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The high-oleic-acid trait improves the oxidative stability of peanuts (Arachis hypogaea L.) and their
products. The explicit effect of the trait on sensory quality, particularly on off-flavors associated with
oil rancidity, has not been well documented. To assess the effect of the trait on off-flavors, data from
two independent databases were analyzed to compare sensory quality and composition in normal-
versus high-oleic peanut genotypes. In data collected using a sensory panel in the Department of
Food Science at North Carolina State University, there were small differences between near-isogenic
lines for intensities of the roasted peanut, astringent, over-roast, and nutty attributes, with the high-
oleic lines exhibiting slightly greater intensities of those attributes. There were no differences for
off-flavors such as fruity, painty, stale, moldy, or petroleum. In data collected from the multistate
Uniform Peanut Performance Test and evaluated by a panel in the USDA-ARS Market Quality and
Handling Research Unit (MQHRU) at Raleigh, NC, there were differences in chemical composition
associated with the high-oleic trait, including differences in oil content, tocopherols, and carbohydrates
in addition to the expected differences in fatty acid contents. There were small decreases in the
intensities of the sensory attributes cardboard and painty associated with the high-oleic trait in the
MQHRU data when all high-oleic lines were compared with all normal-oleic lines. Comparison of the
near-isogenic pair NC 7 and N00090ol showed differences in oil and glucose contents, but not in
sensory attributes. The high-oleic trait does not appear to have a major impact on sensory quality on
average, although there were individual instances in which the trait was associated with shifts in
sensory attribute intensities that may be perceptible to consumers.
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INTRODUCTION high-oleic gene 7—9). In a study on the effect of the high-
The beneficial effect on the oxidative stability of peanut oleig trait on intensitieg of the roastepl peanut, syveet, bitter, and
(Arachis hypogae#..) products resulting from elevated levels @Stringent sensory attributeB)) near-isogenic pairs of normal-
of oleic fatty acid in the seed oil has been well documented @nd high-oleic lines were grown at specific locations. In most
(1-5). As peanut cultivars with elevated oleic acid levels have ases, the high-oleic member of the pair was developed by
become available to processors, questions have arisen regardingackerossing the Florida high-oleic gene into an existing
their composition and sensory quality, particularly off-flavors cultivar. The high-oleic trait h_ad a p(_)smve e_ffect_ on the intensity
such as the fruity/fermented sensory attribute. There have beerPf the roasted peanut attribute, increasing it by 0.3 flavor
comparisons of normal- and high-oleic lines with regard to some intensity unit (fiu) averaged across seven background genotypes.
sensory attributes. Pattee and Kna6jtfound some significant ~ Although the magnitude of improvement varied across back-
differences among four high-oleic lines, Florunner, and NC 7 ground genotypes, the trait was never associated with a reduction
for only the roasted peanut sensory attribute. In that study, all in roasted peanut intensity. The increase was greatest in Tamrun
of the high-oleic lines were derived by backcrossing the Florida 96 and Spanish genotypes Tamspan 90 and F435. Interaction
between oleate level and background genotype was detected
* Author to whom Correspondence should be addressed [te|ephone (glg)fOI’ sweet and bltter attrlbutes The tra|t had an inCI’eaSing ef‘feCt

51?-55745;tfax (?1?%:515-877_60: e-mail harold_pattee@ncsu.edu]. on the bitter attribute only in the background genotype of

epartment of Crop science. s e . . :

* Department of Biological and Agricultural Engineering. Tamspan 90. There was a nonsignificant increase in bitterness
8 Market Quality and Handling Research Unit. in the other Spanish background genotype, F435. Changes in
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bitterness in runner and Virginia-type backgrounds were close TT _Se838lcss8 g
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to zero or negative. 52|28 VIJVISIaaaad9405G @
i : oct E599 S0NRITTSSTTaag |2

In response to the questions posed by mdgstry, the ob_Ject|ve S|a fhfsoansennddd |2
of this study was to determine whether the high-oleic trait was ENRENEERNENES B ENENENRNE R ENENRNEE I

. . . . . — — <&}
assoaa_ted with increases in o_ff-flavors in data collected as part be 258 § 88 § Bg § E - oo |3
of ongoing flavor quality studies. Z|22 2333222223298 |
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MATERIALS AND METHODS e o @aaaaoooaas £
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There exist two flavor databases that can be used to address the 2|88 IINIYYYLESI958 —>"
issue of off-flavors in high-oleic peanuts: (a) the database accumulated é HoH O HAHH A A D
by Dr. H. E. Pattee using the trained descriptive sensory panel in the & Sl88 RRIIBORNRSS~BER |5

y ) " " g p yp i Yol [SUo] NN OQ.)_
Department of Food Science at North Carolina State University (the § w BaToQTTPT T 2
w— —_

