CARBONYL COMPOUNDS IN PEANUTS

Comparison of Carbonyl Compounds in Roasted and Nonroasted Spanish and Runner

Peanuts
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Carbonyl compounds present in oil cold-pressed
from Spanish peanuts were identified as their
2,4-dinitrophenylhydrazones. Forty-one aliphatic
monocarbonyl compounds were identified in the
roasted and 37 were identified in the raw pea-
nuts. Qualitatively the monocarbonyl compositions
of raw and roasted Spanish peanuts were very
similar to raw and roasted runner peanuts. Con-
centrations of 2-methylpropanal, 2-methylbutan-
al, and 3-methylbutanal in roasted peanuts were
very high. Hexanal was the major monocarbonyl

in raw peanuts. The average concentrations of
the total carbonyl, dicarbonyl, ketoglyceride, and
monocarbonyl fractions in raw Spanish peanuts
were 116, 36, 69, and 10 umol per 100 g of oil and
in roasted Spanish were 447, 261, 121, and 65
umol per 100 g of oil. These values are much
higher than in runner peanuts. The increases are
attributed primarily to a higher linoleate content
and to a lower stability of linoleate toward autox-
idation.

Aldehydes and ketones are important constituents in
the flavor and aroma fraction of raw as well as of roasted
peanuts (Mason et al., 1967; Pattee et al., 1965). The pro-
duction of several aldehydes and ketones has been related
to enzyme activity levels in maturating peanuts (Pattee et
al., 1970), and hexanal has been strongly implicated in
the characteristic aroma of raw peanuts (Pattee et al.,
1969). Brown et al. (1971) detected hexanal and octanal in
concentrations exceeding their flavor threshold values in
raw runner peanuts and suggested that hexanal, octanal,
nonanal, and 2-nonenal may contribute significantly to
the characteristic ‘“‘green or beany’’ flavor of raw peanuts.

Approximately 90 aldehydes and ketones have been
identified in the volatile fraction from roasted peanuts
(Brown et al., 1971, 1972; Johnson et al., 1971; Mason et
al., 1967; Walradt et al., 1971). The list of compounds in-
cludes the C2-C;i2 alkanals as well as 2-methylpropanal,
2-methylbutanal, 3-methylbutanal, several 2-alkanones,
2-alkenals, and 2,4-alkadienals and numerous carbonyl
derivatives of furan, pyrrole, and thiophene. Mason et al.
(1967) associated the harsh note of freshly roasted Spanish
peanuts with low molecular weight aldehydes and as-
cribed the sweet bouquet of roasted peanuts to the pres-
ence of phenylacetaldehyde. The contribution of dicarbon-
yl compounds per se to peanut flavor and aroma is un-
known, although they are thought to participate in the
formation of the ‘“nutty” and “roasted” flavored pyrazines
under roasting conditions (Mason et al., 1969).

A small amount of quantitative data concerning the
types of carbonyls and the concentrations of individual
carbonyl compounds present in raw and roasted peanuts
have been reported. Young and Holley (1965) reported
total carbonyl concentrations and dicarbonyl concentra-
‘tions determined in the roaster condensates from five dif-
ferent varieties of peanuts. More recently Brown et al.
(1972) determined the total carbonyl content and the
monocarbonyl equivalent of the dicarbonyl, ketoglyceride
and monocarbonyl fractions isolated in oil expressed from
raw and roasted runner peanuts. Concentrations of a few
aliphatic monocarbonyl compounds present in oil from
raw and roasted runner peanuts also have been reported
(Brown et al., 1971).

Research reported in this paper concerns the identities
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of individual carbonyl compounds present in samples of
oil expressed from raw and roasted Spanish peanuts, as
well as the differences in the total carbonyl content and
the carbonyl content of the dicarbonyl, ketoglyceride, and
monocarbonyl fractions isolated from the oil samples. The
qualitative and quantitative compositions of the carbonyl
fractions from raw and roasted Spanish peanuts are com-
pared to those previously reported for runner peanuts.

