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The effect of an early-, mid-, or late-season planting date on the fatty acid chemistry of four high
oleic acid, one mid oleic acid, and five normal oleic acid peanut (Arachis hypogaea L.) genotypes
was evaluated over a three year period. Oleic acid was also compared to other fatty acids and to
indices of oil quality. High-oleic genotypes included SunOleic 97R, UF98326, UF99621, and 88x1B-
OLBC1-6-1-3-1-b2-B with a mean oleic acid content between 77.8 and 82.5%. Florida MDR98, a
mid-oleic cultivar, was intermediate in oleic acid chemistry (59.8-68.0%). The normal oil chemistry
lines (Georgia Greene, Andru93, Florunner, 86x13A-4-2-3-2-b3-B, and UF97102) had an oleic acid
content between 50.0 and 59.0%. The ratio of oleic to linoleic (O/L) was 18:1 to 51:1 for high-oleic
lines and 1.7:1 to 3.5:1 for normal genotypes. When analyzed as a split-split plot in time, year had
a highly significant effect (P < 0.001) on the eight main fatty acids, iodine value, ratio of unsaturated
to saturated fatty acids (U/S), and percentage of saturated fatty acids. Thus, data were analyzed
separately by year. Although genotypic effects were highly significant each year, planting date
influenced oil chemistry in two of three years. During both 1999 and 2000, 11 of 12 variables were
influenced by planting date and by genotype × planting date interactions. Iodine values were ∼75
for high-oleic lines compared to 90-95 for normal genotypes. The highest correlations occurred for
oleic acid (18:1) and linoleic acid (18:2) (r ) -0.996) and for oleic and palmitic (16:0) acids (r )
-0.959). Oleic acid was also inversely related to iodine value (r ) -0.978) and to percentage
saturation (r ) -0.841).
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INTRODUCTION

Flavor and quality of peanut and peanut products are largely
functions of lipid chemistry. Peanuts contain∼50% oil (1).
Palmitic acid (16:0), oleic acid (18:1), and linoleic acid (18:2)
are the major fatty acids in peanuts and may comprise>90%
of the total fatty acids (2). The remaining fatty acids, stearic
(18:0), arachidic (20:0), eicosenoic (20:1), behenic (22:0), and
lignoceric (24:0) acid, normally occur in weight percentages
between 0.02 and 4.0%.

The genetic manipulation of peanut chemistry has the
potential to improve the nutritional quality of peanuts and peanut
products. Norden et al. (3) first identified a peanut genotype
containing∼80% oleic acid and∼2% linoleic acid. The trait
conferring a high ratio of oleic to linoleic acids (O/L) content
was shown to be controlled by two recessive genes (4-6). The
high oleate character is derived from a reduced∆12 desaturase
activity, and the biochemical basis for alterations in enzyme
structure and function has been characterized (7, 8). High O/L

has been associated with greatly enhanced shelf life and
decreased rancidity of roasted peanuts (9-11); however, total
fat content, percent sucrose, and roast color were similar (9).
Diets that are high in monounsaturated fatty acids and low in
saturated fatty acids have reduced cholesterol and low-density
lipoproteins in humans (12-15). The high O/L characteristic
could confer a significant human health advantage and enhance
the marketability of peanuts.

Seed maturity can also influence the fatty acid composition
of peanut. The actual impact of seed maturity is dependent on
genotype, climatic conditions, and genotype/climate interactions.
Lower temperatures during seed development normally are
associated with a more unsaturated oil due to the increased
activity of oleate desaturase, which promotes the synthesis of
linoleic acid. In general, oleic acid increases and linoleic acid
decreases with seed maturity (1, 16-22). Other studies have
shown a reduction in oleic acid and an increase in linoleic acid
with maturity (23,24), whereas Knauft et al. (25) observed no
influence of maturity on oil chemistry. The increase in oleic
acid with seed maturity is normally accompanied by a decrease
in palmitic, linoleic, arachidic, eicosenoic, behenic, and ligno-
ceric acid (1,17-22).
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Bovi (26), noting a negative correlation between iodine value
and soil temperature, suggested that the chemical composition
of peanut oil could be changed by planting dates. Sanders (27)
reported that seed maturity induced far greater differences in
the fatty acid composition than did peanut genotype of three
commercial peanut cultivars tested. Far greater variations in oil
chemistry now exist among contemporary peanut cultivars (3,
11,28-30). For example, oleic acid content in peanut genotypes
can vary from 21 to 85% and linoleic acid from 2 to 43% (3,
31). Our objective was to determine the relative extent to which
oil chemistry of high-oleic and normal peanut genotypes may
vary with planting date over a three year period.

