
12’ioo values of 52 and 32, the former 
being somewhat greater in quantity. 
These values are lower by 7 than those 
obtained with capsorubin, indicating the 
probable presence of four hydroxyl 
groups, with one in a less hindered 
position than the 6 or 6’ positions in 
reduced capsorubin. After treatment of 
the reduced product with hydrochloric 
acid in methanol. the .I’~oo of the main 
product in system I1 was 73 (the product 
obtained from reduced capsorubin had a 
value of 74) .  Apparently, it  is a diol. I t  
appears that IV-5 is a 6’-keto-3,3’,4’- 
triol. 

The apparently undescribed carot- 
enoids 111.4-1, IIIB-1, IIIB-2, IIIB-4, 
IIID-1. IIID-2, 117-1, and IV-5. as well 
as the substances tentatively identified 
as capsanthin-5.6-epoxide and capso- 
chrome, were all present as minor 
constituents (0.4 to 2.3% of the total 
carotenoids) which will render more 
difficult the complete elucidation of 
their structures. 

Seven components were found to 

contain ketone groups, capsanthin, 
capsorubin, cryptocapsin, capsanthin-5, 
6-epoxide-like, capsochrome-like, P-441 
(tetrahydrocapsorubin ?), and polyol 
IV-5. 

Acknowledgment 

One of the lots of peppers used in this 
investigation was provided by C. C. 
S immo of this laboratory. 

Literature Cited 

(1) Barber, M. S.. Jackman, L. M.,  
Warren, C. K., Weedon, B. C. L.. 
Proc. Chem. Soc., 1960, p. 19. 

(2) Cholnoky, L.. Gyorgyfy, K., Kagy, 
E. ,  PAnczCl, M., Acta Chrm. Acad. Sci. 
Hung .  6 ,  143 (1955). 

(3) Curl, A. L., J. AGR. FOOD CHEM. 
1, 456 (1953). 

(4) Zbzd., 8, 356 (1960). 
(5) Curl, A. L., Bailey, G. F., Zhd.. 4, 

(6) Zbzd.. 5, 605 (1957). 
(7) Curl, A. L., Bailey, G. F.. Food 

156 (1956). 

Technol.  13, 394 (1959). 

SUGAR CANE PHOSPHOLIPIDES 

The Isolation, Separation, and 
Identification of the Principal 
Phospholipides of Sugar Cane Juice 

(8) Curl, A. L.. Bailey, G. F., J. Food 

(9) Entschel. R., Karrer. P., Helv. Chim.  
Sci. 26,442 (1961). 

Acta 43, 89 (1960). 

474 (1936). 
(IO) Karrer, P., Hubner, H. ,  Zbzd., 19, 

(11) Karrer; P., Jucker, E.? Zbid.? 28, 
1143 (1945). 

(12) Karrer, P.? Jucker, E., “Carot- 
enoids,” p. 55, Elsevier, New York, 
1950. 

(13) Krinsky, N. I . ,  Goldsmith, T. H., 
Arch. Biochem. Biophys.  91, 271 (1960). 

(14) Petracek, F. J., Zechmeister: L., 
J .  A m .  Chem. SOC. 78, 1427 (1956). 

(15) PolgAr, A., Zechmeister, L., Zbid., 
66, 186 (1944). 

(16) Warren, C.  K. ,  Weedon, B. C. L., 
J .  Chem. Soc.? 1958, p. 3972. 

(17) Zechmeister, L., von Cholnoky, 
L., ,4nn. Chem. 543, 248 (1940). 

Received for review October 26, 1967. Accefited 
January 17, 7962. Work done at a laboratory 
of the Agricultural Research Svriice, 1;. S. 
Department of Agriculture. Use of trade 
names of speci$c materials or equipment does not 
constitute a recommendation by the l,-. S. 
Department o f  Agriculture to the esclusion of 
others which may also be sui/able. 

JAMES J. FRILOUX and 
NORTON A. CASHEN 

Sugarcane Products laboratory, 
Houma, La. 

