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TABLE III 

Estimation of the Linoleic Acid Contents of the ~'atty Acids of Several 
Oils by Bromination in Pentane  and by Thiocyanometry 

Fatty Acids 
of 

Bromides from 
1.O g. of Acids, 

g. 

Linoleic Acid. % 

From Pentane  
Curve 

From SCN 
.k~o. 

Olive Oil a 0.0091 9.7 12.2 

Corn Oil 59.2 

Peanut  Oil 

59.7 
60.7 
58.4 
59.9 

2"1.7 
21.2 
19.3 
20.7 

0.5564 
0.5675 
0.5419 
0.5613 

0.]463 
0.1412 
0.1213 
0.1371 

21.0 

Tobacco Seed Oil 0.7403 75.5 75.5 
0.7049 72.5 
0.7415 75.8 
0.7433 75.6 

Almond Oil 0.1580 22.0 21.7 
0.1574 21.9 
0.1566 21.8 
0.1639 22.4 

Poppyseed Oil 0.6208 65.0 64.6 
6.6211 65.0 
0.6125 64.0 
0.6192 64.6 

Sesame Oil 0.4073 44.8 44.7 
0.4063 44.6 
0.4020 44.4 
0.4099 45.1 

" I t  is to be noted here that  in petroleum ether no tetrabromides 
would have been obtained. The significantly lower result here by the 
tetrabromide method is an indication of the presence of isomeric lino- 
leic acids in this oil, as previously reported from this laboratory (3).  

at --12.9 ~ to --12.1 ~ The tetrabromide number of 
the filtrate acids in heptane, 61.7, show the composi- 
tion to be 35% iso-acids and 65% linoleic acid. 

Tetrabromide Yields 
Linoleic acid and known mixtures of linoleic and 

oleic acids were brominated in n-pentane and n-hep- 
tane according to the procedure described by White 
and Brown (1). The linoleic acid used in this work 
was the recrystallized specimen described above; the 
oleic acid was a very pure specimen isolated from corn 
oil. The results are found in Table I. 

In order to compare the data in Table I with the 
previously reported data (1) in which Mallinekrodt 
petroleum ether was employed in bromination and 
washing of the bromides, the percentages of linoleic 
acid in Table I were plotted against tetrabromide 
yields and the results at certain round number per- 
centages were estimated by interpolation. These are 
summarized in Table II.  

The linoleic acid contents of the fa t ty  acid mix- 
tures from several oils were next determined from 
the tetrabronlide-pentane curve and the results com- 
pared with those obtained by analysis of these mix- 
tures by thiocyanometry. Adnlittedly this comparison 
would have been the more valuable if spectrophoto- 
metric analyses were included, but  this was not done. 
The oils selected for these comparisons were those 
which contain no appreciable amounts of linolenic 
acid. The results are shown iu Table III .  

Summary 
Known mixtures of linoleic and oleie acids were 

brominated in n-pentane and n-heptane and the yields 
of insoluble tetrabromides determined under  precise 
conditions. In general, the yields were somewhat 
higher in both hydrocarbons than in Mallinckrodt 
petroleum ether. Tetrabromides were obtained in de- 
tectable amounts in mixtures containing as little as 
10% linoleic acid when pentane is used. Therefore 
it is recommended that  this solvent be employed in 
applying the procedure in the analysis of fa t ty  acid 
mixtures. The linoleic acid contents of the fa t ty  acids 
of several oils were estimated from the tetrabromide- 
pentane curve and the results found to agree favor- 
ably with those obtained by  thiocyanometry. 
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Carbohydrate 'Constituents of Soybean "Lecithin ''1 

C. R. SCHOLFIELD, HERBERT J. DUTTON, and ROBERT J. DIMLER, 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

T H E  status of carbohydrate  material in plant 
phosphatides, whether bound or free, has been 
a point of discussion for many years. As long 

ago as 1906 Winterstein and Hiestand reported that  
some of the carbohydrates in various plant phos- 
phatides studied could be removed by  washing with 
water, but  that  par t  appeared to be in firm chemical 
combination, and that it  was necessary to boil for  
several hours with 5% sulfuric acid to split off all 
carbohydrates (24, 25). In a series of publications 
beginning in 1929 Rewald has maintained however 
that  the carbohydrates in soybean " l e c i t h i n "  were 
free, and he believed that they could be removed 

1Presented before the American Oil Chemists' Society Meeting, Oct. 
8-10, 1951, Chicago, Ill. 