MATERIALS AND METHODS

Materials and Chemicals. All chemicals and solvents
were reagent or ultrapure grade. Hexane was rendered
carbonyl free (Schwartz and Parks, 1961). Reference 2,4-
dinitrophenylhydrazones (2,4-DNPH’s) were prepared
from commercially available aldehydes and ketones or ob-
tained as gifts. Analytical grade Celite, Celite 545, Sea
Sorb 43, Microcel T-38, and adsorption alumina were
dried at 150°, and the alumina was rehydrated with 6%
water before use.

Peanuts were 1969 crop, No. 1 grade, Dixie Spanish
peanuts, grown under similar agronomic conditions at the
same location during the same year, as were the South-
eastern Early Runner peanuts upon which we previously
have reported (Brown et al., 1971). Peanuts were roasted
at 170° in a convection oven until judged medium roasted.
Testae and embryos were discarded, and the oil was cold-
pressed from the raw or roasted cotyledons at 2500 lb per
in.2 in a Carver laboratory press. Data were obtained for
raw and roasted treatments from three independent repli-
cates for both runner and Spanish peanuts. The replica-
tions were processed within a few days of each other.

Isolation and Recovery of Carbony! Compounds as
2,4-DNPH’s. The procedures for derivatizing, isolating,
and recovering the carbonyl compounds as their 24-
DNPH’s are reported elsewhere (Brown et al., 1972) and
are similar to the procedures developed by Schwartz et al.
(1963, 1968). Carbonyl compounds present in the oils were
converted into their 2,4-DNPH’s by passage through a
2,4-dinitrophenylhydrazine reaction column. The 2,4-
DNPH’s comprising the dicarbonyl fraction were sepa-
rated from the other 2,4-DNPH’s by column chromatogra-
phy on Celite 545-Sea Sorb 43 columns. The 2,4-DNPH’s
comprising the ketoglyceride fraction were separated from
the 2,4-DNPH’s of aliphatic aldehydes and ketones by col-
umn chromatography on partially deactivated alumina.
The monocarbony! derivatives were separated into their
respective alkanal, 2-alkanone, 2-alkenal, and 2,4-alkadi-
enal classes by rechromatography on Celite 545-Sea Sorb
43 columns. Individual compounds within a class were
separated by chromatography on Microcel T-38 thin-layer
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plates impregnated with polyethylene glycol 400 (PEG
400) or PEG 400 plus KOH. For preparative chromatogra-
phy of 2,4-DNPH’s, tlc plates impregnated only with PEG
were used. The tlc plates were developed with hexane sat-
urated with PEG 400.

Identification of Individual Carbonyl 2,4-DNPH’s.
Compounds were identified by comparing their R; values,
characteristic colors on the base-impregnated PEG 400 tlc
plates, uv visible absorption maxima, and mass spectra
with those of authentic compounds (Brown et al., 1972).
The coincident presence of compounds representing an-
other class was detected by a deviation of the absorption
maximum from the maximum which is characteristic of
the class under investigation. The coincident compounds
were identified after rechromatography on a different sup-
port (e.g., silica gel, or from the deviations of the absorp-
tion maxima themselves) since the absorption maximum
of each class differs considerably (Schwartz et al., 1962).
Furthermore, if the R; values were low, then the coinci-
dent compound invariably belonged to the class eluting
just prior to the class under consideration, and if it had a
high R¢ value, then it belonged to the class eluting during
column chromatography just following the class under
consideration.

Quantitation of Total Carbonyls and Carbonyl Con-
tent of Dicarbonyl, Ketoglyceride, and Monocarbonyl
Fractions. Carbonyl concentrations were estimated using
a modification of the method of Henick et al. (1954) as
previously outlined (Brown et al., 1972). An aliquot of a
hexane solution of the partially purified 2,4-DNPH’s was
transferred to a 50-ml volumetric flask. Sufficient hexane
was added to bring the sample volume to 10 ml, and 10
ml of 4% KOH in absolute ethanol was added. The reaction
mixture was diluted to volume with absolute ethanol, and
the absorbance was read against a similarly prepared car-
bonyl-free blank.