This investigation of the phospholipides of sugar cane juice i s  part of a broad study on 
nonsugbrs in cane juice. Because of the emulsifying nature of phospholipides, it is  believed 
that these compounds have a deleterious effect on the processing and clarification of cane 
juice. By utilizing a combination of solvent fractionation and silicic acid column chro- 
matography, the principal phospholipides were isolated from lyophilized fresh sugar cane 
juice and separated. They corresponded chromatographically to phosphatidyl ethanol- 
amine and lecithin on silicated glass paper. 

ETERMISATIOS O f  the Composition O f  D the total lipide fraction of sugar cane 
juice has been the object of numerous 
investigations. primarily because of in- 
terest in sugar cane wax which has com- 
mercial value. Balch (2) has compiled a 
fairly complete bibliography of the 
subject up to 1953. The phospholipide 
fraction of the total lipides has no com- 
mercial value as a by-product2 but is 
thought to be of importance to the sugar 
industry because of the deleterious effect 
that phospholipides Lvould have upon 
the formation and settling of the pre- 
cipitate during clarification of the juice. 
Honig (8) points out that, since lecithin 
and other phosphatides are well knoLvn 
emulsifying agents. even small quantities 
of these substances in sugar cane juice 
lvould affect clarification adversely. 
Despite the apparent importance of these 
Compounds. a review of the literature 
reveals a paucity of information. Shorey 
( 7 3 )  undertook a study of a wax-like 
solid that he obtained from sugar cane 

juice in 1897; he found that this sub- 
stance contained both phosphorus and 
nitrogen, and had the physical proper- 
ties of lecithins. In  another early study 
of sugar cane lipides, \Vijnberg ( 7 - f )  
reported the presence of lecithin in sugar 
cane wax. More recently, Hatt. Stras- 
ser, and Troyahn (7). also investigating 
the wax fraction of sugar cane, reported 
that the presence of glycerol and phos- 
phorus could be accounted for by a 
phosphatide fraction. Their evidence, 
however. \,vas indirect as they did not 
isolate phospholipides as such, nor did 
they identify the nitrogen-containing 
radicals usually associated with phos- 
pholipides. Honig’s (8)  study suggests 
that the phospholipide in sugar cane 
juice is a lecithin, but he points out that 
definite proof of its  presence is still lack- 
ing. 

In  view of the scarcity of information 
on this important constituent of sugar 
cane juice, this investigation was under- 
taken as part of a broad study on the 

composition of nonsugars in cane juice. 

Methods 

Preparation of Material for Analysis. 
Samples of fresh, raiv sugar cane juice 
were obtained from grinding individ- 
ual varieties of cane under commer- 
cial conditions in the experimental 
Audubon Sugar Factory a t  Louisiana 
State University during pilot plant 
clarification studies as described by 
Guilbeau, Black, and Martin ( 3 ) .  The 
fresh juice was frozen and dried on a 
large capacity lyophilizer as reported by 
Roberts (72). Mixed lots of the dried 
juice: in quantities varying from 500 to 
1000 grams, were extracted in a I-gallon 
capacity blender using an ethanol-ethyl 
ether (2 to 1> v./v.) solvent system; 
the dried juice and solvent were blended 
at medium speed for approximately 5 
minutes and were then allowed to stand 
for 3 hours. This mixture was filtered 
under vacuum through a large, coarse- 
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porosity. fritted-glass filter funnel. The 
filter cake was washed with the solvent 
mixture and then re-extracted twice in 
the blender; all filtrates were combined 
and evaporated on a rotary vacuum 
apparatus until the solvent was removed 
and the lipides had taken on the con- 
sistency of a thick, dark green oil. This 
oily residue was dissolved in ethyl ether 
and extracted with several portions of 
water to remove water-soluble con- 
taminants, such as sugars and organic 
acids. The ether fraction \\-as decanted, 
and then further freed of water by treat- 
ment with anhydrous calcium chloride, 
after which the ether was removed under 
vacuum in a rotary evaporator. 

