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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 x planting date interactions. lodine 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 has been associated with greatly enhanced shelf life and

Flavor and quality of peanut and peanut products are largely deécreased rancidity of roasted pean&s 11); however, total
functions of lipid chemistry. Peanuts contair50% oil (1). fat content, percent sucrose, and roast color were sinfijar (

Palmitic acid (16:0), oleic acid (18:1), and linoleic acid (18:2) Di€ts that are high in monounsaturated fatty acids and low in
are the major fatty acids in peanuts and may comprige% s_aturateo_l fat_ty acids have reduced ch_olesterol and Iow-_de_nsny
of the total fatty acidsZ). The remaining fatty acids, stearic liPoproteins in humansl@—15). The high O/L characteristic
(18:0), arachidic (20:0), eicosenoic (20:1), behenic (22:0), and could confer a_1_S|gn|f|cant human health advantage and enhance
lignoceric (24:0) acid, normally occur in weight percentages the marketability of peanuts.
between 0.02 and 4.0%. Seed maturity can also influence the fatty acid composition

The genetic manipulation of peanut chemistry has the of peanut. The actual impact of seed maturity is dependent on
potential to improve the nutritional quality of peanuts and peanut genotype, climatic conditions, and genotype/climate interactions.
products. Norden et al. (3) first identified a peanut genotype Lower temperatures during seed development normally are
containing~80% oleic acid and~2% linoleic acid. The trait associated with a more unsaturated oil due to the increased
conferring a high ratio of oleic to linoleic acids (O/L) content activity of oleate desaturase, which promotes the synthesis of
was shown to be controlled by two recessive gedes). The linoleic acid. In general, oleic acid increases and linoleic acid
high oleate character is derived from a redupd® desaturase  decreases with seed maturity, 16—22). Other studies have
activity, and the biochemical basis for alterations in enzyme shown a reduction in oleic acid and an increase in linoleic acid
structure and function has been characterize®). High O/L  with maturity (23,24), whereas Knauft et al. (25) observed no
influence of maturity on oil chemistry. The increase in oleic

* Address correspondence to this author at 155 Research Rd., Quincy, acid with seed maturity is normally accompanied by a decrease
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Bovi (26), noting a negative correlation between iodine value with an HP flame ionization detector and an HP-225 cyanopropylphenyl
and soil temperature, suggested that the chemical compositiondimethyl siloxane column (lengti¥ 30 m, inner diameter 320um).
of peanut oil could be changed by planting dates. San@&)s ( One microliter of sample was injected using an HP autosampler and
reported that seed maturity induced far greater differences in gﬂg:?f;g \Ii:zlirri v&get';:tggﬁ?ersé’:g""g Z-S 'fAI\gWS;TeF:e:erwrs{r?ut?nwe”r]e
the fatty acid composition than did peanut genotype of three : i X : !
commercial peanut cultivars tested. Far greater variations in oil 30, 30, and 300 mL/min for nitrogen (makeup gas), hydrogen, and atr,

. ] ; respectively. A split ratio of 100:1 at an inlet temperature of 220
chemistry now exist among contemporary peanut cultivays ( was employed. The initial oven temperature was *@and was

11,28-30). For example, oleic acid content in peanut genotypes jncreased at 5C/min to 240°C. The fatty acid methyl esters were
can vary from 21 to 85% and linoleic acid from 2 to 43% (  identified by a comparison of retention times to an American Oil
31). Our objective was to determine the relative extent to which Chemists’ Society composite standard (low erucic rapeseed oil) (Sigma
oil chemistry of high-oleic and normal peanut genotypes may Chemical Co., St. Louis, MO).
vary with planting date over a three year period. The ratio of oleic acid to linoleic acid (O/L) was calculated for each
experimental unit. lodine values (IV), which are inversely proportional
to oil stability, were calculated using the formula of Cocks and Van
Reds (34):

