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Figure  3 also shows two values of oleic hydrogena-  
tion rate  coet~icients which have been taken f rom the 
investigations of Swieklik and co-workers (4) (Ta- 
bile I)  on the assunl[ltion that  the first three results 
in Hydrogena t ion  No. 3 arc also due to an initial 
period. The corresponding experiments  were carried 
out with 0.4% Ni, a hydrogen pressure of 65 lbs., 
vigorous agitation, and high hydrogen dispersion. 
Even though these (',m,litions arc quite different 
front ours, the results nevertheless show the same 
activation energy with a marked change in the fre-  
quency factor.  

The final periods are independent  of the catalyst  
only when oleic hydrog(matious are examined, in 
whieh ease they cannot be correlated with any  com- 
mon acid percentage. ] lydrogenat ions  of the linoleic 
eolnp(me~t:s folh)w different t)att('rns, depending on 
the state of the nickel. While, when hydrogenat ing  
with 0.25% fresh Ni, first-order kinetics can be ob- 
sm'w~d down to ]inolcie percentages below 5%, the 
corresl)on(lil~g hydrogenations with 1% self-poisoned 
Ni seem to stop at  about 10% linoleic acid. The ex- 
perimel~ts i lhls trated iu F igure  4 were made in order 
to examine the stagnation of the linoleie hydrogena  
tions, They were divided lille fiw; stages. (A)  Sesame 
oil was hydrogenated  with 1% self-poisoned Ni at, 
175~ for  5 hrs. (B) W h a t  was lef t  of the, oil f rom 
stage (A) when samples had t)een drawn was d(mbled 
up with a fresh port ion of sesanle oil and hydrogen 
ated for another  5 hrs. (C) A new portion of sesame 
oil was hydrogenated  with 1% self-poisoned Ni at  
175~ for  6 hrs. Af te r  tell]oval Of the catMyst by 
filtration, what  was lef t  of this oil was divided into 
two equally large par ts :  (])) one pa r t  was hydro  
geml,ted in the same way as in stage (C) with a new 
portion of self-poisoned cata lys t ;  (E l  the other pa r t  
was hydrogenated  with 0.25% fresh Ni. On the basis 
of F igure  4 we draw the following conclusion. The 
decreasing hydrogenal ion rate coefficients eannot be 
caused by progressive (.atalyst poisoning since, a f te r  
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]0IG. 4. V a r i m l s  h y d r o g e n a t i o n s  to  i n v e s t i g a t e  t h e  l i n o l e i c  s t a g -  
n a t i o n .  ( A )  H y d r o g e n a t i o n  w i t h  1 .0 '% s e l f - p o i s o n e d  Ni ,  1 7 5 ~  
( B )  A c o n t i n u e d  a f t e r  a d d i t i o n  o f  f r e s h  o i l ;  ( C )  h y d r o g e n a t i o n  
u n d e r  t h e  s a m e  c o n d i t i o n s  a.s A ;  ( D )  C c o n t i n u e d  a f t e r  r e n e w a l  
o f  t h e  1 . 0 %  s e l f - p o i s o n e d  N i ;  ( E l  C c o n t i n u e d  a f t e r  e x c h a n g e  
o f  t he  s e l f - p o i s o n e d  c a t a l y s t  w i t h  0 . 2 5 %  n o r m a l  N i .  

an addit ion of fresh oil, the hydrogenat ion resumes 
what wouht have been its original rate, the reduced 
catalyst  concentrat ion taken into consideration. Om;e 
the final linoleie period has begml, the hydrogemttio,i  
as a whole can best be characterized by  assuming that  
the ~;atalyst can no longer distinguish between lin- 
ohmic and oleie components, and this applies whether  
fresh or self-poisoned nickel is used for  fu r the r  hydro- 
genations. We believe tha t  these results are due to an 
isomm'ization of the Hnoleie aeid. 
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A Critical Study of the Oxidation Methods 
Determination Glyceride Composition of 

for the 
Fats 
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T 
H E  O X I D A T I O N  O F  F A T S  with pe rmangana te  i n  

ace tone  was  p r o p o s e d  by  H i l d i t c h  a n d  Lea  
(9,15) for  the estimation of t r i sa tura ted  glyc- 

erides (GSa).  4 K a r t h a  (21-23) carr ied out this oxi- 
dation in the presence of excess ( 3 - 6 % )  acetic acid 
and developed a method for  the determinat ion of the 
glyceride type  of composition of na tu ra l  fa ts  by  sep- 

1 A por t ion of the Ph .D.  (Technology) thesis submitted to the Uni- 
versity of Bombay  by G. L a k s b m i n a r a y a n a .  

2 Presented  a t  the 32rid fall meeting, Amer ican  Oil Chemists '  Society, 
Chicago, Ill., October 20-22 ,  1958. 

a P resen t  address :  Depar tment  of Physiological  Chemistry, Ohio State 
Universi ty,  Columbus, O. 

~Abbreviat ions used are  as follows: G, glyceryl r ad ica l ;  S, sa tu ra ted  
acid or radica l  con ta in ing  16 or more carbon atoms; U, u n s a t u r a t e d  acid 
rad ica l ;  O, oleic acid rad ica l ;  L, linoleic acid rad ica l ;  A, azelaic acid 
rad ica l ;  and  S ~ oxygenated sa tu ra ted  acid radica l  (incomplete oxida 
l ion p roduc t  of oleic ac id) .  

cra t ing  magnesium salts of azelao-glycerides. The 
results obtained for  the glyceride type of composition 
of m a n y  na tura l  fats  by  K a r t h a ' s  method are differ- 
ent .from those obtained by Hi ld i tch ' s  crystall ization 
method (12), and the theories put  fo rward  by  these 
two investigators (13,24) for  the glyeeride distribu- 
lion in fats  on the basis o2 these results also differ 
widely (10,11,14,24,28,36,41,42). Both the oxidation 
methods of Hildi tch and Lea and K a r t h a  are based on 
the assumptions that  the unsa tura ted  acids in the un- 
sa tura ted  glyeerides (GS2U, GSU2, and GUn) are 
cleaved and that  the resul tant  azelao-glyeerides are 
not hydrolyzed dur ing  the oxidation and the subse- 
quent  separat ion procedures.  
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1550 g., (35.5), A.V. 0.5, S.V. 188.8, unsaponifiable matter 0.5%. 

66 3 ml., 26~ 70 hr. 

1 g. 277 g., (53.0) 

I0 ml.~ 22*% 21 hr. [ i0 ml.~ 0~% 6 hr. 
I | 

1108 g. 148 ~g., (45.0) 178 g. 

J 20 m~.~ 2~'c, hr. 1 m~., 2O 10 O'Ct 8 hr. 
I 

955 g. 131 g. ,  (30.5) 150 g. 

] 
465 

160 ~ 

S.V. 

[ 

i0 ml.~ 17~ 26 hr. 

117 g. 

20 ml. hexanea 7~ 3 hr. 

g. ,  (28.0) 460 gl., (28.5), 106 g.' (51.0) 190 g. 

