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Honorable mention is given to T. S. McDonald, Procter and 
Gamble Company, D~llas, Tex., who was third with a grade of 
98.93%. 

The g r ad ing  system used was tha t  adopted  in  1950 
except  for  the  fo l lowing:  

Sample No. 1. No deduction was made for color where 13, 
l lB,  or 15 were reported. 

Sample No. 2. No deduction was made on color where 13, 
l lA,  1113, or 15 were reported. 

Sample No. 3. A tolerance of +0.5% was used in grading 
the free fatty acid. 

A complete a n d  deta i led r epor t  was sen t  to all  
collaborators.  

J. L. TItAuv~ C.D. L~vlT, V 
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The Glyceride :Structure of Natural Fats. I. A Technique for the 
Quantitative Determination of Glyceride Types in 
Natural Fats 
A. R. S. KARTHA, Maharaja's College, Ernakulom, India ~,2 

S Y S T E M A T I C  inves t iga t ion  of the n a t u r a l  fa ts  
was first u n d e r t a k e n  b y  Hi ld i t eh  a n d  colleagues. 
A m o n g  the i r  m a n y  no tewor thy  con t r ibu t ions  was 

an  oxidat ive method for  the quan t i t a t i ve  de te rmina-  
t ion  of GS3 s (1) .  A modificat ion of this p rocedure  
forms the basis  for  the p resen t  method  of determi-  
na t i on  of the four  glycer ide  types,  GSs, GS~U, GS[L,  
a n d  GU~. 

There have been several  a t t empts  to separate  a n d  
est imate the GS2U, GSU2, and  GU3 components  of 
n a t u r a l  fa ts  (3, 4, 5, 6, 7, 8). None of these has been  
en t i r e ly  successful.  

D u r i n g  a t t empts  at  s epa ra t ing  the p roduc t s  of f a t  
oxidat ion according  to the Hi ld i t ch  method,  by  pref-  
e ren t ia l  ex t rac t ion  wi th  b ica rbona te  (8) ,  K a r t h a  (2a) 
f ound  tha t  the azelaoglycerides fo rmed  i n  the reac t ion  
were p a r t l y  dest royed by  hydrolysis .  He  then  devel- 
oped the acetic ac id -ace tone-permangana te  method  of 
oxidat ion and  the azelaoglyeer ides-separat i0n method  
which wil l  be descr ibed in  this paper .  These proce- 
dures  are the basis  of the method  for  q u a n t i t a t i v e  
es t imat ion  of the glyeeride types, which wil l  also be 
presented.  

Sources of E r r o r  in the Acetone-Permanganate 
Method for Estimation of GSs 

Oxida t ion  of GS2U, GSU2, a n d  GUn according  to 
the Hi ld i t ch  method  produces  G S , A  GSA2, a n d  GA~, 
respect ively.  Among  the other  p roduc t s  of the reac- 
t ion  are ca rbon  dioxide, water ,  and  potass ium hydrox-  
ide. Some of the carbon  dioxide doubt less ly  combines 
wi th  the potass ium hydrox ide  to produce  potass ium 
carbonate .  

There is evidence for  the bel ief  t h a t  there  is an  ap- 
prec iable  loss of azelaoglycerides by  hydrolys is  dur-  
ing  the  oxida t ion  process. The hydro lys i s  is caused 
by  the carbonate  solut ions p roduced  in the react ion.  
I t  is also l ikely tha t  the azelaoglycerides unde rgo  hy- 
drolysis  d u r i n g  the process of separa t ion  wi th  aque- 
ous carbonate  solutions.  

1Presen~ address, Indian Agricultural Research Institute, New Delhi, 
India. 

2Edited and revised by R. Y. Vander Wal, Armour  and C~ompany, 
Chicago, Ill. 

SThe following symbols will be used in the lext: 
G ~  Olyceryl radical, 
S ~ S a t u r a t e d  acid group" or saturated acids ~,ccording ~o context. 
U=--Unsaturated acid group or unsatnrated acids according to 

contex$. 
A---~Azelaic acid group. 