Estimates of the carbonyl contents of the dicarbonyl
fractions were obtained from the difference between the
contents measured before and after adsorption on Sea
Sorb 43-Celite 545 and subsequent elution from the col-
umns. Estimates of the ketoglyceride concentrations were
obtained from the differences between concentrations
measured before and after adsorption on alumina and
subsequent elution with 1:1 benzene-hexane solvent.

Flavor Threshold Values. Flavor threshold values
(ppm) used in this report were determined in paraffin oil
by Badings (1970). Threshold values for 2-methylpropanal
or 2-methylbutanal were not found in the literature. The
values used for 2-methylpropanal and 2-methylbutanal are
those of butanal and pentanal, respectively, and are
thought to be fair estimates of the threshold values of the
branched chain aldehydes (Brown et al., 1971). The flavor
threshold as used by Badings is the average minimal con-
centration of a compound in the solvent, below which
aroma and taste are not perceptible to the receptors (Pat-
ton and Josephson, 1957).

RESULTS

Carbonyl Contents. The average values of the total
carbonyl content and the monocarbonyl equivalents of the
dicarbonyl, ketoglyceride, and monocarbonyl fractions de-
termined in oil from three raw and three roasted samples
of Spanish peanuts are recorded in Table I. Similar car-
bonyl determinations obtained for No. 1 grade Southeast-
ern Early Runner peanuts have been reported previously
(Brown et al.,, 1972). The results of these earlier determi-
nations are included in Table I for comparison.

Roasting induced a dramatic increase in the total car-
bonyl content and in the carbonyl contents of the dicar-
bonyl, ketoglyceride, and monocarbonyl fractions. Total
carbonyl, dicarbonyl, ketoglyceride, and monocarbonyl
concentrations in samples of raw Spanish peanuts were,
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respectively, 116, 36, 69, and 10 umol per 100 g of oil and
447, 226, 116, and 65 pmol per 100 g of oil from the roast-
ed nuts. The values determined in runner peanuts were
62, 30, 24, and 8 umol per 100 g of oil from raw peanuts
and 324, 198, 99, and 26 ymol per 100 g of oil from roasted
peanuts. In all cases the values for Spanish peanuts were
higher than for the runner peanuts. The absolute in-
creases in carbonyl concentrations resulting from roasting
were greater for Spanish peanuts than for runners, except
for the ketoglyceride fraction.

Monocarbonyl Compounds Identified from Raw and
Roasted Spanish Peanuts. A list of the saturated al-
dehydes, methyl ketones, 2-alkenals, and 2,4-alkadienals
which were identified in oil samples expressed from raw
and roasted Spanish peanuts is compiled in Table II. Data
from our earlier work on runner peanuts (Brown et al.,
1972) are also included in Table II for purposes of compar-
ison.

The symbols VL, L, M, S, and ND indicate that the
relative concentration of the compound under consider-
ation was very large, large, medium, small, or not detect-
ed. The identification of each compound is designated P
or T to indicate a “positive’” or “tentative” identification.
The identifications of several compounds are indicated as
positive although mass spectra were not obtained for these
compounds. The characteristic colors on KOH-impregnat-
ed tlc plates (Brown et al., 1972), the absorption maxima,
and the results of cochromatography were considered to
be strong enough evidence for definite identifications. On
the basis of these criteria, 28 carbonyl compounds present
in roasted and 24 present in raw Spanish peanuts were
positively identified.

The concentrations of some compounds were too low to
obtain mass spectra or to determine the absorption maxi-
ma precisely. Therefore, the identifications of 14 carbonyl
compounds in roasted and 13 carbonyl compounds in raw
Spanish peanuts were tentative.

