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a b s t r a c t

The fatty acid profiles of commercially-grown Runner-type peanut cultivars (i.e., 10 cultivars, n = 151)
collected over two production years (2005 and 2006) were determined by gas–liquid chromatography.
Eight major fatty acids were identified in the sample set including palmitic (C16:0), stearic (C18:0), oleic
(C18:1, x9), linoleic (C18:2, x6), arachidic (C20:0), gondoic (C20:1, x9), behenic (C22:0), and lignoceric
(C24:0) acids. Based on the oleic to linoleic acid (O/L) ratio, these cultivars were denoted as normal, mid-,
and high-oleic peanut types. Correlation coefficients (r) between the eight major fatty acids identified
were generated and revealed an inverse association between oleic and linoleic acids (r = –0.997,
P < 0.001), while oleic acid and linoleic acid were positively correlated to gondoic acid (r = 0.818,
P < 0.001) and palmitic acid (r = 0.967, P < 0.001), respectively. Principal component analysis (PCA) of
the fatty acid data yielded three significant PCs (i.e., eigenvalues P 1), which together account for
87.18% of the total variance in the data set; with PC1 contributing 60.45% of the total. Eigen analysis
of the correlation matrix loadings of the three significant PCs revealed that PC1 was mainly contributed
to by palmitic, oleic, linoleic, and gondoic acids; PC2, by behenic acid; and PC3, by lignoceric acid. The
score plot generated between PC1 and PC2 successfully segregated normal, mid- and high-oleic peanut
cultivars, while the PC1–PC3 plot segregated normal and the combination of mid- and high-oleic acid
cultivars.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

In the United States, production of Runner, Virginia, Spanish, and
Valencia market-type peanuts (Arachis hypogaea L.) provides about
10% of the world production of peanuts. Runner peanuts, the pre-
dominant peanut type in the United States (>50%), are primarily
grown in Georgia, Alabama, Florida, Texas, and Oklahoma (Ac-
quaah, 2007; Haumann, 1998). Peanut breeding programs through-
out the world introduce many new cultivars each year with varying
nutrient compositions, including differences in the fatty acid profile
of the oil. Nutritional attributes and stability of peanut oil have been
improved by the successful modification of Runner-type peanuts to
increase oleic acid levels at the expense of linoleic acid (Moore &
Knauft, 1989; Norden, Gorbet, Knauft, & Young, 1987). Ray, Holly,
Knauft, Abbott, and Powell (1993) reported that the high-oleate
trait results from reduced activity of microsomal oleoyl–phosphati-
dylcholine desaturase that catalyses the chemical reaction {1-acyl-
2-oleoyl-sn-glycero-3-phosphocholine + NAD+

¢ 1-acyl-2-linoleoyl-
sn-glycero-3-phosphocoline + NADH + H+} and introduces a second
ll rights reserved.

: +1 706 542 1050.
double bond in oleoyl-PC giving linoleoyl-PC. The high-oleate trait
relies on changes in two oleoyl–phosphatidylcholine desaturase
genes, ahFAD2A and ahFAD2B. The enzyme activity of either
ahFAD2A or ahFAD2B is sufficient for the normal oleate trait. The
high-oleate trait is caused by reduction in the levels of ahFAD2B
and a mutation in ahFAD2 (Jung, Powell, Moore, & Abbott, 2000;
Jung, Swift, et al., 2000; Patel et al., 2004).

Chemometrics is the combination of mathematical, statistical,
and other logic-based methods to efficiently manage and interpret
chemically-derived data (Haswell, 1992). Principal component
analysis (PCA) is a multivariate modelling and analysis technique
commonly used in chemometric studies. PCA is a way of identify-
ing patterns in data, and expressing the data in such a way as to
emphasise their similarities and differences. It can compress the
data, that is, by reducing the number of dimensions without much
loss of information based on their similarities and differences, and
define a limited number of ‘‘principal components” which describe
independent variation structures in the data. When more than
three variables have been measured, visualisation of the data by
various plotting systems is then possible (Kamal-Eldin & Anders-
son, 1997). Therefore, PCA can indicate relationships among groups
of variables in a data set and show relationships that might exist
between objects.

http://dx.doi.org/10.1016/j.foodchem.2009.07.058
mailto:rpegg@uga.edu
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem


E.-C. Shin et al. / Food Chemistry 119 (2010) 1262–1270 1263
Because of the capability to manage and interpret large data
sets, PCA has been effectively employed to define relationships that
exist in fatty acid characterisation studies of food lipids (Kad-
egowda, Piperova, & Erdman, 2008; Matos et al., 2007). For exam-
ple, almond cultivars have been classified in several investigations
using chemometric techniques. García-López, Grané-Teruel, Beren-
guer-Navarro, García-García, and Martín-Carratalá (1996) used
cluster analysis of the major fatty acids in almond lipids to classify
the cultivars into three groups. In a subsequent study, these three
groups were further subdivided by including minor fatty acids
in the multivariate analysis (Martín-Carratalá, García-López,
Berenguer-Navarro, & Grané-Teruel, 1998). Recently, Sathe, Seeram,
Kshirsagar, Heber, and Lapsley (2008) applied cluster analysis to
show that fatty acid composition of California grown almonds is
influenced by cultivar, location of growth, and production year.
With regard to peanuts, Sato (1994) successfully clustered nine
vegetable oils (including peanut oil) from their PCA score plots
(PC1–PC2 and PC2–PC3) generated from near-infrared (NIR) spec-
tral data. Brodnjak-Vončina, Kodba, and Novič (2005) applied
PCA for the discrimination of various vegetable oils, and observed
a peanut lipid cluster from the PCA score plot PC1–PC2, as well
as a nearly perfect negative correlation between oleic and linoleic
acids (�0.97). In early work, Brown, Cater, Mattil, and Darroch
(1975) were successful in segregating Spanish peanuts from other
peanut varieties via PCA, and grouped cultivars from different loca-
tions based on their fatty acid composition.

