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Tocopherols in commercially grown normal, mid- and high-oleic Runner peanuts from 2005 and

2006 were quantified to give accurate vitamin E contents. Tocopherols were extracted from raw

peanuts by a direct solvent extraction procedure using 10% ethyl acetate in hexanes that provided

percent recoveries of 105.4, 101.2, 103.9, and 102.8 for R-tocopherol (T), β-T, γ-T, and δ-T,
respectively. No significant (P > 0.05) differences were noted in total tocopherol levels in normal-

(22.4 mg/100 g), mid- (23.9 mg/100 g), and high-oleic (22.4 mg/100 g) Runner peanuts. R-T levels

did vary significantly among the Runner cultivars classified by their oleic acid content (mid, 11.7 mg/

100 g; normal, 10.9 mg/100 g; high, 9.8 mg/100 g). Cultivar effects were highly significant (P <

0.001) for R-, β-, γ-, and δ-T and total tocopherol contents, whereas production year effects were

highly significant for R- and β-T levels. Year � cultivar interactions were not significant (P > 0.05).

Cluster analysis segregated the cultivars into two major groups represented by lower R-T and higher

γ-T levels (cluster A) and high R-T and low γ-T levels (cluster B) (P < 0.05). The mean R-T level in

Runner peanuts (151 samples) was 10.5 ( 1.5 mg/100 g, which is 26.7% greater than the imputed

value for peanuts, all types (NBD 16087) provided by the USDA National Nutrient Database for

Standard Reference.
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INTRODUCTION

In the United States, Runner, Virginia, Spanish, and Valencia
market-type peanuts (Arachis hypogaea L.) are commercially
grown. Runner cultivars, comprising normal-, mid-, and high-
oleic varieties, are primarily produced in Georgia, Alabama,
Florida, and Oklahoma and constitute the largest proportion of
the total crop in theUnited States. VitaminE, consisting ofR-, β-,
γ-, and δ-tocopherols as well as tocotrienols, is a fat-soluble
vitamin that generally functions as a potent antioxidant via chain-
breaking reactions during the peroxidation of unsaturated
lipids (1). It is considered to be a significant health-promoting
component of peanuts and tree nuts and affords health benefits to
those who routinely consume nuts (2-4). Because peanuts and
peanut butter are the most commonly consumed “nut,” compris-
ing over two-thirds of the nuts eaten in the United States, their
contribution of vitamin E to the diet from a food source is
significant (5). Knekt et al. (6) as well as Kushi et al. (7)
demonstrated that the tocopherol content in food is inversely
associated with mortality from cardiovascular disease. As a
quencher of free radical damage, tocopherols also play a putative
role in the prevention of Alzheimer’s disease and cancer (8).

Even though peanuts are recognized as an excellent source of
vitamin E, published data on the vitamin E content of raw
peanuts are variable and difficult to interpret. Most published
studies reporting vitamin E levels in raw peanuts have been based
on experimental growth conditions that donot reflect commercial
production using present-day agronomic practices. Data often
represent peanuts from unknown cultivars, cultivars no longer of
commercial production significance, small sample sizes, or peanut
samples ofmixed types (e.g., Runner andVirginia). Currently, the
USDA National Nutrient Database for Standard Reference,
release 22 (9), reports only imputed values for R-tocopherol
(R-T) in raw, Virginia peanuts (NBD 16095) and for raw, all-
types peanuts (NBD 16087) of 6.56 and 8.33 mg/100 g, respec-
tively. No data are provided for Runner peanuts or for other
tocopherols (i.e., β-, γ-, and δ-T).

Of all of the natural forms of tocopherols and tocotrienols,R-T
has the greatest biological activity as measured by the traditional
rat sterility (fetal resorption) test. Therefore, accurate food
compositional data forR-T are essential to correctly assess dietary
intake of vitamin E, because human requirements are based on
2R-stereoisomers of R-T. Studies also suggest that γ-T does not
get the respect it deserves as a nutrient. γ-Tocopherol scavenges
reactive nitrogen oxide species (RNOS) to produce 5-nitro γ-T
fromnitrogen dioxide or the highly reactive peroxynitrite radicals
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generated in vivo fromphagocytes during inflammation (10-12).
It acts as an anti-inflammatory agent, inhibits protein kinase C
activity, and aids in cell signaling. Specifically, γ-T and its
physiological metabolite, 2,7,8-trimethyl-2-(β-carboxyethyl)-6-
hydroxychroman (γ-CEHC), inhibit cyclooxygenase-catalyzed
prostaglandin E2 formation (13,14). Barreira et al. (15) suggested
that γ-T and γ-CEHC may have anti-inflammatory properties
similar to those of nonsteroidal anti-inflammatory drugs,whereas
R-T is much less effective in this regard.

One of the earliest studies that reported the complete toco-
pherol profile (R-, β-, γ-, and δ-T) of raw peanuts showed that
total tocopherol levels in five Runner cultivars ranged from 19.5
to 34.2 mg/100 g by Soxhlet extraction using hexane containing
0.01% (w/v) BHT (16). Cultivar differenceswere significant (P<
0.05); however, patterns of tocopherols were consistent among
the cultivars.R-Tocopherol levels showed considerable variation,
ranging from 7.5 to 12.9 mg/100 g. The sum of R- and γ-T
constituted 80-90% of the total tocopherol determined in pea-
nuts; tocotrienols were absent (16).