NCSU database) and (b) the database accumulated by Dr. T. H. Sanders | 0l3|lss 333 SSSIB8ESEEES -

; ; o S22 S9gOddddddadad4o9d =
using samples from the Uniform Peanut Performance Test (UPPT) and S 221SS 9359995525595 |3
the trained descriptive sensory panel in the USDA-ARS Market Quality 'C:, T2|N3 9885293359985 3 §
and Handling Research Unit (MQHRU) at Raleigh, NC (the MQHRU [} N T e e el e e o =3

. . . . - h=ix=} (=3 b=
database). Descriptive sensory terms and intensity scales used by the & 88,8888833838x32 o
F ; ; ; S =88 H8ARISIAJLIEER <
two panels are similar, but slight differences do exist. < g|128 3333333333333 3 2

The methodology used by Pattee and co-workers has been published & “lge meoHcssaSsmena |=
(10—12). In their study, a series of lines derived by backcrossing the S N daddaddNdd s s |2
high-oleiq trait into several ex!sting gultivars or by mutating cu!tivar§ 3 Elss § § 88 g § g g § § g g g § s
to the trait were compared with their parent cultivars at locations in 2 19 FRRRRTRRTRRRTT |2
Florida, Georgia, North Carolina, and Texas. Breeders grew their high- S 8|88 sS333ss8338333283 <
oleic lines and parents in three-replicate tests at one or two locations. 5, AR
Florida high-oleic line F435-2-3-B-2-1-b4-B-B-3-b3-b3-1-B was grown : lng SSS3288S8S5SE88S | ©
at each location. Statistical analysis of the data was as previously = S v v il 2
reported (10). s < 29 [IYIBEEIINNSHILS | =
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The methodology of the USDA-ARS-MQHRU has been published g cenTT 2

in the 2003 annual reporl8). The data from the 2003 UPPT include 2| g or Ssz8SSSR23338g8 |2
. . . . o o NN NN AAAANNA—AON I
fatty acid profiles and concentrations of oil, tocopherol, and carbohy- Sl 2| €133 3335333333333 |
. . e = 17} + o+ HoH A H £
drates as well as paste color and sensory attribute intensities measured z| 2 QAT 228588B533933238 |8
on bulk samples from the replicate plots grown at each of nine test £ £ e NS HA AT AT AT 5
locations (Suffolk, VA, and Lewiston, NC, in the VirginieCarolina 8 § Fx S838 § § § § 88 g 883 |s
production area; Tifton, GA, Marianna, FL, and Headland, AL, in the £|188 3533333333383 2
heast duction area; and Denver City, TX, Stephenville, TX 2 Sl ol iinditndnan @
southeastern product ' Y, % S1ep SR 25 I2Y¥YRKRZY83]3¢¥8 |2
and Fort Cobb, OK, in the southwestern production area). Data were " AAd S ST e
analyzed using the general linear models procedure (PROC GLM) of g e BR8ss8ssssB8ggs |2
SAS statistical software (SAS Institute, Cary, NC). The analysis of g £ SS cccccooccoccocoo 3
variance of the 2003 UPPT data partitioned the total variation into parts = Tlss sogezasseeguns |2
due to the 9 locations, 14 genetic entries including 10 of the runner é So doddddddddadao |2
anq 4 of the Virginia market type, gnd residual error. In this_ analysis, o oo ;’ g % § § § § § 5. 888s 8
residual error included both location-by-genotype interaction and a % gl28S Y888 ddddadag998 |5
fraction of the pooled experimental error. Among the 14 genetic entries, £ = HH HHAH A A 2
there were 5 high-oleic (4 runner- and 1 Virginia-type) and 9 normal- S RN S daNGNGNNNSG® . =
oleic lines. Two types of comparisons were made using UPPT data: = 2PB LT 2TD T =
. . . . ‘@ ‘@ (=2}

(a) a comparison between the mean of all high-oleic lines and the mean & slss S3858888888888 |
of all normal-oleic lines and (b) a comparison between NCSU breeding :__" 297 FRRNSRIRRNTRTT |2

lines NOO090ol and NC 7, a near-isogenic pair. Adjusted means were S I8 £3IZS8RIIABIRIIRIG % =

obtained using the least-squares mean statement of PROC GLM. T ST oSS ILToTRIT YT |28

Residual error was used in all tests of significance. 2 gl s8s288s8s3%8388¢s ==}
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Data from the NCSU Databaseln addition to the previously 2 _ 859898988 ,48a8 |28

