Sources of Color in Soybean “Lecithin”"’

C. R. SCHOLFIELD and HERBERT J, DUTTON, Northern Regional

Research Laboratory,® Peorig, lllinois

HE dark color of soybean ‘‘lecithin’’ is a charac-
teristic which frequently affects the utilization of
this product. In commercial practice this defect
is partially counteéracted by bleaching with hydrogen
peroxide (17). The chemical nature of the leeithin
pigments and their contribution to color seems never
to have been adequately described, nor have the spe-
cifie effects of bleaching and processing conditions,
The study of these problems is the subject of the pres-
ent paper.
In Figure 1 is plotted the absorbance of 5% solu-
tions of lecithin in ecarbon tetrachloride. Curve 1 is
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Fre. 1. Absorption spectra of lecithin solutions in CCls (5
2./100 ml.) nieasured in l-em. eell in Cary recording speetro-
photometer.

from a commercially dried gum not treated with per-
oxide. Curves 2 and 3 are from commercial single
bleached and double-bleached lecithins, respectively.
Although these samples were not produced from iden-
tical wet _gums, certain qualitative comparisons are
valid. It is seen in Curve 1 that there is a large carot-
enoid-type absorption with peaks at 429, 454, and
483 mu. In Curves 2 and 3 this absorption is seen to
be largely destroyed by the action of peroxide. It is
apparent that the carotenocid absorption is superim-
posed upon a general background absorption of a
type which increases at shorter wavelengths. This
analysis of absorption is similar to that found in ether
extracts of dried eggs in which a carotenoid absorp-
tion is superimposed upon the general absorption due

* The term ‘*Jecithin” is nsed throughout this paper to refer to the
mixtures of phosphatides, oil, etec, known in the trade as soybean leci-
thin. It does not refer to phospha.tldyl choline.

? Presented at fall meet1n§ of American Oil Chemists' Society, Novem-
ber 2-4, 1953, in Chicago,

5Oneo of the lsboratories of the Buresu of Agricultural and Indus-
trial Chemistry, Agricultural Research Administration, U. 8. Depart-
ment of Agriculture.

to brown aldehyde-amine reaction products (1).
addition to the color bodies just deseribed there is a
slight absorption maximum in Figure 1 at 670 myu due
to porphyrins. In certain other samples of commer-
cial lecithins examined, this absorption maximnm was
absent.

Carotenoid Pigments

Very little information is available concerning the
identity of the carotenoids in soybean lecithin. Sev-
eral workers reported that B-carotene was the princi-
pal carotenoid in soybeans (5,9,10). Nakamura and
Tomita (7) have found lutein, taraxanthin, a fuco-
xanthin-like pigment, and an eloxanthin-like pigment,
as well as several other carotenoids in the nnsaponifi-
able fraction of soybean oil. Obata, Nukata, and
Zama {(8) stated that the yellow pigment from soy
lecithin was mainly B-ecarotene.

To obtain a solution of carotenoid pigments, 20,1 g.
of the dried gums, whose absorption is shown in Fig-
ure 1, Curve 1, were saponified and processed in a
manner similar to that used by Dutton and Edwards
for egg lipides (2). The ether solution of the pigments
was evaporated at room temperature under a stream
of nitrogen to a volume of 514 ml. and was left over-
night in a glass-stoppered cylinder at 0°C. to allow
some white insoluble material to settle out. The clear
supernatant liquid was then decanted, the insoluble
material was washed by decantation, and the residual
ether removed by filtration. After concentrating the
ether solution of the pigments under vacuum, it was
made to 100 ml. in ether.