Chun et al. (17) provided tocopherol profiles for Runner
peanuts composed of undetermined cultivars based on the direct
solvent extraction procedure used in this study. Twenty-seven
samples collected over two years had tocopherol levels of 11.0,
0.4, 10.3, 0.8, and 22.5 mg/100 g for R-, β-, γ-, and δ-T and total
tocopherols, respectively. Although details of the extraction
procedure were not given, Isleib et al. (18) noted tocopherol
levels in peanut kernels quite similar to those reported by Chun
et al. (17) in amixed sample of peanuts consisting of nine cultivars
(i.e., six Runner and three Virginia). In normal peanuts, toco-
pherol levels were found to be 10.9, 0.33, 8.5, 0.5, and 20.2 mg/
100 g, respectively, for R-, β-, γ-, and δ-T and total tocopherols.
Significantly lower levels of R-T and total tocopherols and
significantly higher levels of γ-T and δ-T were determined in a
mixed sample of high-oleic peanuts consisting of four Runner
cultivars and one Virginia cultivar. Reported levels in the high-
oleic samplewere 9.0, 0.3, 9.2, 0.6, and 19.1mg/100 g forR-,β-, γ-,
and δ-T and total tocopherols, respectively.

Studies by Jonnala et al. (19) and Davis et al. (20) provide
somewhat conflicting data compared to the above cited work.
The Jonnala et al. (19) study used saponification and reported
considerably lower vitamin E levels in five high-oleic Runner
cultivars grown in Oklahoma. R-Tocopherol levels ranged from
6.8 to 7.4 mg/100 g, and total tocopherol levels ranged from 12.5
to 14.3 mg/100 g based on raw kernel content. The greatest R-T
and total tocopherol quantities reported by Jonnala et al. (19)
represent 79.8 and 75.5% of the mean levels reported by Isleib et
al. (18) for high-oleic peanuts. Data collected by Davis et al. (20)
suggested that high-oleic peanut oils possessed greater concentra-
tions of total tocopherols than non-high-oleic counterparts.
Unfortunately,Davis et al. (20) did not present the compositional
data necessary to convert the oil concentrations to a kernel weight
basis. Total tocopherols in the peanut oils ranged from 25.5 mg/
100 g (C99-R) to 42.5 mg/100 g (AT-201), which represents high
cultivar variability. The peanut oils were screw expeller oils and
did not take in account complete oil extraction from the kernels.

In addition to cultivar variation, vitamin E levels in peanuts
vary by market type (21), growing conditions (16), production
year (22), geographic area of production (22), and stage of
maturity (16).

Too often, food databases contain limited or dated composi-
tional data with respect to nutrient and bioactive contents.
Availability of improved cultivars and rapid acceptance by farm-
ers, together with modification of production methods, require
that compositional data on agricultural commodities be updated
in a timely manner to ensure that they are representative of the

commodity. This situation is certainly applicable to peanuts
grown in theUnited States. At the request of the peanut industry,
our study was designed to re-examine and update compositional
information of peanuts, including the levels of key bioactives,
grown in the United States. This paper (only a portion of the
complete study) reports on the tocopherol (vitamin E) composi-
tion of normal-, mid-, and high-oleicRunner peanut cultivars. To
ensure the best possible data, a sampling program was designed
and completed by the industry to provideU.S. cultivars in current
production by accepted agricultural practices. In our opinion, the
strength of this research initiative lies in the care and detail that
went into the sampling effort of the peanut cultivars. Data
resulting from the analyses of 151 Runner peanut samples
distinguishes this work from all other peanut tocopherol inves-
tigations. Findings from the research will be submitted to
the USDA for consideration of inclusion in their Nutrient
Database for Standard Reference, as there are currently no data
for Runner peanuts (i.e., both normal- and high-oleate geno-
types) and only an imputed vitamin E value exists for raw
peanuts, all types (NBD 16087).

MATERIALS AND METHODS

Collection of Samples. Runner-type peanut samples (n = 151)
composed of six normal-oleic, one mid-oleic (i.e., Tamrun OL01), and
three high-oleic cultivars from the 2005 and 2006 production years were
provided for this study by The Peanut Institute, the USDA-ARS
National Peanut Laboratory, and personnel from the peanut industry.
In brief, the sampling effort involved the development of a uniform
sampling plan that accurately defined major Runner cultivars grown by
U.S. peanut farmers. On the basis of sheller input and seed sales to reflect
present-day percentages of peanuts in the U.S. market, the cultivars for
study were chosen. After selection of these cultivars, seed growers were
identified in each of the three peanut-growing regions (i.e., southeast,
southwest, and Virginia/Carolina). All samples were field-grown and
chosen to accurately reflect cultivars produced by farmers in 2005 and
2006. Peanuts were taken from seed wagons after initial drying to a
moisture content between 8 and 10%. An official sample was then pulled
from each wagon and graded. The sheller obtained the back half of the
official-grade sample and subdivided the sample down to three pounds.
This sample was then cleaned using a grade-room Farmerstock cleaner
and forwarded to the USDA-ARS National Peanut Research Labo-
ratory in Dawson, GA, for further processing. The samples were shelled
and then sent to the Department of Food Science and Technology,
University of Georgia, Athens, GA (UGA). After their arrival at UGA,
the peanuts were packaged in labeled vacuum pouches (Prime Source,
Kansas City, MO) with a vacuum system (Henkelman 600, Henkelman,
‘s-Hertogenbosch, The Netherlands) to prevent their degradation. The
vacuum-packaged peanuts were stored at -40 �C until analyzed.

Chemicals. Hexanes, ethyl acetate, and isopropanol were of HPLC
grade and purchased from Fisher Scientific Co. (Suwanee, GA). Anhy-
drous MgSO4 powder was acquired from Mallinckrodt Baker Inc.
(Phillipsburg, NJ). Butylated hydroxytoluene (BHT), ethanol, and toco-
pherol standards (R-, β-, γ-, and δ-T) were obtained from Sigma-Aldrich
Chemical Co. (St. Louis, MO).

