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in labeled glycerol activity experimentally observed. 
The postulate that not glycerol but a precursor, such 
as dihydroxyacetone (26), is involved in triglyceride 
and phospholipide resynthesis explains the failure of 
numerous observers to note the incorporation of more 
than traces of labeled free glycerol into glycerides 
when fed with fat or free fatty acids (25, 32, 33, 34, 
39). Only that fraction of ingested glycerol which 
forms the ketone derivative would be available for 
glyceride synthesis. This concept also explains the 
failure of glycerol, hydrolyzed from fat during diges- 
tion and absorption, to be reutilized (26, 33, 34). 

The formation of phospholipide as a product of re- 
synthesized triglycerides resolves the conflict between 
the observation which clearly demonstrates the in- 
corporation of ingested fat ty acids and the rate of 
turnover studies with p3e which indicate that the 
phospholipides cannot be intermediate in triglyceride 
synthesis (37). 

Finally, the apparent contradiction between the ob- 
servations that intralumelmry lipolysis proceeds only 
to the monoglyceride stage and the clear-cut evidence 
that glycerol is lost and not reused during absorption, 
is resolved. 

It is not meant to infer that the results point une- 
quivocally to the above mechanism. For  example, all 
the phospholipides except sphingomyelin were ana- 

lyzed  as a unit, including any phosphatidic acid. 
t tad they been partitioned, it is possible that all the 
labeled glycerol would have been found in one or the 
other and could have the same activity as in the 
triglycerides. This would mean that triglycerides are 
formed from phospholipides since that conversion in- 
volves no dilution of glycerol. 
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Soybean "Lecithin" and 
Inactivating Agents 1 

Its Fractions as Metal- 

C. D. EVANS, PATRICIA M. COONEY, C. R. SCHOLFIEI..D, and H. J. DUTTON, 
Northern Regional Research Laboratory, 2 Peoria, Illinois 

~XTECITHIN" has been used as an anti0xidant in 
edible oils more or less widely ever since its 
antioxygenic properties were first described by 

Bollmann in 1923 (2) .  The phosphatides have since 
that time been extensively investigated both as a pri- 
mary antioxidant, as a synergist, and as a metal in- 
activator in antioxidant mixtures (6, 7, 8, 10, 12, 14, 
18, 19). Although there is much evidence showing a 
positive improvement in the oxidative stability of 
fats and oils upon phosphatide addition and although 
lecithin has been approved by the Food and Drug 
Administration for use in fats, there also have been 
questions raised as to its protective value (9). The 

1Presented a t  f~ll meeting of the American Oil Chemists'  Society, 
Nov. 2-4, 1953, in Chicago, Ill. 

2One of the laboratories  of the B u r e a u  of Agr icu l tu ra l  a n d  Indus-  
tr ial  0hemistry,  Agr icu l tu ra l  Research Service, U. S. Depar tment  of 
Agricul ture .  

concentration of lecithin employed in studying the 
oxidative stability of vitamins and edible oils has 
been varied from its saturation level, about 5% (3, 
8),  to levels of 0.02% (4) .  Within these wide con- 
centration ranges, variations in results are to be ex- 
pected. Insofar as color and flavor characteristics of 
soybean lecithin are concerned, results obtained are 
dependent upon the concentrations employed (1, 4) .  
Above 0.02%, adverse color and flavor characteristics 
limit the use of soybean lecithin. 

As a result of studies on the composition of soy- 
bean lecithin, a number of fractions of size suitable 
for oil-stability evaluations have become available. It 
was believed that individual components of the mix- 
ture of phosphatides known as "soybean lecithin" 
might vary in their color, flavor, and stabilization 
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characteristics and tha t  individual  components might  
have propert ies  superior  to those of the mixture.  
Invest igat ion of phosphatides and their  fract ions as 
metal  inact ivators  for soybean oil is the subject  of 
the present  communication. 

Materials and Methods 

Commercial  lecithin containing 30% free 0il was 
f ract ionated in a manner  similar  to that  described 
by  Scholfield et al. (16). Reference is made to the 
flow sheet and Craig distr ibution analysis in this 
publication. I t  is per t inent  to note however that  
evaporat ion and concentrations were per formed at 
low tempera tures  and under  vacuum in order to 
avoid d e c o m p o s i t i o n  and color development. The 
cadmium-prec ip i t a ted  lecithin to be described was 
obtained f rom the alcohol-soluble fraction. The in- 
ositide fract ions were obtained f rom the Craig coun- 
te rcur ren t  distr ibution of alcohol-insoluble fract ion 
as indicated on the flow sheet. The low-par t i t ion  
coefficient inositide was obtained f rom tube 5, and the 
more hexane-soluble inositide (high-part i t ion coeffi- 
cient f ract ion)  was obtained in the last tube of a 
25- tube c o u n t e r c u r r e n t  distribution. The inositol- 
phosphatidic acids were p repa red  f rom a composite 
of tubes 7 through 13 by  precipi tat ion with methanol 
f rom a chloroform solution (15). The low-sugar in- 
ositide fract ion was obtained f rom tube 6 in a similar 
distr ibution of another  preparat ion.  The chemical 
analytical  data  of Table I and the evaluation data  of 

Table I I  are presented for  the various fract ions in 
the same order as they occur in the flow sheet. 