. . . . ) 5o SOOI AMO NS s
published differences observed between high-oleic and normal g 8|82 SSRZISS8RBRRIT |42
lines averaged across background genotypes for intensity of § g 5 2 5 b § ui,: b é}' o § g 53 § i % B
roasted peanut and astringent sensory attribTiaisl¢ 1), there b= S deddddddddaddd |9 2
were also significant differences in the intensities of over-roast 2 : E5888838E8.888m. |57
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(2.83 vs 1.57 fiuP < 0.05) and nutty (2.69 vs 2.53 filR, < 2 22|33 Sooococococococsooos |T e

005 | h b d . d h 05f . h .. SJ’ gg + o+ HoH Qg
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difference that sensory panelists can detect in a direct compari- £ @@ s Toooas oo |85
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son for the roasted peanut attributi?). Although the differ- 5 5L |3 KNRCSRERERERESSRSKS | g2

ences observed in this experiment were statistically significant, S oI HH HHHHHH AN HAH | 2O
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they were small in magnitude. It is unlikely that the aggregate = & SO|RK Srhorssersssrsn |p 2
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of these small differences would be perceptible to the average & _ o = =
. 2. g 5 . 2 = <

consumer. _ . . o g55| _ g .3 3 38 26 w2

There were no differences between high- and normal-oleic 2 89| . E 22558~8o2E_ 288 |- &
lines averaged across background genotypes for the more & =128 335528288853 ko]
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objectionable off-flavors, for example, fruity, painty, stale, Sgsg|as 23
moldy, or petroleum. Because there was relatively little replica- GES3 99 T H
tion of specific near-isogenic pairs of high- and normal-oleic g’*g;\ig §§ §§
lines, there were very few instances in which statistically o
significant differences were detected between them with the g% %S 538
exception of the OlirTamspan 90 pair, for which there were §§ °S 29
differences for roasted peanut (3.87 vs 3.13Rius 0.05), over- SE(8Y s
roast (2.73 vs 1.70 fiuP < 0.05), woody (3.08 vs 2.65 fiu, ge|o— o+
P < 0.05), bitter (3.05 vs 2.48 fiR? < 0.05), nutty (2.74 vs G T
2.33 fiu,P < 0.05), and bitter aftertaste (2.72 vs 2.26 fux gg% LS oYy
0.05). Several of these differences approach or exceed the half- 85 g Ha o aH
unit threshold at which the difference should be perceptible to EFEISS 82
an individual panelist (12). - . s
Data from the MQHRU Database.Because the high-oleic 0e|B88 38
trait is known to affect concentrations of several fatty acids other §,—§ HHo
than oleic and linolenic acids, it was not surprising to find 2% 2e
significant differences between high- and normal-oleic groups e
for palmitic, eicosenoic, and behenic acids in addition to oleic 2133 33
and linolenic acidsTable 2). These differences translated into el b
differences for oleic-to-linoleic ratio, iodine value, total saturates, 3s|aa akx %
and polyunsaturate-to-saturate ratio. It is important to bear in K AR -
mind that the genetic differences between groups are likely to -
include other genes affecting fatty acid profile and other traits, glss s |
so the effect of the high-oleic trait is confounded with other = 8|38 am |5
factors in this comparison. However, the differences observed i se oo |5
in the group comparison were also observed in the comparison g e |82 S8 o
of backcross-derived high-oleic line NO0090ol with NC 7, the = 82195 4w |2
recurrent parent used in the development of NO0O090ol. The 2 5 S8 58 |2
comparison of NOO090ol with NC 7 should be less confounded 3 . :é'
with other genetic differences. @ 2|33 22 |
Less expected were the differences between high- and normal- E 28 3 Z' E 3 2
oleic groups in other composition trait§gbles 2and3) such < “lae se ®
as oil content (49.6 vs 48.8%, < 0.01) andu-tocopherol (90.4 g o |z % &
vs 108.5 ppmP < 0.01),3-tocopherol (91.9 vs 84.7 ppiR, < o 24188 88 |%
0.01), total tocopherols (191.7 vs 201.8 pfns 0.01), sucrose S %g L
(28522 vs 30225 ppnk < 0.01), raffinose (629 vs 719 ppm, 8| |° |SS IS |3
P < 0.01), stachyose (4010 vs 4287 pgens= 0.01), and total el 3 s g
sugars contents (33552 vs 35602 pjghss 0.01). The difference 3| 2gs g8 53 |8
in sugar content probably was the main factor influencing the @ % gg HH A4 5
observed difference in paste color (53.7 vs 52.3 Hubtenits, ~ el® |33 549 g
P < 0.01) and the sensory attributdsple 4) dark roast (2.55 § < x x =
vs 2.76 fiu,P < 0.01) and raw/beany (2.56 vs 2.33 fia,< El gloa SS o9 £
0.01). The difference between groups for those traits was % £ §c;o; HH 44 §
consistent with the expectation that the group with lower average ol - I RN R
sugar content would brown less upon roasting, leading to lighter § § N o N o §
color, less intense dark roast attribute, and more intense raw/ el = E\; ? § N ‘z
beany attribute. The high-oleic group had lower intensities of £ 22195 77 |E
the off-flavors cardboard (0.47 vs 0.63 f,< 0.01) and painty 2 CEIZR 88 (=
(0.00 vs 0.02P < 0.05), but the differences were very small o Nk 88 |2
in magnitude, and the average intensities of those attributes S s Lo |5
: ; ~ o~[SS oo =
across all UPPT entries were very low. Differences between 5 52| oo | E
the high- and normal-oleic groups for intensities of other sensory 2 52 ge ne | g
attributes were not statistically detectable. = DA
There were differences between N00090ol and NC 7 for oil < o |Bg &g |2
content (48.5 vs 49.67 < 0.01) (Table 2) and glucose content E E:C’; S 99 |5
(41 vs 145 ppmP < 0.01) (Table 3) and trends for sucrose ‘n E2g1 g5 §
(31138 vs 29181 ppn® < 0.10) and total sugar content (35558 = R
vs 33454 ppmP < 0.10). No differences were detected for Iz ?\j% o bo g
sensory attribute intensities (Table 4). g gé °S 29 2
In summary, the high-oleic trait does not appear to have a G §§ 5% 23 |
major impact on sensory quality on average, although there were 3 TR |¥T ¥ |:
individual instances in which the trait was associated with shifts ~ =z = g
in sensory attribute intensities that may be perceptible to o SElc g 8~ |x
consumers. Averaged across background genotypes, differences & 3 |28 22
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that were statistically significant usually were0.5 fiu in (5) Mozingo, R. W.; O'Keefe, S. F.; Sanders, T. H.; Hendrix, K.
magnitude, suggesting that a consumer would not notice W. Improving shelf life of roasted and salted in-shell peanuts
thedifference unless the aggregation of a number of such using high oleic acid chemistryzeanut Sci2004,31, 40-45.
differences for different attributes would reach the level of  (6) Pattee, H. E.; Knauft, D. A. Comparison of selected high oleic
perceptibility. Given that extension of shelf life is the primary acid breeding lines, Florunner and NC 7 for roasted peanut, sweet
rationale for deployment of the high-oleic trait in peanut and other sensory attribute intensitifeanut Sci1995 22, 26—
varieties, one might have expected larger differences between 29.