Peanut GenotypesThe peanut genotypes examined included Florida
MDR98, Georgia Greene, SunOleic 97R, Andru 93, Florunner, 86x13A- |V = (0.8601x % oleic acid)+ (1.7321x % linoleic acid)+
4-2-3-2-b3-B, UF98326, UF99621, 88x1B-OLBC1-6-1-3-1-b2-B, and (0.7854x % eicosenoic acid)
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
g?gf;ipe:érw?;ﬁ dﬁiag;l;t Sig%tggles ;r?g gsexriE_ngérgi_glrﬁg_izg{m or eac_h of thr(_ee years. The variables of fa_tty_ acids were subjected to
B), mid (Georgia Greené, SunOIeic’ 97R, UF97102, and Florunner), analysls of variance procedures _of the statlst'lc'al ana'lys[s system. The
and late (Florida MDRO8, 86x13A-4-2-3-2-b3-B, and UF98326). In XPerimental design and analysis was a siiit plot in time. The
each of three years there were three planting dates: 1998 (April 17, genotype 88x1B-OIBC1-6-1-3-1-h2-B was omitted from this three-way
May 13, and June 9); 1999 (April 14, May 10, and June 7); 2000 (April factorial analysis pecause_ data were lacking in 20Q0. B_ecause year main
18, May 12, and June 8). Plots were located at the North Florida effects and year interactive effects were often significant each year,

Research and Education Center, Marianna, FL. Soil type was a Chipoladata were al_so analyzed as a factorial design with genotype a'.“‘ pl:_antlng
gate as main factors for each year separately. In addition, individual

loamy sand. Plots were subjected to standard culture and managemen . .
practices, including a full season fungicide program for leaf spot control genotypes were analyzed separate]y asa functl?n of pl_antmg date, and
and irrigation. Plots were harvested on the basis of maturity. Digging means were sepe_lrated on the pa5|s of Duncan_s ml_JItlpIe_—range test.
days for 1998 were as follows: first planting, early (133 days), mid Th_e_ relgnonsmp of the variables percent I|nole|p a(?'d’. percent
(143 days), and late (154 days); second planting, early (128 days), midpalmltlc acid, ratio of_ unsaturated to saturated fatty acu_is, |o_d|ne ve_ilue,
(138 days), and late (150 days): third planting, early (125 days), mid and perpent saturation was compqred to percent oleic acid py linear
(130 days), and late (144 days). Digging days for 1999 were as regression. All data (genotype planting datex year) were combined
follows: first planting, early (131 days), mid (138 days), and late (149 for these analyses.

days); second planting, early (129 days), mid (140 days), and late (150

days); third planting, early (130 days), mid (130 days), and late (151 RESULTS

days). Digging days for 2000 were as follows: first planting, early Data statisticall A -
> : ) y analyzed as a spldplit plot in time showed
(129 days), mid (136 days), and late (150 days); second planting, earlyhighly significant year main effects and planting date main

(128 days), mid (139 days), and late (149 days); third planting, early .
(123 days), mid (130 days), and late (144 days). Mature peanut podseffe(:tS for 11 of 12 variables>(< 0.001) (Table 1). The only

were removed from the vines with plot threshers and dried to 10% Variable not significantly influenced by year or date was O/L.
moisture. The dried in-shell peanuts were machine shelled, sorted, andG€notype effects were significant for all variables. Year
graded (screen size 6.35 x 19.1 mm slots). Sound, mature seeds planting date interactive effects were significant for all variables
were used for the determination of fatty acid profiles. except lignoceric acid and O/L, whereas ygagenotype effects

Peanut Oil Preparation and Analysis of Fatty Acids.Fatty acid were significant for all effects except O/L. Two-way year
analysis of peanut seed was accomplished using the method of Folchgenotype interactions were highly significant for all independent
etal. (32), as modified by Christie (33). Approximately 1 g of peanuts yariables. These highly significant interactive data led us to a
was mascerated in a Waring blender (Waring Products Division, New gtatistical analysis by each year separately as a genotype
Hartford, CT), and the contents were transferred to a 10 mL glass Screw'planting date factorial design.