Evaluat ions of color, oxidative stability, and fla- 
vor characterist ics were made as follows. Weighed 
amounts  of lecithin or its fract ions were dissolved in 
a min imum of ether and added to a ki logram of soy- 
bean oil. Deodorizations were carr ied out in the all- 
glass, 4-unit deodorizer (17) at  210°C. for 3 hours 
under  a vacuum of less than  l-ram, pressure. A t  a 
level of 0.2%, the max imum concentration employed, 
phosphatide did not  foam in the deodorizer. Colors 
of deodorized oils were determined by  the official 
spectrophotometr ic  method (13). The oxidative sta- 
bil i ty in the deodorized oil was measured by  deter,  
mining the peroxide development in the oils held 
under  A.O.M. conditions for  8 hours. Flavor  evalu- 
ation was made by  a taste panel  of 15-18 people by  
the published labora tory  procedure (11).  

Experimental Results 

The first section of Table I I  shows, the effect of 
increasing concentrat ion of commercial  soybean leci- 
thin upon color, oxidative stabili ty,  initial flavor, and 
flavor af ter  storage for  4 days a t  60°C. These results 
confirm and extend the previous observations (4). 
I t  is appa ren t  that  the oxidative s tabi l i ty  and initial 
flavor is significantly improved (over the control) by  
the addit ion of 0.05% lecithin. I t  is also apparen t  
however tha t  the color of the oil has been darkened. 
Addit ion of lecithin at the 0.1% level grea t ly  dark- 
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ened the oil b u t  made l i t t le  or no f u r t h e r  improv e me n t  
in  oxidat ive  s t ab i l i t y  a n d  in i t i a l  flavor. 

The i n t e r p r e t a t i o n  of flavor scores a f te r  4 days  of 
storage at  60°C. is r a the r  involved in  p a r t  because 
the add i t i on  of soybean  lec i th in  in t roduces  melony-  
c u c u m b e r  off-flavors in to  the stored oils. Thus  a 
qua l i t a t ive  as well as quan t i t a t i ve  difference exists 
be tween the control  and  the leci th in~addi t ion sam- 
ples. The r e su l t i ng  divergence in  assessment  of flavor 
score b y  the pane l  members  was large on the storage 
samples, a n d  no s ta t i s t ica l ly  s ignif icant  differences 
were obta ined.  W i t h o u t  the assurance  of s ta t is t ical  
evidence i t  is hazardous  to draw conclus ions ;  how- 
ever i t  does appea r  t ha t  an  opt imal  level of act ion 
may  exist  and  tha t  this  level is in  the region of 0.02 
to 0.05%. 

A su rvey  of the effect of a d d i n g  var ious  f rac t ions  
of soybean lec i th in  u p o n  color, oxidat ive s tabi l i ty ,  
in i t i a l  flavor, and  flavor af ter  storage is g iven in  the 
seco~ld and  t h i r d  sections of Table  I I .  The i r  isola- 
t ion  a n d  ident i f ica t ion follow closely the flow sheet 
p rev ious ly  descr ibed (16).  Chemical  analyses  of the 
f rac t ions  are recorded in  Table  I. I n  Table  I I ,  second 
column,  i t  may  be seen t ha t  removal  of free sugars  
f rom commercial  soybean lec i th in  by  wash ing  wi th  
55% ethanol  improved  b u t  s l ight ly  the color-darken- 
ing  defect  of soybean lec i th in  while the oxidat ive a nd  
flavor c h a r a c t e r i s t i c s  are s u b s t a n t i a l l y  unchanged .  
The h igh-sugar  f ract ion,  thus  removed, b y  itself had  
a reduced  discolorat ion t e n d e n c y ;  b u t  also th is  frac- 
t ion had  l i t t le  or no s tabi l iza t ion  characteris t ics .  This  
f ind ing  is in  agreement  wi th  ear l ier  f ind ings  on pure  
sugars  in  which ne i the r  meta l  inac t iva t ion  character-  
istics nor  discolorat ion effects were observed. 