The absorption of these pigments in carbon tetra-
chloride is compared with that of the original gums
in Figure 2. In this figure is also shown the absorp-
tion of the fatty acid fraction obtained from the sa-
ponification mixture and of material from the aqueous
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F1a. 2. Absorption spectra of dry gums compared with earot-
enoid pigments, fatty acids, and aqueous solution in Cary re
cording spectrophotometer. All samples are on basis of 5-g.
gums/100 ml. solvent and 1-em. cell length.
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solution. This latter material was obtained by neu-
tralizing the solution after removal of the fatty acids
and lyophilizing an aliquot. The salts remaining were
extracted with aleohol to obtain the solution shown
in the figure. Since the sum of Curves 2, 3, and 4 does
not equal Curve 1 and since recovery of carotenoids is
quantitative, it must be eoncluded that in part brown
substances are destroyed by saponification.

No specifie absorption coefficients for carotenoids in
carbon tetrachloride solutions were found in the lit-
erature. However, by the use of the value of 255 for
Iutein in alcohol given by Zscheile (18), an approxi-
mate value of about 8 mg. of carotenoids per 100 g. of
lecithin is obtained.

A 10-ml. aliquot of the carotenoid pigment solution
deseribed above was chromatographed on a l-em. 1.D.
magnesium oxide column (Westvaco 2642 Magnesia
and Hyflo Super Cel 1:1%) using 1,2-dichloroethane
for the developing solvent as described by Strain
(12). This dichloroethane had been pretreated with
MgO to remove acid (15) and redistilled. A poor sep-
aration of the pigments was obtained due to interfer-
ence by other unsaponifiable materials in the solution.
However this interfering material was removed by
partitioning the residue from 40 ml. of the pigment
solution between petroleum sther and 90% methanol,
and extracting the petroleum ether an additional
three times with 90% methanol. The pigments dis-
solved in 90% methanol were transferred back to
ether by adding an equal volume of ether and wa-

4 The mention of produets does not imply endorsemen{ or recommen-
dation by the Department of Agriculture over other products of a simi-
lar nature not mentioned.
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F1g. 3. Pattern of bands formed by chromatographing earot-
enocid pigments from lecithin on MgO with dichloroethane as
solvent.
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ter to the methanol solution. After the ether solution
was washed free of residual methanol and dried over
sodium sulfate, ether was removed by evaporation.
The residue was dissolved in dichloroethane and chro-
matographed in four equal aliquots in l-em. MgO
columns. Then the pigments separated into clearly
defined bands as diagrammed in Figure 3.

The pattern of bands is similar in appearance to
that found by Strain for leaf xanthophylls (13, 14).
In the leaf-xanthophyll mixture the pigment corre-
sponding in position to band 1 is lutein. After being
extracted from the column with ether, this pigment
was therefore compared with lutein from spinach.
Mixed chromatograms were run on MgQ columns,
using both dichloroethane and 1% ethanol in benzene
as developing solvents. The two pigments behaved
identically and formed a single band. Also the ab-
sorption spectrum of the pigment in ethanol is the
same as that of spinach lutein.

The lutein found in band 1 makes up the greater
part of the carotenoids. A chromatogram similar to
that in Figure 3 was prepared, using 1% ethanol in
benzene as the developing agent. The bands were re-
moved from the MgO with ether. A comparison of the
absorption spectrum of the solution from band 1 with
that of the combined other bands indicated that the
pigments are 75% lutein.

The other ecarotenoid pigments isolated from the
column were obtained in amounts too small for iden-
tification. In leaf xanthophylls isolutein is found in a
position similar to band 2. However the pigment from
band 2 is not isolutein. Its absorption spectrum is
displaced approximately 2.5 mu toward the red from
that of spinach isolutein. Also it does not give a blue
color with hydrochloric acid (14) as does isolutein.

Both the position of band 3 on the column and its
red color suggest that it is zeaxanthin., This pigment,
as well as spinach zeaxanthin, seemed to be easily de-
stroyed, and only small amounts were recovered from
the column. When it was readsorbed, a single red
band was formed together with a faint yellow band
which moved ahead of it.

Bands 4 and 5 were extracted from MgO with ether
and aleohol. Both gave blue eolors with hydrochloric
acid. On rechromatographing on magnesium oxide
with dichloroethane as developing solvent, band 4 re-
mained a single band, but band 5 separated into two
bands. These unidentified bands, no doubt, include
some of the pigments found by Nakamura (7).