At the request of the peanut industry, we conducted a study
which re-examined and updated compositional information of
peanuts, including the levels of key bioactives, grown in the United
States. To ensure the most accurate data, an intensive sampling
program was designed and implemented by the industry to pro-
vide cultivars in current production by accepted agricultural prac-
tices employed in the United States over two production years. In
our opinion, the strength of this research initiative lies in the care
and detail which went into the sampling effort of peanut types and
cultivars. Data resulting from the analyses of 151 Runner peanut
samples distinguishes this work from all other peanut fatty acid
investigations. Findings of the research will be shared with the
USDA for consideration of inclusion in their Nutrient Database
for Standard Reference, as there is currently no data for Runner
peanuts (i.e., both normal and high-oleate genotypes). This paper
– only a portion of the complete study – reports on the employ-
ment of PCA, a multivariate statistical method, to discriminate
and classify US field-grown normal, mid-oleic, and high-oleic Run-
ner-type peanut cultivars based upon their fatty acid profiles.
Although peanut lipids have been included in some chemometric
studies comparing vegetable oil fatty acid compositions, this paper
provides more and advanced information concerning the applica-
tion of PCA to the fatty acid profiles of a distinct sample set of only
the most predominant commercial Runner peanuts. Utilizing PCA
will effectively reduce the number of variables (e.g., type, crop year,
geographic location, fatty acid profile) needed to classify peanut
cultivars, and in this manner will permit peanut researchers (e.g.,
breeders, geneticists) to more easily develop significant relation-
ships between important peanut characteristics.
2. Materials and methods

2.1. Collection of samples

Field-grown peanut samples (n = 151) comprising six normal
and four mid/high-oleic Runner-type 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-type cultivars grown by US peanut farmers. Based
on sheller input and seed sales to reflect present-day percentages
of peanuts in the US market, cultivars were chosen. After selection
of these cultivars, seed growers were identified in each of the three
peanut-growing regions (i.e., Virginia/Carolina, Southeast, and
Southwest), and samples were taken from the seed wagons after
initial drying to a moisture content between 8% and 10%. An official
sample was pulled from each wagon and graded. The sheller ob-
tained 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 Laboratory in Dawson, GA,
for further processing. The samples were shelled and then sent to
the Department of Food Science and Technology, University of
Georgia (UGA) in Athens. Upon arrival at UGA, the peanuts were
packaged in labelled vacuum pouches (Prime Source, Kansas City,
MO) with a vacuum system (Henkelman 600, Henkelman, Hert-
ogenbosch, The Netherlands) to prevent their degradation. The
vacuum-packaged peanuts were stored at �40 �C until analysed.
2.2. Chemicals

Methanol, chloroform, hexanes, carbon disulphide, anhydrous
sodium sulphate, sulphuric acid, and sodium chloride were ACS-
grade and purchased from Fisher Scientific Company LLC (Suwa-
nee, GA). Heptadecanoic acid (98% purity) and hydroquinone were
acquired from the Sigma Chemical Company (St. Louis, MO). A vari-
ety of lipid standards were ordered from Nu-Chek Prep, Inc. (Ely-
sian, MN).
2.3. Lipid extraction

Raw peanuts were removed from the freezer and tempered un-
til reaching room temperature. Total lipids were extracted accord-
ing to the classical Bligh-Dyer method (1959) with slight
modifications. For each sample, 20 g of shelled peanuts were
ground in a commercial coffee mill (Tipo 203, Krups, New York,
NY). Five grams of the ground sample were accurately weighed
and transferred to a 250-ml Erlenmeyer flask. Twenty millilitres
of deionised H2O (i.e., to adjust the moisture content to �80%),
50 ml of CH3OH, 25 ml of CHCl3, and �10 mg of hydroquinone
(as antioxidant) were added, and the contents were blended at
5400 rpm for 2 min using a Polytron�-type homogenizer (Pro Sci-
entific Inc., Monroe, CT). After the initial blending, an additional
25 ml of CHCl3 were added, and homogenisation was repeated
for 1 min. Next, 25 ml of deionised H2O and 35 ml of CHCl3 were
added, the mixture was blended again for 1 min. The slurry was fil-
tered through Whatman No. 1 filter paper using a Büchner funnel
under slight vacuum. Approximately 1 g of NaCl crystals was
added to the filtrate to facilitate phase separation. The filtrate
was quantitatively transferred to a 250-ml separatory funnel and
allowed to stand overnight to permit complete separation of the
layers. The CHCl3 phase was passed through Whatman No. 1 filter
paper containing anhydrous Na2SO4 to eliminate moisture and
collected in a 100-ml round-bottom flask. The CHCl3 was removed
under vacuum at <40 �C using a Rotavapor/Heating Bath (model
R-210 and B-491, respectively, Büchi Corporation, New Castle,
DE). The resultant lipid was transferred via a Pasteur pipette to
an amber-coloured vial. The round-bottom flask was rinsed with
a small portion of CHCl3 to ensure a quantitative transfer of the
extracted lipids. Residual CHCl3 was removed from the vial using
a nitrogen evaporator (N-EVAPTM 111, Organomation Associates,
Inc., Berlin, MA). Samples were stored under a N2-headspace at
�80 �C until further analysed.
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2.4. Fatty acid methylation

The extracted peanut lipids were used for fatty acid analysis.
Fatty acid methyl esters (FAMEs) were prepared according to
Dhanda, Pegg, and Shand (2003) with slight modifications. Briefly,
extracted lipids (�70 mg) were transferred to a Reacti-vialTM small
reaction vial (5 ml, Thermo Fisher Scientific, Rockford, IL), and
the mass was accurately weighed. Heptadecanoic acid was em-
ployed as the internal standard (IS) for this work. One hundred
microlitres of IS (i.e., 2.5 mg heptadecanoic acid/ml in hexane)
were added to each Reacti-vialTM via a 100-ll gastight syringe
(Hamilton Co., Reno, NV). Peanut lipids were hydrolysed with a
transmethylation reagent consisting of 6% (v/v) concentrated
H2SO4 in anhydrous CH3OH containing ca. 10 mg of hydroquinone.
Two millilitres of the transmethylation reagent and a Reacti-vialTM

magnetic stirrer were added to each reaction vial, which was
tightly capped, vortexed for 1 min, and placed in Reacti-BlockTM B-
1 aluminum block within a Reacti-Therm IIITM Heating/Stirring
Module (Thermo Fisher Scientific, Rockford, IL) at 65 �C for 16 h.
After derivatisation, samples were removed and allowed to cool
to room temperature. Next, 1 ml of deionised H2O was added to
each reaction vial, the solution was vortexed for 30 s and FAMEs
were extracted 3� with 1.5 ml of hexanes. The hexane layers were
combined in a test tube (13 � 100 mm, Fisher Scientific) and then
washed 2� with 1.5 ml of deionised H2O. After the second wash,
the hexane layer was transferred to a new test tube via a Pasteur
pipette. Hexane was removed using the N-EVAP. The FAMEs were
redissolved in 1.5 ml of CS2 and transferred to 2-ml wide-opening
crimp top vials (Agilent Technologies, Wilmington, DE). Vials were
capped with 11-mm silver aluminum caps, clear PTFE/red rubber
septa, and then crimped with an electronic crimper (Agilent
Technologies).