top test tube. Approximately 10 mL of dichloromethane was added, . . . .
and the test tube was thoroughly shaken and then left undisturbed Peanut genotypes homozygous for the high oleic acid trait

overnight. The extract was filtered through Whatman No. 1 filter paper (SunOleic 97R, UF9832_6'_ UF_99621' and 88x1B-OLBC1-6-1-
(Fisher Scientific, Fair Lawn, NJ). The volume of extract was noted 3-1-b2-B) were readily distinguished from the normal genotypes
and increased by 25% with the addition of deionized water. The contents On the basis of weight percentages of oleic and linoleic acids.
were shaken thoroughly and centrifuged at 3000 rpm for 10 min. Both High oleic acid and normal genotypes had oleic acid percent-
the aqueous layer and any precipitate (defatted peanut meal) wereages of ca. 80 and 5(59%, respectively Tables 2-4).
discarded, ath1 g ofsodium sulfate was added to the remaining extract. By contrast, the weight percentage of linoleic acid was
After the remaining extract had been transferred to a new test tube, thep3—289 for normal oil genotypes compared to-1425% for
dichloromethane was evaporated in a warm60 °C water bath under high oleic acid lines. This resulted in an OJL ratio of 18:1 to
a nitrogen atmosphere. Sufficient additional dichloromethane was added51:1 for high-oleic genotypes, compared to 1.7:1 to 3.5:1 for

to bring the volume to 2 mL. Next, 106L of dichloromethane/lipid . . .
solution was added to 24L of MethPrep Il (Alltech Associates Inc., normal genotypes. Florida MDR98, a mid-oleic genotype, had

Deerfield, IL) in the autosampler vial to derivatize fatty acids to methyl ©l€iC acid and linoleic acid weight percentages in the range of

esters. Nitrogen gas was added, and the vials were capped and Ieff59_67 and 12_210_/01 re_spectively. In all cases the Combina_ltion
undisturbed for 30 min. of oleic and linoleic acids represented0% of the fatty acid

Fatty acid profiles were determined using a Hewlett-Packard (HP) profiles of peanuts; palmitic acid accounted for anothei6%
6890 gas chromatograph (Hewlett-Packard, Wilmington, DE) equipped of the total.

MATERIALS AND METHODS

Statistics.Each genotype was replicated four times from seed batches
ollected at each planting location for each of three planting dates and



1300 J. Agric. Food Chem., Vol. 50, No. 5, 2002 Andersen and Gorbet

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

fatty acid composition (%)

variable 16:0 18:0 18:1 18:2 20:0 20:1 22:0 24:.0 18:1/18:2 Ive u/se % saturation
ye ar Fkk Fkk Fkk *k *kk *kk Fkk Fkk N S *kk Fkk Fkk
date Fkk *% *kk *kk * *kk Fkk * N S *kk Fkk *kk
g e notype *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk *kk
ye ar X d ate *kk *kk *% *% *kk *kk *kk N S N S *kk *kk *kk
da[e X genotype *kk Fkk Fkk *kk *kk *kk Fkk Fkk NS *kk Fkk Fkk
ye ar X g e n Otype Fkk Fkk *kk *kk *kk *kk Fkk *k Fkk *kk Fkk *kk

aNs, % ** and *** correspond to nonsignificant or significant at P < 0.05, 0.01, and 0.001, respectively. ® IV, iodine value. ¢ 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 19982