Of the seven add i t iona l  f rac t ions  tested and  l isted 
in  the t h i r d  section of Table  I I ,  only  the last two 
showed improved  color propert ies .  A chemical  char- 
acteris t ic  in  common be tween  c a d l u i u m - p r e e i p i t a t e d  
lec i th in  and  the inosi to l -phosphat idic  acid, and  exclu- 
sive to these two samples, is the absence or nea r  ab- 
sence of amino -n i t rogen  groups.  I t  therefore  appears  
possible tha t  the discolorat ion react ion involves amine  
groups,  as was f o u n d  in  the case of the b r o w n i n g  of 
egg oil (5) .  The evidence presen ted  here as to whether  
sugar  is or is no t  involved in  the discolorat ion,  e . g . ,  

the Mi l la rd- type ,  a ldehyde-amine  b r o w n i n g  reaction,  
is no t  sufficiently cr i t ical  to p e r m i t  a c o n c l u s i o n .  
U n f o r t u n a t e l y ,  insofa r  as oxidat ive s t ab i l i ty  is eon- 
cerned,  cadmium-prec ip i t a t ed  lec i th in  and  the inosi- 
to l -phosphat id ic  acid f rac t ions  are among' the three  
f rac t ions  of lowest act iv i ty .  

Al l  phosphat ide  f rac t ions  tested to date have the 
common p r o p e r t y  of improv ing  the in i t i a l  flavor to 
give b l a n d  oils, b u t  they also canse the development  
of cucumber -me lony  flavors on storage. I t  would  ap- 
pea r  therefore  tha t  phosphat ides  cons t i tu te  p recur -  
sors of these flavors. Phosphor ic  ac id- t rea ted  oils also 
develop these same flavors on storage, and  therefore  
the phosphate  rad ica l  appears  to be the flavor-pro- 
d u c i n g  moiety  of phosphatides.  

Since the cadmium-prec ip i t a t ed  lec i th in  can  be pro- 
duced in  compara t ive ly  large amoun t s  a n d  appeared  
to cons t i tu te  a p romis ing  f a t - so lub l e  meta l  deacti- 
va tor  of n a t u r a l  or igin,  a m o r e  deta i led s tudy  of the 
i n f l u e n c e  of concen t r a t i on  was m a d e .  As shown i n  
the las t  cohlmn of T a b l e  I I ,  the discolorat ion tend-  

encies of cadmium-prec ip i t a t ed  lec i th in  were detected 
a t  0.05% a n d  h igher  levels compared  to 0.02% fo r  the 
u n f r a c t i o n a t e d  phosphat ides .  A t  the 0.05% level oxi- 
dat ive  s t ab i l i t y  a nd  in i t i a l  flavor were improved ,  and  
the flavor a f t e r  storage appeared  to reach a m a x i m u m .  

Summary 
The a d d i t i o n  p r i o r  to deodorizat ion of 0.1% of 

e i ther  crude  phosphat ides ,  or the alcohol-soluble,  or 
the alcohol- insoluble f r ac t i on  all improved  the oxida- 
t ive s t ab i l i t y  a n d  the in i t i a l  f lavor of soybean  salad 
oil. However  all  three  addi t ives  caused s ignif icant  
d a r k e n i n g  of the oils a n d  the i n t r o d u c t i o n  of undes i r -  
able storage flavors when  added  at  levels which im- 
proved  the oxidat ive  s tabi l i ty .  

H igh - suga r  f r ac t ions  f rom the crude  phosphat ides  
d id  no t  da rken  the oil no r  did they  confer  improved  
oxidat ive or f lavor characteris t ics .  

C a d m i u m - p r e c i p i t a t e d  l e c i t h in  a nd  inosi tol -phospha-  
t idic  acids c o n t a i n i n g  no amino  n i t r o g e n  gave lower 
color to sa lad  oils u p o n  deodor iza t ion t h a n  did  the 
a m i n o - n i t r o g e n - c o n t a i n i n g  phosphat ides .  

Pur i f i ed  c a d m i u m - p r e c i p i t a t e d  lec i th in  had  l i t t le  
effect u p o n  the oxidat ive s t ab i l i t y  when  added  a t  lev- 
els below 0.02%. A s igni f icant  i m p r o v e m e n t  resul t s  
f rom the add i t i on  of 0.05%, a n d  oxidat ive  s t ab i l i t y  
shows f u r t h e r  i m p r o v e m e n t  b y  r a i s ing  the level  to 
0 . 1% ;  however no increase in  s t ab i l i t y  was ob ta ined  
by  ra i s ing  of the concen t ra t ion  above this  level. 

A t  concen t ra t ions  of 0.01 a nd  0.05%, cadmium-pre -  
c ip i t a ted  lec i th in  had  l i t t le  effect on the color of the 
off. A t  levels of 0,1 a nd  0.2%, s ignif icant  d a r k e n i n g  
of the oils occur red  though  much  less t h a n  wi th  the 
a m i n o - n i t r o g e n - c o n t a i n i n g  phosphat ides .  

Based on the  flavor responses of oils to which these 
phospha t ides  were added,  i t  appea r s  t h a t  phospha-  
t ides cons t i tu te  the p recursors  for the melony,  b i t t e r ,  
cucumber  flavors f r e q u e n t l y  encoun te red  in  aged soy- 
bean  salad oils. These flavor responses are the same 
as those ob ta ined  f rom added  phosphor ic  acid. 
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