S.V. ]191"5 I 

lO ml. hexane z 12~ 6 hr. 10 ml.j 0"% 8 hr. 
] 

g., (28.0)~ 3201 30 g. g., (28.o), 155 g. 
S~ 191.4 ! 191.4: 

~i0 ml.~ 18"C~ 24 hr. 
| 

GS~U concentrate 90 g., (30.0) 62 g.a,  (48.5) 

.... 
! 

i0 ~.j 8"% 6 hr. i 
l 

3~ g., (48.9), i~o., (5o.h), 
S.V. 191.5 S.V. 191.7 

GSU 2 concentrate I 
FIG. 1. Crystall ization of GS2U and GSU~ concentrates f r o m  G. i nd i ca  fa t  

were carr ied out chiefly Olt na tura t  fats  of unknown 
composition. However  in this illvestigation concen- 
trates of GS2U and GSU.,, I)rel)arcd by intensive 
crystal l ization of fats, were used so tha t  the results 
would be conclusive, l)uriHg the coursc of this in- 
vestigation a chromatogral)hic proce(lurc for the deter- 
ruination of GS.~ was stanllardizcd 1;o (lvercomc the 
limitatio~ls of Hildi tch amt l~ea's method. 

Exper imenta l  
Methods of Analysis. The methods of the A.O.C.S. 

(1) for  acid (A.V.) ,  sai)onification (S.V.) ,  and iodine 
(I .V.)  values were carr ied out on a semi-micro scale. 
The dihydroxystear ic  acid Cll,m~ut was determined by 
the method of Sreenivasa,I  ~'t al. (38) except that  chlo- 
roform was added before the rcactilm with periodic 
acid. Unsaponifiable mat tc r  was est imated by the pro- 

T i 
69) g. 22o s., (74.o) 

J 
6oo g. 42 s., (65.0) 

3 ml. (3~ mtha~l)m 18"Ct 72 hr. 

495 g., (34.7) 98 g.a 

~., o-c, ~ ~. 
l 
sh s., (55.6) 9 s., (65.1) 

875 S., (48.0), A.V. 0.2, S.V. 190.i, unsaponifiable matter 0.1%. 

70 g., (5~.0), S.V. i~o5 

SSU a ~entrr ~I 

Fro. 

I 
13 g., (60.7), S.V. 190.7 

2. Crystall ization o2 GSU~ concentrate f rom G. m o r e l l a  fat .  

The oxidation of oleic acid with aqueous perman-  
ganate  results in the format ion of cleavage products,  
,,-diols, a-kctols, and other in termediate  compounds 
(3,6,16,30,31,34,35,44). Armst rong  and Hi ld i teh  (2) 
reported the presence of saturated esters in the per- 
manga~late oxidation products  of alkyl  esters of oleic 
acid in acetone and in acetic acid. These esters had a 
high sal)onification value and were cleaved on re-oxi- 
dation to pelargonic acid and half-ester of azelaic 
acid. The format ion  of an acetyl  derivat ive of the 
hydroxy  compound produced dur ing  the oxidation of 
oleic acid esters in acetic acid by hydrogen peroxide 
or air  has also been reported (16,20,31). I t  is prob- 
able therefore that  some of the intermediate  oxidation 
products  formed dur ing the acetone-permanganate  
oxidation (alkaline) (23) and acetolle-acetic acid-per- 
manganate  oxidation (acidic) (23) may  be present  as 
such, without being cleaved, in thc oxidized fa t  even 
at the end of the oxidation. These products  will con- 
tain oxygenated sa tura ted  f a t ty  acids derived f rom the 
unsa tu ra ted  acids. For  fu ture  reference these prod- 
ucts will be refer red  to as " incomple te ly  oxidized 
g lyeer ides"  (e.g., GSeS ~ 

Hildi tch and Saletore (19) failed to isolate azelao- 
glycerides quant i ta t ively  because of hydrolysis  dur-  
ing acetone-permanganate  oxidation and purification. 
Al though :Kartha (21-23) showed that  GS.~A do not 
hydrolyze in his oxidation by oxidizing a sample of 
GS2U, he did not investigate the hydrolysis  of GSA2 
in a similar manner .  

A critical evaluation of the individual  steps in the 
oxidation methods of Hildi tch (15,18) and K a r t h a  
(23) was therefore  under taken in order to examine 
the limitations of these methods by  invest igat ing the 
completeness of oxidation and absence of azelao-glye- 
eride hydrolysis.  Ear l ier  investigations (15,18,22,36) 

Key  for Figures 1 and ~ : Volume of solvent (acetone unless otherwise stated) is expressed in milliliters per gram of glycerides. 
The figure in parentheses represents LV. aP~eerystallization under same conditions ga~e no precipitate showing ahsenee of GS:~ (25). 
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T A I ~ L E  I 

Composit ion of Glyee,'ide Concentrates  a 

G l y c e r i d c  concentrate  

G S'-,U . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
GSU~ 1: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
G S U ~  l:[ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A n a l y t i ( : a l  c o n s t a n t s  [ F a t t y  ( w t .  ( ~ )  acids  
So arc  e - - - - - - - - - - - - - - - -  . . . . . . .  - - - -  - -  

G .  i n d i c a  I . V . S . V . 2 8 . 0  1 9 1 . 4  64.5S O31.2 

( I .  i n d i c a  I 5 9 . 4  / 19  t . 7  [ 4 0 . 4  [ 5 4 . 5  ] 
G.  m o r e l l a  [ 5 5 . 0  I 1 9 0 . 5  / 40. ! )  / 4 8 . 6  I 

. . . .  (wt. %) Glycerides  

L b G Sa G S~O G S'-,L ] G SO~ 
. . . . . . . . . . . . . . . . .  ] 

0 .0  2 .8  9 7 . 2  0 ,0  / 0 . 0  
0 . 8  0 . 0  ] 2 5 . 4  1 2 . 4  / 7 2 . 2  
6 .3  [ 0 . 0  I 8 . 5  [ 1 9 . 7  I 7 1 . 8  

~' The concentrates  contained no free acids  o r  u n s a p o n i f i a b l e  matter and  w e r e  l ) r o t e ( ' t e d  a g a i n s t  o x i d a t i o n  w i t h  p r o p y l  g a l l a t e .  
~' N o  other polyunsaturatec)  acid w a s  f o u n d .  