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 \% u/s % saturation
Florida MDR98
April 17 865 311 6339  17.10® 160 1.24 347 1.46 371 85.11%  4.46 18.27
May 13 828 344 6487 15.50° 164 125 3.53 1.49 4.34 83.620 4.44 18.38
June 9 8.80 318  59.80° 20.282 158 127 3.60 1.48 2.95 87.572 4.37 18.65
Georgia Greene
April 17 10.00 262  53.022 27.440 129 123 2.87 1.54 1.93 94.09 4.46 18.31
May 13 1031 255  50.23° 29.523 125 129 3.20 1.64 1.70 95.35 4.27 18.96
June 9 9.89 252 5242  27.96° 128 127 3.09 1.58 1.88 94.51 4.44 18.35
SunOleic 97R
April 17 581 221 8153 2.68 116  2.04 2.73 1.83 30.672 76.36 6.29 13.75
May 13 6.18 266  79.11° 4.45 122 184 281 1.73 18.08° 71.20 5.85 14.60
June 9 580 2.63  79.91® 3.88 127 193 2.82 1.77 21.85% 76.97 5.99 14.28
Andru 93
April 17 1022 238 5428 26.37 121 130 2.73 1.52 2.07 93.38 4.55 18.05
May 13 996 248 5505 25.28 125 136 3.01 1.61 2.18 92.21 4.46 18.31
June 9 10.19 235 5341 26.99 124 135 2.90 1.56 1.98 93.74 4.48 18.25
86x13A-4-2-3-2-h3-B
April 17 874 262  59.03 22.90 127 132 2.75 1.36 2.58 91.48 5.98 16.74
May 13 864 293 5898 22.78 129 126 2.79 1.32 2.60 91.18 5.90 16.98
June 9 876 281 5775 24.06 132 126 2.72 1.32 240 92.34 5.90 16.93
UF98326
April 17 621 390 7784 4.00 160  1.58 3.40 1.46° 32.55 75.13 5.03 16.58
May 13 576 348  80.89 1.59 151 174 348 1.552 50.75 73.70 5.352 15.78
June 9 581 332 8004 2.95 148  166®  3.28 1.46° 33.42 75.26 5.522 15.35
UF9621
April 17 563 257 8247 2.420 123 1.68° 2,53 1.47 34.242 76.44 6.45 13.43
May 13 577 248 8198 268 119 1740 2670 148 30.642 76.53 6.37 13.60
June 9 566 242 8184 2.832 123 177 2.722 1.52 28.920 76.69 6.37 13.56
88x1B-OLBC1-6-1-3-1-h2-B
April 17 619 378  80.77 1.72 164 147 2.97 1.47 47.22 73.61 5.24 16.04
May 13 634 339 8044 2.05 160 154 3.09 1.54 40.70 73.95 5.26 15.97
June 9 628 326 80093 1.84 156 157 3.02 153 44.16 74.04 5.38 15.65
UF97162
April 17 9.73 240  56.282 24.19° 126 140 3.04 171 233 91.40 4.50 18.13
May 13 999 252 5484 2535 130 131 3.05 1.63 2.16% 92.11 441 18.50
June 9 9.94 243 5382 26.34° 125 142 3.15 1.65 2.040 93.03 4.42 18.42
Florunner
April 17 10.08 272 5277 27.54 132 124 2.75° 1.58 1.92 94.07 4.42 18.44
May 13 1028 256 5131 28.62 128 129 3.032 1.64 1.80 94.71 4.33 18.79
June 9 10.07 259 5227 27.99 128 130 2.86%  1.63 1.88 94.46 442 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 v u/s % saturation
c u mvar Fkk *kk *kk *kk *kk Fkk Fkk *kk Fkk *kk Fkk *kk
date NS NS * * NS NS ok NS NS o NS NS
date x cultivar NS b b * NS ok NS NS NS * NS NS

2 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).

Many differences in fatty acid composition existed between resented between 1 and 3% of the total fatty acid profile. lodine
high-oleic and normal lines. For example, palmitic acid tended values were 74—77 for high-oleic genotypes and-96 for
to be up to twice as high for normal oleic acid (9—10%) normal lines.
compared to high oleic acid {8B%) lines (Tables 2-4). Stearic, The most distinguishable feature of genotypelanting date
arachidic, eicosenoic, behenic, and lignoceric acids each rep-factorial analysis was the relative prominence of genotype effects
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Table 3. Fatty Acid Composition of Peanut Oil from 10 Genotypes at Three Planting Dates during 19992

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 \Y u/s % saturation
Florida MDR98

April 14 796 4172 67.36° 12.56¢ 1.852 1130 347 151 5.442 80.58°  4.27 18.95

May 10 8.462  3.51b 62.14° 17.760 1.68b 123 367 1.56 3.53 85.17°  4.29 18.88

June 7 8708 3.38" 58.50¢ 21.152 1.60° 135 377 1.56 2,770 88.008  4.26 19.01
Georgia Greene

April 14 10.342  2.87 54.47%  2512b 1.39 1200 2.96 1.66 2.182 91.29>  4.202 19.212