It was difficult to separate butanal from 2-methylpropa-
nal and pentanal from 3-methylbutanal by thin-layer
chromatography. However, multiple development of the
PEG-impregnated Microcel T-38 tlc plates and rechroma-
tography on other adsorbents showed that small quan-
tities of butanal and medium quantities of pentanal were
present, along with very large quantities of 2-methylpro-
panal and 3-methylbutanal in the alkanals from roasted
peanuts. On the other hand, mass spectral analysis, mul-
tiple development, and rechromatography of the alkanals
from raw peanuts revealed the presence of small and me-
dium quantities of butanal and pentanal but no 2-methyl-
propanal or 3-methylbutanal in the raw peanut samples.

The presence or absence of 2,4-undecadienal in raw and
roasted peanuts is uncertain since the compound was re-
corded in roasted runner and raw Spanish peanuts but not
in roasted Spanish and raw runner peanuts. Small concen-
trations of 2-decanone were detected in runner peanuts in
our earlier work, but none was recorded in the present se-
ries of experiments with Spanish peanuts. On the other
hand, 2-butenal was detected in raw and roasted Spanish
peanuts but not in runner peanuts.

Acetone is known to be present in both raw and roasted
peanuts (Brown et al., 1972; Walradt et al., 1971). The high
concentrations of acetone found in all samples in the pres-
ent study are considered to be artifacts of the analytical
method (Brown et al., 1972; Craske and Edwards, 1971).

As shown in Table II, the major monocarbonyl com-
pound detected in raw Spanish peanuts was hexanal. Oc-
tanal, nonanal, and decanal were also detected in relative-
ly large concentrations in the raw peanuts, but concentra-
tions of these three compounds were obviously much lower
than that of hexanal. The major saturated aldehydes
found in roasted Spanish peanuts were 2-methylpropanal,
3-methylbutanal, 2-methylbutanal, ethanal, propanal,
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Table I. Estimations of Average Total Carbonyl Content and Carbonyl Content of the Dicarbonyl, Ketoglyceride, and Monocarbonyl
Fractions from Raw and Medium Roasted Spanish Peanuts (umol/100 g of Cold-Pressed Peanut Oil)

Spanish peanuts

Runner peanuts

Increase Increase
Determination?® Raw Roasted on roasting Raw Roasted on roasting
Total carbonyl 116 447 331 62 324 262
Dicarbonyl fraction® 36 226 190 30 198 168
Ketoglyceride fraction® 69 116 47 24 99 75
Monocarbonyl fraction 10 65 55 8 26 18

@ Average of three replicates. ® Determined by difference before and after adsorption and subsequent elution of 2,4-DNPH’s from Celite 545-Sea Sorb
43 column using 25% nitromethane in chloroform solvent. ¢ Determined by difference before and after adsorption and subsequent elution of 2,4-DNPH’s

from alumina using benzene-hexane solvent.

Table !l. Identification of Carbonyl Compounds in Cold-Pressed Oil Samples from Raw and Medium Roasted Spanish Peanuts

Treatment®
Roasted Raw
Compound Spanish? Runner?:¢ Remarkd Spanish? Runner?.¢ Remark ¢
Alkanal
Ethanal M S pe S S P
Propanal M S pe S S P
Butanal S S pe S S P
2-Methylpropanal VL VL pe ND ND
Pentanal M M pe M M pe
3-Methylbutanal VL VL pe ND ND
2-Methylbutanal VL VL pe ND ND
Hexanal L L pe L L pe
Heptanal S S pe S S P
Octanal L L pe M M P
Nonanal L L pe M M P
Decanal L L pe M M P
Undecanal S S T S ND T
Dodecanal S S P S S T
Tetradecanal S ND T S ND T
2-Alkanone
Acetone VL/ VLS pe N VLS pe
2-Butanone M M pe S S P
2-Pentanone S S pe S S P
3-Methyl-2-butanone S S T ND ND
2-Hexanone S S P S S P
2-Heptanone M S pe S S P
2-Octanone S S pe S S P
2-Nonanone S S pe S S P
2-Decanone ND S ND S
2-Undecanone S S T S ND T
2-Alkenal
2-Butenal S ND T S ND T
2-Phenyl-2-butenal S S Te ND ND
2-Pentenal S S T ) S T
2-Hexenal S S pe S S P
2-Heptenal M M pe S S P
2-Octenal M M pe M S P
2-Nonenal L M P S S P
2-Decenal L M pe S S P
2-Undecenal L M T S S T
2-Dodecenal M S T S ND T
2-Tetradecenal S ND T S ND T
2-Hexadecenal S ND T S ND T
2,4-Alkadienal
2,4-Pentadienal S S T ND ND
2,4-Hexadienal S S T S ND T
2,4-Heptadienal S S pe S S P
2,4-Octadienal S S T S S T
2,4-Nonadienal M S pe S S P
2,4-Decadienal M M pe S S P
2,4-Undecadienal ND S S ND T