B-Carotene was not found in the chromatographie
investigation. However, because of its nutritional im-
portance as a vitamin A precursor, its possible pres-
ence was also investigated by means of a countercur-
rent distribution. The carotenoid pigments from 25
ml. of the ether solution were distributed between
90% methanol and hexane, using a 24-tube distribu-
tion with 8 ml. of each solvent in each tube. From the
data given by White and Zscheile (16) xaunthophylls
are very methanol-soluble and carotene very hexane-
soluble in this solvent combination. Nearly all the
color was found to be present in tubes 0 through 12
and thus to have partition ecoefficients characteristie
of the xanthophylls. The upper layers of tubes 18
through 24, which contain the hexane-soluble caro-
tene, were combined, evaporated, and made to 5ml. in
hexane. Based on the absorbance of this solution the
gums eontain not more than 0.05 mg. carotene per 100
g. of gums. A comparison of the density of this solu-
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tion with that of the original pigment solution shows
that the hexane-soluble fraction, presumably caro-
tene, makes up only 0.5% of the total carotenoids.
Thus the earotenoids in this sample differ completely
from those reported by Obata (8),

In order to determine the fate of carotene upon de-
gumming oil a sample of crude oil was saponified as
described for lecithin above, and the pigments were
submitted to a 24-tube countercurrent distribution.
The solvent combination used in this experiment was
hexane, 98% methanol, which according to the data of
Curl (4) is most suitable for separation of carotene
from dihydroxy carotenoids. The resulting fractions
were diluted to 25 ml. with acetone and the absorb-
ance read at 446 mpy, the absorption peak in this sol-
vent mixture. Results are shown in Figure 4. In this
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F1a. 4. Countercurrent distribution of carotenoid pigments
from soyhean oil between 98% methanol and hexane.

case 94.5% of the color is found in tubes 0 through 9,
the xanthophyll region. Only 4.1% of the color is
found in the carotene vegion in tubes 18 through 24.
Thus the xanthophylls are also the predominant ca-
rotenoid pigments in the oil. However the relative
amount of carotene is much greater in the oil than in
lecithin. Thus it appears that, in the degumming of
the erude oil, xanthophylls are selectively removed
with the phosphatides.

Brown Pigments

It is well known that lecithin darkens on excessive
heating, and it is to be expected that this is associated
with the development of the brown color. As can be
seen from Figure 1, a certain amount of this brown
color is removed by bleaching but not to the extent
that carotenoid color is removed. Figure 5 eompares
the absorption of the dried gums shown in Figure 1
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¥16. 5. Absorption speetra of wet gums compared with gums
dried under different conditions. All samples contain 5 g./100
ml. OCL: on dry weight basis and are measured in Cary record-
ing spectrophotometer (l-em. cell).

with a sample of commercial wet gums, with a sample
of the wet gums lyophilized from a benzene slurry,
and with samples dried under vacuum at 80°C. and
100°C. for 3 hours. A large amount of brown color
is already present in the commercial wet gums. This
is not increased in the sample dried under commereial
eonditions or in the sample lyophilized or dried at
80° in the laboratory. Iowever heating at 100°
causes a further increase in color.

Light-colored and unheated gums were obtained
from soybean oil miscella (209% oil in hexane by
weight) by evaporating at room temperature under
vacuum. The crude oil was stirred with 3% of water
at room temperature and the gums were removed by
centrifuging. A solution of the gums in carbon tefra-
chloride (5 g./100 ml. on a dry weight basis) was

25—

1
1]
1
[
[ 2-Guins dried at 80°C
“ / for 3 hours
— 1] .
2.0 Wt
1
Yo 3-Gums dried ot 100°C

K} / tor 3 hours

ABSORBANCE

05—

°
300 400 $00 600 700
WAVE LENGTH, ML

Fie. 6. Absorption spectra of gums produced in laboratory
from 20% hexane miscella. Solutions in CCL (5 g./100 ml.)
are measured in Cary recording spectrophotometer (1-em. cell).
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very turbid but became clear on passage through a
mixture of filter cell and sodium sulfate. The absorp-
tion of this solution is shown in Figure 6.