high- and normal-oleic lines for the stale/cardboard and painty ~ (7) Norden, A. J.; Gorbet, D. W.; Knauft, D. A; Young, C. T.
attributes. However, protocols used in the studi®s-(L3) were Variability in oil quality among peanut genotypes in the Florida
designed to prevent oxidation of the roasted paste samples prior ~_ breeding programPeanut Scil987,14, 7-11. o
to sensory analysis. Previous studigés-8, 5—7) indicate that (8) Moore, K. M.; Knauft, D. A. The inheritance of high oleic acid
the trait does have a large effect on oxidative stability, ostensibly in peanut.J. Hered.1989,80, 252—-253.

(9) Knauft, D. A.; Moore, K. M.; Gorbet, D. W. Further studies on
the inheritance of fatty acid composition in pearféanut Sci.
1993,20, 74-76.

(10) Pattee, H. E.; Isleib, T. G.; Gorbet, D. W.; Moore, K.; Lopez,
Y.; Baring, M. R.; Simpson, C. E. Effect of the high oleic trait
on roasted peanut flavor in backcross-derived breeding lihes.
Agric. Food Chem2002,50, 7362—7365.

(11) Pattee, H. E.; Giesbrecht, F. G. Roasted peanut flavor variation
across germplasm sourcé®eanut Sci1990,17, 109—112.

(12) Pattee, H. E.; Giesbrecht, F. G.; Mozingo, R. W. A note on broad-

retarding the onset of off-flavors associated with rancidity (stale/
cardboard and painty) when samples are subjected to long-term
storage or storage under adverse conditions. The fruity and
moldy off-flavors are not associated with postprocessing oxida-
tion. One would not expect a difference between normal- and
high-oleic lines to develop for those sensory attributes during
long-term storage.
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