@ Average of three replicates. S = small; M = medium; L = large; VL = very large; ND = not detected. ¢ From Brown et al. (1972). ¢ P = positive;
T = tentative identification. For both peanut varieties. ¢ Mass spectral evidence obtained for presence of compound. / Present primarily as an artifact.
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hexanal, octanal, nonanal, and decanal. The major
unsaturated aldehydes were 2-heptenal, 2-octenal, 2-none-
nal, 2-decenal, 2-undecenal, 2-dodecenal, 2,4-nonadienal,
and 2,4-decadienal.

Changes in relative concentrations of individual com-
pounds induced in Spanish peanuts during roasting were
similar to those induced in runner peanuts during roast-
ing, but concentrations of several of the compounds in raw
and roasted Spanish peanuts appeared to be somewhat
higher than in the corresponding runner peanut samples.
Higher concentrations of hexanal, octanal, nonanal, and
decanal were found in raw Spanish than in raw runner
peanuts, while higher concentrations of the branched
chain aldehydes, as well as ethanal, propanal, octanal, non-
anal, decanal, 2-heptanone, 2-heptenal, 2-octenal, 2-
nonenal, 2-decenal, 2-undecenal, 2,4-nonadienal, and 2,4-
decadienal, were found in roasted Spanish peanuts in
comparison to roasted runner peanuts.

DISCUSSION

The major portion of the carbonyl compounds compris-
ing the dicarbonyl fraction is thought to be dicarbonyl di-
2,4-DNPH’s, although other products are known to be
present in this fraction. The ketoglyceride fraction is com-
posed primarily of ketoglycerides plus traces of oxo acids
(Brown et al., 1972). The monocarbonyl fraction is com-
posed primarily of aliphatic saturated and unsaturated al-
dehydes and ketones (Brown et al., 1972; Schwartz et al.,
1963). Formation of most of the aliphatic monocarbonyls,
ketoglycerides, oxo acids, and many of the dicarbonyls
found in raw and roasted peanuts may be attributed to
the autoxidation of unsaturated fats (Badings, 1970;
Schwartz and Virtanen, 1968; Schwartz et al., 1963).

The higher total carbonyl content and higher carbonyl
contents of the dicarbonyl, ketoglyceride, and monocar-
bonyl fractions and higher concentrations of individual al-
dehydes in raw Spanish peanuts as compared to raw run-
ner peanuts suggests that autoxidation had progressed to
a greater extent in the Spanish peanuts. The two most
likely explanations for the apparently higher degree of au-
toxidation in raw Spanish peanuts as compared to runner
peanuts are differences in linoleate content and differ-
ences in the length of storage. Oil from Spanish peanuts
usually contains a higher concentration of linoleate and is
reported to be less stable toward autoxidation than oil
from runner peanuts (Fore et al, 1953; Holley and Ham-
mons, 1968), although oil composition and oxidative sta-
bility can be modified somewhat through the interaction
of environment and planting location (Young, 1970). Sec-
ondly, the raw Spanish peanuts were in cold storage ap-
proximately 9 months longer than the runner peanuts and
were exposed to the potential for autoxidation for a longer
period of time.