T A B L E  l I  

O x i d a t i o n  of Glyceride ( ~ ( , n c e n t r a t e s  

O x i d i z e d  c o n e .  M e t h o d  of  G l y c c r i d e  W e i g h t  of 
F, x p e r i m c n t  No ."  o x i d a t i o n  b I ' o n c e n t r a t e  Acetone  

( ( ' on ( : , )  ( :one.  

g.  m l . / g ,  c o n e .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n i h l i t e b  ( 1 5 )  G S._, U 4 6 . 0 0  10  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I t | h i | t e l l  G S='U 5 2 . 1 7  10  
'3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  H iM i t c h  e G S'-' U 2 2 . 1  '3 2 0  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l I i l d i t c h  G S'-'U 4 8 . 3 1  2 0  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  l l i b l i t c h  (I S U.z l I  2 0 . 6 1  2 0  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K a r t h a  d ( 2 3  ) G S~lJ  5 2 . 4 6  4 0  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K a r t h a  G S._, U 1 0 . 1 6  4 0  
X . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K a r t b a  G S I I ~  [ 1 .4 .35  4 0  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  K a r f l l a  (I Nil._, I [ 1 2 . 0 0  4 0  

" ,'-;anle i d e n t i f i c a t i o n  i s  u s e d  i n  t h e  r e m a i n i n g  tables. 
*' D u r a t i o n  o f  t h e  o x i d a t i o n :  3 3  h r ,  i n  E x p e r i m t m t  4 a n d  1 0 - 1 2  h r ,  i n  t h e  rem~t in( t ( , r ,  
" K M n ( h  w a s  m i x e d  w i t h  a n h y d r o u s  M g S O ~  ( 5 0  g . )  ( 1 5 ) .  
a A c e t i c  a c i d  concentrat ion var ied  from 3 . 0 %  to 3 . 6 % .  
e l n s o h l b l e  a z e l a o - g l y c e r i d o s  obtained after i a r t h a ' s  magnes ium salt separation.  
f I l l , g e n e r a t e d  glycerides  after K l J [ C O a  w a s b i n g .  

T A B L E  I i I  

E s t i m a t i o n  of GS8 by  Carbonate  W a s h i n g  l ) r o c e d u r e  

F x p e r i m e n t  No .  

K M n O 4  
Y i e l d  

u-I:~, cone. % 
7 9 6 . 3  
7 9 5 . 9  
6 7 8 . 3  e 
7 6 8 . 3  e 
9 8 6 . 6  

1 0  1 0 3 . 0  
l 0  8 8 . 3  e 
1 6  6 4 . 5  e 
1 6  6 7 . 9  e 

I . V .  

0 . 2  
0 .2  
0 .2  

0 .5  
0 .3  
0 . 6  
0 .3  

] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

G lyeo r id (~  
c o n e .  

GS'zU 
G S : ; U  
GS:~U 
G S . z U  
(I 8 U ~  ] I  
( l  S : d J  

O x i d i z e d  
( ~ o n c .  a 

g.  

4 . 2 8 5  
10.86O 

5 . 5 ~ 5  
1 9 . 3 8 0  

4 . 7 1 4  
9 . 1 1 8  

C r u d e  GS: ,  

W e i g h t  I . V .  A . V .  

g .  

0 . 4 0 5 1  1 .7  4 2 . 9  
1 . 3 2 3 0  0 .7  1 8 . 1  
0 . 5 6 2 1  1 .8  1 8 . 7  
1 . 4 8 9 0  1 .O 1 9 , 1  
0 . 4 2 6 0  7 . 0  6 4 . 4  
1 . 8 6 8 0  1 .1  ~ 7.:~ 

A.V.  of last  
carbonate  

extracts  ( X ) 

9 0 . 2  
1 0 7 . 6  
1 1 4 . 8  
1 4 0 . 7  

S:l b i 11 I~t) II It. 

A s s u m i n g  Assuming  
( X ) G S'.,A 

% % 
3. l 

6:5 8.4 
6 . 0  5.:1 
4 . 2  3.7 
2 .3  N e g a t i v e  
. . . .  9 . 0  

~ t I i l d i t e h ' s  o x i d a t i o n  i n  E x p e r i m e n l s  1 - 5  and Kartha's  oxidat ion i n  F x p e r i m e n t  6.  
b A c t u a l  GS: ,  c o n t e n t  i n  c o n c e n t r a t e s :  2 . 8 %  i n  GS '~U a n d  n i l  i n  GSU.~  I [  ( T a b l e  I ) .  

cedure of the Society of Public Analysts (5) .  Poly- 
unsaturated acids were determined by the method of 
Briee et al. (4) .  

MATERIALS 
G l y c e r i d e - T y p e  Concentrate.~'. Systematic frac- 

tional crystallization of refined Garcinia indica (43) 
and Garcinia morella (7) fats was carried out sep- 
arately to obtain GS2U and GSU2 concentrates (Fig-  
ures 1 and 2) .  These fats were chosen because the 
fatty  acids are predominantly C~s, and the amounts of 
GS3, GU3, and linoleo-glycerides jure small. The com- 
position of each concentrate was calculated from its 
I.V., S.V., and linoleic acid content (Table I) .  It was 
assumed (22,25) that the GS2U concentrate consisted 
of GS3 and GS20 and the GSUe concentrates GS20, 
GS2L, and GS0~. only. 

GS2A. The insoluble magnesium salts obtained from 
the GS2U concentrate by Kartha's  method (23) were 
washed with alcoholic ether. The regenerated GS2A 
were further purified (9) by successive crystalliza- 
tions from 10 volumes of ether (0~ acetone (0~ 
90% ethanol (20~ and hexane (20~ ( f o u n d - -  
A.V.  70.4, S.V. 287.4; theoret ica l - -A.V.  71.4, S.V. 
285.5). 

OXIDATION OF CONCENTRATES 
The concentrates of GS2U and GSU2 were oxidized 

by the methods of Hilditch and Lea (15) and Kartha 
(23) (Table II ) .  

ESTIMATION OF GS,~ BY CARBONATE WASHING 
PROCEDURE 

A n  ether solution (300 ml . )  of the pure GS2A 
(1 .563 g.) was washed with 10% aqueous K2COs solu- 
tion (4 • 200 ml.) and water alternately. The GS2A 
were recovered quantitatively from the ether and 
aqueous extracts with no appreciable change in char- 
actor|sties (ether e x t r a e t - - l . 2 3 8  g., A . V .  70.4, S .V.  
286.8; aqueous extracts--0.31 g., A.V. 71.1), thereby 
showing the absence of hydrolysis. 

The oxidized concentrates were subjected to the 
carbonate washing procedure (15) to determine the 
GS3 contents (Table III ) .  The unoxidized glycerides 
present in the crude GS3 were calculated as GS20. 
The acidic substances were assumed to be GS~A in one 
case, and in the other case the A.V. of the material 
extracted by the last two carbonate and water washes 
was used. 