MATERIALS AND METHODS

Peanut Genotypes.The peanut genotypes examined included Florida
MDR98, Georgia Greene, SunOleic 97R, Andru 93, Florunner, 86x13A-
4-2-3-2-b3-B, UF98326, UF99621, 88x1B-OLBC1-6-1-3-1-b2-B, and
UF97102. Sun Oleic 97R, UF98326, UF99621, and 88x1B-OLBC1-
6-1-3-1-b2-B were homozygous for the high-oleic trait, Florida MDR98
is a mid-oleic cultivar, and the remainder were normal oil chemistry
genotypes. These peanut genotypes can be placed into three maturity
groups: early (Andru 93, UF99621, and 88x1B-OLBC1-6-1-3-1-b2-
B), mid (Georgia Greene, SunOleic 97R, UF97102, and Florunner),
and late (Florida MDR98, 86x13A-4-2-3-2-b3-B, and UF98326). In
each of three years there were three planting dates: 1998 (April 17,
May 13, and June 9); 1999 (April 14, May 10, and June 7); 2000 (April
18, May 12, and June 8). Plots were located at the North Florida
Research and Education Center, Marianna, FL. Soil type was a Chipola
loamy sand. Plots were subjected to standard culture and management
practices, including a full season fungicide program for leaf spot control
and irrigation. Plots were harvested on the basis of maturity. Digging
days for 1998 were as follows: first planting, early (133 days), mid
(143 days), and late (154 days); second planting, early (128 days), mid
(138 days), and late (150 days); third planting, early (125 days), mid
(130 days), and late (144 days). Digging days for 1999 were as
follows: first planting, early (131 days), mid (138 days), and late (149
days); second planting, early (129 days), mid (140 days), and late (150
days); third planting, early (130 days), mid (130 days), and late (151
days). Digging days for 2000 were as follows: first planting, early
(129 days), mid (136 days), and late (150 days); second planting, early
(128 days), mid (139 days), and late (149 days); third planting, early
(123 days), mid (130 days), and late (144 days). Mature peanut pods
were removed from the vines with plot threshers and dried to 10%
moisture. The dried in-shell peanuts were machine shelled, sorted, and
graded (screen size) 6.35 × 19.1 mm slots). Sound, mature seeds
were used for the determination of fatty acid profiles.

Peanut Oil Preparation and Analysis of Fatty Acids.Fatty acid
analysis of peanut seed was accomplished using the method of Folch
et al. (32), as modified by Christie (33). Approximately 1 g of peanuts
was mascerated in a Waring blender (Waring Products Division, New
Hartford, CT), and the contents were transferred to a 10 mL glass screw-
top test tube. Approximately 10 mL of dichloromethane was added,
and the test tube was thoroughly shaken and then left undisturbed
overnight. The extract was filtered through Whatman No. 1 filter paper
(Fisher Scientific, Fair Lawn, NJ). The volume of extract was noted
and increased by 25% with the addition of deionized water. The contents
were shaken thoroughly and centrifuged at 3000 rpm for 10 min. Both
the aqueous layer and any precipitate (defatted peanut meal) were
discarded, and 1 g ofsodium sulfate was added to the remaining extract.
After the remaining extract had been transferred to a new test tube, the
dichloromethane was evaporated in a warm 50-60 °C water bath under
a nitrogen atmosphere. Sufficient additional dichloromethane was added
to bring the volume to 2 mL. Next, 100µL of dichloromethane/lipid
solution was added to 25µL of MethPrep ll (Alltech Associates Inc.,
Deerfield, IL) in the autosampler vial to derivatize fatty acids to methyl
esters. Nitrogen gas was added, and the vials were capped and left
undisturbed for 30 min.

Fatty acid profiles were determined using a Hewlett-Packard (HP)
6890 gas chromatograph (Hewlett-Packard, Wilmington, DE) equipped

with an HP flame ionization detector and an HP-225 cyanopropylphenyl
dimethyl siloxane column (length) 30 m, inner diameter) 320µm).
One microliter of sample was injected using an HP autosampler and
analyzed via HP Chemstation software. All samples were run in
duplicate. Helium was the carrier gas. Gas flow rates per minute were
30, 30, and 300 mL/min for nitrogen (makeup gas), hydrogen, and air,
respectively. A split ratio of 100:1 at an inlet temperature of 220°C
was employed. The initial oven temperature was 190°C and was
increased at 5°C/min to 240°C. The fatty acid methyl esters were
identified by a comparison of retention times to an American Oil
Chemists’ Society composite standard (low erucic rapeseed oil) (Sigma
Chemical Co., St. Louis, MO).