The fol lowing exper imen t s  are the basis  for  these 
conclusions : 

1. A sample of GU~ prepared by synthesis was oxidized ac- 
cording to the Hilditch method, using 12 g. of KMaO4 per 
gram of fat And a total oxidation time of 10-11 hours. The 
oxidation products were isolated by extraction with ether, and 
the vol:~tile Acids were removed by steam distillation as sug- 
gested by Stainsby (9). The yields of GA, were only 0.35-0.45 
g. per gram of fat. The theoretical yield is 0.68 g. per gram 
of fat. The difference is attributed mostly to partial hydrolysis 
of the GA3 during oxidation; part of the products were lost 
because of their comparative solubility in water and insolu- 
bility in ether. The great loss can hardly be due entirely 
to hydrolysis during steam distillation since there is no indi- 
cation in the work of Stainsby that this would occur. 

2. Garcinia Indica and Vateria Indica fats, which contain 
about 60% of saturated acids and only traces of GSd, were 
oxidized according to the Hilditch method. The products in 
ethereal solution were washed with an excess of dilute bicar- 
bonate solution. The residues, which varied in quantity and 
should consist of GS2A, showed saponification values of 240- 
260, which are much less than the theoretical value for GSeA. 
This fact indicates that GS~A was lost during the oxidation 
procedure or during the extraction process, or both, probably 
by hydrolysis to GS2OH And by solution in the bicarbonate. 

3. A GS~-GS~U mixture containing 66.6% of GS~U was pre~ 
pared by crystallization of peanut oil, hydrogenated to an 
iodine value of 45, from acetone at 30-32~ A sample was 
oxidized according to the Hilditch method with 9-10 g. of 
KMnO~ per gram of fat. The reaction period was l0 hours. 
The oxidation products were collected in ether, and the ether 
was removed by distillation. The residue was dissolved in 
cold, dilute carbonate solution. An excess of carbonate was 
avoided so no hydrolysis should have resulted from this treat- 
ment. Evidence of this will be presented in experiments I and 
2 (see also eonciuslon 3 following these experiments) under 
the heading, Procedure for Acid-Acetone-Permanganate Oxida- 
tion of Unsaturated Fats. 

The GS.2A was precipitated as the magnesium salt by addi- 
tion of ammonium chloride and finally an excess of magnesium 
sulfate solution. The GSs separated with the magnesium-GS:A 
salt, and both were removed by filtration. The filtrate contained 
no higher acids, showing that the magnesium-GS~A salt is in- 
soluble in water. The total fatty matter recovered from the 
magnesium salts was 86.9% of the original fat;  the theoretical 
amount is 92.9%. The quantity of GS~A found was 80.5% of 
the GS,_U originally present; the theoretical value is 89.5%. 
The saturated fatty acids were isolated from the GS2A-GSa 
fraction and agreed in quantity with the quantity present in 
the original fat. No hydrolysis should have resulted from the 
brief, mild carbonate treatment; therefore the loss of azelao- 
glycerides is most reasonably attributed to hydrolysis during 
oxidation. 

The hydrolys is  of azelaoglyeerideu can affect the  
GSs d e t e r m i n a t i o n  accord ing  to the method  o f  Hi l -  
di tch since hydro lys i s  of GS2A a n d  G S A  2 produces  
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n e u t r a l  p r o d u c t s  which  wi l l  s e p a r a t e  w i th  the  GSs. 
Thus  pos i t ive  e r r o r  in  the  d e t e r m i n a t i o n  of GS3 wi l l  
be i n t roduced .  