The  mixed lipides \\-ere dissolved in as 
small a quantity of chloroform as prac- 
tical and this solution \\-as added to 10 
volumes of acetone and placed in a 
freezer a t  -10' C. for several hours, or  
overnight. Under these conditions, a 
lipide fraction precipitated \vhich con- 
tained the p'iospholipides; the bulk of 
the lipide material and pigments re- 
mained dissolved in the acetone. IVhile 
still cold, the insoluble lipides \\-ere re- 
moved from the acetone b>- centrifuying 
for approx.imately 10 minutes, a t  3000 
r.p.m. ; the precipitated lipides tvere 
washed with cold acetone once? re- 
dissolved in a small quantity of chloro- 
form. and then reprecipitated as before. 
This purified phospholipide preparation 
served ar the starting material for all 
subsequent analyes and chromato- 
graphic separations. 

Hydrolysis and Evaluation of the 
Hydrolyzate. Samples of the mixed 
phospholipide preparation were sub- 
jected to methanolic-hydrochloric acid 
hydrolysis as suqqested by Artom ( 7 ) .  
The water-soluble portion of the hydroly- 
zate was analyzed by standard paper 
chromatography; t\vo solvent systems 
which were used were 1-butanol-acetic 
acid-water (250:60:250, v./v./v.), and 
phenol saturated with \vatu-. Kinhy- 
drin, 1% in acetone or  methanol, used 
as a dip or spray. indicated the presence 
of amino acids and other ninhydrin- 
reactive components. Preparations of 
pure amino acids and ethanolamine were 
used as reference compounds. The  
hydrolyzate !vas analyzed for choline 
with Reinecke acid as suggested by Glick 

Column Chromatography. Large- 
scale separation of phospholipides was 
accomplished by a column chro- 
matographic technique modeled after 
that of Hanahan (6). This method 
utilized a silicic acid-Hyflo Super-Cel 
column, mixed in a ratio of t\vo to one. 
respectively. A 60-gram column of the 
mixture was found satisfactory. The  
amount of phospholipide added to the 
column-usually a total of 2 to 5 mg. 
of phospholipide phosphorus-was al- 
ways considerably less than the 0.8 
to 1.0 mg. per gram of silicic acid, as 

(3) ' 

suggested by Hanahan, but this in no 
\vay seemed to affect the performance of 
the columns. The  columns were eluted 
Lvith a mixture of chloroform and meth- 
anol applied in the following dilutions 

2,  and (IV) 1 to 4.  After several 
exploratory runs using these solvent 
systems, it was found that one or  more 
of the dilutions could be eliminated, re- 
ducing the number of tubes collected 
Ivithout interfering Ivith the separation, 
The fractions were collected on an  auto- 
matic fraction collector using a siphon 
Ivhich delivered 8 ml. per tube. To lo- 
cate the phospholipides as they were 
eluted from the column. an  appropriate 
aliquot was removed from each tube, the 
solvent evaporated on a water bath, and 
the lipides digested ivith concentrated 
sulfuric acid and 5070 hydrogen perox- 
ide; the residue was diluted with ivater 
and analyzed for phosphorus by the 
method of King ( 9 ) .  

Glass-Paper Chromatography. The  
phospholipides separated by the column 
technique \\-ere identified by the silicated 
glass-fiber paper method of Muldrey 
( 7  7 ) .  Glass-fiber paper: freed from 
organic contaminants by heating in a 
muffle furnace at  1100' F. for 0.5 hour. 
!\-as dipped in a 17, potassium silicate 
solution and dried at  110' C. The  
chromatograms were developed in a 
solvent system consisting of 100 parts of 
pyridine, 100 parts of benzene. and 
varying amounts of water between 5 to 
15 parts. -411 solvents were of the 
highest quality available, and were used 
Lvithout further purification. The spots 
on the developed chromatograms were 
detected by applying a fine mist of con- 
centrated sulfuric acid to the dried glass 
paper strips with a nebulizer, and then 
heating over an  open coil heater until 
charring occurred and the spots devel- 
oped. To  aid in identifying the un- 
knoivn phospholipides, various reference 
compounds u-ere used. Inositol phos- 
phatide: phosphatidyl ethanolamine, 
phosphatidyl serine, and several lecithins 
ivere purchased from a biochemical sup- 
ply house. Lecithin and phosphatidyl 
ethanolamine were also readily prepared 
from an egg. as suggested by Lea and 
Rhodes (70). This egg preparation of 
phosphatidyl ethanolamine proved to be 
the most reliable source, as the com- 
mercially available compounds were 
very impure. 