DETERMINATION 0F GS~ BY CHROMATOGRAPHIC 
PROCEDURE 

Standardization of Chromatographic Procedure. A 
preliminary investigation of a chromatographic pro- 
cedure for the determination of GS3 was reported 
earlier (33) .  Merck's alkaline alumina (No. 1097) 
was heated at 300~ for 1 hr. Itexane was found to 
be unsuitable as a solvent because of hydrolysis of 
triglycerides in the column, tIowever columns packed 
wet with hexane and washed with ether (6 ml. /g,  of 
alumina) were found to be satisfactory. Chloroform 
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Determinat ion  of GS~ b y  Chromatographic  P r o c e d u r e  

Exper iment  No. a 

14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
64  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6b  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
60  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glyceride 
cone, 

G S 2 U  
G S 2 U  
G S 2 U  
G S u U  
G S 2 U  
G S U e  II 
G S e U  
GS'2U 
G S e U  
G S 2 U  
G S U 2  I 
GSUe II 

Oxidized 
cone, b 

5O4 
2 5 9 1  
5 2 1 8  
4 5 4 3  
4 7 4 9  
4 3 5 3  
6 0 3 6  
4 4 6 1  
4 7 2 1  
3 3 6 6  

5 8 4  
6 8 7  

Eluant  
vol. d 

0 . 5  
0 . 7  
1 .0  
1 .0  
1 . 6  
1 .4  
2 .2  
0 . 7  
2 . 1  
0 .8  
0 .3  
0 .3  

Eluted g lycer ides  c 

W e i g h t  I . V .  

mg. 
2 5 . 5  1 .9  

1 3 8 . 6  1 . 7  
3 0 0 . 8  2 . 2  
2 9 9 . 3  2 . 9  
3 7 4 . 8  1 . 6  
2 5 1 . 8  3 .9  
8 6 0 . 4  1 . 6  
6 8 7 . 9  1 . 6  
7 7 5 . 9  1 . 5  
3 2 9 . 5  1 .8  

5 9 . 3  7 .0  
9 9 . 1  2 . 8  

GS3  ~ 
in conc. 

% 
4 . 6  
4 . 8  
5 .1  
4 . 6  
5 .1  
4 .3  

1 3 . 8  
1 5 . 0  
1 6 . 0  

8 .1  
5 . 0  
8 .8  

S . u  

Eluted G S e S ~  - 
g l y e e r i d e s  G S S z  o 

2 0 1  2 1 4  
2 0 0  2 1 4  
2 0 1  2 1 4  
2 5 6  2 6 6  
2 2 7  2 3 9  
2 3 0  2 4 1  
2 2 3  2 3 2  
2 2 8  2 5 0  

2 3 0  2 3 4  

a Letters  after  numbers  represent  different runs  of the same sample.  
b t t i ld i tch's  oxidat ion in Exper iments  1 - 5  and Kartha ' s  oxidat ion in Exper iments  6 - 9 .  
c A . V .  = O.0. 
d E t h e r  in Exper iments  l a  and 64 and chloroform in the remainder .  Column dimens ions:  1 . 8 5  X 12  cm. in Exper iments  l a ,  8 a n d  9 ;  3 .1  X 2 6  

em. in the remainder .  
e A c t u a l  GS3  content  in concentrates:  2 .8% in GS2U and nil in G SUe concentrates (Table  I ) .  

was found to be an excellent solvent for packing as 
well as elution (32).  Two columns (1.85 • 12 cm., 
30 g. of alumina, and 3.1 • 26 cm., 180 g. of almnina) 
were standardized, using mixtures of GS:A and hy- 
drogenated G. indica fat (I.V. 0.0, A.V. 0.0). The 
optimum volume of solvent for the quantitative elu- 
tion of neutral trig]ycerides was found to be 300 ml. 
of ehlorofornI or 500 ml. of ether for the 12-cm. col- 
umn and 2.2 liters of either solvent for the 26-cm. 
column. The recovery of neutral triglycerides was 
(,)7 to 99% (32) .  

Determination of GS~ in Concentrates. The oxi- 
dized concentrates were ehromatographed to deter- 
mine the GS3 contents (Table IV) .  Optimum v o h m e  
of the ehiant or less than the optimum amount was 
used to be sure that the e h t e d  neutral triglycerides 
were free of other compounds. The GS3 content of 
the concentrates was obtained by deducting the per- 
centage of unoxidized glycerides (GS20)  from the 
ilereentage of eluted glycerides. Higher values for 
GS..~ content than the actual indicate the presence of 
i ln'mnl)letely oxidized glycerides (GS2S ~ GSS2~ The 
S.V. of the latter was calculated (Table IV) from 
the percentages of true GS~ and uuoxidized GS20, 
and the S.V. of these (theor(,tieal) and the eluted 
glycerides (experimental) .  

S T R U C T U R E  O F  I N C O M P L E T E L Y  O X I D I Z E D  

F A T T Y  A C I D  

Determination and Analysis of Saturated Acids. 
The oxidized concentrates were hydrolyzed and sub- 
jected to Bertram separation twice according to the 
modifications of Kartha (3,26,37) to determine the S 

content (Table V) .  Even though the GS3 contents 
of the concentrates as determined by the oxidation- 
chromatographic procedure were higher than the 
theoretical contents (Table IV) ,  the S contents were 
not higher than the theoretical (Table V) .  To demon- 
strate that saturated acids and dihydroxystearic acid 
are not lost as soluble magnesium soaps, prepared 
nfixtures of these acids with azelaic acid were sub- 
jected to the Bertram separation twice. The stearic 
and dihydroxystearic acids, free of azelaie acid, were 
recovered quantitatively (32) .  However the dihy- 
droxystearic acid eonterlt of the saturated acids from 
the oxidized concentrates was I:legligible (IIi lditch's  
oxidation, 0.3%; Kartha's oxidation, 0.1% on the 
basis of concentrates).  

Analysis of the Elutcd Glyccri,.les. The percentage 
yields of acids from the ehlted glycerides (Table IV) 
were lower than the expected yields for a mixture of 
GS3 and GS20 (found, 8 1 - 9 3 3 ;  expected, ca. ( ')63). 
For example, the percentage yield of acids from the 
eluted glycerides in Experinnmt 6 was 80.7 3 before 
Bertram separation and 69.8 3 after Bertram sep- 
aration. The S.V. of the same acids was 226.5 before 
Bertram separation and 198.0 after Bertram separa- 
tion (expected, 200.1). The a-glycol contents of the 
eluted glycerides and of the derive(] :fatty acids were 
very low (Hi]ditch's  oxidation: fatty acids, 0 . 2 3 ;  
Kartha's oxidation: eluted gly(,~erides, 0 . 3 3 ,  fatty  
acids, 0 .33 ,  on ~hc basis of (~o,w.entrates). 

H Y D R O L Y S I S  O F  A Z E L A 0 - G L Y C E R I D E S  

The pure GS2A (1.050 g.) were subjected to the 
magnesium salt separation procedure of Kartha and 

T A B L E  V 

Determinat ion  of Saturated  Acids  by B e r t r a m  

Exper iment  No. a 

2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( l lyceride 
cone .  

G S 2 U  
GS,2U 
G S U 2  II 
G S,2 U 
G S U 2  I 
G S U 2  I I  

S e p a r ~ i i o n  

S f r o m  IA( i  b S f r o m  S A G  l~ 

I B A *' 

I A G  " Y i e l d  ~ .... 

2123r 1392 I I 
3 0 6 4  I 2 4 4 7  I 0 .3  I 
3 8 7 1  c [ 1 7 3 8  I 0 .2  [ 
3 1 4 4  / 2 3 0 0  [ 0 .5  / 
1948 1186 1.3 
2 7 1 5  [ 1 5 1 6  I 0 . 7  [ 

S in 
_s:y: _ c o n e . .  