There  is f u r t h e r  evidence t ha t  the  m e t h o d  used  b y  
I t i l d i t c h  fo r  the  e s t ima t ion  of GS~ in  f a t s  is  no t  en- 
t i r e l y  accura t e .  O n l y  t r aces  of GS3 could  be  de tec ted  
b y  c ry s t a l l i z a t i on  p r o c e d u r e s  in  cacao b u t t e r  (10)  a n d  
Borneo  t a l low (11)  whereas  H i l d i t c h  a n d  col leagues  
r e p o r t e d  2.5% of GS3 in cacao b u t t e r  (12) a n d  5 %  
in Borneo  t a l low (13) .  I n  a n i m a l  t a l l ows  A u l t  et 07. 
(14) a n d  K a r t h a  (2b )  f o u n d  t ha t  GS8 va lues  b y  
c r y s t a l l i z a t i on  a r e  a p p r e c i a b l y  be low chance values ,  
somet imes  b y  as  much  as  5-8%, whereas  va lues  re-  
p o r t e d  b y  H i l d i t c h  a n d  co l leagues  (15) a re  g e n e r a l l y  
2-5% h i g h e r  t h a n  chance values.  K a r t h a  (16) f o u n d  
t h a t  i t  is poss ib le  to  ca lcu la te  the  GS3 conten ts  of  
C~6-Cls f a t s  d i r e c t l y  f r o m  the  s a t u r a t e d  ac id  conten ts  
a n d  the  m e l t i n g  po in t s  of the  f a t  a n d  i t s  m i x e d  acids.  
I n  m a n y  cases the  GS3 con ten t  so d e t e r m i n e d  is differ-  
en t  f r o m  t h a t  d e t e r m i n e d  b y  the  m e t h o d  of t I i l d i t c h  
whereas  t h e y  i n v a r i a b l y  ag ree  w i th  va lues  o b t a i n e d  
b y  c rys t a l l i za t ion .  

I f  i t  is t r u e  t h a t  h y d r o l y s i s  of the  aze laog lyce r ides  
occurs  d u r i n g  the  ox ida t i on  process,  owing to  devel-  
o p m e n t  of a lka l i n i t y ,  i t  shou ld  be poss ib le  to p r e v e n t  
h y d r o l y s i s  b y  keep ing  the m i x t u r e  ac id  or neu t r a l .  
Th is  hypo thes i s  has  been  f o u n d  to be correct .  B y  
a p p l i c a t i o n  of  the  fo l lowing  p rocedure ,  f a t s  can  be 
ox id ized  to aze laog lyce r ides  w i thou t  loss of the  l a t t e r  
t h r o u g h  hydro lys i s .  

P r o c e d u r e  fo r  Acid-Acetone-Permanganate 
Oxidation of Unsaturated Fats 

F i v e  g r a m s  of the f a t  a re  d i s so lved  in  200 cc. of  
acetone,  a n d  12 cc. of g lac ia l  acet ic  ac id  (sufficient 
to combine  wi th  a l l  of the  p o t a s s i u m  in 31 g. of 
K M n Q )  a re  added .  The ox ida t i on  is c a r r i e d  ou t  ac- 
co rd ing  to  the  H i l d i t c h  p r o c e d u r e  excep t  t h a t  a f t e r  
each 16 g. of K M n Q  has  been  added ,  6 cc. of acet ic  
a c id  a re  also added .  Thus  the  concen t r a t i on  of acet ic  
a c id  is  a lways  be tween  a b o u t  3 a n d  6%.  W h e n  the  
r eac t i on  slows, i t  is c o n t i n u e d  a t  the  bo i l i ng  p o i n t  
on a w a t e r  ba th .  W h e n  the  p e r m a n g a n a t e  color  d i sap-  
p e a r s  v e r y  s lowly,  as when  1 g. is not  decolor ized  on 
bo i l i ng  f o r  45 minutes ,  the  ox ida t i on  is s topped .  Usu-  
a l ly  b y  th i s  t ime  8-10 g. of K M n Q  p e r  g r a m  of  f a t  
wi l l  have been  added .  More  w o u l d  have  been  r e q u i r e d  
fo r  d r y i n g  oils. 

