (p=0.06) using the OSI method.

DPPH Method

The percent of DPPH radical scavenged for the various preparation

variables ranged from ca. 9 to 76.5% (Table 1.0).  The methanol, acetone,

DCM, and hexane extracts prepared by freeze drying and infusion extraction

resulted in 76.54±1.91, 38.90±1.91, 28.89±1.91, and 19.60±1.91 % DPPH

radical scavenged, respectively, while extracts prepared with the same

solvents by oven drying and infusion extraction resulted in 30.11±1.91,

22.46±1.91, 18.00±1.91, and 8.76±1.91 % DPPH radical scavenged,

respectively.    Methanol, acetone, DCM, and hexane extracts prepared by

freeze-drying and soxhlet extraction resulted in 57.64±1.91, 40.10±1.91,

36.61±1.91, and 11.47±1.91 % DPPH radical scavenged, respectively, and

the extracts prepared with the same solvents by oven drying and soxhlet

extraction resulted in 28.58±1.91, 26.20±1.91, 16.64±1.91, and

21.38±1.91 % DPPH radical scavenged, respectively.   The methanol extract

resulted in higher antioxidant activity than other extraction solvents (Table

1.0).   Solvent (p<0.001) and drying method (p<0.001) both affected

variance within the DPPH assay, accounting for 50 and 25% of the total

variance respectively.   A second order interaction between drying method
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and solvent (p<0.001) was noted and accounted for 15% of the total

variance.

ORAC Method

The measurements for the various preparation variables of the peanut

leaves using the ORAC method ranged from ca. 4500 to 85000 µM Trolox®

equivalents per gram EPT (Table 1.0).  The values for the ORAC analysis

were based on a Trolox® standard curve calculated from Figure 5.0 (y =

7.62(x) + 0.94, R2=0.95).   The methanol, acetone, DCM, and hexane

extracts prepared by freeze drying and infusion extraction resulted in

85060±2878, 11960±2878, 12008±2878, and 10906±2878 µM Trolox®

equivalents per gram EPT, respectively, while extracts prepared with the

same solvents by oven drying and infusion extraction resulted in

38573±2878, 9033±2878, 10143±2878, and 6836±2878 µM Trolox®

equivalents per gram EPT, respectively.   Methanol, acetone, DCM, and

hexane extracts prepared by freeze-drying and soxhlet extraction resulted in

69143±2878, 10800±2878, 7113±2878, and 4678±2878 µM Trolox®

equivalents per gram EPT, respectively.  The extracts prepared with the

same solvents by oven drying and soxhlet extraction resulted in

54959±2878, 10092±2878, 10732±2878, and 4760±2878 µM Trolox®

equivalents per gram EPT, respectively.    The methanol extracts among all
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the drying methods and extraction methods were significantly different

(p<0.05) from each other with the highest activity resulting from the

freeze-dried infusion extraction.   Acetone, DCM, and hexane extracts were

not significantly different (p<0.05) from each other by drying method or

extraction method.  Solvent variance was significant (p<0.001) and

accounted for 85% of the total variance among the results.   Drying method

varied significantly (p<0.001); however, it only accounted for 3% of the

total variance.

Antioxidant Activity of Peanut Roots, Leaves, and Stems

OSI Method

The OSI for the various solvent extracts and plant tissues ranged from

ca. 3 to 30 hours (Table 2.0).   The methanol, acetone, DCM, and hexane

extracts prepared by oven-drying and soxhlet extraction for peanut leaves

resulted in OSI of 30.42±1.39, 21.84±1.39, 17.11±1.39, and 12.2±1.39

hours, respectively.   Methanol, acetone, DCM, and hexane extracts of

peanut stems by oven-drying and soxhlet extraction resulted in OSI of

9.5±1.39, 12.78±1.39, 6.33±1.39, and 5.86±1.39 hours, respectively, while

peanut root extracts prepared the same way with methanol, acetone, DCM,

and hexane resulted in OSI of 6.24±1.39, 17.69±1.39, 8.51±1.39, and

3.04±1.39 hours, respectively.   Comparison to other antioxidants extracts
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from 0.5 grams EPT used in this analysis resulted in OSI higher than 0.5mg

resveratrol (4.83 hours), 1mg α-tocopherol (9.95 hours), and 10mg BHT

(20.98 hours).