2.5. Gas–liquid chromatography

An Agilent Technologies 6890N Network gas chromatograph
system (configuration: capillary split/splitless inlet with electronic
pneumatic control [EPC] and a flame ionisation detector [FID] with
EPC, for packed & capillary column) equipped with a 7683 auto-
sampler tray module, 7683B autoinjector module, and GC Chem-
Station software (Rev. A0803 (847), Agilent) was employed for
fatty acid analysis profiling. Operating conditions were as follows:
the column was a (50%-cyanopropyl)methylpolysiloxane J&W
fused-silica DB-23 capillary column (60 m � 0.25 mm i.d., 0.25-
lm film thickness, Agilent Technologies); ultra-high purity helium
was the carrier gas at a flow rate of 2.7 ml/min and analyses were
performed in constant flow mode; a split liner with glass wool was
installed in the injector; the injector temperature was set at 250 �C
for split injection at a split ratio of 50:1, the FID temperature was
set at 250 �C; ultra-high purity hydrogen and scientific-grade air
were the fuel gases for the FID and set at 40 and 450 ml/min,
respectively, with 25 ml/min of nitrogen as the makeup gas; the
initial oven temperature was set at 130 �C and held for 5 min be-
fore ramping up at 4 �C/min to 240 �C, this temperature was main-
tained for an additional 15 min. Analyses were performed in
triplicate.

2.6. Identification of the fatty acids

A Nu-Chek Prep GLC-463 FAME reference standard (i.e., 52 com-
ponents from C4:0 to C24:1) was used to identify and quantity
individual FAMEs from peanut samples. A relative response factor
was calculated for each FAME using methyl heptadecanoate as an
internal standard according to Ngeh-Ngwainbi, Lin, and Chandler
(1997). Each FAME has a different response to the FID depending
on chain length, saturation, and cis/trans configuration:
Ri ¼ ðPsi �Wsc17:0Þ=ðPsc17:0 �WsisÞ

where Ri = relative response factor for fatty acid i; Psi = peak area of
individual FAME i in FAMEs standard solution; Wsc17:0 = mg of
C17:0 FAME in injected FAMEs standard solution; Psc17:0 = peak
area of C17:0 FAME in FAMEs standard solution; and Wsis = mg of
individual FAMEs i in injected FAMEs standard solution.

2.7. Statistical analysis

All samples (n = 151) were analysed in at least triplicate. Corre-
lations between fatty acids were determined by the Pearson corre-
lation coefficient, which describes the strength of the linear
relationship between two quantitative variables, at P < 0.05, 0.01,
and 0.001, respectively. Pearson correlation coefficients were cal-
culated using the Statistical Analysis System (SAS, ver. 9.0, SAS
Institute Inc., Cary, NC) software (O’Rourke, Hatcher, & Stepanski,
2005).

The classification and discrimination of Runner-type peanut
cultivars using fatty acid profiles were achieved by PCA using
XLSTAT Software (XLSTAT, 2008, Addinsoft, New York, NY). PCA
is a multivariate statistical method that entails data reconstruction
and reduction. PCA generates a set of new orthogonal axes or
variables known as principal components (PCs) from the original
variables. The data sets presented on the orthogonal axes are
uncorrelated with one another, and express much of the total
variability in the data set through comparison of only a few PCs
(Sola-Larrañaga & Navarro-Blasco, 2009). The maximal amount of
variance in the data set and its direction are often explained by
the first PC (i.e., PC1). Each PC is defined by a vector known as
the eigenvector of the variance–covariance matrix. The variance
along the vector is known as the eigenvalue. Each eigenvalue, the
amount of variance that is explained by a given component, was
used for the determination of variances of the major PCs. The load-
ings (or scores) corresponding to the PCs were calculated from the
correlation matrix (Massart, Vandeginste, Deming, Michotte, &
Kaufman, 1988). The arithmetic value of each PC is determined
by the equation:

ðPCÞ ¼ a1
x1 � �x1

SD1
þ � � �

where x1 are measurements of the original variables, �x1 are mean
values for the corresponding variables, SD1 are standard deviations
for the corresponding variables, and a1 are loadings of the linear
transformation (Tsimidou, Macrae, & Wilson, 1987). Each loading
of variables was used for the contribution of the original variable
to the PC. Variance reduction was achieved by neglecting the unim-
portant directions in which samples’ variance are insignificant. The
important variables are along several significant directions, and the
number of these directions approximates the dimensionality of the
sample set. For a visualisation of the data discrimination, PCA plots
mapped variables (eight fatty acids) and samples (n = 151) through
loadings and scores in dimensional spaces determined by PCs with
eigenvalues >1.0 based on a Kaiser’s rule (Kaiser, 1960; O’Rourke
et al., 2005; Sola-Larrañaga & Navarro-Blasco, 2009). The loading
plot depicts the identification of important variables, and the score
plot indicates if samples are similar or dissimilar, typical, or repre-
sent an outlier.

