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Abstract

A method for analysis of carotenoid pigments
in peanut oil is deseribed. The major carotenoid
pigments found in peanut oil were beta-carotene
and lutein. A sample of oil from immature
peanuts contained 60 pg of beta-carotene and 138
pug of lutein per liter of oil. The total carotenoid
concentration in oil from mature peanuts appears
to be less than 1 pg per liter of oil.

Introduction

THE COLOR OF PEANUT OIL has been shown to be
highly correlated with peanut maturity (1). On
the basis of spectral absorption, the presence of
carotenes (2) and xanthophylls (3) has been postu-
lated. Little, if any, work has been reported con-
cerning the qualitative and quantitative aspects of
the individual pigments which give rise to the color
of peanut oil. Since the nature of the carotenoids and
changes which oceur during maturation might help to
define maturation, a study of the individual pigments
was undertaken. The major carotenoids and some of
those present in trace amounts have been identified.

Experimental

Plant Material

Sound, large-seeded Virginia-type peanuts were
used in this study. They were separated into two
maturity classes by sereening. Those passing through
an 18/64-in. screen were considered immature, and
those riding a 25/64-in. screen were considered
mature. Oil was pressed out with a Carver press.

Extraction of Carotenoids

The peanut oil, 1500 ml, was dissolved in 3 liters
of 95% ethyl alecohol and refluxed with 300 g of
potassium hydroxide for 2 hr. The mixture was then
cooled below the boiling point of ethyl ether (30C)
and mixed with 6 liters of ethyl ether. Separatory
funnels were half filled with this mixture, and an
equal volume of water was added with gentle swirling.
After the formation of distanct phases the agueous
phase was withdrawn and gently shaken with 14
volume of ethyl ether. One volume of water was then
added, and the mixture was allowed to stand approxi-
mately 20 min before the aqueous phase was with-
drawn and discarded. By this procedure the last
aqueous phase contained less than 20% ethyl aleohol.
The most oxygenated xanthophylls would have parti-
tioned quantitatively into ethyl ether from this mix-
ture. The ether fraction was evaporated to approxi-
mately 12 ml of oil, which was dissolved in 20 ml of
acetone and chilled overnight at —20C. The precipi-
tate, mostly sterols, was removed by filtering through
a Whatman No. 1 filter paper. Remaining color in
the paper and the precipitate were removed by re-
peated washing with small volumes of chilled acetone
(Fig. 1). The filtrate was evaporated in vacuo to
about 2 ml of oil and dissolved in hexane,
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Partition of the hexane solution on silica gel-
methanol columns (4) was attempted, but the frac-
tions were not distinct. Chromatography on Fisher
Sea Sorb 43 magnesium oxide columns did not yield
any distinet bands. To remove unidentified inter-
fering materials, the oil was dissolved in ethyl ether,
dried over calcium hydride, and refluxed for 1 hr
with 1 ¢ of lithium aluminum hydride. The excess
hydride was decomposed with acetone, and the pig-
ments were extracted by ether after the ecautious
addition of water. Evaporation of the ether yielded
a minute amount of waxy orange residue, which was
dissolved in hexane and partitioned on silieca gel-
methanol columns. The fractions obtained by parti-
tioning were chromatographed from hexane on Fisher
Sea Sorb 43 magnesium oxide-Hyflo Supercel,
1:3(w:w), columns. The hydrocarbon fraction was
developed with 5% acetone in hexane, the mono-
hydroxy fractions with 1% methanol and 10% acetone
in hexane, and the polyhydroxy fraction with 2%
methanol and 10% acetone in hexane. When distinet
bands were formed, the columns were dried and the
bands were cut out. The pigments were eluted from
the adsorbent with hexane-acetone-methanol mixtures.

Carotenoid epoxides are reduced by Ilithium
aluminum hydride so an alternate procedure was
necessary to check for their presence. A second sam-
ple of oil, 1438 ml, was extracted as deseribed above.
After the removal of sterols the remaining oil frac-
tion, about 10 ml, was refluxed 2 hr in 50 ml of
absolute ethanol and 9 g of sodium ethylate. After
refluxing, the mixture was transferred to a separatory
funnel with 100 ml of ethyl ether and 250 mi of
water. When distinet phases formed, the lower phase
was discarded and the upper phase dried with sodium
sulfate. The ethyl ether was evaporated, and the
residue, 1-2 ml, taken up in hexane, was partitioned
and chromatographed as described above.