Quantification of Tocopherols. Direct Solvent Extraction. The
direct solvent extraction method for extracting vitamin E from raw
peanuts, based on a technique developed by Landen but modified by
Lee et al. (23), was employed. Each sample was assayed in triplicate.
Approximately 20 g of raw peanuts was ground in a coffee mill (model
Tipo 203, Krups, New York, NY) for 10 s with intermittent pulses. One
gram of ground sample was accurately weighed into a 125 mL round-
bottom glass tube to which 4 mL of 80 �C deionized water was added. The
contents were mixed with a stainless steel spatula and then sonicated for
1 min to facilitate solubilization/extraction. Ten milliliters of isopropanol
containing 0.01% (w/v) BHT, 5 g of anhydrous MgSO4 powder, and
25 mL of extracting solvent (ethyl acetate/hexanes, 10:90, v/v) containing
0.01% (w/v) BHT, were added and mixed with the spatula. The mixture
was blended using a homogenizer (model 300A, Pro Scientific Inc.,
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Monroe, CT) at 5600 rpm for 90 s and filtered through amedium-porosity
glass filter using a vacuum bell jar filtration unit (Kontes Glass Co.,
Vineland, NJ). The filter cake was transferred back to the 125 mL round-
bottom glass tube for a second extraction. This time, 5 mL of isopropanol
containing 0.01% (w/v) BHT and 25 mL of the extracting solvent were
added, homogenized, and filtered as described. The pooled filtrates were
transferred to a 100 mL volumetric flask and diluted to the mark with the
extracting solvent. The solution was passed through a 0.45 μm nylon
membrane filter (GE Osmonics Labstore, Minnetonka, MN). A 1.0 mL
aliquot of the extract was evaporated under a stream of nitrogen. The
residuewas redissolved in 1mLof themobile phase prior to injection in the
HPLC. All extraction steps were carried out under yellow light to prevent
oxidation of the tocopherols.

HPLC Quantitation. The vitamin E extracts were injected into an
HPLC system consisting of a Shimadzu LC-6A pump equipped with an
RF-10AXL fluorescence detector (Shimadzu Corp., Columbia, MD), a
SpectraSERIES AS 100 autosampler (Thermo Separation Products, Inc.,
San Jose, CA), a Waters 746 Data Module integrator (Waters Corp.,
Milford, MA), a normal-phase LiChrosorb Si 60 column (4 mm �
250 mm, 5 μm particle size; Hibar Fertigs€aule RT, Merck, Darmstadt,
Germany) connected to a LiChroCART 4-4 guard column packed with
LiChrospher Si 60 (5 μm), and an isocratic mobile phase comprising
0.85% (v/v) isopropanol in hexanes at a flow rate of 1.0 mL/min. Before
use, the mobile phase was vacuum filtered through a 0.45 μm nylon
membrane filter (MSI, Westboro, MA) and degassed by stirring under
vacuum. The excitation and emission wavelengths for the fluorescent
determination of tocopherol isomers were 290 and 330 nm, respectively.
Twentymicroliters of sample extract and the tocopherol standard solution
were injected per run.

Standard Preparation. Standards were prepared as described by
Lee et al. (23). Briefly,∼50 mg of R-, β-, and δ-T and 100 mg of γ-T were
dissolved in 25mLofhexanes. For a purity check, 1mLof each tocopherol
solution was pipetted into a 25 mL volumetric flask and evaporated to
dryness under a streamofnitrogen. The residuewas diluted to volumewith
95% (v/v) ethanol. The absorbance of the solution was measured with a
DU-62 spectrophotometer (Beckman Instruments, Inc., Fullerton, CA) in
a quartz cuvette. Extinction coefficients (E1cm

1% ) of the tocopherol homo-
logues, first published byScott (24) and presented byEitenmiller et al. (25),
at λmax of 294, 297, 298, and 298 nm for R-, β-, γ-, and δ-T, respectively,
were used to determine percent purity. The purity of each standard was
calculated with the equation

% purity ¼ ðA� 10=CÞ=E1%
1cm

whereA is the absorbance,C is the concentration (mg/mL), andE1cm
1% is the

extinction coefficient at λmax for each tocopherol.
The purities ofR-, β-,γ-, and δ-T standardswere found to be 99.07, 82.47,

98.71, and 89.16%, respectively. On the basis of the purity check, concentra-
tions in the stock standard solutions ofR-,β-,γ-, andδ-T solutionswere 1.96,
1.65, 3.65, and 1.80 mg/mL, respectively. For the daily working standard,
stock solutionswere dilutedwith an appropriate amount of themobile phase
containing 0.01% (w/v) of BHT to give concentrations of 1.96, 0.26, 1.46,
and 0.18 μg/mL for R-, β-, γ-, and δ-T, respectively.

Calculation. Concentrations of the tocopherols were calculated from
each peak area determined by theWaters 764 integrator (Millipore Corp.,
Cary, NC) based on the fluorescence response of each tocopherol in a
20 μL injection of the working standard stock solution.

Method Validation. Recovery was determined on the basis of
AOAC guidelines (26). Ground, raw peanut kernels and Standard
Reference Material (SRM) 2387 Peanut Butter [National Institute of
Standards and Technology (NIST), Gaithersburg, MD] were spiked with
known levels of the tocopherols. Final spiking levels per gram of sample
were 21.17, 14.74, 39.43, and 19.48 μg for R-, β-, γ-, and δ-T, respectively.
Recovery was calculated with the equation (26)

R ð%Þ ¼ Cs -Cp

Ca
� 100

whereR (%) is the percent recoveryof added standard,Cs is the tocopherol
content in the spiked sample, Cp is the tocopherol concentration in the
unspiked sample, and Ca is the amount of tocopherol standard added.