% 
2 0 0 . 2  ] 6 2 . 7  
2 0 2 . 1  I 6 2 . 4  
2 0 4 . 0  I 3 8 . 8  
1 9 9 . 5  / 6 4 . 3  
2 0 3 . 6  ~ 3 8 . 7  
2 0 1 . 9  / 3 7 . 6  

I B A  I S in 
_/iold T??: 

m g .  I % 

~ 

Total  S 
in cone. f 

% 
6 2 . 7  
6 2 . 4  
3 8 . 8  
6 4 . 3  
4 0 . 4  
4 0 . 8  

a Hilditch's  oxidat ion in l!]xperimcnts 2, 3, a n d  5,  and Kartha's  oxidation in Exp(!rimeuts 7 - 9 .  
b I A G ,  insoluble azelao-glyccri(h~s; SAG,  soluble azelao-glycerides;  I B A ,  i n s o l u b l e  B e r t r a m  acids.  
e Tot, el oxidized concentrate  ( T a b l e  I [ )  before  m a g n e s i u m  salt  separation.  
a From the total concentrate  oxidized (Table  I I ) .  
e S . V .  2 1 5 . 2 .  
f A c t u a l  S content  in concentrates:  64 .5% in G S e U ,  4 0 , 4 %  in G S U ~  [ ,  a n d  40 . !}% in  G S U e  I I  ( T a b l e  I ) .  
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Insoluble Azclao-Glycerides~:  Yields, Analyt ical  Values and  S~tura tcd  Acid Contents  

Yield, % A.V. S.V. S on cone. basis, % 
Experiment No. b 

. . . . . . . . . . . . . . . . . . . . . . .  

2 ............................................................................. 

3 .............................................................................. 

6 ............................................................................... 

7 .............................................................................. 

8 .............................................................................. 

9 ............................................................................. 

" 1 . V . : 0 . 2  in Ex lmr imcn t  2 and 0.7 in F x p e r i m c n t  6. Others  arc  given in Tabh~ l I .  
b Hildi t ( 'h 's  oxidttiion in Exp(!r iments  2 and  3 and  K a r t h a ' s  oxidat ion in Expe r imen t s  6 -9 .  
e F, found ;  T, theoret ical .  
a Calculated f rom the COml)osition of the insoluble azelao-glyccridcs its de te rmined  by K~trtlut's method (Table  V[ ]  ). 

Hyeeridcone. . . . . . .  F :  ~ i .  F I T F I T !o I - I T  i i I 

GS,zU 80.3 89.7 I07.3 68.9 276.0 ] 282.0 I 62.1 ] 64.5 
GS~U 78.:1 8!).7 118.5 I 68.7 275.2 281.9 62.4 64.5 
GSuU 91.3 89.9 62.7 ] 67.3 277.7 280.1 .... I .... 
GSuU 88.3 89.7 73.3 I 68.5 280.0 I 281.7 64.3 ] 64.5 
GSU2 I 64.5 77.2 134.2 131.2 337.0 365.2 38.7 38.7 

106"2 d ] 333 '1d  I 
GSU2 I I  67.8 74.0 141 .O 129.4 369.7 361.1 37.6 37.7 

. . . .  [ 118.5 ( ~  . . . . .  348.1 ~ 

were recow~red qmulti tatively (1.048 g.) from the in- 
sohlble magnesiunl salts without hydrolysis (A.V. 
7(}.2, S.V. 287.0). 

The oxidized concentrates were subjected to Kartha 's  
magncsiuln salt separalion. The percentage yield, per- 
ccntagc S eontent (on the basis of the concentrate) ,  
A.V. and S.V. of the insoluble azelao-glyeerides were 
determined and compared with the theoretical values 
(Table V[) .  Tlm theoretic'al percentages of the yield 
and the S content in the ease of GS2U concentrate 
were calculated ml the assmnption that  the GS,_,U 
(af ter  deducting the nnoxidized GS20) were oxidized 
to GS2A alone. The theoretical A.V. and S.V. were 
calculated from the Ilcrcmltagcs of the expected con- 
stituents of the insohltlle azelao-glyccrides, viz., GS3, 
GS2A (theoretical) ,  and mloxidized GS20 (experimen- 
tal) and the theoretical A.V. and S.V. of the same 
(Table i ) .  In the case of GSU,_, concentrates, the the- 
oretical percentage yiehl was obtained by adding the 
percentage unoxi(lizcd GS20 (cah'~ulated from the I.V. 
of the saturated acids isolated), percentage GS._,A 
derived f rom the remainder of the GS2U, and the per- 
centage GSA2 derived from the remainder  of the GSU2 
af ter  deducting the' ilercentage of GSU2 present in the 
soluble azelao-glyccrides as GSA2-magnesium salt 
(Tables i and V H ) .  The theoretical A.V. and S.V. 
of the insoluble azelao-glycerides were calculated from 
the theoretical percentages of GS2A and GSA2 ex- 
pected, the percentage unoxidized GS20, and the A.V. 
and S.V. of the same. The expected A.V. and S.V. of 
the insoluble azelao-glycerides were also calculated 
(Table VI)  from the composition obtained by Kar tha ' s  
method (Table VI I ) .  

COMPOSITION OF GS,U~ CONCENTRATED 
BY K A R T H A ' S  METHOD 

The glyeeride-type composition of the GSU2 concen- 
trates was determined by the method of Kar tha  (23) 
(Table VI I ) .  

D i s c u s s i o n  

P E R M A N G A N A T E  OXIDATION OF MIXED 
S A T U R A T E D - U N S A T U R A T E D  GLYCERIDES 

Incomplete Oxidation of Unsaturated Acid. The GS3 
content of the GS2U and GSU2 concentrates as deter- 
mined by the acetone-permanganate oxidation and 
chromatographic procedure is distinctly higher (2-4%, 
Table IV) than that  present  in the concentrate (Ta- 
ble I ) .  This increase is larger when the oxidation is 
carried out in the presence of acetic acid (5-13%, Ta- 
ble IV) .  These results demonstrate that  the oleic acid 
in a par t  of the un_saturated glycerides is not cleaved 
but  gives an incomplete oxidation product  having sat- 
ura ted acid characteristics. While this paper  was in 
preparat ion,  Eshelman and Hammond (8) also re- 

ported the formation of such products oil oxidation 
of methyl oleate by Kar tha ' s  method. 

Structure of the Incompletely Oxidized Fatty Acid. 
Epoxy (40) or dihydroxystearic  (30) acids or the 
a('etyl derivative of the lat ter  are not the main prod- 
ucts of incomplete oxidation, as is shown by the low 
a-glycol vahles of the saturated acids, the e]uted glyc- 
cridcs, and the fa t ty  acids of these glycerides. Fur-  
thermore the S contents of the GS2U and GSU2 con- 
centrates as determined by Kar tha ' s  oxidation and 
Ber t ram separation procedure (Table V, Experhnents  
7-!)) are the same as those determined independently 
of oxidation (Table I ) .  I f  epoxy- (39) or dihydroxy- 
stearic acids are present, then the S content of the 
concentrates would be higher. 