3. Results and discussion

3.1. Fatty acid profiles and correlations

A representative GC chromatogram of the FAMEs from peanut
lipid extracts is depicted in Fig. 1. Eight major fatty acids were
identified in this study by retention time mapping with external
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Fig. 1. Representative GC chromatogram of fatty acid methyl esters (FAMEs) from
the lipid extract of normal Runner-type peanuts (peak 1, palmitic acid (C16:0); 2,
internal standard, heptadecanoic acid (C17:0); 3, stearic acid (C18:0); 4, oleic acid
(C18:1, x9); 5, linoleic acid (C18:2, x6); 6, arachidic acid (C20:0); 7, gondoic acid
(C20:1, x9); 8, behenic acid (C22:0); and 9, lignoceric acid (C24:0)).
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standards and quantified relative to an internal standard (i.e.,
methyl heptadecanoate, the FAME resulting from the derivatiza-
tion of C17:0). Table 1 reports the fatty acid compositions of lipid
extracts from 151 Runner-type peanut cultivars collected in 2005
and 2006. Palmitic acid (C16:0) ranged from 5.31% to 11.49%; stea-
ric acid (C18:0), 1.46% to 4.76%; oleic acid (C18:1, x9), 44.78% to
82.17%; linoleic acid (C18:2, x6), 2.85% to 33.92%; arachidic acid
(C20:0), 0.87% to 2.18%; gondoic acid (C20:1, x9), 1.09% to
3.13%; behenic acid (C22:0), 0.73% to 4.37%; and lignoceric acid
(C24:0), 0.41% to 2.12%. These results correspond with those from
other studies and show that the sum of oleic and linoleic acids ac-
counts for almost 80% of the total fatty acids detected in peanut
samples (Andersen & Gorbet, 2002; Davis, Dean, Faircloth, & Sand-
ers, 2008). The oleic to linoleic acid (O/L) ratio is a quality index
employed for the determination of genetic peanut characteristics
classified as normal, mid-, and high-oleic types. In this work, culti-
vars assayed included the following: a normal group comprising
Georgia Green, Tamrun 96, C99-R, Georgia-01R, Georgia-03L, and
AP-3; a mid-oleic group of Tamrun OL01; and a high-oleic group
comprising Tamrun OL02, Flavorunner 458, and Georgia-02C. Pear-
son correlation coefficients between fatty acid variables are given
in Table 2. The correlation between oleic acid and linoleic acid
was strong but negative (r = –0.997, P < 0.001); that is, an increase
in one fatty acid leads to a corresponding decrease in the other. In
previous studies involving multiple peanut cultivars, a strong neg-
ative correlation (i.e., an inverse association) between oleic acid
and linoleic acid in peanut lipids was also observed (Andersen &
Gorbet, 2002; Brown et al., 1975). This negative relationship orig-
inates from the biochemical pathways of peanut development: in
the peanut germplasm, palmitoyl CoA is elongated to stearoyl
CoA followed by desaturation forming oleic acid. Then, the action
of oleoyl–phosphatidylcholine desaturase (a D12-fatty acid desat-
urase) synthesizes linoleic acid from oleic acid (Jung, Powell,
et al., 2000; Jung, Swift, et al., 2000; Patel et al., 2004). In addition,
palmitic acid is positively correlated to linoleic acid (r = 0.967,
P < 0.001), while negatively correlated to oleic (r = –0.971,
P < 0.001) and gondoic acids (r = �0.860, P < 0.001). Hammond,
Duvick, Wang, Dodo, and Pittman (1997) also reported these neg-
ative correlations between palmitic acid with oleic and gondoic
acid contents, but Andersen and Gorbet (2002) only described
the negative relationship between palmitic and oleic acids. Positive
correlations between stearic and arachidic acids (r = 0.862,
P < 0.001) as well as oleic and gondoic acids (r = 0.818, P < 0.001)
were observed in our study. Andersen and Gorbet (2002) suggested
that arachidic and gondoic acids can be synthesized from stearic
and oleic acid by the incorporation of an acyl group, respectively.
Evidently, as the level of stearic and oleic acids increases, the
chance for elongation to the minor fatty acids arachidic and gon-
doic acids also goes up.

3.2. Principal component analysis (PCA)

The data matrix of variables analysed (i.e., the eight predomi-
nant fatty acids in Runner-type peanut cultivars) was subjected
to PCA in order to decrease the number of descriptors associated
with the data set while still explaining the maximum amount of
variability present in the data. In early PCA applications of peanut
research, Brown et al. (1975) reported the effect of variety and
growing location on the fatty acid composition of Runner-, Vir-
ginia-, and Spanish-type peanuts by PCA. The authors not only ob-
tained the unique and independent information characterising the
varieties and locations, but also a smaller number of recombined
variable sets (i.e., the principal components, PCs). Table 3 shows
the most significant PCs generated from the peanut fatty acid data
and their statistical loadings in the current study. A new set of
eight orthogonal variables (PCs) was generated by PCA. The first
principal component (i.e., PC1) had the highest eigenvalue of
4.84, and accounted for 60.45% of the variability in the data set.
The second and third PCs (i.e., PC2 and PC3) had eigenvalues of
1.14 and 1.00, and accounted for 14.21% and 12.53% of the variance
in the data, respectively (NB, only eigenvalues of P1.0 are consid-
ered significant descriptors of data variance: Kaiser’s rule). The
remaining five generated PCs (i.e., PC4 to PC8) yielded progres-
sively smaller eigenvalues (i.e., <1; 0.75, 0.16, 0.09, 0.03, and
0.00, respectively) and did not explain significant variability in
the data (<13% total). Therefore, according to Kaiser’s rule, only
the first three PCs were used for further study. Loading values
>0.90 in PC1 and values >0.50 in PC2 and PC3 are marked through-
out Table 3 in boldface type. These numbers represent significant
contributions of individual fatty acid variables to the total variabil-
ity explained by the generated PCs; whereas, Brown et al. (1975)
did not report on this. PC1 describes 60.45% of the variance in
the data set, and its loadings indicate that it has high contributions
from palmitic (�0.93), oleic (0.94), linoleic (�0.92), and gondoic
(0.90) acid variables. Whereas palmitic and linoleic acids exhibited
negative loadings, oleic and gondoic acids had positive loadings
denoting the sign relationship of their contributions to the data
variability. PC2 showed a high positive loading for behenic acid
(0.59) and PC3 was most described by lignoceric acid content
(0.84). Together PC2 and PC3 comprised 26.74% of the remaining
variance in the data set. In the data set of fatty acids from peanut
cultivars, Brown et al. (1975) observed 86% of variance as PC1
and 9% of variance as PC2 for 10 peanut varieties, and 60% of var-
iance as PC1 and 27% of variance as PC2 from seven growing
locations.

Specific patterns of correlation between the variables tested can
be visualised when one compares loading plots between the PCs;
see PC1–PC2 and PC1–PC3 plots (Fig. 2). The objective of a loading
projection is to visualise the position of the variables with respect
to one another in two-dimensional space and their corresponding
correlations. Variables closest to one another and far from the plot
origin are positively correlated (or directly proportional; e.g., see
C18:1 and C20:1 in the PC1–PC2 plot), while variables opposite
one another on the plot are negatively correlated (or inversely pro-
portional; e.g., see C18:1 and C18:2 in the PC1–PC2 plot). The two
loading plots generated from the data of Table 3 can explain the
relationships between two variables by their angle from the centre.
The correlation coefficient between two variables is defined as the
cosine of the angle between their respective vectors on the plot.