The  acetone is r emoved  b y  d i s t i l l a t ion ,  the  l as t  t r aces  
b e i n g  e l i m i n a t e d  w i th  r e d u c e d  p res su re ,  b y  means  of  
a w a t e r  p u m p .  A b o u t  150 cc. of w a t e r  a re  added ,  a n d  
the  m i x t u r e  is h e a t e d  on a w a t e r  b a t h  w i th  a g i t a t i o n  
u n t i l  the  mass  b r e a k s  u p  into  a suspension.  The  man-  
ganese  d iox ide  is t hen  d isso lved  b y  a d d i t i o n  of smal l  
quan t i t i e s  of sod ium bisu l f i te  a n d  s u l f u r i c  a c i d  a l t e r -  
na te ly ,  as  usual .  The r e s u l t a n t  c lear  l a y e r  of  f a t t y  
m a t t e r  is s e p a r a t e d  b y  e x t r a c t i o n  wi th  e ther .  The  ex- 
t r a c t  is washed  f ree  f r o m  m i n e r a l  acids,  a n d  the e t h e r  
is removed.  

The p r o d u c t  con ta ins  a l l  the  azc l aog lyee r ides  f o r m e d  
b y  ox ida t ion ,  none  h a v i n g  been  los t  b y  h y d r o l y s i s .  
This  is shown b y  the  fo l lowing  e x p e r i m e n t s :  

1. A GS~-GS~U mixture containing 66.6% of GSfU was sub- 
jected to acid-acetone-permanganate oxidation. The acid prod- 
ucts were separated as the magnesium salts in a manner which 
will be described later. The amount of fat ty material recov- 
ered was 93% of the sample, against 92.9%, which is the theo- 
retical amount. The yield of GS~A was 89.4% ; the theoretical 
quantity is 89.5%. The filtrate contained no higher fatty acids, 

thus showing that under the conditions of this experiment the 
magnesium monoazelains were insoluble. These results are to 
be compared with those described earlier in which the Hilditch 
procedure was used. 

2. Distearoleln containing 1% of GSa was prepared by crys- 
tallization from Garcinia Indica fat. I t  was oxidized by the 
acetic acid-acetone-permanganate method; the acids were sep- 
arated as the magnesium salts. The quantity of GSfA recov- 
ered from the precipitate, after correction for the small amount 
of GS3 and unoxidized GSfU present, was 89.6% of the sample 
against 89.5% present by theory. Higher fatty acids were 
again absent from the filtrate, and the GSfA precipitate after 
hydrolysis and Bertram separation gave 64.5% of saturated 
acids with an iodine value of 0.0, which is in agreement with 
the composition of the original fat. 

The above  e x p e r i m e n t s  e s t ab l i sh  the  fo l lowing  fac t s  : 

1. Presence of acetic acid does not interfere with oxidation 
and acts only to prevent hydrolysis of azelaoglycerides. 

2. Magnesium salts of the monoazelaoglycerides are insolu- 
ble in water under the specified conditions. 

3. The azelaoglycerides are not hydrolyzed during the mild 
treatment with the alkali carbonate required in their sep- 
aration as magnesium salts. 

Method  fo r  S e p a r a t i o n  o~ Ac id -Ace tone -  
Pe rmang~mate  O x i d a t i o n  P r o d u c t s  

The  p r o d u c t s  of ox ida t ion  canno t  be s e p a r a t e d  sat-  
i s f a c t o r i l y  b y  means  of t h e i r  d i f fe r ing  s o l u b i l i t y  
in  sod ium b i c a r b o n a t e  so lu t ion  because  GS~A is sol- 
ub le  in  sod ium b i c a r b o n a t e  so lu t ion  (8) .  W h e n  a 
d i lu t e  so lu t ion  of b i c a r b o n a t e  is used  to  min imize  this  
so lub i l i ty ,  the  t e n d e n c y  fo r  nonano ic  ac id  to  r e m a i n  
b e h i n d  increases .  