The ratio of oleic acid to linoleic acid (O/L) was calculated for each
experimental unit. Iodine values (IV), which are inversely proportional
to oil stability, were calculated using the formula of Cocks and Van
Reds (34):

Statistics.Each genotype was replicated four times from seed batches
collected at each planting location for each of three planting dates and
for each of three years. The variables of fatty acids were subjected to
analysis of variance procedures of the statistical analysis system. The
experimental design and analysis was a split-split plot in time. The
genotype 88x1B-OlBC1-6-1-3-1-b2-B was omitted from this three-way
factorial analysis because data were lacking in 2000. Because year main
effects and year interactive effects were often significant each year,
data were also analyzed as a factorial design with genotype and planting
date as main factors for each year separately. In addition, individual
genotypes were analyzed separately as a function of planting date, and
means were separated on the basis of Duncan’s multiple-range test.

The relationship of the variables percent linoleic acid, percent
palmitic acid, ratio of unsaturated to saturated fatty acids, iodine value,
and percent saturation was compared to percent oleic acid by linear
regression. All data (genotype× planting date× year) were combined
for these analyses.

RESULTS

Data statistically analyzed as a split-split plot in time showed
highly significant year main effects and planting date main
effects for 11 of 12 variables (P < 0.001) (Table 1). The only
variable not significantly influenced by year or date was O/L.
Genotype effects were significant for all variables. Year×
planting date interactive effects were significant for all variables
except lignoceric acid and O/L, whereas year× genotype effects
were significant for all effects except O/L. Two-way year×
genotype interactions were highly significant for all independent
variables. These highly significant interactive data led us to a
statistical analysis by each year separately as a genotype×
planting date factorial design.

Peanut genotypes homozygous for the high oleic acid trait
(SunOleic 97R, UF98326, UF99621, and 88x1B-OLBC1-6-1-
3-1-b2-B) were readily distinguished from the normal genotypes
on the basis of weight percentages of oleic and linoleic acids.
High oleic acid and normal genotypes had oleic acid percent-
ages of ca. 80 and 50-59%, respectively (Tables 2-4).
By contrast, the weight percentage of linoleic acid was
23-28% for normal oil genotypes compared to 1.2-4.5% for
high oleic acid lines. This resulted in an O/L ratio of 18:1 to
51:1 for high-oleic genotypes, compared to 1.7:1 to 3.5:1 for
normal genotypes. Florida MDR98, a mid-oleic genotype, had
oleic acid and linoleic acid weight percentages in the range of
59-67 and 12-21%, respectively. In all cases the combination
of oleic and linoleic acids represented∼80% of the fatty acid
profiles of peanuts; palmitic acid accounted for another 5-10%
of the total.

IV ) (0.8601× % oleic acid)+ (1.7321× % linoleic acid)+
(0.7854× % eicosenoic acid)
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Many differences in fatty acid composition existed between
high-oleic and normal lines. For example, palmitic acid tended
to be up to twice as high for normal oleic acid (9-10%)
compared to high oleic acid (5-8%) lines (Tables 2-4). Stearic,
arachidic, eicosenoic, behenic, and lignoceric acids each rep-

resented between 1 and 3% of the total fatty acid profile. Iodine
values were 74-77 for high-oleic genotypes and 90-96 for
normal lines.

The most distinguishable feature of genotype× planting date
factorial analysis was the relative prominence of genotype effects

Table 1. Statistics of a Three-Way Factorial Analysis (Fatty Acid Composition Was Analyzed for Three Years for Nine Genotypes at Three Planting
Dates)a

fatty acid composition (%)

variable 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IVb U/Sc % saturation

year *** *** *** ** *** *** *** *** NS *** *** ***
date *** ** *** *** * *** *** * NS *** *** ***
genotype *** *** *** *** *** *** *** *** *** *** *** ***
year × date *** *** ** ** *** *** *** NS NS *** *** ***
date × genotype *** *** *** *** *** *** *** *** NS *** *** ***
year × genotype *** *** *** *** *** *** *** ** *** *** *** ***

a NS, *, **, and *** correspond to nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively. b IV, iodine value. c U/S, ratio of unsaturated to saturated fatty
acids.

Table 2. Fatty Acid Composition of Peanut Oil from 10 Genotypes at Three Planting Dates during 1998a

fatty acid composition (%)

genotype/planting date 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

Florida MDR98
April 17 8.65 3.11 63.39ab 17.10ab 1.60 1.24 3.47 1.46 3.71 85.11ab 4.46 18.27
May 13 8.28 3.44 64.87a 15.50b 1.64 1.25 3.53 1.49 4.34 83.62b 4.44 18.38
June 9 8.80 3.18 59.80b 20.28a 1.58 1.27 3.60 1.48 2.95 87.57a 4.37 18.65