Significant differences (p<0.05) among extracts are shown in Table

2.0.   The methanol extract resulted in higher antioxidant activity than any

of the other solvents used to extract leaves; however, the acetone extract

was significantly (p<0.05) higher in activity in the roots and similar in

activity to the methanol extract of the stems.   Plant tissues (p<0.001),

solvent (p<0.001), and a second order interaction between solvent and

plant tissues (p<0.001) all varied significantly, and these factors accounted

for approximately 48, 26, and 17% of the total variance, respectively (Table

2.0).

DPPH Method

The percent of DPPH radical scavenged for the various plant tissues by

solvents ranged from ca. 5 to 34% (Table 2.0).  The methanol, acetone,

DCM, and hexane extracts for peanut leaves prepared by oven-drying and

soxhlet extraction resulted in 34.03±1.24, 20.53±1.24, 20.25±1.24, and

10.98±1.24 % DPPH radical scavenged, respectively, while peanut stem

extracts prepared with the same solvents by oven-drying and soxhlet

extraction resulted in 18.42±1.24, 11.24±1.24, 13.9±1.24, and 5.01±1.24
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% DPPH radical scavenged, respectively.    Peanut root methanol, acetone,

DCM, and hexane extracts prepared by oven-drying and soxhlet extraction

resulted in 32.34±1.24, 27.84±1.24, 17.19±1.24, 5.24±1.24 % DPPH radical

scavenged, respectively. DPPH radical scavenging by 1mg BHT, 0.02mg

resveratrol, and 0.01mg α-tocopherol were of 45.2, 44.2, and 45.2%,

respectively.

Significant differences (p<0.05) among extracts are shown in Table

2.0.   The methanol extracts for each plant tissue resulted in higher

antioxidant activity than other extraction solvents, and among plant tissues,

the root and leaf methanol extracts produced the higher activity and were

not significantly different (p<0.05).   Solvent (p<0.001), plant tissues

(p<0.001), and a second order interaction between solvent and plant tissues

(p<0.001) all varied significantly; however, solvent accounted for 65% of

the total variance compared to the 20 and 11% of the total variance

account for by plant tissues and the second order interaction, respectively.

ORAC Method

The measurements for the various plant tissues and solvents using the

ORAC method ranged from ca. 4000 to 46000 µM Trolox® equivalents per

gram EPT (Table 2.0).  The values for the ORAC analysis were based on a

Trolox® standard curve calculated from Figure 5.0 (y = 7.62(x) + 0.94,
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R2=0.95).   The methanol, acetone, DCM, and hexane peanut leaf extracts

prepared by oven-drying and soxhlet extraction resulted in 46164±2431,

8713±2431, 11614±2431, and 6390±2431 µM Trolox® equivalents per

gram EPT, respectively, while peanut stem extracts prepared with the same

solvents drying and extraction procedures resulted in 43043±2431,

5861±2431, 6208±2431, and 3978±2431 µM Trolox® equivalents per gram

EPT, respectively.   Methanol, acetone, DCM, and hexane peanut root

extracts prepared by the same drying and extraction procedures resulted in

36896±2431, 10186±2431, 9340±2431, and 4803±2431 µM Trolox®

equivalents per gram EPT, respectively.  Resveratrol resulted in 26403 µM

Trolox® equivalents per mg of pure compound.

The methanol extracts were significantly higher (p<0.05) in

antioxidant activity than extracts by other solvents (Table 2.0).    The

antioxidant activity of the methanol extracts among plant tissues decreased

in the order leaf > stem > root.  Leaf and stem results were not significantly

different (p<0.05), but leaf extracts were significantly higher than root

extracts while stem extracts were not significantly higher than the root

extracts (Table 2.0).  Solvent (p<0.001) accounted for 92% of the total

variance and was the only significant factor in variability.



54

Sampling Date

The effect of sampling date on the antioxidant activity in peanut plant

tissues was variable (Table 3.0). With the OSI method, the 9-17-03 sampling

date (32.53±1.36 hours) was significantly higher (p<0.05) than both the

10-30-03 (22.38±1.36 hours) and 11-02-03 (20.10±1.36 hours) sampling

dates with no significant difference found between the latter two dates.

Using the DPPH assay, the 10-30-03 sampling date (47.65±1.47 % DPPH

radical scavenged) had significantly higher radical scavenging than both the

9-17-03 (32.44±1.47%) and 11-02-03 (30.42±1.47%) with no significant

difference found between the samples from 9-17-03 and 11-02-03.