The possibilities that the apparently higher degree of
autoxidation is due to differences in protective factors or
differences based on dormancy and nondormancy cannot
be ruled out entirely. The tocopherol content of Spanish
peanuts is lower than that of runner peanuts (Fore et al.,
1953). A lower stability of Spanish peanuts could be the
result of a lower tocopherol content. However, Fore et al.
(1953) noted that the differences in tocopherol content
were quite small and concluded that these differences
probably were too small to be significant, although differ-
ences in possible nontocopherol antioxidants could not be
excluded.

Spanish peanuts are nondormant type peanuts, whereas
runner peanuts are dormant type peanuts (Holley and
Hammons, 1968). Lipoxidase and other enzyme activities
in general might be expected to be higher in nondormant
peanuts shortly after harvesting and curing. However, dif-
ferences due to dormancy and nondormancy might be ex-
pected to be of little significance in our experiments, since
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the curing and postcuring period of 3 months and the pe-
riod in cold storage of more than a year were probably
long enough to allow breaking of dormancy (Harris and
Bledsoe, 1951). Furthermore, the much higher carbonyl
contents recorded for the Spanish peanuts after roasting
tend to indicate that a factor other than dormancy was
responsible for the apparently higher rates of autoxida-
tion; ie., lipid composition or possibly antioxidant con-
tent.

The possibilities that the differences in carbonyl con-
tents recorded for raw peanuts are due to differences in
climatic conditions, differences in soil conditions, or dif-
ferences in the locale are minimal. The runner and Span-
ish peanuts were grown in the same field during the same
year, under similar agronomic conditions.

Roasted Spanish peanuts also yielded total carbonyl,
dicarbonyl, ketoglyceride, and monocarbonyl values that
were much higher than the corresponding values for run-
ner peanuts. Furthermore, Table I indicates that the lip-
ids in Spanish peanuts were less stable toward autoxida-
tion during roasting than the lipids in runner peanuts.
The total carbonyl and carbonyl contents of the dicarbon-
yl and monocarbonyl fractions in Spanish peanuts in-
creased to a greater extent during roasting than did those
in runner peanuts. Furthermore, the total monocarbonyls
(i.e., ketoglycerides plus monocarbonyls) increased to a
greater extent in Spanish peanuts, although ketoglyceride
content alone did not. The major factor responsible for
the higher carbonyl values in roasted Spanish peanuts and
the apparently lower stability of Spanish peanut lipids
than runner peanut lipids toward autoxidation during
roasting may also be the higher linoleate content of Span-
ish peanuts and the greater susceptibility of linoleate than
oleate or saturated fatty acids toward autoxidation at ele-
vated temperatures (Badings, 1970). The higher monocar-
bonyl content and higher total carbonyl content of roasted
Spanish peanuts than runner peanuts also were due par-
tially to the increased production of branched chain al-
dehydes in Spanish peanuts during roasting, but the dif-
ference is only about 15 umol per 100 g of oil (Brown,
1971).

Table II shows that the composition of the monocarbon-
yl fractions isolated from raw runner and raw Spanish
peanuts is qualitatively fairly similar. Although nine com-
pounds not detected in raw runner peanuts were detected
in raw Spanish peanuts, and one compound detected in
raw runner peanuts was not detected in raw Spanish pea-
nuts, the differences occur between compounds which are
present at concentrations barely exceeding the limits of
detectability. The most likely explanation for the detec-
tion of these additional compounds is that the longer peri-
od of storage made possible a greater accumulation of
trace metabolites and autoxidation products. The higher
monocarbonyl content of the raw Spanish peanuts which
was noted in Table I is consistent with this hypothesis.