~One of the laboratories of the Bureau  of Agricultural and Industr ia l  
Chemistry, Agricultural  Research Administration, U. S. Depar tment  of 
Agriculture.  Report  of a study in which certain phases were carried on 
under  the Research and Marketing Act of 1946. 

from the phosphatides by physical means (18, 19). 
The work of McKinney, Jamieson, and Holton (15) 
supported the earlier concept of Winterstein and 
Hiestand and indicated that  some sugar in soybean 
phosphatides was bound to lecithin by  a glycosidic 
linkage. More recently Woolley (26) and Folch (7) 
have reported the presence of galaetose-containing 
phosphoinositides. The presence of the free sugars, 
sucrose and stachyose, has been reported in the whole 
soybean many times (14). Celmer and Carter (3, 4) 
have shown that  these free sugars, as well as a sugar- 
containing phosphoinositide, are present in commer- 
cial lecithin. 

This paper reports the identification of both free 
and bound sugars by means of paper chromatography 
along with an estimate of the amounts of each sugar 
in one sample of phosphatides. 
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T A B L E  I 

Analysis  of Phospha t ide  P repa ra t i ons  

: Phos- Amino Choline 
P repa ra t i on  % of total  S a g a r  phorus  Nitrogen Inosi tol  ~ N 

weight  % % % % % % 

I. Commercial  leci thin ....................................................................... 100 
I I .  0i l -free phosphat ides  ..................................................................... ! 73 

I I I .  H igh  sugar  f rac t ion  ............................................................ [ 8.7 
' '  I IV.  Las t  acetone-soluble f ract ion ......................................................... : 0.8 

V. Low suga r  phosphat ides  ................................................................ ! 63.5 
VI. Main  Mcohol-soluble f rac t ion  ......................................................... 28.6 

VII .  F rac t ion  or ig ina l ly  alcohol so luble-~would  no~ redissolve ............ 6 . l  
V I I I .  F rac t ion  alcohol soluble at  50 ~ . ..................................................... 6.0 

IX. Alcohol-insoluble f ract ion .............................................................. ! 22.8 

"'8.77 
53 

1.03 
1.63 
1.05 
2.30 
0.68 
2.94 

1.97 
2.97 
0.99 
1.49 
3.31 
3.32 
2.36 
3.10 
3.25 

0.78 
1.07 
0.63 
0.89 
1.10 
1.56 
0.89 
0.96 
0.65 

2.71 
3.30 
1.50 
0.06 
3.97 
0.04 
2.49 
3.31 
10.4 

0.29 

o;~'i 
0.51 

o .'i'~ 

0.28 
0.39 
0.13 
0.41 
0.42 
0.90 
0.12 
0.07 
0.002 

A n a l y t i c a l  M e t h o d s  
Because of the var ie ty  of sugar  compounds pres- 

ent and differences in their  ease of hydrolysis, any  
hydrolysis condition chosen is at best a compromise 
between completeness of hydrolysis and some destruc- 
tion of the more labile sugars. The procedure used in 
this work, except when otherwise stated, is as follows. 
The sample was dispersed in 10 hal. of water, and 3 
ml. of 2 N H~SO~ were added. This dispersion was 
heated on a steam bath  f rom 7 to 8 hours. The 
hydrolyzate was filtered and then neutralized with 
sodium hydroxide. Sugar  was determined in the hy- 
drolyzate by  the method of Somogyi (22). In  results 
f rom this laboratory  total sugar in phosphatides has 
ordinari ly  been calculated as galaetose since Woolley 
(26) had reported that  sugar  in lipositol. This hy- 
drolysis procedure gives a maximum value with most 
samples. I t  however will not completely free the 
bound sugars of the phosphoinositides. I f  this mate- 
rial is refluxed with 2 N H2SO~, the sugar  value is 
increased markedly.  On the other hand, some sugar  
is destroyed even by  the usual hydrolysis, part icu-  
lar ly in high sugar  fractions. In  spite of these in- 
herent difficulties the procedure described has given 
relative if not absolute sugar  values sat isfactory for  
following the progress of our fraet ionat ion procedure. 

The other analytical data in Table I were obtained 
by  methods previously used (20, 8, 1) except that  a 
modification of Van Slyke 's  manometric appara tus  
(23) was used in the determination of amino nitrogen. 