According to the ORAC assay, the 10-30-03 (63491±3110 µM Trolox®

equivalents per gram EPT) sample was not significantly higher than the 9-17-

03 (52401±3110 µM Trolox® equivalents per gram EPT) sample, but both

were significantly higher than the 11-02-03 (34881±3110 µM Trolox®

equivalents per gram EPT) sample.

Roots vs. Nodules

Comparison of activity in methanol extracts of nodules scraped from

peanut roots and activity of de-noduled peanut root extracts produced

mixed results (Table 4.0).    In the OSI and DPPH method the root extracts

(OSI of 5.80±0.16 hours and 37.51±2.34 % DPPH radical scavenging) were
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significantly (p<0.05) higher than the nodule extracts (OSI of 4.25±0.16

hours and 23.63±2.34 % DPPH radical scavenging); however, there was no

significant difference between the root (24767±3332 µM Trolox®

equivalents per gram EPT) and nodule (26632±3332 µM Trolox® equivalents

per gram EPT) extracts in the ORAC assay.
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5. DISCUSSION

Effects of Preparation Method on Antioxidant Activity in Peanut
Leaves

Drying Method

Drying methods significantly affected (25% of the total variance) the

DPPH scavenging activity of the peanut leaves (Figure 6.0).  Although there

were differences between the drying methods within the DPPH assay, the

OSI (Figure 6.1) and ORAC (Figure 6.2) assay results were not significantly

different.

The DPPH, ORAC, and OSI assays have different mechanisms to

quantify antioxidant activity.   The DPPH assay is a stoichiometric assay and

is not calculated based on kinetic reactions.   An increase in oxidized

compounds, possibly due to drying method, will result in a direct increase in

DPPH radical scavenging percentage because the assay is based solely on

the ability of compounds to donate hydrogen.   The ORAC and OSI assays

determine the inihibition of peroxy radical oxidation by the analyte, so the

ability to quench the DPPH radical does not necessarily mean it will have the

ability to quench a peroxy radical during oxidation.

Freeze-drying involves a low temperature and pressure environment to

sublimate water from the plant material.   These conditions are quite

different from the high temperature and airflow involved in the oven-drying
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process.    The drying methods involve differences in both temperature and

oxygen level available for biological processes.   Studies have found a

decrease in flavonoid content with varying temperature and cooking

processes.   Hsu et al. (2003) demonstrated significant differences in DPPH

radical scavenging between freeze-drying and drum drying and hot-air drying

methods of yam flours; however, other antioxidant assays did not always

result in similar findings.   Red grape pomace peels dried at 60, 100, and

140°C showed reduced levels of extractable polyphenolic compounds

compared to freeze dried samples (Larrauri et al., 1997).   Piga et al. (2003)

demonstrated a marked reduction of phenol content in plums which were air-

dried at 60°C compared to 85°C; however, this reduction did not translate

into a reduction in antioxidant activity.   While freeze-drying of peanut plant

tissues preserved bioactivity in the DPPH assay, it did not result in a

significant preservation effect on the compounds active in the ORAC and OSI

assays.   Extracts from freeze-dried leaves demonstrated stronger radical

scavenging activity than the respective oven dried extracts.  Even though

significant differences were not found between the ORAC and OSI methods,

for later compound isolation and identification purposes freeze-drying peanut

plants tissues is more suitable for analysis of bioactive compounds.
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Extraction Method

The extraction methods did not produce any significant affects across

solvents for any of the antioxidant assays.   Thus, these two methods

appear to be similar in extraction efficiency of bioactive compounds from

peanut leaves.

Extraction Solvent

Extraction solvent had the greatest effect on the antioxidant activity

results of any of the other parameters tested.   Within each of the assays

antioxidant activity and solvent polarity were positively correlated.

Although the hexane and DCM extracts did have some antioxidant activity

(possibly due to common lipophilic antioxidants such as carotenoids), the

acetone and methanol extracts demonstrated much higher antioxidant

activity in comparison.

Polyphenolic compounds such as flavonoids are commonly found in

legumes (Vance, 2002) and have been shown to demonstrate antioxidant

properties (Pietta, 2000).   These phenolic compounds and most other

reported bioactive compounds are generally soluble in polar solvents, such as

methanol (Houghton et al., 1998).   Due to the wide variety of potential

antioxidant compounds, such as flavonoids and phenolic acids present in
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plants, differences in polarity of the extraction solvent may be the reason for

the wide variety of antioxidant mechanisms demonstrated by the extracts.