Table 1
Fatty acid compositions of lipid extracts from Runner-type peanuts (n = 151).a

No. Cultivarb Yearc O/Ld Fatty acids (% weight)

C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

1 Georgia Green 2005 Normal 10.76 2.43 44.87 33.92 1.25 1.66 3.35 1.77
2 Georgia Green 2005 Normal 10.91 2.44 46.00 33.15 1.27 1.42 3.07 1.74
3 Georgia Green 2005 Normal 10.95 2.70 50.48 28.59 1.38 1.30 2.94 1.67
4 Georgia Green 2005 Normal 10.95 2.54 47.01 31.14 1.36 1.54 3.49 1.97
5 Georgia Green 2005 Normal 10.41 2.75 52.36 27.11 1.39 1.37 3.02 1.60
6 Georgia Green 2005 Normal 10.27 2.62 53.61 25.78 1.34 1.54 3.12 1.72
7 Georgia Green 2005 Normal 9.97 2.96 55.56 24.40 1.41 1.34 2.78 1.59
8 Georgia Green 2005 Normal 10.47 2.46 52.54 27.40 1.29 1.34 2.89 1.61
9 Georgia Green 2005 Normal 10.94 2.57 50.00 29.24 1.34 1.34 2.99 1.59

10 Georgia Green 2005 Normal 10.31 2.42 48.83 30.38 1.33 1.56 3.20 1.98
11 Georgia Green 2005 Normal 10.93 2.62 51.04 27.05 1.46 1.41 3.46 2.03
12 Georgia Green 2005 Normal 10.58 2.33 48.38 30.65 1.29 1.58 3.36 1.84
13 Georgia Green 2005 Normal 11.19 2.62 47.35 30.59 1.38 1.55 3.43 1.91
14 Georgia Green 2005 Normal 10.66 2.52 50.56 28.13 1.39 1.46 3.37 1.91
15 Georgia Green 2005 Normal 10.74 2.54 50.94 28.35 1.41 1.47 3.38 1.17
16 Georgia Green 2005 Normal 10.27 3.10 54.10 24.79 1.59 1.23 3.36 1.56
17 Georgia Green 2005 Normal 10.52 2.55 51.43 27.98 1.36 1.42 3.04 1.70
18 Georgia Green 2005 Normal 10.49 2.35 50.39 28.90 1.31 1.54 3.25 1.79
19 Georgia Green 2005 Normal 10.70 2.66 49.93 28.99 1.38 1.44 3.13 1.77
20 Georgia Green 2005 Normal 10.72 2.78 51.49 27.28 1.44 1.40 3.15 1.76
21 Georgia Green 2005 Normal 10.52 2.51 52.58 26.31 1.38 1.56 3.30 1.86
22 Georgia Green 2005 Normal 10.14 2.69 51.22 28.47 1.36 1.44 2.99 1.70
23 Georgia Green 2006 Normal 10.54 2.42 50.68 28.66 1.29 1.48 3.11 1.82
24 Georgia Green 2006 Normal 9.68 2.14 53.67 26.33 1.16 2.06 3.23 1.73
25 Georgia Green 2006 Normal 11.49 2.68 49.82 30.26 1.39 1.65 1.66 1.05
26 Georgia Green 2006 Normal 10.00 2.45 51.21 28.21 1.50 2.07 2.48 2.09
27 Georgia Green 2006 Normal 10.19 2.14 51.19 29.59 1.20 1.87 3.24 0.70
28 Georgia Green 2006 Normal 10.08 2.70 53.95 26.10 1.31 1.44 2.84 1.58
29 Georgia Green 2006 Normal 8.88 2.70 62.26 18.54 1.27 1.78 2.90 1.67
30 Georgia Green 2006 Normal 9.80 2.93 50.92 27.15 1.55 2.10 3.92 1.70
31 Georgia Green 2006 Normal 10.31 2.59 51.90 27.94 1.27 1.50 2.98 1.52
32 Georgia Green 2006 Normal 10.25 2.98 53.50 25.11 1.48 1.41 3.39 1.90
33 Georgia Green 2006 Normal 10.29 2.25 49.61 29.60 1.28 1.98 3.05 1.94
34 Georgia Green 2006 Normal 10.42 2.28 48.78 30.54 1.28 1.74 3.46 1.50
35 Georgia Green 2006 Normal 10.30 2.17 48.37 30.49 1.22 1.87 3.50 2.11
36 Georgia Green 2006 Normal 10.69 2.28 50.25 29.09 1.28 1.72 3.09 1.61
37 Georgia Green 2006 Normal 10.51 2.22 51.68 27.96 1.18 1.64 3.11 1.71
38 Georgia Green 2006 Normal 10.83 2.29 48.96 30.12 1.29 1.80 3.29 1.45
39 Georgia Green 2006 Normal 10.65 2.26 49.20 29.93 1.21 1.64 3.37 1.75
40 Georgia Green 2006 Normal 10.43 2.35 55.56 25.55 1.14 1.51 2.11 1.36
41 Georgia Green 2006 Normal 10.53 2.34 54.45 26.26 1.20 1.75 2.90 0.70
42 Georgia Green 2006 Normal 10.56 2.39 56.06 25.83 1.25 1.83 0.73 1.36
43 Georgia Green 2006 Normal 10.56 2.34 54.56 26.32 1.20 1.77 2.92 0.50
44 Georgia Green 2006 Normal 10.54 2.34 54.68 26.02 1.20 1.78 2.89 0.60
45 Tamrun 96 2005 Normal 10.82 2.83 52.09 27.24 1.42 1.23 2.79 1.58
46 Tamrun 96 2005 Normal 10.80 2.92 51.94 27.19 1.41 1.25 2.79 1.70
47 Tamrun 96 2005 Normal 10.99 2.33 47.56 31.83 1.27 1.38 2.94 1.70
48 Tamrun 96 2005 Normal 9.85 2.51 47.41 31.81 1.35 1.68 3.32 2.08
49 Tamrun 96 2005 Normal 10.29 2.52 46.01 32.89 1.37 1.65 3.32 1.96
50 Tamrun 96 2006 Normal 9.97 2.51 52.70 28.62 1.29 1.76 2.80 0.80
51 Tamrun 96 2006 Normal 10.56 2.45 50.99 30.32 1.21 1.45 2.61 0.41
52 Tamrun 96 2006 Normal 10.17 2.28 50.98 30.35 1.19 1.82 2.60 0.70
53 C99-R 2005 Normal 10.56 2.91 52.81 26.31 1.46 1.21 3.27 1.47
54 C99-R 2005 Normal 10.07 2.94 56.73 22.74 1.47 1.31 3.22 1.53
55 C99-R 2005 Normal 10.44 3.52 55.22 23.71 1.60 1.09 3.04 1.40
56 C99-R 2005 Normal 10.68 2.80 52.50 26.64 1.42 1.26 3.22 1.48
57 C99-R 2005 Normal 10.69 2.92 51.90 26.84 1.49 1.28 3.33 1.55
58 C99-R 2005 Normal 10.64 2.89 51.99 26.88 1.47 1.25 3.34 1.54
59 C99-R 2005 Normal 10.06 3.08 55.89 23.32 1.52 1.29 3.27 1.58
60 C99-R 2005 Normal 10.44 2.91 53.26 25.18 1.53 1.38 3.60 1.70
61 C99-R 2005 Normal 10.34 2.78 54.80 24.16 1.47 1.37 3.42 1.66
62 C99-R 2006 Normal 10.50 2.83 52.31 26.47 1.43 1.38 3.44 1.64
63 C99-R 2006 Normal 10.21 4.76 51.28 25.85 1.35 1.31 3.68 1.56
64 C99-R 2006 Normal 10.50 2.92 54.16 26.24 1.41 1.37 3.10 0.50
65 C99-R 2006 Normal 10.33 2.59 53.92 25.82 1.33 1.44 3.22 1.35
66 C99-R 2006 Normal 9.82 2.66 54.92 24.99 1.29 1.54 3.35 1.43
67 C99-R 2006 Normal 10.37 2.73 53.61 25.72 1.40 1.51 3.20 1.52
68 C99-R 2006 Normal 10.62 2.82 52.29 27.35 1.43 1.38 3.38 0.80
69 C99-R 2006 Normal 10.46 3.04 54.16 24.92 1.46 1.40 3.14 1.42
70 C99-R 2006 Normal 9.31 2.89 52.31 26.61 1.50 1.85 4.05 1.49
71 C99-R 2006 Normal 9.16 2.78 51.38 27.33 1.52 2.09 4.20 1.60
72 C99-R 2006 Normal 9.06 2.87 52.23 26.72 1.52 2.02 4.11 1.47
73 C99-R 2006 Normal 8.00 2.68 53.49 27.10 1.48 1.86 3.76 1.64
74 C99-R 2006 Normal 9.82 2.65 54.70 24.90 1.38 1.79 3.34 1.42
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Table 1 (continued)