Georgia Greene
April 17 10.00 2.62 53.02a 27.44b 1.29 1.23 2.87 1.54 1.93 94.09 4.46 18.31
May 13 10.31 2.55 50.23b 29.52a 1.25 1.29 3.20 1.64 1.70 95.35 4.27 18.96
June 9 9.89 2.52 52.42ab 27.96b 1.28 1.27 3.09 1.58 1.88 94.51 4.44 18.35

SunOleic 97R
April 17 5.81 2.21 81.53a 2.68 1.16 2.04 2.73 1.83 30.67a 76.36 6.29 13.75
May 13 6.18 2.66 79.11b 4.45 1.22 1.84 2.81 1.73 18.08b 77.20 5.85 14.60
June 9 5.80 2.63 79.91ab 3.88 1.27 1.93 2.82 1.77 21.85ab 76.97 5.99 14.28

Andru 93
April 17 10.22 2.38 54.28 26.37 1.21 1.30 2.73 1.52 2.07 93.38 4.55 18.05
May 13 9.96 2.48 55.05 25.28 1.25 1.36 3.01 1.61 2.18 92.21 4.46 18.31
June 9 10.19 2.35 53.41 26.99 1.24 1.35 2.90 1.56 1.98 93.74 4.48 18.25

86x13A-4-2-3-2-b3-B
April 17 8.74 2.62 59.03 22.90 1.27 1.32 2.75 1.36 2.58 91.48 5.98 16.74
May 13 8.64 2.93 58.98 22.78 1.29 1.26 2.79 1.32 2.60 91.18 5.90 16.98
June 9 8.76 2.81 57.75 24.06 1.32 1.26 2.72 1.32 2.40 92.34 5.90 16.93

UF98326
April 17 6.21 3.90 77.84 4.00 1.60 1.58b 3.40 1.46b 32.55 75.13 5.03b 16.58
May 13 5.76 3.48 80.89 1.59 1.51 1.74a 3.48 1.55a 50.75 73.70 5.35ab 15.78
June 9 5.81 3.32 80.04 2.95 1.48 1.66ab 3.28 1.46b 33.42 75.26 5.52a 15.35

UF9621
April 17 5.63 2.57 82.47 2.42b 1.23 1.68b 2.53b 1.47 34.24a 76.44 6.45 13.43
May 13 5.77 2.48 81.98 2.68ab 1.19 1.74ab 2.67ab 1.48 30.64ab 76.53 6.37 13.60
June 9 5.66 2.42 81.84 2.83a 1.23 1.77a 2.72a 1.52 28.92b 76.69 6.37 13.56

88x1B-OLBC1-6-1-3-1-b2-B
April 17 6.19 3.78 80.77 1.72 1.64 1.47 2.97 1.47 47.22 73.61 5.24 16.04
May 13 6.34 3.39 80.44 2.05 1.60 1.54 3.09 1.54 40.70 73.95 5.26 15.97
June 9 6.28 3.26 80.93 1.84 1.56 1.57 3.02 1.53 44.16 74.04 5.38 15.65

UF97162
April 17 9.73 2.40 56.28a 24.19b 1.26 1.40 3.04 1.71 2.33a 91.40 4.50 18.13
May 13 9.99 2.52 54.84ab 25.35ab 1.30 1.31 3.05 1.63 2.16ab 92.11 4.41 18.50
June 9 9.94 2.43 53.82b 26.34b 1.25 1.42 3.15 1.65 2.04b 93.03 4.42 18.42

Florunner
April 17 10.08 2.72 52.77 27.54 1.32 1.24 2.75b 1.58 1.92 94.07 4.42 18.44
May 13 10.28 2.56 51.31 28.62 1.28 1.29 3.03a 1.64 1.80 94.71 4.33 18.79
June 9 10.07 2.59 52.27 27.99 1.28 1.30 2.86ab 1.63 1.88 94.46 4.42 18.44

fatty acid composition (%)

statistics 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

cultivar *** *** *** *** *** *** *** *** *** *** *** ***
date NS NS * * NS NS *** NS NS ** NS NS
date × cultivar NS ** ** * NS *** NS NS NS * NS NS

a All values are means of four replications run in duplicate. NS, *, **, and *** correspond to nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively. Letters
that are different for planting dates within a given genotype are significantly different by Duncan’s multiple range test (P < 0.05).
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compared to planting date effects. For each of the three years,
genotype had a significant effect on all 12 variables; however,
during only two of three years did planting date strongly
influence oil chemistry. For 1998, the only significant effects
were attributed to genotype (Table 2). All fatty acid variables
were significant except for lignoceric acid and O/L. Planting
date or genotype× planting date interactions were not signifi-
cant. For 1999 peanut genotype had a significant effect on all
variables, except lignoceric acid, whereas planting date influ-
enced palmitic, oleic, linoleic, eicosenoic, and behenic acids
and iodine values (Table 3). Cultivar× date interactions also
occurred for oleic and linoleic acids and iodine value. Both
genotype and planting date were often significant for 2000 data
(Table 4). Four significant genotype× planting date interactions
also occurred.