E x p e r i m e n t a l  
hi  pre l iminary  worl~ phosphatides were dissolved 

in hexane and shaken with various concentrations of 

Commercial lecithin I 

I 
Ace t o n e - s o l u b l e  m a t e r i a l  

L 
. r  

I 

F 
l i igh  s u g a r  f r a c t i o n  I l I  

Low s u g a r  p h o s p h a t i d e s  V 

I 
absolute et hanoi 

I 
i I 

Naia  a l c o h o i -  O r i g i n a l l y  a l c o h o l -  
s o l u b l e  f r a c t i o n  VI s o l u b l e  would n o t  

r e d i s s o l v e  VI I  

1 
O i l - f r e e  p h o s p h a t i d e s  I1 

i 
5S~ ~th.aol 

I 
ac~to.e 

I 
L a s t  a c e t o n e - s 9 1 u b l e  
f r a c t i o n  f u  

I 
Alcohol- 
s o l u b l e  a t  
50 ~ VIII 

I 
Low p a r t i t i o n  co-  
e f f i c i e n t  p h o s p h o -  
i n o s i t i d e s  

1 
A l c o h o l - i n s o l u b l e  
f r a c t i o n  IX 

I 
eountcrcurtent 
di ut r iNt ion 

I 
1 

High p a r t i t i o n  
c o e f f i c i e n t  
p h o s p h o i n o s l t a d e s  

F l a .  1. P r e p a r a t i o n  o f  p h o s p h a t i d e  f r a c t i o n s .  

aqueous ethanol. Appreciable  quantities of the phos- 
phatides were dissolved in the alcohol layer at high 
concentration levels of ethanol. However  when the 
ethanol was diluted to 55%, the carbohydrates  were 
concentrated in the alcohol layer and nearly all the 
phosphatides remained in the hexane. 

Subsequently acetone-insoluble phosphatides which 
had been prepared  f rom c o m m e r c i a l  lecithin were 
dissolved in hexane (3 ml . /g ram)  and extracted five 
times with 55% ethanol. The alcohol solution was 
evaporated to dryness raider reduced pressure to give 
the high-sugar fraction, Prepara t ion  I I I  (Table I ) .  
I lexane was evaporated under  vaeumn f rom the re- 
maining low-sugar phosphatides, and the residue was 
agaiu extracted twice with acetone. The small amount  
of acetone-soluble nmterial  is Prepara t ion  IV, and the 
remaining low-sugar phosphatides are Prepara t ion  V. 
This and subsequent fractionations are indicated irl 
tile flow sheet in Figure  1. 

Identification of the sugars present was made by  
paper  chromatography.  The procedure followed very 
closely that used by Jeancs, Wise, and Dinfler (13). 
Prepara t ion  l l l ,  the high-sugar fraction, dissolved in 
water  to give a cloudy solution. A 10% solution of 
this fract ion was " s p o t t e d "  on Wha tman  No. 1 filter 
paper,  and the c h r o m a t o g r a m  developed, using a 
descending technique with fusel o i l -pyr id ine-water  
(1:1 .06:1)  3 as solvent. 

Af ter  the solvent had traveled down the paper,  the 
chromatogram was dried and the sugars were located 
by spraying with naphthoresoreinol (16), a reagent 
which produces spots with ketose-eontaining carbo- 
hydrates.  Spots were found with Rf values 0.31 and 
0.12 corresponding to sucrose and staehyose respec- 
tively. In addition, a fa inter  spot of Rf value 0.21 
was found corresponding to raffinose. The presence 
of these sugars was confirmed by the use of the mixed 
ehromatogram technique. A sample of Prepara t ion  
I I I  and a sample of a mixed s tandard  containing 
sucrose, raffinose, and stachyose were spotted together 
on a ehromatogram. The ehromatogram was devel- 
oped twice, using a multiple development procedure 
(13) in order to obtain greater  resolution. This chro- 
matogram is shown in Figure  1. I t  is seen that  the 
spots f rom the high-sugar fract ion and those f rom 
the s tandards  are identical, thereby confirming the 
identification of these ketose-eontaining sugars as 
sucrose, raffinose, and staehyose. When similar chro- 
matogranis were sprayed with ammoniaeal  silver ni- 
t ra te  (9), some additional fa int  spots were found. 
Silver ni t ra te  however is reduced by  other substances 
in addition to sugars. These additional spots were not 
found in chromatograms sprayed  with metaphenyl-  
one diamine dihydrochloride (5). I f  they are due to 

3Jeanes,  Wise, and Dimler  used this  so lvent  m ix tu r e  in  propor t ions  
1 : 1 : 1 .  Wi th  the present  sample of fusel oil, 1.06 pa r t s  of pyridiae 
were necessary to make the solvent  mix tu re  miscible. 
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sugars, the sugars must  be present  in extremely small 
amounts. 