Accuracy and bias were evaluated by assaying SRM 2387 and compar-
ing the analytical values to the certified reference values. Bias is the
difference between the analytical value from the certified reference value.
Interday precision (i.e., relative repeatability of the standard deviation, %
RSDr) was evaluated using SRM 2387 according to published proto-
cols (27). All of the assays were replicated five times.

Statistical Analysis. Vitamin E contents were reported as means (
standard deviation (SD). Differences of the means of each peanut cultivar

Figure 1. HPLC chromatograms with fluorescence detection of (A)
commercially available tocopherol standards and (B) tocopherol isomers
detected in a Runner peanut sample.

Table 1. Recoveries of Tocopherols from Raw Runner Peanuts and the
Peanut Butter Standard Reference Material (SRM 2387)

recovery (%)

tocopherol raw peanutsa (n = 15) SRM 2387b (n = 5)

R-T 105.4( 5.2 100.5( 1.0

β-T 101.2( 4.9 97.0( 2.5

γ-T 103.9( 4.4 99.0 ( 2.8

δ-T 102.8 ( 4.5 105.8( 2.6

a Values (mean( SD) are based on 15 replicate analyses from 3 cultivars (i.e.,
Georgia Green [n = 5] for normal, Tamrun OL01 [n = 5] for mid-oleic, and
Flavorunner-458 [n = 5] for high-oleic cultivars). b Values (mean ( SD) are based
on 5 replicate analyses.

Table 2. Accuracy and Repeatability Precision (% RSDr) for the Analysis of
Tocopherols in the Peanut Butter Standard Reference Material (SRM 2387)

contents (mg/100)

tocopherol

certified

valuea
analytical

valueb bias

% of certified

value % RSDr
c

R-T 10.8( 1.1 10.0( 0.7 0.8 92.6( 6.5 7.0

β- þ γ-Td 10.0( 1.9 9.7( 0.1 0.3 97.0( 1.0 1.0

δ-T 1.0( 0.3 1.2( 0.1 0.2 120.0( 10.0 8.3

a The certified reference values for the tocopherols in SRM 2387 were derived
from the combination of results provided by NIST and collaborating laboratories.
b Values (mean ( SD) are based on five replicate analyses. cRepeatability
precision (% RSDr).

dNIST provided the sum of β- and γ-T, because the reference
values were obtained by a reversed-phase high-performance liquid chromatography
which cannot separate β- and γ-T.
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were determined by Tukey’s multiple-range test at P < 0.05 using
Statistical Analysis System (SAS) software, version 9.0. Cultivar, produc-
tion year, and cultivar� production year effects were evaluated by a two-
way factorial analysis of variance. Georgia 01-R, Georgia-03L, and
AP-3 cultivars were eliminated from this factorial analysis and the
comparison between cultivars because only one production year was
available. The experimental factorial design contained 7 � 2 levels
for each of two variables, cultivar and production year. Cultivar and
production year interactionswere determined atP<0.05, 0.01, and 0.001,
respectively.

Cluster analysis was performed to identify relative relationships among
Runner cultivars. Hierarchical cluster analysis (HCA) employing the
unweighted pair-group method using arithmetic average (UPGMA) was
carried out according to the method of Romesburg (28). The UPGMA
clusteringmethod is themost popular one because it can be employedwith
any similarity. The hierarchical algorithm represents the nested grouping
of patterns and similarity levels at which groupings change (28). From 1.0
on similarity, a value for the nearest-neighbor distance at which two
clusters from a preceding level merged was calculated. HCA was com-
pleted using the XLSTAT for Windows program.

Table 3. Tocopherol Contents in Normal-, Mid-, and High-Oleic Cultivars (Milligrams per 100 g)a

type R-T β-T γ-T δ-T total

normal-oleic (n = 81) 10.9( 1.4 bb 0.33( 0.14 a 10.4( 2.4 b 0.85( 0.40 a 22.4( 3.3 a

mid-oleic (n = 15) 11.7( 1.0 a 0.35( 0.07 a 11.2( 0.8 ab 0.68( 0.10 ab 23.9( 1.4 a

high-oleic (n = 55) 9.8( 1.3 c 0.26( 0.07 b 11.7( 1.4 a 0.66( 0.08 b 22.4( 1.7 a

total (n = 151) 10.5( 1.5 0.31( 0.12 10.9( 2.0 0.76( 0.31 22.5( 2.7

a n = number of samples; data represent themean(SD of each sample assayed in triplicate. bMeans with different letters indicate significant differences among normal-, mid-,
and high-oleic peanut cultivars by Tukey’s multiple test (P < 0.05).