Significant interactive effects of peanut genotypes and
planting date prompted a separate statistical evaluation of
planting date effects by individual genotype. Genotype was far
greater a determinant of each fatty acid variable than was

planting date. Typically, mean separation of the fatty acid
variables was such that high-oleic and normal genotypes fell
into two different categories (data not shown). For most
genotypes, the weight percentages of oleic and linoleic acids
varied only a few percentage points regardless of planting date.
There was often a lack of a consistent effect of planting date
for all cultivars. Florida MDR98, a mid-oleic cultivar, exhibited
the most plasticity in oil chemistry as a function of planting
date. Stearic, palmitic, oleic, and arachidic acid tended to
decrease in weight percentages with a later planting date, and
linoleic, eiconosoic, and behenic acid increased in concentration.
There was a trend for iodine value to increase and also a trend
for the O/L to decrease and U/S to increase with later planting
date. A statistical analysis of high-oleic and normal genotypes
and maturity season indicated no clear response patterns due to
oleic acid status or maturity class as a function of planting date.

The relationships of oleic acid to other fatty acids and
groupings of fatty acids inclusive of all planting dates can be
found in Figures 1-4. Oleic acid was inversely related to

Table 3. Fatty Acid Composition of Peanut Oil from 10 Genotypes at Three Planting Dates during 1999a

fatty acid composition (%)

genotype/planting date 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

Florida MDR98
April 14 7.96b 4.17a 67.36a 12.56c 1.85a 1.13b 3.47 1.51 5.44a 80.58c 4.27 18.95
May 10 8.46a 3.51b 62.14b 17.76b 1.68b 1.23b 3.67 1.56 3.53b 85.17b 4.29 18.88
June 7 8.70a 3.38b 58.50c 21.15a 1.60b 1.35a 3.77 1.56 2.77b 88.00a 4.26 19.01

Georgia Greene
April 14 10.34a 2.87 54.47ab 25.12b 1.39 1.20b 2.96 1.66 2.18ab 91.29b 4.20a 19.21a

May 10 10.37a 2.78 55.29a 24.53b 1.34 1.22b 2.84 1.63 2.26a 91.00b 4.27ab 18.96ab

June 7 9.48b 2.90 52.89b 27.19a 1.41 1.33a 3.05 1.76 1.95b 93.63a 4.39b 18.59b

SunOleic 97R
April 14 6.46a 2.61ab 81.72 2.06a 1.24 1.74b 2.48ab 1.69 39.75a 75.22b 5.92 14.48
May 10 6.57a 2.27b 81.99 2.16ab 1.12 1.84a 2.35b 1.73 38.50ab 75.69a 6.13 14.03
June 7 5.75b 2.68a 81.60 2.43a 1.25 1.91a 2.67a 1.73 33.73b 75.88b 6.10 14.07

Andru 93
April 14 10.63a 2.59 55.35b 24.04b 1.31 1.33 2.95b 1.80 2.31b 90.29b 4.18a 19.27a

May 10 10.07b 2.73 58.85a 21.44b 1.32 1.27 2.70a 1.64 2.77a 88.75b 4.42ab 18.44b

June 7 9.60b 2.86 54.33b 25.73a 1.35 1.36 3.06a 1.70 2.12b 92.37a 4.39b 18.58ab

86x13A-4-2-3-2-b3-B
April 14 9.72 2.68b 58.20a 22.49c 1.29 1.33 2.77b 1.53ab 2.60a 90.05c 4.57a 17.99a

May 10 8.89 2.63b 55.64b 25.48b 1.28 1.43 3.06a 1.59a 2.19b 93.11b 4.74b 17.45b

June 7 8.59 2.96a 53.50c 28.12a 1.32 1.33 2.80ab 1.38b 1.90c 95.76a 4.85b 17.05b

UF98326
April 14 6.36a 3.86 78.92 3.10 1.64 1.49b 3.17b 1.48 25.72 74.41 5.05 16.50
May 10 6.09a 4.10 78.50 3.41 1.68 1.49b 3.27ab 1.46 34.33 74.59 5.03 16.60
June 7 5.39b 4.13 80.06 2.17 1.69 1.69a 3.39a 1.49 36.97 73.95 5.21 16.07

UF99621
April 14 6.28a 3.01 81.14ab 2.49ab 1.38b 1.57b 2.62 1.51 32.58ab 75.34 5.75 14.80
May 10 6.15a 3.02 81.43a 2.25b 1.37b 1.61b 2.67 1.51 36.62a 75.20 5.78 14.72
June 7 5.61b 3.35 80.81b 2.63a 1.49a 1.73a 2.84 1.55 30.79b 75.42 5.75 14.83