A quanti tat ive estimation was made of the sucrose, 
raffinose, and staehyose present  in the high-sugar frac- 
tion ( I I I ) .  S p e e t r o p h o t o m e t r i e  measurements were 
made of the color formed by  the individual sugars 
with anthrone af ter  they had been separated on a 
paper  ehromatogram and eluted f rom the paper  (6). 
Table I I  gives those analyses and confirms the indi- 
cations of qualitative chromatographic evidence that  
sucrose and stachyose are major  components and raf-  
finose a minor component. This table also includes 
the analysis of a sample of Prepara t ion  II ,  the oil- 
free phosphatides, which was dissolved in toluene and 
run in the same way. 

T A B L E  IT 

F r e e  S u g a r  Composi t ion of P h o s p h a t i d e  F r a c t i o n s  

W e i g h t  % % of total  
of f r a c t i o n  f r ee  s u g a r  

Oi l - f ree  phospha t ides  I I  
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rafl lnose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S taehyose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ; . . . . . . . . . . . . . . . . . . . . . . .  

H i g h  s u g a r  f r a c t i on  I I I  
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rafl lnose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tachyose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alcohol-soluble f r ac t ion ,  A 
Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R, afllnose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tachyose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I n t e r m e d i a t e  f r a c t i on  soluble in  alcohol 
a t  60 ~ B 

Sucrose  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I~affinose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Stachyoso . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Alcohol- insoluble f r ac t ion ,  C 
Suoros~ ........................................................... 
Raffinose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S tachyose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.1 
0.7 
3.4 

20 .2  
2.8 

19.1  

4.4 
0.5 
0.2 

5.7 
1.4. 
1.3 

0.7 
0 .9 
6.0 

43 
9 
47  

48 
7 

45  

87 
9 
4 

68 
16 
16 

9 
12 
79 

Previous work has shown that  when oil-free phos- 
phatides f rom which sugars have not been removed 
arc separated into absolute alcohol-soluble and insolu- 
ble fractions, sugars are found in both fractions. To 
identify these sugars a sample of acetone-extracted 
phosphatides p repared  in a way similar to Prepara-  
tion I I ,  but  f rom a different source, was separated 
into a fract ion A soluble in absolute alcohol at room 
temperature ,  an insoluble fract ion C, and an inter- 
mediate f ract ion B soluble at 60 ~ Paper  chromate- 
grams showed sucrose, raffinose, and staehyose in all 
fractions. In  the alcohol-soluble fract ion A, the su- 
crose spot was strong while the stachyose spot was 
ra ther  fa in t ;  in the alcohol-insoluble fract ion C the 
staehyose spot was strong while the sucrose spot was 
ra ther  faint.  The results of a quant i ta t ive estimation 
by  the anthrone procedure are also shown in Table 
I I  and confirm the fact  that  sucrose tends to be con- 
centrated in the alcohol-soluble fract ion A, staehyose 
in the alcohol-insoluble fract ion C, and raffinose is 
dis t r ibuted ra ther  evenly. The intermediate fract ion 
B has sucrose as the major  sugar component with a 
relatively high raffinose content. 

Since the sugar  remaining in Prepara t ion  V, the 
low-sugar  phosphatides, could not be removed by  
fu r the r  extraction with dilute alcohol, a pa r t  of this 
mater ial  was f ract ionated upon the basis of its solu- 
bil i ty in absolute alcohol as was done in previous 
work (20). The fractions obtained are shown as 
Prepara t ions  VI,  VI I ,  V I I I ,  and I X  in Table I. A 
3.02-g. sample of Prepara t ion  IX,  the alcohol-insol- 
uble fraction, was dis tr ibuted between hexane and 

A 

" B 

STACHYOSE RAFFINOSE 

i 
: <~:5)>:  : 

r 

F IG .  o. C h r o n m t o g r a m  s h o w i n g  p r e s e n c e  o f  s u c r o s e ,  r a t t l n o s e ,  

c u d  s t a c h y o s e  i n  h i g h  s u g a r  f r a c t i o n  I I I .  
A. Combined s t a n d a r d s  c o n t a i n i n g  staebyose,  raffinose, and  

sucrose.  
B.  P r e p a r a t i o n  I I I .  m a t e r i a l  ex t r ac t ed  by 5 5 %  a!cohol. 
(L Mix tu r e  of conlbined s t a n d a r d s  and  P r e p a r a t i o n  I I l .  