May 10 10372 2.78 55.292 2453 1.34 1220 284 1.63 2.262 91.00°  4.27% 18.96%

June 7 9.48>  2.90 52.89° 27.192 141 133 3.05 1.76 1.950 9363%  4.39 18.59°
SunOleic 97R

April 14 6.462  2.61®  81.72 2.062 124 1740 2485 169 39.752 75.22> 592 14.48

May 10 6.572  2.27° 81.99 21620 112 1.842 2350 1.73 38.502 75.692  6.13 14.03

June 7 5750 2.682 81.60 2432 125 1912 2,672 1.73 33.73 75.88"  6.10 14.07
Andru 93

April 14 10.632 2,59 55.35° 24.04b 1.31 1.33 2.95P 1.80 2.31° 90.29>  4.182 19.272

May 10 10.07°  2.73 58.85% 21.44p 1.32 127 2.702 1.64 2,772 88.75°  4.42% 18.440

June 7 9.60>  2.86 54.33 25.732 1.35 1.36 3.062 1.70 2.12° 92372 4.39 18.58%
86x13A-4-2-3-2-b3-B

April 14 9.72 2.68b 58.202 22.49¢ 1.29 1.33 2,770 1,538 2.602 90.05¢  4.572 17.992

May 10 8.89 2.63 55.64° 25.48b 1.28 1.43 3.062 1.592 2.19 93.11°  4.74b 17.45b

June 7 8.59 2.962 53.50¢ 28.122 132 1.33 2.80%  1.38° 1.90¢ 95.762  4.85P 17.05b
UF98326

April 14 6.368  3.86 78.92 3.10 1.64 1490 317 1.48 25.72 74.41 5.05 16.50

May 10 6.09% 410 78.50 341 1.68 1490 327® 146 34.33 74.59 5.03 16.60

June 7 539> 413 80.06 217 1.69 169 3392 1.49 36.97 73.95 521 16.07
UF99621

April 14 6.282  3.01 81.142 24920 1380 157 2.62 151 32.58% 75.34 5.75 14.80

May 10 6.152  3.02 81.432 2.25b 1.37 1610 267 151 36.622 75.20 5.78 14.72

June 7 561> 3.35 80.81° 2.632 1.492 1732 284 1.55 30.79b 75.42 5.75 14.83
88x1B-OLBC1-6-1-3-1-h2-B

April 14 6.858 4762 76.90° 3.142 2.08? 1300 3.292 1.692 24.72 72590 435 18.672

May 10 6.33°  4.20° 80.332 1.59° 1.84b 1300 2920 1.49° 57.952 72.88°  4.98 16.77°

June 7 6.27°  3.49° 77.75 4602 1.61° 1602 3.07®  1.63® 18.240 76.092  5.24° 16.06°
UF97102

April 14 10.082  2.957 57.622 22.05 1.362 1270 2,960 171 2.632 88.742 4262 19.06%

May 10 964>  2.86®  58.85%  21.46P 1.3280 1295 291P 1.67 2.752 88.808  4.44c 18.400

June 7 9.69>  2.60° 51.97° 27.822 1.290 1462 3.362 1.82 1.87° 94.022 433 18.75¢
Florunner

April 14 10858 2.84 54.072 25.44p 1.360 1.16 2.64° 1.65 2.13% 91470 417 19.34

May 10 10.19°  2.99 55.14%  24.37° 1.40° 1.23 2,972 1.72 2.262 90.60¢  4.18 19.27

June 7 10.26°  3.07 53.20° 26.332 1.442 1.19 2,823 1,69 2.03 92292 418 19.28

fatty acid composition (%)

statistics 16:0 18:0 181 18:2 20:0 20:1 22:0 24:0 18:1/18:2 v uis % saturation
date *kk *kk *kk *hk *kk *kk *xk *xk *xk *kk *xk k%
cultivar *kk * *kk *kk Hokk Kkk *kk *kk NS *kk *kk Hokk
date x cultivar Kkk *kk *kk *kk Hokk Kkk Kkk *kk NS *kk Kkk Hokk

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).