Also shown in Figure 6 are the absorptions of sam-
ples of these wet gums dried at 80° and 100°. The re-
sults agree with those of Figure 5 in that little addi-
tional color is produced in the lecithin by drying up
to at least 80°; however heating at 100° causes addi-
tional darkening. The low absorption at the minimum
of 390 my in Curve 1 compared to that of the com-
cercial wet gums shown in Figure 5, Curve 2, indi-
cates that in the latter sample a large amount of
brown color has already been formed before the gums
are removed from the oil. This color is probably
formed in the oil during the solvent stripping
operation.

The brown color bodies of soybean lecithin have
many of the characteristics of aldehyde-amine reac-
tion produects, such as are formed in a variety of food
products. The absorption curve for the brown color
is of the same shape as that found, for example, in
egg lipides (1). As seen in Figure 2, a large part of
the brown color is lost during saponification; how-
ever, if the eurve for the aqueous solution is extended
into the ultraviolet, a slight maximum at 270 my typi-
cal of an aldehyde-amine reaction produect is found.
The fluorescence of the lecithin under ultraviolet
light, which increases with incereasing brown color
(11}, is also typical of an aldehyde-amine reaction
product.

The probable source of the amino group is the eth-
anolamine of the phosphatides. Sugars might be the
source of the aldehyde group. However a sample of
lecithin from which free sugars had been removed by
Foleh’s (3) procedure darkened on heating in the
same way as ordinary lecithin. Other sources of alde-
hyvde may be the bound sugars remaining with the
phosphatides, or possibly the acetal phosphatides re-
cently reported by Lovern (6) to be present in soy-
bean lecithin. It was also considered that the devel-
opment of aldehyde amine brown color might be
associated with the presence of unsaturated fatty
acids in the lecithin with the oxidized acids furnish-
ing aldehyde groups. A brown color might also be
formed by a reaction similar to the yellowing of dry-
ing oils. However a sample of lecithin hydrogenated
from an iodine value of 95 to 16 increased in color on
heating even more rapidly than other samples.
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Summary

The color of soybean lecithin is due to carotenoids,
brown pigments, and occasionally porphyrins. In the
water-washing of erude oil xanthophylls are preferen-
tially removed with the gums, and carotene is prac-
tically absent in lecithin. lutein is the principal ca-
rotenoid, comprising about three-quarters of the ca-
rotenoids in lecithin., Hydrogen peroxide bleaching
destroys all the eolor to some extent, but by far the
greater effect is on the carotenoids.

The brown color is very likely an aldehyde amine
reaction product. It is largely formed by heating of
the oil during the solvent-stripping operation. It is
not increased by drying the gums under vacuum for
3 hours at 80°C. but it is increased on heating at 100°
C. under the same conditions. The formation of the
brown color is not prevented by removal of free
sugars or by hydrogenation of the lecithin.
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The Application of Fatty Chemicals to Flotation

ROBERT E. BAARSON and JOHN R. PARKS, Chemical Division, Armour and Company,

Chicago, lllinois

HE fatty acids and their derivatives are versatile
tools of modern industry. They present such a
wide variety of applications that few industries
do not utilize them directly or indirectly. One has
only to mention the soap, paint, petrolenm, and rub-
ber industries to bring to mind a few of their well-

known uses. However, in addition to such familiar

applications of fatty acids, there are a number which
are equally vital and important but which are less
well known to those engaged in fatty acid production.
Among these is the art of flotation.

The Flotation Process

Currently, the major industrial application (the
one which we are describing) is in the concentration
of the valuable minerals in ore deposits. Here, flota-
tion refers specifically to the art and science of sep-
arating mineral particles from each other in a liquid
pulp by means of air bubbles. This basic principle of
the flotation process is simple, but its application in-
volves numerous complexities.

How does one go about floating minerals that nor-
mally sink in water? This is done in a water medium