88x1B-OLBC1-6-1-3-1-b2-B
April 14 6.85a 4.76a 76.90b 3.14a 2.08a 1.30b 3.29a 1.69a 24.72b 72.59b 4.35a 18.67a

May 10 6.33b 4.20b 80.33a 1.59b 1.84b 1.30b 2.92b 1.49b 57.95a 72.88b 4.98b 16.77b

June 7 6.27b 3.49c 77.75b 4.60a 1.61c 1.60a 3.07ab 1.63ab 18.24b 76.09a 5.24b 16.06b

UF97102
April 14 10.08a 2.95a 57.62a 22.05b 1.36a 1.27b 2.96b 1.71 2.63a 88.74a 4.26a 19.06a

May 10 9.64b 2.86ab 58.85ab 21.46b 1.32ab 1.29b 2.91b 1.67 2.75a 88.80a 4.44c 18.40b

June 7 9.69b 2.60b 51.97b 27.82a 1.29b 1.46a 3.36a 1.82 1.87b 94.02a 4.33b 18.75c

Florunner
April 14 10.85a 2.84 54.07a 25.44b 1.36b 1.16 2.64b 1.65 2.13ab 91.47b 4.17 19.34
May 10 10.19b 2.99 55.14ab 24.37b 1.40b 1.23 2.97a 1.72 2.26a 90.60c 4.18 19.27
June 7 10.26b 3.07 53.20b 26.33a 1.44a 1.19 2.82ab 1.69 2.03b 92.29a 4.18 19.28

fatty acid composition (%)

statistics 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

date *** *** *** *** *** *** *** *** *** *** *** ***
cultivar *** * *** *** *** *** *** *** NS *** *** ***
date × cultivar *** *** *** *** *** *** *** *** NS *** *** ***

a All values are means of four replications run in duplicate. NS, *, **, and *** correspond to nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively. Letters
that are different for planting dates within a given genotype are significantly different by Duncan’s multiple range test (P < 0.05).
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linoleic acid (r) -0.996) (Figure 1) and to palmitic acid (r )
-0.959) (Figure 2). Iodine value was inversely related to oleic
acid (r ) -0.978) (Figure 3). Percentage saturation was also
inversely related to oleic acid (r) -0.841) (Figure 4). Oleic

acid was strongly positively correlated to only eicosenoic acid
(r ) 0.764) (data not shown). We noted no difference in the
correlations described above between high-oleic and normal
lines. The reverse relationship was noted for each of the

Table 4. Fatty Acid Composition of Peanut Oil from Nine Genotypes at Three Planting Dates during 2000a

fatty acid composition (%)

genotype/planting date 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

Florida MDR98
April 18 7.60 3.28ab 67.98a 12.18c 1.59a 1.25b 3.33 1.49 5.64a 80.52c 4.72 17.29
May 12 7.66 3.52a 64.67b 14.59b 1.66a 1.27b 3.50 1.52 4.44b 81.85b 4.50 17.86
June 8 8.05 3.05b 60.20c 19.19a 1.47b 1.38a 3.43 1.46 3.15c 86.05a 4.63 17.45

Georgia Greene
April 18 9.81a 2.67 53.42 25.20 1.34ab 1.22b 2.83 1.59 2.12 90.49 4.39a 18.23
May 12 9.54ab 2.80 53.26 25.81 1.37a 1.20b 2.85 1.56 2.07 91.39 4.42ab 18.11
June 8 9.23b 2.65 52.66 26.25 1.32b 1.30a 2.90 1.59 2.01 91.72 4.52b 17.69

SunOleic 97R
April 18 6.29 2.59ab 78.28 4.00 1.24ab 1.72b 2.42b 1.64b 27.86 75.60 5.92 14.17
May 12 5.74 3.19a 79.31 2.60 1.39a 1.70b 2.51b 1.63b 33.30 74.04 5.78 14.46
June 8 5.60 2.23b 77.94 4.24 1.15b 2.08a 2.76a 1.83a 21.96 76.01 6.21 13.56

Andru 93
April 18 10.05a 2.46 53.19a 24.96b 1.25b 1.25 2.75 1.58 2.13a 89.90b 4.39ab 18.10
May 12 9.99a 2.90 54.00a 24.18b 1.41a 1.22 2.78 1.58 2.24a 89.24b 4.26a 18.65
June 8 9.74b 2.70 51.63b 26.93a 1.30ab 1.29 2.72 1.55 1.92b 92.01a 4.44b 18.00