compared to planting date effects. For each of the three yearsplanting date. Typically, mean separation of the fatty acid
genotype had a significant effect on all 12 variables; however, variables was such that high-oleic and normal genotypes fell
during only two of three years did planting date strongly into two different categories (data not shown). For most
influence oil chemistry. For 1998, the only significant effects genotypes, the weight percentages of oleic and linoleic acids
were attributed to genotypdéble 2). All fatty acid variables varied only a few percentage points regardless of planting date.
were significant except for lignoceric acid and O/L. Planting There was often a lack of a consistent effect of planting date
date or genotype& planting date interactions were not signifi-  for all cultivars. Florida MDR98, a mid-oleic cultivar, exhibited
cant. For 1999 peanut genotype had a significant effect on all the most plasticity in oil chemistry as a function of planting
variables, except lignoceric acid, whereas planting date influ- date. Stearic, palmitic, oleic, and arachidic acid tended to
enced palmitic, oleic, linoleic, eicosenoic, and behenic acids decrease in weight percentages with a later planting date, and
and iodine valuesTable 3). Cultivar x date interactions also linoleic, eiconosoic, and behenic acid increased in concentration.
occurred for oleic and linoleic acids and iodine value. Both There was a trend for iodine value to increase and also a trend
genotype and planting date were often significant for 2000 data for the O/L to decrease and U/S to increase with later planting
(Table 4). Four significant genotypg planting date interactions  date. A statistical analysis of high-oleic and normal genotypes
also occurred. and maturity season indicated no clear response patterns due to
Significant interactive effects of peanut genotypes and oleic acid status or maturity class as a function of planting date.
planting date prompted a separate statistical evaluation of The relationships of oleic acid to other fatty acids and
planting date effects by individual genotype. Genotype was far groupings of fatty acids inclusive of all planting dates can be
greater a determinant of each fatty acid variable than was found in Figures 1—4. Oleic acid was inversely related to
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Table 4. Fatty Acid Composition of Peanut Oil from Nine Genotypes at Three Planting Dates during 20002

Andersen and Gorbet

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 v u/s % saturation
Florida MDR98
April 18 7.60 3.28%  67.982 12.18° 159 1.25° 333 1.49 5.642 80.52¢ 472 17.29
May 12 7.66 3522 64.67° 14.59b 1.662 127 350 152 4.44b 81.85° 450 17.86
June 8 8.05 3.05 60.20¢ 19.192 1.47° 138 343 1.46 3.15¢ 86.05? 4.63 17.45
Georgia Greene
April 18 9.812 2.67 53.42 25.20 1.34® 122 283 1.59 2.12 90.49 4392 18.23
May 12 9.5420 2,80 53.26 25.81 1.372 1.20° 285 1.56 2.07 91.39 4.42% 18.11
June 8 9.23 2.65 52.66 26.25 1.320 1302 290 1.59 2.01 91.72 452 17.69
SunOleic 97R
April 18 6.29 259 78.28 4.00 124 1725 2420 1.64° 27.86 75.60 5.92 14.17
May 12 5.74 3.192 79.31 2.60 1.392 1700 251b 1.63 33.30 74.04 5.78 14.46
June 8 5.60 223 77.94 4.24 1.150 208 2762 1.83 21.96 76.01 6.21 13.56
Andru 93
April 18 10.052 2.46 53.192 24.960 1.25b 1.25 2.75 1.58 213 89.90° 4.39% 18.10
May 12 9.992 2.90 54.002 24.18 1.412 1.22 2.78 1.58 2.242 89.24P 4.262 18.65
June 8 9.740 2.70 51.63b 26.93a 1.30%  1.29 2.72 1.55 1.92° 92.012 4.44p 18.00
86x13A-4-2-3-2-b3-B
April 18 9.002 2.80¢ 57.242 23.13 1.27¢ 1130 2.34¢ 1.24 2482 90.14° 4.90 16.65
May 12 8.48P 3.02° 56.772 2351° 1.340 1.3 2.66° 127 2428 90.46° 4.85° 16.76
June 8 8.49P 3192 54.15 25.722 1432 1130 2772 1.26 2.11° 91.962 4742 17.13
UF98326
April 18 5.522 4.322 79.82° 1.26 1.772 1440 305 143 63.472 71.96° 5.132 16.09
May 12 5.452 4.262 79.37° 1.602 1.722 1490 3112 1.40 50.05" 72.19 5.18? 15.93
June 8 5.07 3.36 80.53a 159 1.42b 1.678 2,920 1.39 51.09 73.322 5.92° 14.16
UF99621
April 18 5.952 2.87 80.24 2.38° 1.32 1.55°  2.38° 1.37° 33.922 74.34 6.06 13.90
May 12 5.802 2.77 80.30 253 1.29 1.59°  2.44b 1.41° 31.76% 74.69 6.17 1371
June 8 5.34p 291 79.52 2.73 1.34 1768 2.642 1522 29.20° 74.50 6.10 13.75
UF97102
April 18 9.96 2.55% 54712 23.93° 1.25% 1225 268 1.57b 2.318 89.40P 4.42 18.01
May 12 9.82 2742 5221%  26.03%®  1.322 1.28° 2942 1.652 2.01 90.93% 431 18.47
June 8 9.70 2.38P 5153 27.012 1.20 1402 2992 1.642 191 91.140 4.46 17.91
Florunner
April 18 10.272 2.58° 54.882 24.91° 1.27 1.14°  2.40° 1.40¢ 2,218 91.19 4.52° 17.91
May 12 9.70 3.442 51.90° 26.260 1512 1140 2732 1.55b 1.98b 90.95° 4182 18.93
June 8 9.61° 2.550 49.99 28.56° 1.28 138 2912 1.702 1.76¢ 93.492 4.420 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 v u/s % saturation
Cul“var *kk *kk *kk *kk *% *kk *kk *kk *kk *kk *kk *kk
date *kk *kk *kk *kk *% *kk *kk *kk *kk *kk *kk *kk