Table 4. Tocopherol Contents in Runner Peanut Cultivars (Milligrams per 100 g)a

cultivar R-T β-T γ-T δ-T total

normal

Georgia Green

2005 (n = 22) 12.0( 1.2ab 0.3( 0.1b 10.9( 3.1 1.2( 0.4a 24.5( 3.5a

2006 (n = 22) 10.6( 1.4b 0.5( 0.1a 9.8( 1.8 0.9( 0.3b 21.8( 3.4b

mean ( SD 11.3 ( 1.5ABc 0.4 ( 0.2A 10.3 ( 2.6BC 1.1 ( 0.4A 23.1 ( 3.7A

Tamrun 96

2005 (n = 5) 11.0( 1.1 0.2( 0.1 11.8( 0.5b 0.6( 0.1 23.6( 0.9

2006 (n = 3) 10.2( 0.5 0.3( 0.0 12.9( 0.3a 0.6( 0.0 23.9( 0.4

mean ( SD 10.7 ( 1.4AB 0.2 ( 0.1C 12.2 ( 0.1AB 0.6 ( 0.1B 23.8 ( 0.6A

C99-R

2005 (n = 9) 10.2( 1.2 0.2( 0.1b 10.8( 2.3a 0.7( 0.2a 21.8( 2.7

2006 (n = 15) 10.0( 1.0 0.3( 0.0a 8.5( 1.1b 0.5( 0.1b 19.2( 1.3b

mean ( SD 10.1 ( 1.0B 0.3 ( 0.1BC 9.3 ( 2.0C 0.6 ( 0.2B 20.2 ( 2.3B

Georgia-01R

2005 (n = 1) 11.3 0.3 12.8 1.2 25.7

Georgia-03L

2006 (n = 1) 7.8 0.4 11.0 0.9 20.1

AP-3

2006 (n = 3) 11.4( 0.9 0.3( 0.0 13.0( 0.7 0.7( 0.1 25.2( 0.9

mid-oleic

Tamrun OL01

2005 (n = 2) 13.5( 0.1a 0.2( 0.0b 11.1 ( 1.1 0.8( 0.1 25.6( 1.2

2006 (n = 13) 11.4( 0.7b 0.4( 0.1a 11.2( 0.8 0.7( 0.1 23.6( 1.3

mean ( SD 11.7 ( 1.0A 0.4 ( 0.1AB 11.2 ( 0.1ABC 0.7 ( 0.1B 23.9 ( 1.4A

high-oleic

Tamrun OL02

2005 (n = 5) 11.8( 0.9a 0.1( 0.0b 11.3 ( 1.1 0.7( 0.1 24.0( 1.8

2006 (n = 17) 10.3( 0.8b 0.3( 0.0a 10.7( 1.4 0.7( 0.1 22.0( 2.0

mean ( SD 10.7 ( 1.0AB 0.3 ( 0.1BC 10.8 ( 1.3ABC 0.7 ( 0.1B 22.4 ( 2.1AB

Flavorunner-458

2005 (n = 3) 11.5( 0.5 0.1( 0.0b 10.9( 0.2 0.6( 0.1 23.1( 0.7

2006 (n = 3) 10.7( 0.8 0.4( 0.0a 11.2 ( 0.2 0.7( 0.1 23.0( 0.8

mean ( SD 11.1 ( 0.8AB 0.3 ( 0.1BC 11.1 ( 0.3ABC 0.7 ( 0.1B 23.0 ( 0.7AB

Georgia-02C

2005 (n = 3) 9.4( 0.6 0.1( 0.0b 13.0( 0.6 0.8( 0.0a 23.3( 1.2

2006 (n = 24) 8.6( 0.7 0.3( 0.0a 12.5( 1.0 0.6( 0.1b 22.1( 1.5

factorial analysisd

cultivare *** *** *** *** ***

yearf *** *** NS * **

cultivar � yearg NSh NS NS NS NS

mean ( SD 8.7 ( 0.7C 0.3 ( 0.1BC 12.6 ( 0.9A 0.7 ( 0.1B 22.2 ( 1.5AB

a n = number of samples; data represent the mean( SD of each sample assayed in triplicate. Boldface mean is the mean of all samples for each cultivar for production years
2005 and 2006. b Small case letters that are different for production years within a cultivar indicate that the means are significantly different by Tukey’s multiple-range test (P <
0.05). cMeans (n = 7) for production years 2005 and 2006 with different capital letters indicate significant differences of each cultivar except for Georgia-01R, Georgia-03L, and
AP-3 (P < 0.05). d A two-way factorial analysis was used. e All cultivars (n = 7) except for Georgia-01R, Georgia-03L, and AP-3. fProduction years (n = 2; 2005 and 2006). g The
interaction between cultivar � production year. hNS, not significant; *, **, and *** correspond to significant at P < 0.05, 0.01, and 0.001, respectively.
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RESULTS AND DISCUSSION

Figure 1A depicts the HPLC chromatogram for the R-, β-, γ-,
and δ-T commercial standards, which eluted at retention times of
4.90, 7.17, 7.75, and 11.84 min, respectively. Figure 1B shows an
HPLC chromatogram of the tocopherol isomers detected in a
Runner peanut sample from this study. In Dr. Eitenmiller’s
laboratory, palm oil samples are routinely analyzed for their
tocopherol and tocotrienol contents. Lack of signals forR-, β-, γ-,
and δ-tocotrienol at expected retention times confirmed that they
were absent from the peanut samples or at extremely low levels
below the detection limit of the system.

Method Validation. Recoveries (%) of tocopherols from raw
Runner peanuts and the peanut butter standard reference ma-
terial from NIST (SRM 2387) are given in Table 1. Percent
recoveries for the tocopherols ranged from 101.2 to 105.4 for raw
peanut kernels and from 97.0 to 105.8 for SRM 2387. Table 2

presents accuracy determined as percent of the certified toco-
pherol values for SRM2387. These values were 92.6( 6.5, 97.0(
1.0, and 120.0 ( 10.0 for R-, β- þ γ-, and δ-T, respectively,
indicating very close agreement between the analytical values and
the certified values. Small, positive bias valueswere apparent (0.8,
0.3, and 0.2) for R-, β- þ γ-, and δ-T, respectively. Evaluating
accuracy by comparing generated analytical data to accepted
values from a certified standard has been reported in other
works (29,30); unfortunately, this is not the norm asmost studies
fail to perform such evaluations. On the basis of five injec-
tions, linearity tests of the standard curves were completed over
the ranges of 0.0-39.20, 0.0-5.24, 0.0-29.20, and 0.0-3.61 ng in
20 μL injection volumes for R-, β-, γ-, and δ-T, respectively.
Excellent linear relationships (r2 > 0.999) were observed for the
fluorescent response of each tocopherol. Limit of detection
(LOD) values were 0.15, 0.14, 0.16, and 0.11 ng/20 μL injection
for R-, β-, γ-, and δ-T, respectively, whereas the respective
limit of quantitation (LOQ) values were 0.28, 0.26, 0.28, and
0.13 ng/20 μL injection.