86x13A-4-2-3-2-b3-B
April 18 9.00a 2.80c 57.24a 23.13b 1.27c 1.13b 2.34c 1.24 2.48a 90.14b 4.90b 16.65
May 12 8.48b 3.02b 56.77a 23.51b 1.34b 1.23a 2.66b 1.27 2.42a 90.46b 4.85b 16.76
June 8 8.49b 3.19a 54.15b 25.72a 1.43a 1.13b 2.77a 1.26 2.11b 91.96a 4.74a 17.13

UF98326
April 18 5.52a 4.32a 79.82b 1.26b 1.77a 1.44b 3.05ab 1.43 63.47a 71.96b 5.13a 16.09
May 12 5.45a 4.26a 79.37b 1.60a 1.72a 1.49b 3.11a 1.40 50.05b 72.19b 5.18a 15.93
June 8 5.07b 3.36b 80.53a 1.59a 1.42b 1.67a 2.92b 1.39 51.09b 73.32a 5.92b 14.16

UF99621
April 18 5.95a 2.87 80.24 2.38b 1.32 1.55b 2.38b 1.37b 33.92a 74.34 6.06 13.90
May 12 5.80a 2.77 80.30 2.53ab 1.29 1.59b 2.44b 1.41b 31.76ab 74.69 6.17 13.71
June 8 5.34b 2.91 79.52 2.73a 1.34 1.76a 2.64a 1.52a 29.20b 74.50 6.10 13.75

UF97102
April 18 9.96 2.55ab 54.71a 23.93b 1.25ab 1.22b 2.68b 1.57b 2.31a 89.40b 4.42 18.01
May 12 9.82 2.74a 52.21ab 26.03ab 1.32a 1.28b 2.94a 1.65a 2.01 90.93ab 4.31 18.47
June 8 9.70 2.38b 51.53b 27.01a 1.20b 1.40a 2.99a 1.64a 1.91 91.14b 4.46 17.91

Florunner
April 18 10.27a 2.58b 54.88a 24.91b 1.27b 1.14b 2.40b 1.40c 2.21a 91.19b 4.52b 17.91
May 12 9.70b 3.44a 51.90b 26.26b 1.51a 1.14b 2.73a 1.55b 1.98b 90.95b 4.18a 18.93
June 8 9.61b 2.55b 49.99b 28.56a 1.28b 1.38a 2.91a 1.70a 1.76c 93.49a 4.42b 18.04

fatty acid composition (%)

genotype/planting date 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:0 18:1/18:2 IV U/S % saturation

cultivar *** *** *** *** ** *** *** *** *** *** *** ***
date *** *** *** *** ** *** *** *** *** *** *** ***
cultivar × date ** *** *** *** *** *** *** *** ** *** *** ***

a All values are means of four replications run in duplicate. NS, *, **, and *** correspond to nonsignificant or significance at P < 0.05, 0.01, and 0.001, respectively.
Letters that are different for planting dates within a given genotype are significantly different by Duncan’s multiple range test (P < 0.05).

Figure 1. Relationship between proportions of linoleic acid and oleic acid
in peanut genotypes.

Figure 2. Relationship between proportions of palmitic acid and oleic
acid in peanut genotypes.
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dependent variables with linoleic acid as the independent
variable. Weak inverse relationships occurred between oleic acid
and behenic acid and also between oleic and lignoceric acid
(data not shown). Other correlations were noted for palmitic
acid and eicosenoic acid (r ) 0.770) and for stearic acid and
arachidic acid (r) 0.935) (data not shown).

DISCUSSION

Year main effects were highly significant for 10 of 12
variables. This coupled with the strong year× planting date
and year× genotype interactions underscores the importance
of year to year variations in oil chemistry and how planting
date and genotype can influence this yearly variation. Variations
in year (21, 35) and soil moisture conditions (23, 36, 37) are
known to influence weight percentages of major and minor fatty
acids, O/L, and iodine value. When genotype and planting date
data were analyzed by each year separately, planting date exerted
strong effects in 1999 and 2000, but not during 1998. The 1998
growing season was very dry from May thru August compared
to 1999 or 2000 (data not shown), but this is of diminished
relevance because plots were irrigated. Yearly temperature
differences were relatively minor except during late spring
(higher air and soil temperatures during June 1998) and after
October, when in 1999 there was a decline in temperature (data
not shown). Thus, the reasons for the lack of a planting date
treatment response are not clear.