(v. jv.): (I) 7 to 1> (11) 4 to 1,  (111) 3 to 

Results and Discussions 

The water-soluble portion of the 
hydrolyzate of the mixed phospholipides 
was subjected to paper chromatography 
in an  attempt to identify the nitrogen 
moiety of the phospholipide molecule. 
I t  was possible to obtain ninhydrin reac- 
tive spots which had an  R, value corre- 
sponding to that of ethanolamine; cer- 
tain preparations produced a second 

0 20 40  60 80 100 120 
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Figure 1 .  Chromatogram of sugar 
cane juice phospholipides on a silicic 
acid-Hyflo Super-Cel column 

Eluting solvents were mixtures o f  chloroform 
and methanol in ratios (v./v.) indicated above  
the fractions. The two major peaks a r e  identi- 
fied on the glass-paper chromatogram shown in 
Figure 2 

ninhydrin reactive spot which matched 
that of serine. Kone of the preparations, 
ho\vever: produced very reliable results. 
The  spots were always quite diffuse and 
faint, and could not be reproduced con- 
sistently. All hydrolyzate preparations, 
however, produced a positive choline 
reaction when tested with Reinecke acid, 
even under the specific conditions of 
producing a precipitate in an  alkaline 
medium. Since the chromatographic 
tests on the hydrolyzate isere not decisive. 
consideration was given to chromatog- 
raphy of the intact phgspholipides, utiliz- 
ing silicic acid. 

The  partially purified phospholipide 
preparation was dissolved in approxi- 
mately 10 to 15 ml. of solvent mixture 
(I) to obtain a solution containing 2 to 5 
mg. of phospholipide phosphorus which 
was added to the column. Progressively, 
the lour solvent mixtures mentioned were 
used to elute the column. This pro- 
duced 200 tubes on the average; how- 
ever, many of the tubes \\-ere blank, and 
there was a large spread bet\\-een phos- 
phorus peaks. Further runs, eliminat- 
ing solvent mixture (111). 3 :2  v.1'~. 
chloroform-methanol. achieved adequate 
separation and only 150 tubes or  less \\-ere 
required. The  results of a typical run 
are shown graphically in Figure 1. where 
tube number is plotted against milli- 
grams of phosphorus. hfost of the 
phospholipide phosphorus can be ac- 
counted for in two major peaks; the 
small peak which appears between tubes 
10 to 20 was evident in all runs, but 
accounts for less than 1% of the phos- 
phorus. This phosphorus componrnt 
closely followed the solvent front? and 
\\-as eluted with a relatively large quan- 
tity of yellow-pigmented lipide material- 
The  small quantity of phosphorus-con- 
taining lipide and relatively large quan.  
tity of the other lipide material in this 
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Figure 2. Positive print made from a 
contact negative of a glass-paper chro- 
matogram showing the chromato- 
graphic identification of the principal 
phospholipides in sugar cane juice 

component hindered all efforts to identify 
it. Another small phosphorus-contain- 
ing component appeared in a few runs 
betlveen the two major peaks, but t e -  
cause of its inconsistency and trace char- 
acteristic, no attempt was made at  iden- 
tification. 

Several runs? in which all four solvent 
mixtures were used. produced what ap- 
peared to be a third major peak closely 
associated \vith the second component 
coming from the column. This proved 
to be an  artifact. however. produced 
by the introduction of solvent mixture 
(I\-) just as the second major phosphorus 
component \cas being eluted by solvent 
(111). Apparently. the introduction of 
this more polar solvent system at  this 
point caused a more rapid elution of the 
component. producing a third peak. 
Eliminating solvent (111) and starting 
solvent (I\-)  a t  approximately tube 80 
eliminated this trouble and produced 
a curve with a much steeper slope. O n  
most runs. it was possible to account for 
85 to 90% of the phosphorus added to 
the column : the balance apparently 
remained on the column. The  faster 
moving component accounted for one 
third. and the slower component for two 
thirds of the phospholipide phosphorus 
eluted from the column ; these ratios 
\\.ere consistent for all runs. 