Tocopherols in Normal-, Mid-, and High-Oleic Runner Culti-

vars. Tocopherol levels in normal-, mid-, and high-oleic cultivars
collected in 2005 and 2006 are presented in Table 3. Normal
cultivars included Georgia Green (n=44), Tamrun 96 (n=8),
C99-R (n=24), Georgia-01R (n=1), Georgia-03L (n=1), and
AP-3 (n=3). The mid-oleic group contained Tamrun OL01 (n=
15), and the high-oleic group consisted of TamrunOL02 (n=22),
Flavorunner-458 (n=6), andGeorgia-02C (n=27).Meanvitamin

E (i.e., R-tocopherol [T] levels) in the normal-, mid-, and high-
oleic cultivars examinedwere 10.9( 1.4, 11.7( 1.0, and 9.8( 1.3
mg/100 g, respectively. These values represent ca. 30, 40, and 17%
increases, respectively, from the imputed value listed in the
USDA National Nutrient Database for Standard Reference (9)
for raw peanuts, all types (NBD16087). The overallmeans for the
individual tocopherols in Runner peanuts (n=151) were 10.5 (
1.5 for R-T, 0.31 ( 0.12 for β-T, 10.9 ( 2.0 for γ-T, and 0.76 (
0.31 mg/100 g for δ-T, respectively. Total tocopherol levels in
normal-, mid-, and high-oleic cultivars were 22.4 ( 3.3, 23.9 (
1.4, and 22.4 ( 1.7 mg/100 g, respectively. Differences in total
tocopherol contents were not significant (P > 0.05) among the
three groups. For all samples, R-T and γ-T were the dominant E
vitamers, comprising ca. 95%of the total vitamin E present in the
kernel. The mid-oleic cultivar, Tamrun OL01, had significantly
higher R-T content than normal and high-oleic cultivars (P <
0.05). Normal cultivars had significantly greater R-, β-, and δ-T
contents than high-oleic cultivars, whereas the γ-T content was
significantly lower (P < 0.05). Higher γ-T levels in high-oleic
peanut oils compared to normal peanut oils have been reported
by Yamaki et al. (31) and Isleib et al. (18). The Isleib et al. (18)
study, although based on mixed samples of Runner and Virginia
types, showed γ-T levels to be significantly higher (P < 0.01) in
the oil from the high-oleic cultivars. The Yamaki et al. (31) study
compared the high-oleic Runner SunOleic cultivar to a Virginia-
type sample of unspecified cultivars. For R-T, the mid-oleic
cultivar, Tamrun OL01, had a significantly higher level (P <
0.05) of 11.7 mg/100 g compared to normal- (10.9 mg/100 g) and
high-oleic cultivars (9.8 mg/100 g).

Tocopherol levels in the 10 Runner peanut cultivar samples
from the 2005 and 2006 production years are given in Table 4.
Total tocopherol contents ranged from 20.1 mg/100 g (Georgia-
03 L) to 25.7 mg/100 g (Georgia-01R). On the basis of data from
the two crop years, the mean total tocopherol level of 20.2 mg/
100 g found in C99-R was significantly lower than mean levels
found in the other cultivars (P < 0.05). Significant (P < 0.05)
differences in total tocopherol contents between the 2005 and
2006 production years were noted for Georgia Green and C99-R.

For the individual tocopherols, cultivar differences were ob-
served, but specific patterns of variation were not apparent
(Table 4). For R-T, the mean levels ranged from 7.8 mg/100 g
(Georgia-03L) to 11.7 mg/100 g (Tamrun OL01). The mean R-T
content of Georgia-02C (8.7 mg/100 g) was significantly lower

Figure 2. Dendrogram of Runner cultivars based on their means of tocopherol compositions. * and ** represent mid- and high-oleic cultivars.
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than that found in the other cultivars. Only Georgia-03L, which
was not included in the statistical analysis because only one
sample from 2006 was available, possessed a lower R-T level (7.8
mg/100 g). Year-to-year variation was also noted in R-T con-
tents for Georgia Green, Tamrun OL01, and Tamrun OL02
(P < 0.05).

Mean γ-T levels ranged from 9.3mg/100 g (C99-R) to 12.6mg/
100 g (Georgia-02C). Year-to-year variation was noted in γ-T
levels for Tamrun 96 and C99-R (P<0.05). β-Tocopherol levels
were found at levels between 0.1 and 0.5 mg/100 g. Such low
levels of β-T are, however, typical of most foods. Except for
Georgia Green andGeorgia-01R, δ-T was present at levels below
1.0 mg/100 g.

Factorial analysis (Table 4) revealed that cultivar (n=7) effects
were strongly significant (P<0.001) for all tocopherols. Strongly
significant (n = 2) year effects were noted for R- and β-T
(P < 0.001). Year � cultivar interactions were not significant
(P > 0.05).

Cluster Analysis. Figure 2 depicts the dendrogram represent-
ing cultivar clusters grouped by similarities in tocopherol
profiles. Runner cultivars were grouped into clusters A and
B at a similarity level of ∼0.967. The mean level of R-T for the
cultivars in cluster B (11.0 mg/100 g) was significantly greater
than the mean of cluster A cultivars (8.9 mg/100 g) (P< 0.05).
Conversely, for γ-T, the mean for cluster A (12.6 mg/100 g) was
significantly higher than the mean of cluster B (10.5 mg/100 g)
(P < 0.05). Because γ-T is the biosynthetic precursor for R-T
through the action of γ-tocopherolmethyltransferase (γ-TMT)
in the plant kingdom, one expects these relationships to
exist (32). Shintani and DellaPenna (33) showed that γ-TMT
is a primary determinant of the tocopherol composition of
seed oils.