cultivar x date

* Kk

a All values are means of four replications run in duplicate. NS, *,

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

50

60

% Oleic acid

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

% Oleic acid

Figure 2. Relationship between proportions of palmitic acid and oleic

acid in peanut genotypes.

linoleic acid (r= —0.996) (Figure 1) and to palmitic acid &
—0.959) (Figure 2). lodine value was inversely related to oleic
acid (r= —0.978) (Figure 3). Percentage saturation was also
inversely related to oleic acid ¢ —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
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Figure 3. Relationship between iodine value (IV) and proportion of oleic
acid in peanut genotypes.
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cultivar. However, a far greater range in oil chemistry is now
represented in peanut germplasB) {1, 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 oll
chemistry lines regardless of planting date. A low O/L ratio is
associated with a high degree of oil instability (ranciditg) (
9-11). The iodine value, a measure of the degree of unsaturation
and oil instability 84), 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
enzymeA12 desaturase, which catalyzes the reaction of oleic
acid to linoleic acid. Increasing soil temperature tends to increase
oleic acid and iodine value26, 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 20,4espec-
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 39,
40), as linoleic acid is an unstable fatty acBH11).

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,

14_’ P<0.0001 S Z-_".;I' respectively 41). The recommendation from the American Heart

] ,‘: Association and the American Health Foundation that the
13 : : : o , amount of saturated fats in the diet of humans should be reduced

40 50 60 70 80 90 (42) is satisfied by the high-oleic genotypes as this trait was
% Oleic acid associated with a decrease in percentage saturation and an

Figure 4. Ratio of percentage saturation acids in relation to proportion of
oleic acid in peanut genotypes.

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 humaré3j. Higher
dependent variables with linoleic acid as the independent fat diets that are high in monounsaturated fatty acids and low
variable. Weak inverse relationships occurred between oleic acidin saturated fatty acids have reduced cholesterol and low-density
and behenic acid and also between oleic and lignoceric acidlipoproteins to an extent similar to that of a lower fat,
(data not shown). Other correlations were noted for palmitic cholesterol-lowering diet12—14). Kris-Etherton et al.14)

acid and eicosenoic acid & 0.770) and for stearic acid and concluded that there is enough evidence to consider high
arachidic acid (= 0.935) (data not shown). 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