9 5 ~  methanol in a prepara t ive  model Craig appara-  
tus which hohls ~4 lnl. of each solvent in each tube. 
The results of tile distr ibution are shown in Figure  
3. Two peaks in the weight curve are found similar 
to results of earlier work 4 (20). In  the low-partition- 
coefficient fract ions very little sugar is found. For  
example, tube 0 contains only 1.78% sugar  while in 
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the previous distribution, with material  f rom which 
free sugar  had not been removed, 19% sugar  was 
found in this tube. On the other hand, in the high- 
partition-coefficient fractions, tube 24 contains 5.9% 
sugar  as compared with 3.9% in the previous work. 
I f  conditions of hydrolysis are made more drastic and 
the sample f rom tube 24 is refluxed with 2 N H~SO4 
for S hours, a value of 8.05% is obtained. The high 
part i t ion coefficient of this fract ion indicates that  
the sugar must  be chemically bound, p robably  to 
the phosphoinositides as r e p o r t e d  by  Celmer and 
Carter  (3, 4). 

In order to identify these bound sugars a portion 
of the material  f rom tube 24 was refluxed with 2 N 

Tile m a t e r i a l  in the p e a k  a t  the r igh t  of the cu rve  was  concen t r a t ed  
in the hexane  l aye r s  and  wil l  be r e f e r r e d  to subsequent ly  as h igh-par t i -  
t ion-coefllcient  phosphoinos i t ides .  Converse ly  the f r ac t i ons  a t  the left ,  
which  a re  concen t r a t ed  in the  9 5 %  methano l  layer ,  wi l l  be r e f e r r e d  to 
as low-par t i t ion-coeff ic ient  phosphoinos i t ides .  
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H2SO4 for  12 hours. Af te r  filtration the hydrolyzate 
was passed through Amberl i te  IR-4 and IR-105 ~ to 
remove acid and mineral  constituents and evaporated 
to a small volume under  reduced pressure. The hy- 
drolyzate was placed on filter paper  together with 
glucose, galactose, fructose, arabinose, and mannose 
s tandards  and developed with a bu tanol -pyr id ine-  
water  (3 :2 :1 .5 )  solvent m i x t u r e .  Upon spraying 
with aniline phthalate  (17) two spots were found. 
One spot corresponds to galactose (Rf 0.29). The 
other spot is in a position corresponding to fructose, 
mannose, or arabinose (Rf 0.38). With this solvent 
combination these three sugars move at essentially the 
same rate, and it is not possible to distinguish between 
them by position alone. The presence of arabinose 
was indicated however by  the red-brown color of the 
spot, which was the same as that  of the arabinose 
standard.  Fructose gives only a very faint  spot with 
aniline phthalate,  and mannose gives a grey-brown 
color similar to glucose and galactose. The absence of 
fructose was shown by  similar chromatograms which 
were sprayed  with the ketose reagent, naphthoresore- 
inol, and later  was confirmed with the more sensitive 
reagent,  urea  hydroehloride (10). No spot was found 
corresponding to glucose (R~ 0.34). 

Mannose is also present  as was shown by  the use 
of a two-dimensional ehromatogram. The high resolu- 
tion of this technique was required since the mannose 
spot is obscured by  the red-brown color of the arabin- 
ose in the chromatogram described above. In  this 
procedure the ehromatogram was developed first with 
the butanol-pyr idine-water  mixture  with which man- 
nose and arabinose move at the same rate but  with 
which galactose moves more slowly. The ehromato- 
g ram was then developed in a direction perpendicular  
to tha t  of the first development with phenol saturated 
with water. With  this solvent mannose and galaetose 
move at the same rate  and more slowly than arabinose. 
Af te r  spraying  with aniline phthalate,  three spots cor- 
responding to arabinose, galactose, and mannose were 
found as shown in F igure  4. 

Fu r the r  confirmation of the ident i ty of the sugars 
was obtained by  biological methods. A selective fer- 
mentat ion procedure similar to that  of Auernheimer,  
Wiekerham, and Schniepp (2) was used. Samples of 
high-part i t ion-coefficient  phosphoinositides were hy- 
drolyzed by  refluxing 24 hours with 2 N H2SO4. 
Af ter  fil tration the hydrolyzates were passed through 
Amberl i te  IR-4. The volumes of the hydrolyzates were 
reduced by  boiling and then were made to 500 ml. 
Aliquots were t reated with the following yeasts:  Sac- 
charomyces bayanus (NRRL Y-966), which assimilates 
only glucose, fructose, and mannose;  Saccharomyces 
carlsbergensis ( N R R L  Y-379),  which in addition to 
these sugars assimilates galaetose; and Candida guil- 
liermondii ( N g R L  Y-488), which in addition to the 
above sugars assimilates arabinose. Af te r  t rea tment  
with the yeasts the amount  of sugar  remaining was 
determined by  the Somogyi procedure. I t  was found 
that  the sugar  contents of the hydrolyzates were re- 
duced by  each t reatment ,  and the amount  of sugar  
assimilated was smallest with NgICL Y-966, la rger  
with N R R L  Y-379, and still larger  with NRRL Y- 
488. Although the ident i ty of the sugars was thus 
confirmed, the quanti tat ive results on duplicate by- 

~The mention of these products does not imply that they are endorsed 
or recommended by the Department of Agriculture over others of simi- 
lar nature not mentioned. 