The at)ow'~ evidence therefore suggests that  the in- 
completely oxidized acids are fissioned dur ing  sapon- 
ification to lower acids which are lost dur ing the 
l ler t ram separation. 9,10-Ketohydroxystearic acids 
are obtained by oxidation of oleie acid under  con- 
trolled conditions (6,30,35,44). These a-ketols are 
split on saponification with alcoholic potassium hy- 
droxide to give pelargonic and azelaie acids (17) and 
thus have a high S.V. The S.V. of the eluted glyccr- 
ides and those calculated for glyeerides containing 
incompletely oxidized acid (GS2S ~ GSS..,") are higher 
(Table IV) than those of GSeO (191.3) or GS3 
(191.9). The S.V. of the acids (226.5) of the eluted 
glycerides is higher than the value expected (200.1) 
for the mixed fa t ty  acids of GS20 and GS3 (Experi-  
ment 6, Table IV) .  The presence of lower acids (e.g., 
pelargonie and azelaie) in the recovered acids is thus 
indicated. The S.V. of the same acids is reduced to 
198.0 by Ber t ram separation, thereby suggesting that  
these lower acids are lost dur ing  the Ber t ram separa- 
tion. Fur thermore  the yield of the insoluble Ber t ram 
acids agrees fa i r ly  well with the yield calculated on 
the assumption that  the 9,10-ketoacetoxystearie acid 
is lost during saponification and Ber t ram separation 
(found, 69.8%; calculated, 67.2%, on the basis of 
eluted glycerides).  

The consumption of periodic acid by the e h t e d  
glycerides, isolated from the oxidized concentrates 
(Kar tha ' s  oxidation),  was negligible, showing the 
absence of ~-ketol (30). This suggests that  the eluted 
glyeerides contained acetylated a-ketols which do not 
seem to be cleaved readily by either periodic acid or 
permanganate.  This could be the cause for  the higher 
GS3 contents obtained by Kar tha ' s  oxidation than by 
Hildi teh 's  oxidation. 

HYDROLYSIS OF GS2A 

Hilditch's Oxidation. The results in Table VI 
(Exper iments  2 and 3) show definite evidence for hy- 
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drolysis of GS2A to saturated acids in Hildi tch 's  
oxidation. The addition of magnesium sulfate (15) 
does not prevent  the hydrolysis. These results do not 
support  the opinion of earlier investigators (15,23) 
tha t  the saturated fa t ty  acid-g]yceryl ester linkage 
in GS2A and GSA2 is stable dur ing  the oxidation. 

Kartha's Oxidation. Results given in Table VI 
(Exper iments  6 and 7) show that  hydrolysis of GS2A 
occurs to a very  slight extent even in Kar tha ' s  oxida- 
tion. I t  has been shown that  GS2S ~ increase the GS3 
content and therefore should also increase the yield 
of the insoluble azelao-glycerides. As the yields of 
the insoluble azelao-glyeerides obtained from the 
GS2U concentrate arc almost the same as those calcu- 
lated on the basis of complete oxidation, the percent- 
age of hydrolysis is very small. 

H Y D R O L Y S I S  O F  GSAe 

Kartha's Oxidation. No at tempt  was made to s tudy 
the hydrolysis of GSA,., dur ing Hildi tch 's  oxidation 
as these are more susceptible to hydrolysis than GS2A 
(19) which were shown to hydrolyze considerably. 

Appreciable hydrolysis of the azelao-glycerides, ob- 
tained from GSU2 concentrates by Kar tha ' s  oxidation, 
was found to take place during the oxidation and /o r  
subsequent working procedure. The experimentally 
determined yields of insoluble azelao-glyeerides (Ta- 
ble VI, Exper iments  8 and 9) are lower than the 
theoretical. The acid values of the same are higher  
than the theoretical, calculated either from the ex- 
p(,cted composition or from the composition obtained 
by Kar tha ' s  method. As the GS2A hydrolyze to a 
,,(,gligit)lc exte,it, the difference in values suggests 
that  the GSA2, d(,rived from GSIT2 in the concentrate, 
hy(Irolyze to an appreciable extent. 5{onoglyeeridcs 
arc thc expected hydrolysis products  of GSA2; how- 
ever ~11('~ 1-monoglyceride content of the insoluble 
azebm-glyccridcs was found to be low (0.5% on the 
}lasts of concentrate).  This proves that  the monoglye- 
cridps are fur ther  hydrolyzed to free saturated acids. 
Tin, l),,r(~entages of GSU,, hydrolyzed in GSU.~ I and 
(ISIT._, I l, calculated on the assumption that  the loss 
in yield of the insoluble azelao-glyeerides is entirely 
due Io the h)ss of azelaic acid groups and glycerol from 
lh(~ (ISA._, molecules, were 37.1 and 18.2, respectively, 
on the basis of total GSU2 present in the concentrates. 

D E T E R M I N A T I O N  O F  S A T U R A T E D  A C I D S  

The. values obtained in this investigation for the S 
('~outents of the GS2U and GSU2 concentrates by Hil- 
di tch 's  oxidation (15,18) are slightly lower (Table V, 
Experiments  2, 3, and 5) than the actual because of 
the chain degradation of free higher saturated acids 
(32). However the S content of the concentrates is 
accurately determined by Kar tha ' s  oxidation and 
Bertram separation (23,29) (Table V, Experiments  
7-9) .  

ESTIMATION OF GS3 

Limitations of Hilditch and Lea's Method. There is 
definite evidence to show that  GS2A hydrolyze during 
Hildi tch 's  oxidation. The high acid values of the 
material  extracted by the last carbonate and water  
washes and also the inconsistent values for  the per- 
centage GS3 calculated on the two assumptions, (Ta- 
ble I I I ,  Experiments  1-5) suggest definite hydrolysis 
of GS2A dur ing the oxidation and /o r  carbonate wash- 
ing. But  the GS2A do not hydrolyze dur ing  the car- 
bonate washing procedure, as proved by subjecting 
GS2A to this procedure. The hydrolysis of GS2A must 
have therefore taken place dur ing the oxidation it- 
self contrary  to the opinion of Hildi tch (10). How- 
ever the error  in the estimation of GS3 is not as large 
as expected from the extent of hydrolysis of GS2A to 
diglyeerides because most of the lat ter  are fu r the r  
hydrolyzed to saturated acids which are washed out 
by the carbonate solution. F u r t h e r  the error  is more 
when GS2U are more than GSUe in the concentrate 
because the monoglycerides derived f rom GSA2 are 
hydrolyzed more readily than the diglycerides. The 
replacement of Hildi teh 's  oxidation by Kar tha ' s  oxi- 
dation is not helpful  because of the formation of in- 
completely oxidized glycerides (GS2S ~ GSS_o ~ to a 
greater  extent in the latter than in the former (Table 
HI ,  Exper iment  6). 