The  chromatographic identification 
of the tJvo major components \vas ac- 
complished on silicated glass-fiber paper 
\vi th corresponding reference compounds 
as described by Muldrey (77). After 
the tubes containing the phospholipides 
had been located by analyzing aliquots 
from each tube for phosphorus. the tube 
contents of each zone were composited, 
and the solvent evaporated from each 
component. These were taken up  in 
chloroform and spotted on thr silicated 

paper along with various reference com- 
pounds. The  solvent system found most 
reliable for separating the components 
consisted of 100 parts of pyridine? 100 
parts of benzene, and 5 parts of water. 
Figure 2 is a positive print made from a 
contact negative of a chromatogram 
showing the spots produced from the 
unknown components along with their 
identifying reference compounds. 4 and 
C represent the fast and slow moving 
major components. respectively, lvhich 
were collected from the column, B 
represents referencr compounds phos- 
phatidyl ethanolamine near the origin, 
and lecithin the spot farthest from the 
origin. One component in A corre- 
sponds chromatographically to phos- 
phatidyl ethanolamine; the single spot 
in C corresponds to lecithin. The  other 
large spot or mixture of spots in ‘4 near 
the solvent front represents several 
nonphospholipide contaminants which 
allcays seem to be eluted from the column 
along Lvith phosphatidyl ethanolamine. 
Several attempts to isolate the phos- 
phatidyl ethanolamine from these con- 
taminants by the use of additional silicic 
acid column proved unsuccessful. Since 
this spot or  mixture of spots turned pink 
to purple on gentle heating after sulfuric 
acid spraying, it is suspected that steroids 
are present (,5). I t  is also possible that 
any free fatty acids which ma)- occur 
in the preparation would also be carried 
near the solvent front as indicated by 
hiuldrey. Miller. and Hamilton ( 7  7). 

Since the hydrolyzate experiments 
indicated the possible presence of serine, 
it was hoped that the silicated-glass paper 
chromatography studies would reveal 
the presence of phosphatidyl serine. 
The  spot on the origin in fraction -4 
(Figure 2) \cas believed to contain 
phosphatidyl serine, along Lvith possible 
degradation products. To move this 
component from the origin. the polarity 
of the solvent system was increased by 
addition of more ivater. In  this in- 
stance. a spot \vas obtained betiveen 
phosphatidyl ethanolamine and the 
origin. which according to Muldrey and 
coworkers (77), would be the proper 
order for phosphatidyl serine on silicate 
paper. Subsequent runs with a refer- 
ence phosphatidyl serine, however, did 
not produce coinciding R, values. 
Since this spot was not identified as 
phosphatidyl serine: other phosphatides 
\vere investigated ; inositol phosphatide, 
lysolecithin. and sphingomyelin were 
chromatographed along with fraction 
9, but none produced corresponding H, 
values. This relatively sloiv moving 
spot is either some unidentified phos- 
pholipide or  a degradation product of 
one of the other components in this 
group. 

S o  conclusion can presently be drawn 
regarding phosphatidyl serine. since this 
compound, in trace quantities. may 
possibly occur in association tvith the 

phosphatidyl ethanolamine fracticn (61. 
The  concentration required to produce 
a spot for phosphatidyl ethanolamine 
may be too low to reveal phosphatidyl 
serine with the technique employed. 
It is concluded from these studies that 
the tlvo principal phospholipides of sugar 
cane correspond chromatographically to 
phosphatidyl ethanolamine and lecithin. 
The chromatographic methods employed 
do  not distinguish lecithins or  phos- 
phatidyl ethanolamines Jvhich difTer 
in the particular fatty acids Lvith ichich 
the t\vo nonphosphate groups of the 
glycerol are esterified. Larger quan- 
tities of these constituents \vould have 
to be isolated and purified to establish 
their structures completely, and for 
elemental analyses necessary for positive 
chemical identification ; however. the 
ph>.sical properties and physicochemical 
behavior of phosphatides that might be 
expected to affect the processing of juice 
and crystallization of sugar are common 
to all of the compounds of this class. 
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