FIG. 4. Two dimensional chromatograms of hydrolyzate f rom 
high-partition-coefficient phosphoinositides showing presence of 
|llllnnose~ galaetose, and arabinose. 

A. Arabinose. 
B. Mannose. 
C. Galactose. 

drolyzates checked too poorly to permit  an estimate 
of the relative anmunts of the sugars. 

Hut t ,  Malkin, Poole, and Wat t  (11) have isolated 
a disaecharide and a small amount  of arabinose f rom 
the alcohol-insoluble fract ion of peanut  phosphatides 
af ter  a very mild selective hydrolysis with 0.01 N 
HoSO,. For  comparison, a sample of high-parti t ion- 
coefficient soybean phosphoinositides was hydrolyzed 
with 0.01 N tI2S0~. 0n ly  one distinct spot, that  cor- 
responding to arabinose, was found af ter  spraying 
chromatograms with either aniline phthalate  or silver 
nitrate. 

Since the high-partition-coefficient corn phosphoin: 
ositide fract ion also contains sugars, it was investi- 
gated for  comparat ive purposes. A pa r t  of tube 24 
f rom the countercurrent  distr ibution of the alcohol- 
insoluble fract ion of corn p h o s p h a t i d e s  remaining 
f rom previous work (21) was hydrolyzed with 2 N 
H2SO~ and chromatograms run. Galactose, mannose, 
and arabinose were present  as in the corresponding 
soybean phosphatide fraction. In  addition, a very  
fa in t  spot was found .whose Rf value was greater  than 
arabinose when either the butanol-pyr idine-water  or 
the phenol-water mixtures  were used. The spot is in 
the region expected for  ribose or fucose, but  its iden- 
t i ty  was not investigated further .  

Although, as shown in F igure  3, the low-parti t ion 
coefficient fractions f rom the countereurrent  distri- 
bution of the alcohol-insoluble soybean phosphatides 
( P r e p a r a t i o n  I X )  were quite low in sugar, small 
amounts were still present  as measured by  the So~ 
mogyi procedure. Chromatograms were therefore run  
on an unhydrolyzed portion of tube 0; however no 
sugar  could be detected. Af te r  hydrolysis,  galactosc 
and arabinose were found, but  insufficient sample 
renmined to e s t ab l i sh  the presence or absence of 
mannose. Similar results were obtained upon the aL 
cohol-soluble prepara t ions  VI ,  VI I ,  and V I I I .  These 
unhydrolyzed fract ions showed no sugar  spots, sug- 
gesting tha t  all free sugar  had been removed. Af t e r  
hydrolysis glucose and galaetose were found, but  no 
fructose, arabinose, or mannose. The sugar  in Prep-  
arations V I I  and V I I I  was predominant ly  galactose, 
and the glucose spot was very faint.  Again, in com- 
parison with corn phosphatides it is of interest to 
note that  the same two sugars were found in the 
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alcohol-soluble fract ion of corn phosphatides which 
had been prepared  for  previous work. 

These sugars are p robab ly  present  as glycosides; 
however the nature  of the aglycone has not been 
determined. Sterol glueosides are reported to occur 
in soybean " l e c i t h i n "  to the extent of 3% (12). 
Celmer and Carter  (3, 4) used a chloroform alcohol 
t rea tment  to remove them f rom their  phosphoinosi- 
tide preparat ions.  In  order to determine the location 
of sterol glycosides, qualitative L iebermann-Burchard  
tests were run on various fractions. Strong positive 
tests were obtained for the alcohol-soluble fract ions 
VI,  VI I ,  and V I I I .  A very weak positive test was 
obtained for  the p h o s p h o i n o s i t i d e  fractions ( I X ) .  
Thus it appears  that  in our fract ionation procedure 
the sterol glycosides are found ~n the alcohol-soluble 
fractions and account at least in pa r t  for the sugars 
found there upon hydrolysis. 