Oxidation-Adsorption Method. The chromatographic 
separation procedure developed for the purpose of the 
present s tudy gave a slightly higher value (by about 
2%) than the actual value for the GS:~ content of the 

., * . ( (]S2U concentrate oxidized bv iI hht~h s method (Ta- 
ble IV, Experiments  1-4).  This error,  duc to the 
presence of incompletely oxidized glyceridcs, is not 
minimized by earrying out the oxidation for a hmger 
period (Table IV, Exper iment  4) but  probably could 
be reduced by isolating and analyzing tile ~nsol- 
uble Ber t ram acids of the clutcd glycerides. The ad- 
vantages of the method are that a) a snmll quanti ty 
of fa t  is sufficient, b) acidic compounds and hydrolysis 
products  are strongly adsorbed, and c) emulsions en- 
countered in the cart)omd(~ washing procedure are 
avoided. 

K A R T H A ' S  O X I D A T I O N  M E T H O D  F O R  
G L Y C E R I D E - T Y P E  C O M P O S I T I O N  

The accuracy of Kar tha ' s  oxidation method for  
the determination of glyc, eridc type of composition of 
fats depends on the accurate determinat ion of the in. 
soluble azelao-glyeeridcs and the saturated acids con- 
tained in these and in the soluble azelao-glyeerides. 
From these data the proportions of GS2U and GSU2 
are calculated af ter  deduction of the amounts of GSa 
and unoxidized GS2U. The GUn content is determined 
by difference. 

Determi~nation of GSfl? in the Absence of GSU~ and 
GU:~. As there is no appreciable hydrolysis  of GS2A 
and as the S content is accurately determined by 
Kar tha ' s  method, the GS2U content of a concentrate 

T A B L E  VI I  

Compos i t ion  of GSUe Concen t r a t e s  by  K a r t h a ' s  Method  a 

GSU2, % 
GU,~, 

Experiment No. % 

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

GSU2 
cone.  

I GS2U, % 
S, - - - -  
% Unoxi- As GS,2A I Ox-~-z., I T t'fl 

dized [ in  I A G  1~1 e,, o , 

40 .8  I 0 .97  ] 31 ,02  I 34 .77  I 35 .7  

As GSA2 F r o m  F r o m  m . 
in IAG__ I A G  S A G  [ x ~  

25 .64  32 .65  5 .81  38 .4  
35 .86  l 4 5 . 6 4  I 9 ,99  I 55 .6  

18.2 
8.7 

a A c t u a l  compos i t ion  of the  c o n c e n t r a t e s :  2 7 . 8 %  GS2U a n d  7 2 . 2 %  G S U ~ i n  GSUe I ;  2 8 . 2 %  GSeU a n d  7 ] . 8 %  GSU2 in GSU.o I I  (Tab le  I ) .  
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containing 97.2% GS,_,U and 2.8% GS:~ wan accurately 
estimated (Table V[, Exper iment  7: calculated value 
for the GS2U content from the S content af ter  dednct- 
ing the amount  of satm'ated acids in 2.8% GS.~ = 
96.9%). This is in confirmation of Kar tha ' s  experi- 
mental observat:ion with a mixture of GS._,U (99%) 
and GS, (23). 

Detcrmb~ation of GS~U in the l'rc.~c'ncc~ of GSU,~. 
According to Kartha,  the insohfl)le azelao-glycerides 
obtained f rom an oxidized fat  arc compose(t of (]S:~ 
(if  any) ,  unoxidized GS_oO, the whole of GS~A, and 
a par t  of GSA,_, only. After  correcting for the percent- 
ages of GS,~ [(letermined independcntly by crystalli- 
zation (25)I and unoxidized (IS,_,O, calculated on total 
glyceride hasis, an(t the p(,r~:(,ntagc of saturated acids 
contained iu these, ealcuhttcd on the basis of insoluble 
azclao-glyceridcs, he obtain(,(I the l)crecntage yield of 
((IS.,A + GSA._,) mixture tog(qher with its per(!cntage 
~)f S (,.ontent. F rom thesc daia It(; ealculatcd the GS,2A 
content on total glyeeride t)asis using the folh)wing 
cquati(m (22) : 

% GS2A = % yield of (GS,,A + GSA2) • 
[% S of (GS~A + GSA,_,) - % S of GSA,_,]/ 
(% s of (~S , ,A-  % S ,,~' (~SA.,). 

The GS2A content can be determined accurately by 
this equation only if the assmnptimls that  the oxida- 
tion of nnsatura tcd glyeeridcs to az(dao-glyeerides in 
complete and that  the latter do not hydrolyze are valid. 

"t "t To test these assmnI)tions and to show that GS.,U can 
he d(;termined accurately in tit(.' I)r('scnee of GSUz 
and (l l ' : l ,  Karlha (22) added a definiic amount  of 
s~,_,t~ to sesame oil and dctcrniine(l the total GS.,U 

content of the niixtlire, llow(,ver this will not reveal 
any error  since the (.omposition of the mixture  an well 
as the oil was determined by the same oxidation 
method. 

Effect o/Hydrolysis. The saturated acids, l iberated 
mainly f rom GSA~, are precipitated together with 
GS,_,A and a par t  of uuhydrolyzed GSA~ an insoluble 
magnesium salts. Beeause of this, the perecntage yield 
of the insoluble azelao-glyeerides will be lower and its 
percentage of S content will be higher than the values 
calculated on the assumption of absence of hydrolysis. 
Fur the rmore  ~(he increase in the percentage of S con- 
tent will be larger than the decrease in the percentage 
yield of the insoluble azelao-glycerides since the for- 
mer is based o.il the latter, which in tu rn  is on the total 
glyceride basis. Therefore the calculation of the com- 
position of the insoluble azelao-glyeeride mixture  will 
result  in a higher GS:A content and a lower GSA2 
content. The decrease in the GSU2 content of fa t  will 
be approximate ly  twice the increase in the GSzU con- 
tent. As the GU3 content is determined by difference, 
this will also be higher  than the actual eontent. The 
increase is approximately equal to that  in the GS:U 
content. 

Effect of Incomplete Oxidation. The incompletely 
oxidized glyeerides (GS~S ~ OSS: ~ GSS~ etc.) con- 
taining aeetylated a-ketols will be found in the precipi- 
tate of Kar tha ' s  magnesium salt separation. The effect 
of incomplete oxidation will therefore be the converse 
of the effect of hydrolysis of GSU~. 

Over-all Effect. The effect of incomplete oxidation 
can be equal to, more than, or less than the effect of 
hydrolysis, depending on the amount  of incompletely 
oxidized glyeerides formed and their  nature  (GS:S ~ 
CTSS2 ~, GSS~ etc.) and the amount  of GSU: hydro-  

lyzed. If  these two effects are equal, Kar tha ' s  method 
will give the actual composition. [f the effect of incom- 
plete oxidation is greater than the effect of hydrolysis, 
then the GSU,_, content will be higher and the GS2V 
and (]IL~ contents will be lower than the actual. The 
eonvcrse will also he true. For  the GSUu concentrates 
used ia this investigation, the latter was the case sinee 
the amount  of hydrolyzed GSU._, (Table V[:  GSU.., I, 
26.7% ; (]SU,_, 11, 1'A.0% on the basis of cmleentrate) 
was ]arg(;r than the amount  of incompletely oxidized 
glyecridcs (Tabh' IV: (ISU,, I, 5.0% ; GSU,_, l l, 8.8%). 
Thus Kar tha ' s  metho(I gave higher values for GS,.,U 
and (1l!:~ contents and lower values for (]SI[,_, content 
lhan the actual (Table V I I ) .  