The compositions of the monocarbonyl fractions isolat-
ed from medium roasted runner and Spanish peanuts
were even more similar to each other than were the frac-
tions from the raw peanuts. Traces of tetradecanal, 2-bu-
tenal, 2-tetradecenal, and 2-hexadecenal were found in
roasted Spanish but not in roasted runner peanuts, while
traces of 2-decanone and 2,4-undecadienal were found in
roasted runner peanuts but not in Spanish peanuts. Again
the apparent presence of the additional compounds is
probably due to the fact that their concentrations were
approximately at the limits of detectability.

Model experiments (Badings, 1970; Kinsella, 1969)
show that large concentrations of hexanal, 2-heptenal, 2-
octenal, and 2,4-decadienal and small concentrations of
pentanal, heptanal, octanal, 2-nonenal, and 2,4-nonadi-
enal are formed by autoxidation of linoleate. These com-
pounds, along with ethanal, 2-methylpropanal, 2-



methylbutanal, and 3-methylbutanal, which are the
Strecker degradation products of the corresponding amino
acids, alanine, valine, isoleucine, and leucine (Mason et
al., 1967), were found in medium to very large concentra-
tions in roasted peanuts and in general were found in con-
siderably higher concentrations in roasted Spanish pea-
nuts. It is likely that the higher concentrations of the
straight-chained aldehydes are the direct result of higher
linoleate content of Spanish peanuts and the higher sus-
ceptibility of linoleate to autoxidation noted above. The
increased concentrations of the branched chain aldehydes
could reflect differences in the protein composition or in
the abundance of a particularly labile protein (Mason et
al., 1969) or reflect differences in free amino acid concen-
trations as suggested by Newell et al. (1967), but the ac-
tual source of the precursor amino acids remains un-
known.

One of the objectives of our research has been to relate
the flavor of raw and roasted peanuts to the concentra-
tions, flavor threshold values, and reported flavors of indi-
vidual carbonyl compounds. In our earlier work we found
that concentrations of hexanal and octanal in oil ex-
pressed from raw runner peanuts exceeded their flavor
threshold values of 0.08 and 0.04 ppm, and concluded that
hexanal and octanal and possibly nonanal and 2-nonenal
contributed to the flavor of raw runner peanuts (Brown et
al., 1971). The results of the present investigation tend to
indicate that hexanal and octanal and possibly nonanal
and 2-nonenal also contribute to the flavor of raw Spanish
peanuts, since the concentrations of these compounds in
raw Spanish peanuts appear to be as high or higher than
in‘raw runner peanuts.

In oil expressed from roasted runner peanuts, concen-
trations of 2-methylpropanal, 2-methylbutanal, and 3-
methylbutanal exceeded their flavor thresholds by 25-fold
or more, and these compounds were implicated in the
harsh note of freshly roasted runner peanuts (Brown et
al., 1971). Furthermore, the concentrations of hexanal,
heptanal, octanal, nonanal, decanal, 2-heptenal, 2-octen-
al, 2-nonenal, 2-decenal, and 2,4-decadienal in roasted
runner peanuts were above their flavor threshold values,
and it was concluded that these compounds also might be
background notes to the flavor and aroma of roasted run-
ner peanuts. Again the results of the present investigation
were similar to those obtained for runner peanuts. Con-
centrations of the three branched chain aldehydes were
obviously even higher than those detected in roasted run-
ner peanuts, and concentrations of hexanal, octanal, non-
anal, decanal, 2-heptenal, 2-octenal, 2-nonenal, 2-decen-
al, and 2,4-decadienal appeared to be at least as high as
had previously been found in roasted runner peanuts.

Additive, synergistic, antagonistic, and masking effects
are quite common among the various carbonyl compounds
(Kinsella, 1969). As a result, some compounds present in
raw and roasted peanuts in concentrations above their fla-
vor threshold may not actually contribute to peanut fla-
vor, while other compounds present in concentrations
below their flavor thresholds may actually play roles in
peanut flavor. We have collected quantitative data on sev-
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eral of the major and minor carbonyl compounds found in
raw and roasted runner and Spanish peanuts. These data
will be presented in a subsequent paper.
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