Within cluster B, the cultivars in subcluster B1 contained a
significantly higher (P<0.05) mean γ-T content (11.2 mg/100 g)
compared to the mean of subcluster B2 cultivars (10.2 mg/100 g).
Again, as noted for the relationship between R-T and γ-T levels
shown for clusters A and B, the mean R-T level for cultivars in
subcluster B2 (11.2 mg/100 g) was significantly higher (P<0.05)
than the mean for subcluster B1 (10.4 mg/100 g), demonstrating
that as R-T content increases, γ-T content decreases. The relative
order of the clusters based on the mean R-T and γ-T levels clearly
shows the biosynthetic relationship between R-T and γ-T (γ-T,
cluster A > cluster B1 > cluster B2; R-T, cluster B2 > cluster
B1 > cluster A).

To summarize, the composition of tocopherols was assessed in
commercial Runner peanuts obtained from a well-designed
sampling plan that provided cultivars representative of those in
current productionby accepted farmingpractices.Cultivar effects
were highly significant for the tocopherols and for total toco-
pherol levels. Cluster analysis segregated the cultivars according
to R- and γ-T levels. The study clearly indicates that the
combination of analytical data with chemometric techniques
can be used by peanut breeders to give more information on
peanut cultivars than is possiblewith the experimental data alone.
The mean R-T level of 10.5 mg/100 g determined in Runner
peanuts indicates that peanuts and peanut products provide on
average 25þ% higher levels of vitamin E to the consumer than
indicated by the value currently reported in the USDA Nutrient
Databank of StandardReference, release 22 (9). The typical daily
intake of vitamin E by a U.S. resident (ca. 10 mg) is below the
Recommended Daily Allowance (RDA) of 22.5 IU or 15 mg of
R-tocopherol. Therefore, consuming peanuts and peanut-con-
taining foods on a daily basis is a healthy choice in trying to meet
the RDA for vitamin E.

ACKNOWLEDGMENT

Thanks are extended to Darlene J. Cowart, John Powell,
Dr. Marshall C. Lamb, and Pat Kearney for their key contribu-
tions to the intricate sampling plan necessary for such a study.
Technical assistance from Anne Morrison is acknowledged.

LITERATURE CITED

(1) Trumbo, P.; Schlicker, S.; Yates, A. A.; Poos, M. Dietary reference
intakes for energy, carbohydrate, fiber, fat, fatty acids, cholesterol,
protein and amino acids. J. Am. Diet. Assoc. 2002, 102, 1621–
1630.

(2) Kris-Etherton, P. M.; Hu, F. B.; Ros, E.; Sabat�e, J. The role of tree
nuts and peanuts in the prevention of coronary heart disease:
multiple potential mechanisms. J. Nutr. 2008, 138, 1746S–1751S.

(3) Kris-Etherton, P. M.; Yu-Poth, S.; Sabat�e, J.; Ratcliffe, H. E.; Zhao,
G.; Etherton, T. D. Nuts and their bioactive constituents: effects on
serum lipids and other factors that affect disease risk. Am. J. Clin.
Nutr. 1999, 70, 504S–511S.

(4) Kris-Etherton, P. M.; Zhao, G.; Binkoski, A. E.; Coval, S. M.;
Etherton, T. D. The effects of nuts on coronary heart disease risk.
Nutr. Rev. 2001, 59, 103–111.

(5) King, J. C.; Blumberg, J.; Ingwersen, L.; Jenab, M.; Tucker, K. L.
Tree nuts and peanuts as components of a healthy diet. J. Nutr. 2008,
138, 1736S–1740S.

(6) Knekt, P.; Reunanen, A.; J€avinen, R.; Sepp€anen, R.; Heli€ovaara,M.;
Aromaa, A. Antioxidant vitamin intake and coronary mortality in a
longitudinal population study. Am. J. Epidemiol. 1994, 139, 1180–
1189.

(7) Kushi, L. H.; Folsom, A. R.; Prineas, R. J.; Mink, P. J.; Wu, Y.;
Bostick, R. M. Dietary antioxidant vitamins and death from
coronary heart disease in postmenopausal women. N. Engl. J.
Med. 1996, 334, 1156–1162.

(8) Tucker, J. M.; Townsend, D. M. R-Tocopherol: roles in prevention
and therapy of human disease.Biomed. Pharmacother. 2005, 59, 380–
387.

(9) U.S. Department of Agriculture, National Nutrient Database for
Standard Reference, release 22, 2009 (accessed Oct 7, 2009) available
from http://www.nal.usda.gov.

(10) Christen, S.; Woodall, A. A.; Shigenaga, M. K.; Southwell-Keely, P.
T.; Duncan, M. W.; Ames, B. N. γ-Tocopherol traps mutagenic
electrophiles such as NOx and complements R-tocopherol: physio-
logical implications. Proc. Natl. Acad. Sci. U.S.A. 1997, 94, 3217–
3222.

(11) Morton, L.W.;Ward, N. C.; Croft, K.D.; Puddey, I. B. Evidence for
the nitration of γ-tocopherol in vivo: 5-nitro-γ-tocopherol is elevated
in the plasma of subjects with coronary heart disease. Biochem. J.
2002, 364, 625–628.

(12) Jiang, Q.; Ames, B. N. γ-Tocopherol, but not R-tocopherol,
decreases proinflammatory eicosanoids and inflammation damage
in rats. FASEB J. 2003, 17, 816–822.