T A B L E  I I I  

S u g a r  Content of Soybean Phosphat ide  Sample 

% of oil-free % of total 
phosphaLides suga r  

]~ree sugars  ................................................... I 7.20 82.5 
Sugars  in high-partition-coefficient I 

phosphoinositide fract ion . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 77 8.8 
Sugars  in low-partition-coefficient I 

phosphoinositide fract ion ......................... I .10 1.1 
Sugars  in absolute alcohol-soluble 

fract ions . . . . . . . . . . . . . . . . . . . . . . . .  66 7.6 

Discussion 
The carbohydrates present in commercial soybean 

lecithin consist of two types: the free sugars which 
can be extracted f rom a hexane solution of phospba- 
tides with dilute alcohol, and bound sugars which 
remain with the phosphatides. The free sugars are 
made up mainly  of sucrose and staehyose, both of 
which have been reported previously in soybeans 
and soybean phosphatides (14, 3, 4). In  addition, a 
smaller amount  of raffinose is present. In  one sam- 
ple these free sugars were found to be made up of 
43% sucrose, 47% staehyose, and 9% raffinose. As 
would be expected, this composition is in approxi-  
mate agreement  with that  found for  the 55% ethanol 
extract  f rom the same sample. No other samples of 
commercial lecithin were examined;  however the corn, 
position may  be expected to differ with variat ions in 
source and methods of preparat ion.  

I f  acetone-insoluble phosphatides f rom which free 
sugar  has not been removed are f ract ionated upon 
the basis of their  solubility in absolute alcohol, the 
sugars found with the alcohol-soluble fract ion will be 
predominate ly  sucrose while that  remaining with the 
alcohol-insoluble phosphatides will be predominately  
stachyose. 

The sugars not extracted by  55% alcohol consist 
in par t  of bound mannose, galactose, and arabinose. 
These are found to be associated pr imar i ly  with the 
high-partition-coefficient phosphoinositide fraction. In  
a 24-distribution eountercurrent  separation the con- 
tents of tube 24 consists of all material  which is ex- 
t remely soluble in hexane compared to 95% methanol. 
Thus tube 24 p robab ly  contains other substances in 
addition to pure  phosphoinositides. However  in view 
of the large amount  of phosphoinositide in this frac-  
tion it seems likely that  the sugar  is bound to the 
phosphoinositide and not to some other substance. 
] 'his agrees with the conclusion reached by Woolley 

(26), Folch (7), and Celmer and Carter  (3, 4). There 
is no evidence to indicate whether there is a group 
of closely related phosphoinositides containing differ- 
ent sugars or whether the sugars are bound together 
in a single compound and the remainder  of the mate- 
rial in tube 24 is sugar-free. I t  is somewhat surpris-  
ing that  these sugar-containing compounds on coun- 
te rcur ren t  distr ibution are highly soluble in hexane 
while sugar-free phosphoinositides are found in the 
fract ions that  are more soluble in methanol. 

In  view of the presence of galaetose, mannose, and 
arabinose, both in soybean phosphoinositides and in 
corn phosphoiuositides, it seems likely that  these 
sugars may occur generally anlong plant  seed phos- 
phatides. This conclusion is supported by  the work 
of Hut t ,  Malkin, Poole, and Wat t  (11), who found 
arabinose and galaetose in the alcohol-insoluble frac- 
tion of peanut  phosphatides. Their identification was 
made by  singie dimension paper  chromatography  and 
mannose could easily have been overlooked. 

Small amounts of sugars occur in the low-partition- 
coefficient phosphoinositide fractions and in the frac- 
tions soluble in absolute alcohol. These fractions in 
the unhydrolyzed form do not give sugar spots on 
chromatograms;  hence it seems that  this sugar  is not 
free. A par t  is p robab ly  present  as sterol glycosides; 
the remainder  may be bound either to the phospha- 
tides or to some other aglyeone. 

F rom the information obtained in this investiga- 
tion an estimate of the sugar  composition of the phos- 
phatides was calculated and is presented in Table 
I I I .  The sugar  values might be altered somewhat if 
different assumptions and approximations were used 
in the calculations; however it is believed the values 
presented are a good estimate of the actual composi- 
tion. Thus it is seen tha t  al though a port ion of the 
carbohydrates  in commercial soybean lecithin seems 
to be bound to the lipid constituents, about  85% is 
free and can be removed by  appropr ia te  means. 

Summary 
The carbohydrates  present  in commercial soybean 

lecithin consist of two types:  free sugars which can be 
removed by  extraction with 55% alcohol, and bound 
sugars which remain with the phosphatides. The free 
sugars consist mainly of sucrose and stachyose with a 
smaller amount  of raffinose. Upon extraction of phos- 
phatides with absolute alcohol, the sucrose is found 
mainly  in the absolute alcohol-soluble fraction, the 
stachyose in the insoluble fraction, and the rafflnose 
in both fractions. 