Peanut oil 1.5 1

3 1 95% ethanol

300 g potassium hydroxide
Reflux 2 hr

Saponified eil

Cool to 30C

Dissolve in 6 liters ether
Transfer to separatory funnels
Ether-alcohol solution

Add equal volume of water and
let stand 20 min

!

Lower phase

Upper phase

nonsaponifiable saponified
lipids lipids
Evaporate Transfer to separatory
Take up in funnels, add 14 volume
acefone and ether, 1 volume water
chill to 200 l i
. Upper phase Lower phase
Precipitate, nonsaponifiable saponified
mostly sterols lipids lipids
Wash with Discard

chilled acetone

Precipitate Washing
Filtrate, partially
. purified carotene
Discard solution

Fia. 1. Scheme for extraeting earotencids from peanut oil.
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TABLE I

Concentration of Tentatively Identified Carotensids in Oil
from Immature Peanuis

. Coneentration
Pigment u#g per liter of oil

Alpha carotene? Trace

Beta carotene 60.0

Zeta carotene? 0.088
Unidentified carotene 12.0

Lutein 138.0
Zeaxanthin 11.0
Flavoxanthin 5.4
Unidentified 5—8 epoxide 5.8

2 Tentative identification.

Identification

The absorption speectra of the pigments in hexane
were obtained with a Cary Model 15 spectrophotom-
eter., Partition coefficients were obtained by the
method of Petracek and Zechmeister (5). The effects
of HCl in methanol on absorption spectra and on
partition were determined by the method of Curl (6).

Results and Discussion

An absorption spectrum of the oil indicated
carotenoid-like absorption with maxima at 480, 450,
and 430 mp. The absorption below 430 increased
rapidly. A similar spectrum was obtained with the
nonsaponifiable fraction after the removal of sterols.

Chromatography of the carotene hydrocarbons
(lithinum aluminum hydride treatment) yielded six
fractions (Fig. 2). The first fraction from the column
was the eluate preceding any visible or fluorescent
bands. If phytoene had been present, it should have
been eluted in this fraction, but none was detected
by U.V. absorption between 270-300 mpg. In similar
cases with other plant material, phytoene has been
found by rechromatography on alumina when larger
amounts of earotenes were present. The second frac-
tion appeared on the column as a very thin, pale
blue fluorescent band well ahead of the first yellow
band. The chromatographie behavior was similar to
phytofluene, but the spectral curve did not indicate
phytofluene. The third fraction, between the fluores-
cent band and the first yellow band, was not visible
on the column, but the eluate was slightly colored.
When conecentrated to 1 ml, the absorption was about
0.03 at 447 mu. Definite conclusions cannot be drawn,
but the data suggest the possibility of a trace of alpha
carotene. The fourth band with the chromatographic
behavior of beta carotene yielded a spectral curve
identical with authentic beta carotene. The oil con-
tained about 60 pug beta carotene per liter of oil
{Table I). The next fraction was not visible on the
column, but the absorption spectrum of the eluate
indicated the presence of zeta-carotene, 0.088 ug per
liter of oil. The last band eluted was not identified.
It partitioned as a hydrocarbon, chromatographed
just behind zeta carotene, and had an absorption
speetrum with a shoulder at 460 mp and maxima at
435 and 415 mu. By using an absorption coef-
ficient Ei% of 2500, the concentration was caleulated
to be 12 pg per liter of oil.

Chromatography of the hydrocarbon fraection ob-
tained after treatment with sodium ethylate produced
several bands without distinet separation. None of
the fractions which were obtained appeared to contain
carotenoid epoxides.

The lithium aluminum hydride monohydroxy frac-
tion was small and, after chromatography, was found
by partition coefficients to be made up mostly of
lutein, which evidently leaked through the column
before the main polyhydroxy band.
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Color Maxima in Hexane,

Je Identification

6. Yellow-orange (460)7,435,415 Unidentified

J‘ ‘ tV. 5. Colorless (475), (443) Mostly zeta
pale yellow 425, 400 carotene
eluate
4. Orange 478,449,(425) Beta carotene

3. Colorless 470,447,420 Possibly alpha

carotene
Unidentified

rx 27 2, Green fluorescent None below 270

\ r 1. Colorless None

eluate

Fie. 2. Schematic chromatogram of earotene fraction from
peanut oil on magnesium oxide columns after treatment with
lithium aluminum hydride.