No. Cultivarb Yearc O/Ld Fatty acids (% weight)

C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

75 C99-R 2006 Normal 10.39 2.88 53.53 25.93 1.40 1.36 3.11 1.40
76 C99-R 2006 Normal 10.26 2.99 53.52 25.13 1.49 1.40 3.38 1.84
77 Georgia-01R 2005 Normal 9.13 4.37 55.58 22.25 2.18 1.33 4.37 0.79
78 Georgia-03L 2006 Normal 9.47 2.81 56.85 23.65 1.45 1.49 2.92 1.36
79 AP-3 2006 Normal 11.00 1.98 53.20 27.50 1.09 1.53 2.40 1.30
80 AP-3 2006 Normal 10.62 1.59 55.00 27.32 1.00 1.55 2.10 1.00
81 AP-3 2006 Normal 10.57 2.00 54.50 26.00 1.11 1.94 3.10 0.90
82 Tamrun OL01 2005 Mid 8.00 2.46 63.87 17.40 1.28 2.04 2.99 1.96
83 Tamrun OL01 2005 Mid 7.38 2.30 68.16 13.50 1.24 2.29 3.10 2.04
84 Tamrun OL01 2006 Mid 7.03 2.10 69.71 13.52 1.16 2.43 2.98 1.10
85 Tamrun OL01 2006 Mid 7.84 2.20 62.36 19.36 1.13 2.19 3.00 1.93
86 Tamrun OL01 2006 Mid 6.99 2.30 69.93 12.91 1.13 2.42 3.05 1.27
87 Tamrun OL01 2006 Mid 7.39 1.97 70.21 13.40 1.02 2.18 2.50 1.35
88 Tamrun OL01 2006 Mid 7.34 2.04 69.79 13.55 1.03 2.23 2.43 1.59
89 Tamrun OL01 2006 Mid 7.29 2.19 70.19 13.23 1.07 2.00 2.56 1.47
90 Tamrun OL01 2006 Mid 7.39 2.00 70.10 13.38 1.03 2.15 2.42 1.53
91 Tamrun OL01 2006 Mid 7.62 2.17 72.01 11.37 1.01 1.89 2.50 1.43
92 Tamrun OL01 2006 Mid 7.06 2.17 72.05 11.38 1.12 2.31 2.47 1.44
93 Tamrun OL01 2006 Mid 6.85 2.01 75.83 9.42 1.10 2.31 0.90 1.58
94 Tamrun OL01 2006 Mid 7.57 2.37 68.02 14.47 1.17 1.95 2.87 1.58
95 Tamrun OL01 2006 Mid 7.55 2.22 68.65 14.61 1.11 1.89 2.43 1.54
96 Tamrun OL01 2006 Mid 7.39 2.31 69.04 13.41 1.22 2.12 2.71 1.80
97 Tamrun OL02 2005 High 6.25 2.31 79.67 4.56 1.08 2.12 2.53 1.48
98 Tamrun OL02 2005 High 6.57 2.41 77.61 6.51 1.24 2.25 1.52 1.89
99 Tamrun OL02 2005 High 6.34 2.33 76.79 6.40 1.22 2.22 2.87 1.84