Year main effects were highly significant for 10 of 12 dlsgase _|n hu_mans. ) ] )
variables. This coupled with the strong yearplanting date L|r_10Ie|c amd_was inversely related to oleic acid, and the
and yearx genotype interactions underscores the importance relative proportions of (_aach are controlled mz de_saturase _
of year to year variations in oil chemistry and how planting (41). The negative relationship between palmitic acid and oleic
date and genotype can influence this yearly variation. Variations acid most likely represents an increased rate of palmitic acid
in year @1, 35) and soil moisture condition®3, 36, 37) are e_Iongatlon to stearic aC|d,_ with rapld d_esaturatlon to oleic aC|_d
known to influence weight percentages of major and minor fatty Via A9 desaturase (41). Eicosenoic acid was the only fatty acid
acids, O/L, and iodine value. When genotype and planting date Proportional to oleic acid. Eicosenoic acid can be synthesized
data were analyzed by each year separately, planting date exerteffom oleic acid by the addition of an acyl group. This could
strong effects in 1999 and 2000, but not during 1998. The 1998 @lso explain the positive relationship between stearic and
growing season was very dry from May thru August compared arachidic acids.
to 1999 or 2000 (data not shown), but this is of diminished  Oleic and linoleic acids were inversely related and accounted
relevance because plots were irrigated. Yearly temperaturefor the greatest variability among genotypes, although many
differences were relatively minor except during late spring other relationships between fatty acids were noted. The above
(higher air and soil temperatures during June 1998) and afterrelationships noted for the 10 genotypes over three planting dates
October, when in 1999 there was a decline in temperature (datafor three years were at least as good or in some cases better
not shown). Thus, the reasons for the lack of a planting date than that published for 600 high-oleic and normal genotypes
treatment response are not clear. planted during May 19962@). Year or planting date (environ-

Genotypic effects far outweighed planting date effects. In mental effects) did not negatively influence any of the relation-
contrast, Sanders (27) reported that seed maturity influencedships between variables of fatty acids noted for genotypes grown
fatty acid composition to a far greater extent than did peanut under roughly the same time and environmental conditions. We

DISCUSSION
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conclude that the biochemical relationships between variables (10) Holley, K. T.; Hammons, R. O. Strain and seasonal effects on

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 Al12 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

peanut characteristiceniv. Ga. Coll. Agric. Exp. Stn. Res. Bull
1968,No. 32.

(11) O'Keefe, S. F.; Wiley: V. A.; Knauft, D. A. Comparison of

oxidation stability of high- and normal-oleic peanut oils Am.
Soc. Oil Chem1993,70, 489—492.

(12) Grundy, S. M. Comparison of monounsaturated fatty acids and
carbohydrates for lowering plasma cholestelkblEngl. J. Med
1986,314, 745—748.

(13) Grundy, S. M.; Florentin, L.; Nix, D.; Whelan, M. F. Comparison
of monounsaturated fatty acids and carbohydrates for reducing
raised levels of plasma cholesterol in m&m. J. Clin. Nutr
1988,47, 965—969.

(14) Kris-Etherton, P. M.; Pearson, T. A.; Wan, Y.; Hargrove, R. L.;
Moriarty, K.; Fishell, V.; Etherton, T. High-monunsaturated fatty
acid diets lower both plasma cholesterol and triacylglycerol
concentrationsAm. J. Clin. Nutr.1999,70, 1009—1015.

(15) O'Byrne, D. J.; Shireman, R. B.; Knauft, D. A. The effects of a
low fat/high oleic acid diet on lipoprotein in postmenopausal
hypercholesterolemic womeAbstracts, Proceedings of the 84th
American Oil Chemists’ Society Annual MeetiAOCS: Cham-
paign, IL, 1993.

(16) Hinds, M. J. Fatty acid composition of Caribbean-grown peanuts
(Arachis hypogaed..) at three maturity stages:ood Chem.
1995,55, 7—14.

(17) Kim, N.-K.; Hung, Y.-C. Mechanical properties and chemical
composition of peanuts as affected by harvest date and maturity.
J. Food Sci.1991,56, 1378—1381.

associated with the modest environment-dependent changes in(18) Mozingo, R. W.; Coffelt, T. A.; Wynne, J. C. Effect of seed

oil chemistry.
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