The methanol, acetone, and DCM extracts from the leaves possessed a

deep green color.   Solvents of similar polarity will extract large amounts of

chlorophyll from leaf and other green tissues of plants (Houghton et al.,

1998).   The chlorophyll content of the leaves could also account for some

of the activity within the extracts.   Chlorophyll is a known photosensitizer

and is part of the photosynthetic mechanisms within plants (Taiz, 1991), so

quenching of either peroxyl radicals or singlet oxygen in the OSI and ORAC

assays could be a possibility.   Chlorophyll derivatives have already been

shown to be radical scavengers of DPPH• and ABTS• (Ferruzzi et al., 2002).

Antioxidant Activity of Peanut Roots, Leaves, and Stems

In the comparison of antioxidant activity among the plant tissue

extracts (Table 2.0), the leaves and roots resulted in slightly higher activity

as DPPH radical scavengers.   The methanol extract was significantly higher

in activity for all of the plant tissues for the DPPH (Figure 7.0) and ORAC

(Figure 7.2) assays, which is in agreement with our previous findings with

solvents for the leaves.   In the OSI method the acetone extract was

significantly more active than the methanol extract for the roots (p<0.05)

and stems (p<0.10) (Figure 7.1).
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The organic solvent, acetone, extracts phytochemical compounds such

as alkaloids, aglycones, and glycosides while the solvent, methanol, extracts

sugars, amino acids, and glycosides (Houghton et al., 1998). Flavonoid,

flavonone, isoflavonoid, and other similar compounds occur naturally in the

glycosidic form during transport throughout the plant due to an increase in

solubility with the sugar moiety (Taiz, 1991).   Differences in antioxidant

activity between some flavonoid aglycones and their glycosides have been

reported.   Hopia et al. (1999) observed that quercetin aglycone was a more

active lipid peroxidation inhibitor in the methyl linoleate model than its

glucoside derivatives (glucoside, rhamnoside and rutinoside).   Von Gadow et

al. (1997) reported the results of the antioxidant activity for flavonoid

aglycones and respective glycosides by DPPH and Rancimat methods.   The

Rancimat method is similar to the OSI method.   In the antioxidant

measurement by the Rancimat method, Von Gadow et al. (1997) found that

flavonoid glucosides such as rutin and isoquercetin containing ortho-dihydrox

phenyl groups exhibited less activity than their respective aglycones against

lipid peroxidation; however, in the DPPH radical scavenging assay, flavonoid

glycosides exhibited activity similar to that of their respective aglycones.

The root and stem methanol extract may demonstrate higher activity

in the DPPH and ORAC assays because the glycosidic derivatives that are
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being extracted are reacting at the same level as their aglycone counterpart.

The root and stem acetone extract may contain less glycoside derivatives

and the same quantity of aglycones, thus result in a lower DPPH and ORAC

activity.

The leaf is a site of synthesis for many compounds necessary for plant

function such as carotenoids.   Present to aid in photosynthesis, carotenoids

are very efficient at scavenging singlet oxygen and peroxyl radicals (Stahl,

2003).    Carotenoids are long chain hydrocarbon compounds generally

soluble in nonpolar solvents; however, the oxygenated carotenoids,

xanthopylls, may be extracted by ethanol or less polar solvents such as

chloroform (Houghton et al., 1998).  The presence of the xanthophylls and

other carotenoids in the leaves may explain the increasing levels of activity

by the leaf extracts compared to the root and stem extracts.   The

carotenoid compounds being extracted by the DCM, acetone, and methanol

probably accounted for some of the overall activity not present in the root

and stem extracts. The increase in the polarity of the solvent resulted in the

extraction of flavonoid aglycone and glycoside compounds by the acetone

and methanol extracts and thus increased the antioxidant activity for the

root and stem extracts.   The root and stem extracts did not contain the

large amounts of carotenoid pigments, but instead contained more flavonoid
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aglycone and glycoside compounds with antioxidant activity which resulted in

approximately equal amounts of activity in the DPPH and ORAC assays.   The

flavonoids extracted from the roots and stems; however, did not exhibit

equivalent peroxy radical activity compared to that of the carotenoids found

in the leaves.