100 Tamrun OL02 2005 High 5.95 2.25 79.01 4.60 1.17 2.32 2.83 1.87
101 Tamrun OL02 2005 High 6.01 2.21 78.45 4.93 1.19 2.30 2.92 2.01
102 Tamrun OL02 2006 High 5.93 1.82 78.73 5.62 1.00 2.75 2.64 1.55
103 Tamrun OL02 2006 High 6.03 1.85 80.11 5.71 0.97 2.80 2.00 0.60
104 Tamrun OL02 2006 High 7.04 3.40 74.88 7.66 1.55 1.83 3.07 0.60
105 Tamrun OL02 2006 High 5.70 1.90 79.70 4.16 1.00 2.54 2.92 2.08
106 Tamrun OL02 2006 High 6.53 2.53 79.94 3.98 1.24 2.02 2.80 0.97
107 Tamrun OL02 2006 High 6.76 2.83 78.30 4.76 1.29 1.97 2.75 1.40
108 Tamrun OL02 2006 High 6.44 2.36 79.98 3.71 1.08 2.15 2.64 1.64
109 Tamrun OL02 2006 High 6.38 2.27 80.42 4.21 1.01 1.80 2.42 1.49
110 Tamrun OL02 2006 High 6.29 1.90 81.12 3.60 1.01 2.28 2.50 1.30
111 Tamrun OL02 2006 High 6.68 2.43 78.98 5.19 1.10 1.90 2.32 1.40
112 Tamrun OL02 2006 High 6.47 2.35 79.69 3.58 1.21 2.18 2.78 1.74
113 Tamrun OL02 2006 High 6.45 2.22 80.46 4.34 1.11 2.25 2.45 0.80
114 Tamrun OL02 2006 High 6.53 2.13 77.72 5.96 1.10 2.26 2.63 1.68
115 Tamrun OL02 2006 High 6.25 2.24 81.62 3.13 1.11 2.31 1.92 1.42
116 Tamrun OL02 2006 High 6.19 2.40 81.17 2.85 1.19 2.12 2.53 1.55
117 Tamrun OL02 2006 High 6.27 2.42 80.40 3.73 1.20 2.20 2.81 1.00
118 Tamrun OL02 2006 High 6.31 2.45 82.17 3.05 1.20 2.24 2.10 1.00
119 Flavorunner 458 2005 High 6.50 1.85 74.84 9.37 0.93 2.42 2.53 1.56
120 Flavorunner 458 2005 High 5.77 1.66 78.53 5.79 0.95 2.72 2.73 1.86
121 Flavorunner 458 2005 High 5.31 1.46 79.79 5.00 0.87 2.97 2.68 1.93
122 Flavorunner 458 2006 High 5.96 1.87 78.46 5.76 0.95 2.57 2.87 1.65
123 Flavorunner 458 2006 High 5.63 1.96 79.60 4.79 1.00 2.70 2.61 1.71
124 Flavorunner 458 2006 High 5.76 1.82 79.06 5.20 0.92 2.46 2.84 1.95
125 Georgia-02C 2005 High 6.83 2.19 77.43 5.05 1.21 2.29 3.00 2.01
126 Georgia-02C 2005 High 6.73 2.19 77.99 4.35 1.22 2.37 3.08 2.07
127 Georgia-02C 2005 High 6.75 2.20 77.54 4.54 1.23 2.42 3.21 2.12
128 Georgia-02C 2006 High 6.20 2.03 79.79 2.99 1.15 2.91 2.81 2.12
129 Georgia-02C 2006 High 6.40 2.15 79.79 2.90 1.19 2.80 2.90 1.89
130 Georgia-02C 2006 High 6.76 2.14 78.16 4.70 1.16 2.55 2.80 1.78
131 Georgia-02C 2006 High 6.53 2.07 78.50 4.22 1.11 2.51 3.12 1.94
132 Georgia-02C 2006 High 7.50 2.85 76.89 6.92 1.34 2.03 1.16 1.31
133 Georgia-02C 2006 High 7.27 2.33 77.01 6.82 1.21 2.33 1.56 1.48
134 Georgia-02C 2006 High 6.49 2.51 79.50 3.96 1.24 2.01 2.76 1.53
135 Georgia-02C 2006 High 6.59 2.52 78.43 4.53 1.26 2.64 3.43 0.62
136 Georgia-02C 2006 High 6.19 2.52 78.50 3.36 1.27 2.62 3.50 2.10
137 Georgia-02C 2006 High 7.83 2.63 69.98 11.47 1.28 2.17 3.15 1.50
138 Georgia-02C 2006 High 6.53 2.27 79.51 4.09 1.13 2.71 3.10 0.70
139 Georgia-02C 2006 High 6.56 2.68 77.33 3.93 1.41 2.62 3.40 2.09
140 Georgia-02C 2006 High 6.41 2.43 78.85 3.07 1.31 2.74 3.21 1.98
141 Georgia-02C 2006 High 6.63 2.05 78.40 5.20 1.05 2.72 2.15 1.80
142 Georgia-02C 2006 High 6.39 1.93 79.51 4.51 1.08 3.09 2.96 1.00
143 Georgia-02C 2006 High 6.45 1.88 75.86 6.48 1.07 2.98 3.20 2.10
144 Georgia-02C 2006 High 6.34 1.98 78.91 5.29 1.08 3.04 3.01 0.80
145 Georgia-02C 2006 High 6.43 2.01 78.55 5.25 1.10 3.08 3.20 0.80
146 Georgia-02C 2006 High 6.25 1.88 80.33 3.93 1.07 3.00 3.10 0.60
147 Georgia-02C 2006 High 6.58 1.74 76.41 7.50 1.00 3.12 3.10 0.60

(continued on next page
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Table 1 (continued)

No. Cultivarb Yearc O/Ld Fatty acids (% weight)

C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

148 Georgia-02C 2006 High 6.78 1.87 77.07 6.10 1.10 2.97 3.25 0.90
149 Georgia-02C 2006 High 6.56 1.81 76.45 6.64 1.04 3.13 3.50 0.90
150 Georgia-02C 2006 High 6.71 2.07 73.92 8.18 1.11 2.72 3.20 2.10
151 Georgia-02C 2006 High 6.55 1.60 76.75 6.70 0.94 3.10 3.20 1.20

a Data represent the mean of triplicate analyses for each sample.
b Cultivars were used by ten Runner-type cultivars.
c Year represents the production year (n = 2, 2005 and 2006).
d O/L represents the oleic acid to linoleic acid ratio. Normal ranges from 1 to 1.5; mid, 1.5 to 9.0, and high, above 9.0, respectively.
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Fig. 2. Loading plot of PC1–PC2 and PC1–PC3 for Runner-type peanut cultivars. (A)
PC1–PC2 and (B) PC1–PC3.

Table 2
Pearson correlation coefficients between percentage levels of eight fatty acids from lipid extracts of Runner-type peanuts (n = 151).

Variables C16:0 C18:0 C18:1 C18:2 C20:0 C20:1 C22:0 C24:0

C16:0 1.000
C18:0 0.495***a 1.000
C18:1 �0.971*** �0.479*** 1.000
C18:2 0.967*** 0.436*** �0.997*** 1.000
C20:0 0.611*** 0.862*** �0.615*** 0.571*** 1.000
C20:1 �0.860*** �0.673*** 0.818*** �0.810*** �0.672*** 1.000
C22:0 0.296*** 0.370*** �0.397*** 0.348*** 0.491*** �0.193* 1.000
C24:0 �0.009 �0.011 �0.064 0.030 0.070 �0.057 0.121 1.000

a*, **, and ***correspond to significance at P < 0.05, 0.01, and 0.001, respectively.