I n v e s t i g a t i o n  has  shown t h a t  the  r e p o r t e d  insolu-  
b i l i t y  of the  m a g n e s i u m  sa l t s  in  w a t e r  (4)  is on ly  
compara t i ve .  1Y[agnesium t r i a z e l a i n  is so luble  to  no t  
less t h a n  3-4% in  w a t e r  a t  30~ ; the  m a g n e s i u m  sal ts  
of G S A ,  show a p p r e c i a b l e  t h o u g h  more  s p a r i n g  solu- 
b i l i t y  whe reas  the  m a g n e s i u m  sal ts  of GS~A conta in-  
i ng  the  h i g h e r  ac ids  a re  inso lub le  in  w a t e r  a t  30~ 

B a s e d  on these f indings  the  fo l lowing  me thod  fo r  sep- 
a r a t i o n  of the  ox ida t ion  p r o d u c t s  has  been  a d o p t e d :  

The oxidation product from 5 g. of fat is suspended in 
about 200 cc. of water (30~ and a few drops of phenol 
phthalein are added, followed by 5% sodimn carbonate solu- 
tion until the solution is just alkaline. The volume is made up 
to 500 ce. with water (100 cc. per gram of fat  oxidized), and 
30 ce. of 10% ammonium chloride solution is added and mixed 
well. Finally 15% magnesium sulphate solution is added until 
no.more precipitate fo~ns. The precipitate is allowed to settle 
for 5-10 minutes, is filtered on fluted filter paper, and is 
washed four times with 30-40 cc. portions of water. I t  is then 
transferred quantitatively to a flask and heated on a water 
bath with dilute sulfuric acid until all the magnesium salts 
are decomposed and a clear oily layer separates. The mixture 
is then cooled and extracted with ether, and the ether solution 
is washed free of mineral acids. The ether is removed and the 
residue heated to constant weight under reduced pressure. 

The product is hydrolyzed with alcoholic KOH, and the iso- 
lated acids are subjected twice to magnesium salt precipitation 
as in the Bertram method for determining saturated acids. The 
weights, iodine values, saponification values, and melting points 
of the separated acids are determined. 

The filtrates are acidified and the acidic fractions are ex- 
tracted with ether, which is removed by evaporation. The resi- 
due is hydrolyzed with alcoholic KOH and the higher fatty 
acids separated by Bertram's method. Their weights, melting 
points, and saponification values are determined. 

F r o m  the a c c u m u l a t e d  d a t a  a n d  the  GS3 con ten t  as  
d e t e r m i n e d  s epa ra t e ly ,  the  g l y c e r i d e - t y p c  compos i t ion  
is ca lcu la ted .  The  m e t h o d  of ca lcu la t ion  wi l l  be  g iven  
l a t e r .  The GS~ is d e t e r m i n e d  b y  a p r o c e d u r e  subs t an -  
t i a l l y  the  same as t h a t  used  b y  Coffey a n d  S p a n n u t h  
(18) ,  a n d  M a t t i l  a n d  Nor r i s  (19) .  The sample  is dis- 
so lved  in  3 cc. of d r y  acetone p e r  g r a m  of fa t ,  a n d  the  
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solution is held at 25-26~ for 3 days. The precipi- 
tate is filtered and washed with a little acetone at the 
same temperature. I t  is then dried under reduced 
pressure and reerystallized from acetone under the 
same solvent ratio, time, and temperature conditions. 
The vacuum-dried residue is weighed, and the iodine 
and saponification values are determined. From these 
values the amount of unsaturated acid, as oleic acid, 
and also the mean molecular weights (M.M.W.) of 
the S are calculated. From all the data and under the 
assumptions that the product consists of GS 3 and GS2U 
only and that the S in both has the same M.M.W., the 
proportions of GS~ and GS~U are calculated. 

The method of separation, as such, is applicable 
only to fats containing mainly fat ty acids of 16 or 
more carbon atoms, to which the Bertram separation 
can be applied (19). 

Method of Calculation o~ Glyceride-Type 
Content of Fat 

The fat ty matter recovered from the precipitated 
magnesium salts will contain all the GS 3 originally 
present in the fat, any unoxidized GS2U, 4 all the 
GS~A, and usually a variable amount of GSA 2. The 
weight of the GS 3 present in the fat sample, found 
independently, and that of the unoxidized GS2U are 
deducted from the total. The balance consists of 
GS~A and GSA~. 