* Shoulders in parentheses.

Chromatography of the sodium ethylate mono-
hydroxy fraction was most unsatisfactory. A yellow
smear occupied the entire column ahead of the first
distinet band. This fraction exhibited absorption
maxima at 467, 438, 420, and 395 mp in hexane. The
color partitioned about 50% into 90% methanol.
Addition of HCI to the methanol phase caused the
467 maxima to decrease to an indistinet shoulder.
The wultraviolet speetrum indicated the possible
presence of carbonyl compounds. This fraction was
allowed to stand overnight in 5 ml of 80% ethanol
containing 200 mg of sodium acetate and 200 mg of
semicarbazide to remove the carbonyls as semicar-
bazones. The mixture was filtered, and the pale yellow
filtrate was transferred to hexane for rechroma-

a. After treatment with lithium aluminum hydride

Color M“”‘gﬁ in Hexane Identification

m 3. Yellow 466, 438 Unidentified
2. Pink 474, 447, 423 Zeaxanthin
1. Yellow 472, 442, 420 Lutein

484, 455, 430 Benzene

F1a. 3. Schematic chromatograms of xanthophyll fraection
from peanunt oil on magnesium oxide columns.
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b. After treatment with sodium ethylate

Color Maxima in Hexane Identification

5. Yellow Could not be eluted

4. Yellow 466,448,420,400 Unidentified
Structure destroyed

with acetic acid

3. Pale 447,420,396 Flavoxanthin
Yellow Blue color with HCL
. Yellow 470,442,420 Lutein
484,455,430 Benzene
. Yellow (465)a, (440), (420) Unidentified

AN EIN

* Shoulders in parentheses.

tography. No carotenes were found in the filtrate
or in the semicarbazones after acid hydrolysis. The
other fractions from the column partitioned ag poly-
hydroxides, and none appeared to be epoxides.

Chromatography of the lithium aluminum hydride
polyhydroxy fraction produced three distinet bands
(Fig. 3a). The first band eluted had the chroma-
tographic, speetral, and partition properties of
lutein. When treated with HCI in methanol, the
partition changed from predominantly hypophasie
in a hexane-90% MeOH system to about equal distri-
bution, indicating methylation of an allylic hydroxyl
(5). The absorbance maxima shifted 1-2 mp toward
the blue end of the spectrum after treatment with the
acid. The shift was probably due to formation of eis
isomers. These data indicated that the pigment was
lutein, which was the major pigment of the oil with
a concentration of 138 ug per liter.

The second band was pale pink with chroma-
tographic, spectral, and partition properties of
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zeaxanthin., Treatment with HCl did not change
the partition properties but did change the spectrum
about 1 mp toward the blue. This pigment was as-
sumed to be zeaxanthin present in the oil to the
extent of 11 ug per liter.

The third band had chromatographice, spectral, and
partion properties similar to neoxanthin. Partition
and spectral properties did not change significantly
with HC1 in methanol. If the pigment had been
neoxanthin, the acid should have converted it tfo
neochrome with a 10-12 mpy shift in wavelength. It
may be that the 5-6 epoxide was reduced to a hydroxyl
by the lithium aluminum hydride treatment. Com-
plete identification of this pigment was not attempted
because of the amount available, 11 ug per liter.

Chromatography of the sodium ethylate poly-
hydroxy fraction again indicated lutein as the major
carotenoid (Fig. 3b). The bands were less distinet
on this column, and zeaxanthin was not isolated.
Flavoxanthin, 5.4 ug per liter of oil, was identified.
The other fraction appeared to be an unidentified
5-8 epoxy carotenoid with absorption maxima at 466,
443, 420 and 400 mu. No evidence of neoxanthin was
found. It would seem that the neoxanthin-like pig-
ment was a product of the lithinm aluminum hydride
treatment.

0il from mature peanuts appeared colorless and
had no absorbance maxima in the 400-500 my range.
No earotenes were found when 100 ml of oil from
mature peanuts was extracted by the above method.
It is estimated that as little as 0.1 pg of carotene
could have been detected by this method so it is con-
cluded that the oil of mature peanuts contains less
than 1 ug of total carotenes per liter. This confirms
the results of other workers (1-3), who also have
shown that the pigments of peanut oil decrease with
maturity.
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