Table 3
Eigen analysis of the correlation matrix loadings of the significant principal
components (PCs).

Variables PC1 PC2 PC3

C16:0 �0.93a �0.31 0.11
C18:0 �0.73 0.39 �0.40
C18:1 0.94 0.23 �0.18
C18:2 �0.92 �0.30 0.18
C20:0 �0.82 0.39 �0.25
C20:1 0.90 0.16 �0.01
C22:0 �0.48 0.59 �0.01
C24:0 �0.06 0.47 0.84

Eigenvalue 4.84 1.14 1.00
Variance (%) 60.45 14.21 12.53
Cumulative (%) 60.45 74.65 87.18

a The most significant loadings are highlighted in boldface.
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The cosine of 180� (i.e., the angle between C18:1 and C20:1 on the
PC1–PC2 plot) is �1; therefore, they are negatively correlated.
Based on this mathematical rule, uncorrelated variables occur at
right angles to one another because the cosine of the angle be-
tween them is cosine 90� = 0, or not correlated. Similarly, the co-
sine of 0� is 1, which denotes a positive correlation between the
variables (Kaiser, 1970; López, Montaño, García, & Garrido, 2006).
In Fig. 2A, the PC1–PC2 plot is explanatory to 74.66% of the total
variation in the data set, and is composed of positive loadings of
oleic and gondoic acids as well as negative loadings of the other
six fatty acids (as seen by their spatial relationship to one another
and the x-axis). PC1 revealed negative correlations between a clus-
ter of oleic and gondoic acids and a cluster of palmitic and linoleic
acids (NB, the correlation was close to �1 based on their cosine an-
gle, 180�). Moreover, lignoceric acid was less correlated with pal-
mitic, oleic, linoleic, and gondoic acids (their correlation was
approaching 0 based on their cosine angles, �90�). PC2 (i.e., the
y-axis) distinguished two clusters of fatty acid variables: one clus-
ter containing palmitic and linoleic acids in negative loadings and
the other cluster containing all other fatty acids in positive load-
ings. Behenic acid (0.59) had the highest loading at the PC2 axis
thereby denoting its significant contribution to the variance ex-
plained in PC2. In the PC1–PC2 axes, all saturated fatty acids, ex-
cept for palmitic acid, showed a similar position; that is,
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negatively loaded to the PC1 axis and positively loaded to the PC2
axis. In Fig. 2, the PC3 axis distinguished lignoceric acid (0.84) from
all other fatty acids and revealed that it had the highest contribu-
tion to the variance expressed in PC3. What is more, lignoceric acid
was not correlated to all other fatty acids based on their cosine an-
gles (all �90�). These results correlate well with the eigenvalues
discussed in Table 3, which singles out lignoceric acid as being
explicative to the variability in the generated PC3.

The score plots of fatty acids from peanut lipid extracts
(n = 151) generated from comparisons of the first three PCs (i.e.,
PC1–PC2 and PC1–PC3) are depicted in Fig. 3. The score plot of
the PC1–PC2 comparison revealed three distinct groups of samples.
Group A was related to normal peanut cultivars positively corre-
lated to palmitic, stearic, linoleic, and arachidic acids, respectively,
based on the loading plot for PC1 in Fig. 2A. Group B indicated a
weak positive correlation to oleic and gondoic acids, which is
thought to be typical for mid-oleic cultivars (e.g., Tamrun OL01).
Lastly, group C consisted predominantly of high-oleic cultivars
due to a strong positive correlation to oleic and gondoic acids. In
explanation, cultivars which have higher contents of oleic and gon-
doic acids were oriented in the positive PC1 axis (i.e., mid- & high-
oleic cultivars), whereas normal cultivars possessing higher con-
tents of palmitic and linoleic acids were centred more towards
the negative PC1 axis. There was one outlier contained in the
PC1–PC2 plot (i.e., Georgia-01R), due to a higher contribution of
PC1 (60.44%)
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Fig. 3. Score plots for Runner-type peanut cultivars. (A) PC1–PC2 and (B) PC1–PC3.
Cultivar symbols: (d) Georgia Green; (s) Tamrun 96; (.) C99-R; (5) Georgia-01R;
(j) Georgia-03L; (h) AP-3; (�) Tamrun OL01; (}) Tamrun OL02; (N) Flavorunner
458; and (4) Georgia-02C.
behenic acid in that cultivar (NB, behenic acid is of high contribu-
tion to PC2). The score plot for the PC1–PC3 grouping is illustrated
in Fig. 3B. Given that this grouping accounts for less of the total
variability of the dataset (i.e., when compared to that of PC1–
PC2), it is not surprising there is less distinction between groups.
In fact in the PC1–PC3 grouping, there are only two distinct groups
of peanut cultivars. Group A accounts for normal cultivars, while
group B contains both the mid- and high-oleic cultivars. This
observation is likely due to the fact that PC3 was less capable of
explaining the variance between peanut cultivars than that of
PC2. There were two noticeable outliers in the PC1–PC3 grouping
(i.e., Georgia-01R and Tamrun-OL02), most notably due to their
low content of lignoceric acid, which is of a highly negative contri-
bution to PC3.

4. Conclusions

This research specifically focused on US field-grown Runner
peanut cultivars and showed how the contributions of individual
fatty acids related to the generated PCs; individual fatty acid con-
tributions to the total variability of a PC are often omitted from
other investigations, but are invaluable. Eigen analysis of the
correlation matrix loadings of the three significant PCs revealed
that PC1 was mainly contributed to by palmitic, oleic, linoleic,
and gondoic acids; PC2, by behenic acid; and PC3, by lignoceric
acid. When the loading and score plots for Runner-type peanuts
were projected as PC1–PC2 and PC1–PC3 groupings, there was an
evident reduction in the number of variables necessary for the dis-
crimination of peanut cultivars. PCs 1 through 3 together were
found to be explanatory of more than 87% of the total variability
in the data set. Statistical examinations need to be conducted rou-
tinely with data generated by the most up-to-date scientific meth-
ods/technologies in order to maintain the highest degree of
validity. Furthermore, this study clearly indicates that the combi-
nation of experimental GC fatty acid data along with a chemomet-
ric approach (PCA, in this case) can be successfully employed by
peanut researchers in collaboration with the peanut industry to
give more information on variation in peanut cultivars than is
capable with the experimental data alone.
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