The weight of unoxidized GS2U (W2) is calculated 
from the mean molecular weight (M) of the S found 
in the precipitated magnesium salts, and the weight of 
the unsaturated acids (W~), assumed to be oleic, in 
the same fraction. 

(2M-~282~-38) 
W ~ W ~  
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The values of M and W~ and the weight of the S 
in the precipitated magnesium salts are calculated 
from the weight, saponification value, and I.V. of the 
mixed acids separated from the latter, as described in 
the previous section. 

The combined weights of the GS2A and GSA~ and 
the weight and mean molecular weight of the S in 
the fatty matter recovered from the precipitated mag- 
nesium salts are now known. The weight of the S in 
the whole mixture minus the weights of the S present 
as GS~ and unoxidized GS,U gives the weight of S 
present in the mixture of GS~A and GSA 2. From these 
data the amounts of GS2A and GSA~ can be calcu- 
lated. It is assumed that the S in both has the same 
M.M.W., which has been found to be true in a large 
number of fats (2c). 

From the weights of GS2A and GSA 2 found in the 
precipitated magnesium salts the weights of the GS~U 
and GSU2 from which they were derived may be cal- 
culated. It is assumed that the U is oleic acid. If the 
M.M.W. of the U in the fat is known, this value may 
be substituted. 

The weight of GS,U thus obtained is added to the 
weight of the unoxidized GS~U to give total weight 
of the GS2U in the original fat sample. 

The filtrates from the precipitated magnesium salts 
contain part  of the GSA2, the remainder having been 
precipitated with the insoluble fraction. The weight 

4~his  f ract ion should contain any  GSUA present  in the oxidation 
product .  I t  is assumed tha t  none is present .  The close agreement  be- 
tween experimental  and  calculated results (2) (and  p a r t  I I  of this 
series, which is exp~ected to follow) indicate  that  the assumption is 
correct. 

of the S in the fatty material recovered from the fil- 
trates is determined by isolation of the fat ty acids by 
the procedure described in the previous section. I t  is 
present in the filtrate entirely as GSA 2 and from its 
weight the weight of the GSA~ can be calculated. The 
weight of GSU2 from which the GSA 2 was derived 
can be calculated from the result. The total GSU2 
in the fat is the sum of that found in the soluble and 
insoluble fractions of the magnesium salts. The per- 
centage of GU~ is calculated by difference. 

The total S in the fat is the sum of that found in 
the GS3, GS2U, and GSU2 fractions. It  can also be 
determined by Bertram separation of the acids pro, 
duced by hydrolysis of the product of acetic acid- 
permanganate-acetone oxidation. It is also the sum of 
that found in the fatty matter recovered from the 
soluble and insoluble magnesium salt fractions. 

The amount of fat required for glyceride-type an- 
alysis by this method is small. The time required is 
also relatively short. Duplicate determinations rarely 
show more than 0.5% difference in the GS~U content. 

The results of application of the method to the 
glyeeride-type estimation of 27 fats of saturated acid 
content, varying from S to 99 moles per cent, and 
the significance of the results will be presented in the 
next paper of this series. 

Summary 
The acetone-permanganate  oxidation method for 

determination of GS8 has been shown to be unrelia- 
ble because some hydrolysis of the azelaoglycerides 
occurs, the products of which are determined as GSs. 
The presence of excess acetic acid throughout the oxi- 
dation corrects this defect. GS2A can be precipitated 
quantitatively as the magnesium salt. Although it is 
contaminated with GSA~, its proportion can be calcu- 
lated and from this the proportion of GS~U in the 
sample can be found. 

The remainder of the prec ip i ta te  is GSA2; its 
weight, when added to that found in the filtrates, 
gives the total GSA2. From this, the percentage of 
GSU2 in the sample can be derived. The GS s is de- 
termined separately, and the content of GU3 can be 
estimated by difference. 
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