The greater  pa r t  of the bound sugars are found 
with that  phosphoinositide fract ion which is more 
hexane soluble. These bound sugars consist of galac- 
tose, mannose, and arabinose. The arabinose is easily 
freed by  mild acid hydrolysis and all three sugars are 
freed by refluxing with 2 N H~SO~. The same three 
sugars together with a snmller amount  of an unidenti-  
fled sugar are found in the corresponding fract ion 
of corn phosphatides. In  the absolute alcohol-soluble 
fract ions of both soy and corn phosphatides the bound 
sugar  consists of glucose and galaetose. 
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Study of Carcass Fats of Beef Animals. I. The Composition 
of Beef Brisket Fat 
L. R. DUGAN, J. E. MARONEY, and MARJORIE PETHERAM, American Meat Institute 
Foundation, University of Chicago, Chicago, Illinois 

I N the grading of commercial inedible fats from ani- 
mal sources a titer value of 40 ~ is accepted as the 
characteristic which delineates a tallow (titer of 

40 ~ or higher) from a grease (titer of less than 40~ 
Since the fat  from beef animals normally has a titer 
in excess of 40 ~ it is commonly accepted that fat  
from beef animals will be graded as a tallow. An ex- 
ception to this was noted some months ago in a sam- 
ple of so-called " t a l l o w "  rendered from trimmings of 
briskets used to make corned beef. In this ease the 
fat  had a titer of 38.7 ~ 

Subsequent investigations on other samples of bris- 
ket fat revealed a titer of less than 40 ~ in 13 of 17 
samples. The color of the brisket fats varied with 
the grade of the animal. The higher-grade animals 
produced the lighter-colored fat while the fat from 
the lowest-grade animals was quite yellow. As a re- 
sult of these observations it was decided to make a 
s tudy of beef brisket fats to learn whether any corre- 
lation could be made between unsaturated fa t ty  acid 
composition, iodine value, titer, and color associated 
with the grade of the animal. 

Experimental 
Portions of the fa t ty  tissue were rendered by stand- 

ard laboratory procedures. The iodine value was de- 
termined by a rapid Wijs method as described by 
Hiseox (3). The titer was determined by the A.O.C.S. 
official method (4). The unsaturated fa t ty  acid com- 
position was determined by the method of Mitchell, 
Kraybill,  and Zseheile (5), using the constants of 
Beadle and Kraybill  (1). 

In  many eases, the b r i ske t  fa t  of an animal is 
present in two distinct portions, which are labeled 
" o u t s i d e "  and " ins ide"  according to location in the 
brisket. The first two samples obtained were marked 
only "br isket  f a t "  and were undoubtedly composited 
from many carcasses without regard to type or grade 

1Journal  series number  46 of the American Meat Inst i tute  Foun- 
dation.  

2Presented  at 25th Fall Meeting of the American Oil Ghemists' Soci- 
ety, Chicago, Ill., Oct. 8-11, 1951. 

of animal or portion of brisket used. Tlle next tllree 
were from a cow, a steer, and a yearling, respectively, 
but were not identified as to grade or portion of bris- 
ket sampled. 

111 the next group the samples were fronl the " in-  
s ide"  portion of steer briskets, and all three were 
found to be composed of two layers of fat separated 
by what appeared to be a connective tissue. The outer 
layer of the " i n s i d e "  brisket fat  was found to be 
more highly colored. In sample No. 1 the yellow and 
white layers were eomposited, but  in samples No. 2 
and 3 the layers were divided and run separately. 

Sanlples from the last group of briskets to be ana- 
lyzed were labeled in all respects. In one instance 
(Choice s t ee r - - "Ou t s ide" )  the fat was in two layers, 
one more yellow in color than the other. These layers 
were divided and analyzed separately. This last group 
of brisket fats represents a range in grade of animals 
from prime steers to canner and cutter cows. 

Results and Discussion 
A total of 17 determinations have been made, and 

only four of the fat samples were found to have a 
titer of 40 ~ or higher. These four  were from samples 
of " i n s i d e "  brisket fat, three from finished steers and 
one from a steer of unknown grade. Composite sam- 
ples, " o u t s i d e "  fats and all other " i n s i d e "  brisket 
fats, were found to have a titer of less than 40 ~ as 
shown in Table I. 

I t  is interesting to note that "outside" fats are the 
only brisket fats available fronl the low-grade ani- 
mals. The fat from the canner and cutter cow was the 
most yellow, which probably is indicative of the influ- 
ence of age on the character of the fat. Other charac- 
teristics of this fat  were .found to be very comparable 
to that from other animals. 

The iodine values vary in inverse ratio to the titer 
values. All fats having a titer of 40 ~ or greater have 
an I .V. of less than 56. 

The fa t ty  acid composition studies reveal only nil- 
nor variations in polyunsaturated fa t ty  acids, irre- 