E.rplanatio~ of the Differc~ccs Between, the Com- 
positir,~s Obtai~rd by Hilditch's Crystallization, and 
Karlha's Oxidation Methods. According to Kar tha  
(22,24,27), for fals in which the GU:~ content in high, 
the wtlue for GSIY~ content obtained by the c.rystalli- 
zation l)roecdurc is higher than the aetual hecausc of 
inters()lubility effects. Kartha 's  experiment (27) to 
demonstrat(, the ('ffc(~t of mutual  solubility in the 
crystallization pro(;e(lure involved azelao-g]y(.eridc an- 
alysis of the I>rccil>itate and filtrate fraetim~s obtained 
from a single crystallization of peanut  oil. l ie  com- 
pared lhe results thus obtained with those calculated 
on tim assumption that  the precipitate and filtrate 
fractions eontaim,d only (GS2U + GSU,_,) and (GSU,_, 
+ (lI;:~), respectively. However the azelao-glyceride 
analysis in now shown to be inaccurate, and thus Kar-  
tha 's  criticism becomes unsound. 

The l)rcscnt s tudy gives a suitable explanation for 
the diffcrenees (J0, 11, 24, 28, 41, 42) between the re- 
suits oblained for the glyeeride type of composition ot~ 
a number of natural fats by Kar tha ' s  oxidation method 
(23) or by the "gly(.eride type of d is t r ibu t ion"  rule 
(243 and those obtained by the crystallization method 
of Ilildit(,h (12). For  fats in which the (~S._,I; or GU:~ 
contents are high and GSUo. contents low, the glycer- 
ide type of compositions recorded by both the methods 
are almost the same. This is mainly due to the facts 
that the GSzA do not hydrolyze appreciably, the hy- 
drolysis of GAa does not interfere with the quantita- 
tive determination of glyceride composition, and the 
effect of hydrolysis of a par t  of the GSU2 is compen- 
sated by the effect of the incompletely oxidized glyc- 
erides. Where  the GSU~ content as determined by  the 
crystallization method is high, the greatest divergence 
is noted because of the considerable hydrolysis of 
GSU,_, in Kar tha ' s  method. As the experimental  basis 
of the restricted random distribution theory of Kar tha  
(24), viz., the oxidation method, is erroneous, the 
validity of the theory must be re-examined. 

Summary 

A critical, evaluation of the individual steps in Hil- 
ditch's acetone-permanganate and Kartha's acetone- 
acetic acid-permanganate oxidation methods for the de- 
termination of the glyceride type of composition of fats 
was carried out in order to examine the limitations 
of these methods. Concentrates of mono-unsaturated- 
disaturated (GS2U) and monosaturated-diunsaturated 
(GSU_~) glyeerides, and pure monoazelao-disaturated 
glyeerides (GS~A) were used to obtain definite con- 
clusions. 

An alumina column chromatographic procedure 
was standardized for the quantitative separation of 
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neutra l  t r iglycerides f rom the acidic and hydrolysis  
products  of oxidation. By this procedure  both oxida- 
tion methods gave values higher than  the actual  for  
the t r i sa tura ted  glyceride content of the concentrates. 
This increase was shown to be due to the probable 
format ion of a-ketols front the unsa tura ted  acids in 
Hi ld i tch ' s  oxidation and the corresponding acetyl de- 
rivatives in K a r t h a ' s  oxidation. These incompletely 
oxidized glycerides were formed to a grea ter  extent in 
K a r t h a ' s  oxidation than  in Hi ld i tch ' s  oxidation. 

The sa tura ted  acid content was determined accu- 
ra te ly  by  K a r t h a ' s  oxidation and B e r t r a m  separat ion 
procedure whereas Hi ld i t eh ' s  oxidation gave slightly 
lower values. 

The GS2A were unaffected by the carbonate wash- 
ing procedure of t t i ld i teh  and Lea. However  the 
GS2U were found to hydrolyze considerably in Hil- 
di tch 's  oxidation. The GSU2 were hydrolyzed appre-  
ciably in K a r t h a ' s  oxidation procedure whereas the 
GS2U were very  slightly affected. As a result  of this, 
K a r t h a ' s  method, when applied to the GSU2 concen- 
trates, gave an increase in GS2U and GUn contents 
and a decrease in GSU2 content. 

The effects of incomplete oxidation and hydrolysis  
on the determinat ion of glyceride composition were 
demonstrated.  This investigation explains the differ- 
ences in the results obtained by Hi ld i tch ' s  crystalliza- 
tion method and K a r t h a ' s  oxidation method. As the 
experimental  basis of K a r t h a ' s  restricted random dis- 
t r ibut ion theory is unsound, this theory must  be re- 
examined. 
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[ R e c e i v e d  O c t o b e r  ~ 1958]  

Catalyzed Esterification of Oleic Acid 1 
L. H. DUNLAP and J. S. HECKLES, Armstrong Cork Company, Lancaster, Pennsylvania 

T 
HE PURPOSE 0'f this s tudy  was to determine quan- 
t i ta t ively the effects of type and concentration 
of catalyst  and t empera tu re  on the ra te  of 

esterification of oleic acid with ethylene glycol. The 
catalysts used were salts of divalent metals. In  ad- 
dition, a s tudy  was made of the rate  of the catalyzed 
esterifieation of oleic acid by a var ie ty  of roche.- and 
polyhydric  alcohols. Some comments are made on the 
mechanism of esterification. 

There have been m a n y  studies of catalysis of esteri- 
fication, and no a t t empt  will be lnade here to review 
them. Most of them are quali tat ive;  some measure 
the t ime to reach a given low acid l:mmber. F lo ry  
(1, 2) showed that  self-catalyzed esterification fol- 

�9 Presented at the spring meeting, American Oil (Jhemlsts' Society, 
New Or l~ns ,  La., April 20-22,  1959. 

lows, for the most part ,  th i rd-order  kinetics; esterifi- 
cation catalyzed with p-toluenesulfonic acid follows 
second-order kinetics. This was also found by  Othmcr  
and Rao (3) in the esterification of oleic acid with 
butanol, using sulfuric  acid catalyst.  Rubin (4) eal- 
culated rate  constants for  the esterification of f a t ty  
acid with polyhydr ic  epoxy resins, both self-cata- 
lyzed and catalyzed with acids or salts. He  found no 
difference in rate  between l i tharge and lead naphthen-  
ate;  p-tolueue sulfonie acid was abmlt 30% faster.  
Ca]cimn naphthena te  was about  50% slower and its 
rate only a little greater  than  that  of the self-catalyzed 
reaction. Feuge,  Kraemcr ,  and Bai ley (5) compared 
the effectiveness of a var ie ty  of catalysts for  the es- 
terification of f a t t y  acids with glycerol. They found 
zinc or t in chlorides the most  effective and  practical .  