The level of antioxidant activity in stem extracts was similar to root

extracts and had the same trend in the OSI method.   Stems are generally

not considered in synthesis or uptake of biological compounds, but more for

transport.   Location of flavonoid compounds within the plants could cause a

difference in the antioxidant activity among the tissues.   In red clover

(Trifolium pratense), another legume, a complex range of conjugated

isoflavonoids were found in abundance in the roots but at lesser quantities in

the foliage (Edwards, 1997).    If this is the case in peanut plants, the roots

may be more concentrated with flavonoid compounds than the stem.   The

stem may contain slightly lower levels of flavonoids than the roots, but also

contain carotenoids not found in the roots, hence a similar yet not significant

interaction with solvent in the OSI method compared with the roots (Figure

7.2).

An increase in overall activity by the extracts in the DPPH and ORAC

methods may have been demonstrated had the plant material been freeze-
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dried.   Oven drying was used based on availability of the oven dryer in the

lab and because of the preliminary data by the OSI method showed no

significant differences between the drying methods.

Sampling Date

Peanut plants were collected on 9-17-03 and 10-30-03.   On 10-30-

03, one sample was dug from the ground and another sample was taken

from a windrow that had been drying in the field since 10-17-03 (13 days).

The freshly dug samples were used to demonstrate the difference between

the plants at different times in the growing cycle and the field-dried sample

was to investigate the levels of antioxidant activity in plant tissues that

would be equivalent to that collected using current peanut harvesting

procedures.

The leaves of the plant samples were oven dried and extracted with

methanol by soxhlet extraction.    The antioxidant activity of the three

samples exhibited varied results (Table 3.0).   There was no particular

sample date that was significantly higher than the others on more than one

assay.   According to the OSI method, the early sample date was the highest

possibly correlated with high photosynthetic activity occurring at this stage

in plant growth (Maiti, 2002).   Antioxidant activity of the windrow-dried
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sample (11-2-2003) was not as high as the other two samples, probably in

part to the breakdown of bioactive compounds as plants cease to function.

Understanding that the samples were each oven dried, which from

findings above may affect the level of antioxidant activity in the DPPH and

ORAC results, there may have actually been differences present between

windrow dried samples and the samples taken fresh from the soil.   Leaving

the plant in the field is similar to oven drying with the heat and air.   By oven

drying the freshly dug samples, this may have oxidized or damaged any

bioactive compounds that may have caused differences among the fresh

plants and the windrow-dried plants

Roots vs. Root Nodule

Roots of legumes produce phenolic flavonoid and isoflavonoid,

aromatic acids, amino acids, and dicarboxylic acids that function as specific

chemoattractants for Rhizobia (Dakora, 2002).   These chemoattractants

elicit migration of the Rhizobia toward the peanut roots and also promote

the nodulation of the Rhizobia on the surface of the root (Vance, 2002).

The purpose of this phase was to investigate the location of antioxidant

activity within the roots

The root and nodule samples were oven dried and extracted with

methanol.   The drying method may have affected the total antioxidant
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activity; however, this comparison should not have been affected.   The root

extract had significantly higher levels of activity in the OSI and DPPH

method, but no significant difference in the ORAC method (Table 4.0).  This

would indicate that the root contains higher levels of bioactive compounds

than the nodules, possibly due to microbial metabolism of the compounds as

they diffuse into the nodules.
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6. CONCLUSIONS

The peanut industry has thrived for a long time on the utilization of

the seed for human consumption.   In adding value to the plants, it was not

with the intent to begin producing peanut plants solely for processing of the

plant and not the seed.  This part of the study took a brief look at the

sampling date and its affects on antioxidant activity.    Future investigations

can supply information two ways.   Results can answer whether there are any

trends in bioactive compound production for the plant during the growing

season and upon seed formation and growth.   Also, the results may answer

whether current peanut production practices can proceed, or whether

alternative harvesting equipment or practices need to be developed in order

to retrieve the maximum or optimum amount of the bioactive compounds

from the plant tissues.

The results obtained in this study demonstrate that the methanol and

acetone extracts of peanut plant tissues contain antioxidant activity defined

as quenching free radicals, preventing peroxides from oxidizing fluorescein,

and inhibiting lipid peroxide reactions.   The broad range of activity for the

extracts suggests that multiple mechanisms are responsible for the overall

antioxidant activity.   Although we have not isolated specific compounds,

speculation suggests that the antioxidant activity is related to the
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carotenoids and flavonoids contained within the plant.   The antioxidant

activity demonstrated by this study will serve as the basis for further

research to isolate and identify antioxidants in peanut plants.
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