Genotypic effects far outweighed planting date effects. In
contrast, Sanders (27) reported that seed maturity influenced
fatty acid composition to a far greater extent than did peanut

cultivar. However, a far greater range in oil chemistry is now
represented in peanut germplasm (3, 11, 28-30). The four
genotypes homozygous for the high oleic acid gene exhibited
greatly improved oil chemistry (higher proportions of oleic acid
and lower percentages of linoleic acid) compared to normal oil
chemistry lines regardless of planting date. A low O/L ratio is
associated with a high degree of oil instability (rancidity) (2,
9-11). The iodine value, a measure of the degree of unsaturation
and oil instability (34), was inversely related to oleic acid due
mainly to the high coefficient ascribed to percent linoleic acid
and the low linoleic acid content of high-oleic genotypes. The
basis for differences between high-oleic and normal genotypes
and variations in the O/L ratio is a differential activity of the
enzyme∆12 desaturase, which catalyzes the reaction of oleic
acid to linoleic acid. Increasing soil temperature tends to increase
oleic acid and iodine value (26, 36, 38) are also due to the
influence of this enzyme. Mean air temperatures for August,
September, and October were 28.1, 24.9, and 20.4°C, respec-
tively. Similarly, mean temperatures were 29.4, 27.9, and 22.9
°C, respectively. The increase in linoleic acid and iodine value
with later planting date (and later harvest date) is consistent
with this temperature effect. The O/L ratio (as well as iodine
value) has been considered an index of oil stability (11,39,
40), as linoleic acid is an unstable fatty acid (9-11).

The health benefits for diets low in saturated fats appear to
be met by high-oleic genotypes. Saturated and polyunsaturated
fatty acids are associated with high and low cholesterol,
respectively (41). The recommendation from the American Heart
Association and the American Health Foundation that the
amount of saturated fats in the diet of humans should be reduced
(42) is satisfied by the high-oleic genotypes as this trait was
associated with a decrease in percentage saturation and an
increase in the U/S. A diet of monounsaturated fatty acids has
been as effective as polyunsaturated fatty acids in the reduction
of low-density lipoprotein cholesterol in humans (43). Higher
fat diets that are high in monounsaturated fatty acids and low
in saturated fatty acids have reduced cholesterol and low-density
lipoproteins to an extent similar to that of a lower fat,
cholesterol-lowering diet (12-14). Kris-Etherton et al. (14)
concluded that there is enough evidence to consider high
monounsaturated fatty acid, cholesterol-lowering diets that
include peanuts and other nut products as an acceptable, and
perhaps preferable, approach to reduce the risk of cardiovascular
disease in humans.

Linoleic acid was inversely related to oleic acid, and the
relative proportions of each are controlled by∆12 desaturase
(41). The negative relationship between palmitic acid and oleic
acid most likely represents an increased rate of palmitic acid
elongation to stearic acid, with rapid desaturation to oleic acid
via ∆9 desaturase (41). Eicosenoic acid was the only fatty acid
proportional to oleic acid. Eicosenoic acid can be synthesized
from oleic acid by the addition of an acyl group. This could
also explain the positive relationship between stearic and
arachidic acids.

Oleic and linoleic acids were inversely related and accounted
for the greatest variability among genotypes, although many
other relationships between fatty acids were noted. The above
relationships noted for the 10 genotypes over three planting dates
for three years were at least as good or in some cases better
than that published for 600 high-oleic and normal genotypes
planted during May 1996 (28). Year or planting date (environ-
mental effects) did not negatively influence any of the relation-
ships between variables of fatty acids noted for genotypes grown
under roughly the same time and environmental conditions. We

Figure 3. Relationship between iodine value (IV) and proportion of oleic
acid in peanut genotypes.

Figure 4. Ratio of percentage saturation acids in relation to proportion of
oleic acid in peanut genotypes.
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conclude that the biochemical relationships between variables
of fatty acids noted were minimally affected by environmental
conditions as compared to genetic effects.

When data were analyzed separately by year, the effect of
planting date was significant for 6 variables in 1999 and 10
variables in 2000. Palmitic, oleic, linoleic, and eicosenoic acids
and iodine value were affected in 1999, whereas all variables
except lignoceric and O/L were influenced in 2000. The trend
was for oleic acid to decrease and linoleic acid to increase with
increasingly later planting date. This would be consistent with
the known effects of low temperature, which increases the level
of ∆12 desaturase and increases its product linoleic acid
(26, 36, 38). This resulted in an increase in iodine value for
1999 and 2000. The general trend was also for stearic, pal-
mitic, and arachidic acids to decrease and eicosenoic and
behenic acids to increase with later planting date. Effects on
U/S and percentage saturation were significant in 2000, but
results were somewhat variable depending upon the particular
cultivar.

In conclusion, it appears that oil quality can be improved
relatively little in different years or by choosing planting date.
This study underscores the importance of choosing the ap-
propriate cultivar to optimize the quality of peanuts and peanut
products. Similarly, other criteria in selecting a planting date
(such as insect and disease avoidance, land labor availability,
and market conditions) should supersede the slight alterations
associated with the modest environment-dependent changes in
oil chemistry.
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