(13) Jiang, Q.; Christen, S.; Shigenaga,M.K.; Ames, B.N. γ-Tocopherol,
themajor form of vitamin E in theU.S. diet, deservesmore attention.
Am. J. Clin. Nutr. 2001, 74, 714–722.

(14) Jiang, Q.; Lykkesfeldt, J.; Shigenaga, M. K.; Shigeno, E. T.;
Christen, S.; Ames, B. N. γ-Tocopherol supplementation inhibits
protein nitration and ascorbate oxidation in rats with inflammation.
Free Radical Biol. Med. 2002, 33, 1534–1542.

(15) Barreira, J. C. M.; Alves, R. C.; Casal, S.; Ferreira, I. C. F. R.;
Oliveira, M. B. P. P.; Pereira, J. A. Vitamin E profile as a reliable
authenticity discrimination factor between chestnut (Castanea sativa
Mill.) cultivars. J. Agric. Food Chem. 2009, 57, 5524-5528.

(16) Hashim, I. B.; Koehler, P. E.; Eitenmiller, R. R. Tocopherols in
Runner and Virginia peanut cultivars at various maturity stages.
J. Am. Oil Chem. Soc. 1993, 70, 633–635.

(17) Chun, J.; Ye, L.; Lee, J.; Eitenmiller, R. R. Effect of peanut butter
manufacture on vitamin E. J. Food Sci. 2003, 68, 2211–2214.

(18) Isleib, T. G.; Pattee, H. E.; Sanders, T. H.; Hendrix, K. W.; Dean, L.
O. Compositional and sensory comparisons between normal- and
high-oleic peanuts. J. Agric. Food Chem. 2006, 54, 1759–1763.



Article J. Agric. Food Chem., Vol. 57, No. 21, 2009 10295

(19) 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.

(20) Davis, J. P.; Dean, L. O.; Faircloth, W. H.; Sanders, T. H. Physical and
chemical characterizations of normal and high-oleic oils from nine
commercial cultivars of peanut. J. Am.Oil Chem. Soc. 2008, 85, 235–243.

(21) Sturm, P. A.; Parkhurst, R. M.; Skinner, W. A. Quantitative determi-
nation of individual tocopherols by thin layer chromatographic
separation and spectrophotometry. Anal. Chem. 1966, 38, 1244–1247.

(22) Sanders, T. H.; Vercellotti, J. R.; Crippen, K. L.; Hinsch, R. T.;
Rasmussen, G. K.; Edwards, J. H. Quality factors in exported
peanuts from Argentina, China and the United States. J. Am. Oil
Chem. Soc. 1992, 69, 1032–1035.

(23) Lee, J.; Landen, W. O. Jr.; Phillips, R. D.; Eitenmiller, R. R.
Application of direct solvent extraction to the LC quantification
of vitamin E in peanuts, peanut butter, and selected nuts.Peanut Sci.
1998, 25, 123–128.

(24) Scott, M. L. Vitamin E. In Handbook of Lipid Research; DeLuca, H.
F., Ed.; Plenum Press: New York, 1978; Vol. 2, pp 133-210.

(25) Eitenmiller, R. R.; Ye, L.; Landen,W.O., Jr.Vitamin Analysis for the
Health and Food Sciences, 2nd ed.; CRC Press, Taylor & Francis Group:
Boca Raton, FL, 2008; pp 119-191.

(26) Association of Official Analytical Chemists. AOAC peer-verified
methods program. Manual on policies and procedures; 1998
(accessed Oct 3, 2009) available from http://www.aoac.org.

(27) Horwitz, W. Validation: An Invisible Component of Measurement;
AOAC: Arlington, VA, 2003 (accessed Oct 3, 2009) available from http://
www.aoac.org.

(28) Romesburg, H. C. Cluster Analysis for Researchers; Lifetime Learn-
ing Publications: Belmont, CA, 1984; pp 119-140.

(29) LaCroix, D. E.; Wolf, W. R.; Chase, G. W. Jr. Determination of
niacin in infant formula by solid-phase extraction/liquid chroma-
tography: peer-verified method performance-interlaboratory vali-
dation. J. AOAC Int. 2002, 85, 654–664.

(30) Rolim, A.; Maciel, C. P. M.; Kaneko, T. M.; Consiglieri, V. O.;
Salgado-Santos, I. M. N.; Velasco, M. V. R. Validation assay for
total flavonoids, as rutin equivalents, from Trichilia catigua Adr.
Juss (Meliaceae) and Ptychopetalum olacoides Bentham (Olacaceae)
commercial extract. J. AOAC Int. 2005, 88, 1015–1019.

(31) Yamaki, T.; Nagamine, I.; Fukumoto, K.; Yano, T.; Miyahara, M.;
Sakurai, H. High oleic peanut oil modulates promotion stage in lung
tumorigenesis of mice treated with methyl nitrosourea. Food Sci.
Technol. Res. 2005, 11, 231–235.

(32) Bramley, P. M.; Elmadfa, I.; Kafatos, A.; Kelly, F. J.; Manios, Y.;
Roxborough, H. E.; Schuch, W.; Sheehy, P. J. A.; Wagner, K.-H.
Vitamin E. J. Sci. Food Agric. 2000, 80, 913–938.

(33) Shintani, D.; DellaPenna, D. Elevating the vitamin E content of
plants through metabolic engineering. Science 1998, 282, 2098–
2100.

Received for review August 21, 2009. Revised manuscript received

October 3, 2009. Accepted October 4, 2009. Financial support for this

study was provided by the Georgia Food Processing Advisory Council

(FoodPAC) of Georgia’s Traditional Industries Program for Food

Processing and is greatly appreciated.


