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T 
HE PHYSICAL PROPERTIES and performances of fats 
are directly related to their glyceride composition 
and structure.  Hence knowledge of these com- 

positional factors is important  in connection with 
research aimed at improvement of fat-products for  
specific uses. Sufficient qualitative evidence was ob- 

tained by early investiga- 
tors pr ior  to 1900 to con- 
elude that  fats and oils in 
general were composed of 
mixtures of mixed glycer- 
ides ra ther  than mixtures 
of simple glycerides. The 
first comprehensive inves- 
t igation in which chemical 
me thods  and  t e chn iques  
were applied in at tempts to 
obtain q u a n t i t a t i v e  infor- 
mation on glyceride com- 
pos i t ion  of fa t s  and  oils 
was i n i t i a t e d  abou t  1927 
by Hildi tch and his collab- 
orators (13, 4, 5). Their  
studies have continued up 
to the present and have in- 

R. W, Riemenschneider eluded numreous fats and 
oils of vegetable and ani- 

mal origin. An extensive review of work in this field 
up to 1947, much of which has been done by Hildi tch 
and coworkers, has been published (10). 

The scope of this paper is restricted to a discussion 
of methods and techniques which are being used to 
determine glyceride composition. An at tempt  was 
made to outline several concepts on glyceride distri- 
bution in na tura l  fats in relation to experimental  
data. 

Tri-saturated glycerides. Probably the first method 
for determining tr i-saturated glycerides in fats is 
that  of Hildi tch and Lea (13). They showed that  
glycerides containing unsatura ted acid radicals are 
oxidized to azelao-glyeerides when treated in acetone 
solution with excess of powdered potassium perman- 
ganate. The saturated acid radicals are not affected. 
Thus the oxidation of a fa t  containing GS3, = GS~U, 
GSU=, and GU 3 would result in a product  containing 
unchanged GS~, and GS:A, 2 GSAf, and GA3. By  care- 
ful  t reatment  of the oxidation product  with aqueous 
alkali the acidic azelao-glycerides can be extracted 
f rom the GSs, the lat ter  determined simply by  weight.  
I f  any unsaturat ion remains with the GS3 portion, 
the fract ion is again subjected to the oxidation and 
extraction. The method is tedious and time-consum- 
ing, and troublesome emulsions are often encountered. 

Another  method, based on crystallization of fats 
f rom acetone and application of appropria te  calcula- 
tions, has also been employed to advantage for deter- 
mining GS3 (32, 33, 14). In  this method the fract ion 
containing the GS3 also contains significant amounts 
of the most insoluble members of the GSfU. Correc- 
tion for  the amount  of the lat ter  can be made af ter  

1A laboratory of the Eastern Utilization R e s e a r c h  B r a n c h ,  Agr i cu l -  
t u r a l  R e s e a r c h  Service ,  U .  S. D e p a r t m e n t  of A g r i c u l t u r e .  

2 T h r o u g h o u t  th i s  p a p e r  GSa, GSeU, GSUf ,  a n d  GUn wi l l  be used  to 
represent t r i- ,  di-, and monosaturated, and triunsaturated glycer ides ,  
respec t ive ly .  S i m i l a r l y  GSeA, GSA: ,  a n d  GAa wi l l  represent correspond- 
ing azelao glycer ides .  
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the fatty acid composition has been determined. This 
method however would probably give low values for  
GS8 if the fat  contained large amounts of saturated 
acids of lower molecular weight than  that  of palmitic 
acid, owing to increased solubility. 

Cama et al. (3) listed the GS3 contents determined 
on a number of fats by both methods. The saturated 
acid content of each fat  was also shown. This infor- 
lnation is reproduced in par t  in Table I. In  general, 
the agreement is exceptionally good, par t icular ly  con- 
sidering that  the values were obtained by different 
workers in most instances 'and on different specimens 
of fat. 

T A B L E  I 
Trisaturated Glyeerides of Fats Determined by Oxidation and 

Crystallization ~lethods (3) 

Fats 

Coconut . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m  k e r n e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
S t i l l i ng i a  t a l low .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Borneo t a l low .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cacao b u t t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
K o k u m  b u t t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a h n  oil, Cameroons  .. . . . . . . . . . . . . . . . . . . . . .  
P a l m  oil, B e l g i a n  Congo . . . . . . . . . . . . . . . . .  
Sheep . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cow, E n g l i s h  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P ig ,  p e r i n e p h r i c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g ,  back  ........................................ 
Buffa lo  ( I n d i a n )  mi lk  f a t  . . . . . . . . . . . . . .  
Cow ( I n d i a n )  mi lk  f a t  . . . . . . . . . . . . . . . . . . .  

Ox ida t ion  l~e thod  

Sm a GS8 

% m o l  

93 84  
85 66 
68 2 t 
63 
60 23 59 

50 
61 27 
58 18 
51 117 
43  
75 42  
68 34  

Crystallization 
Method 

Sm a GSa 

% tool  

9 4  82 
87 62 
73 21 
63 5 
61 2 
59 1 
53 8 
50 6 
61 28 
59 17 
51 9 
4 4  5 
72 40 
69 35 

a Sm --~ % (nml)  of saturated fatty acids. 

Determination of principal types of glycerides. The 
number of possible combinations of the fa t ty  acids 
with glycerol to form triglycerides increases geomet- 
rically with each additional f a t t y  acid, i.e., it equals 
n ~ where n is the number  of different f a t ty  acids (31). 
The number of chemically distinguishable glycerides 
is �89 (n 8 plus nf) .  

Most natural  fats contain four or more component 
acids and therefore may have 40 or more chemically 
distinguishable glyceride entities. These individual 
glycerides may differ by only a few methylene groups 
or in degree of unsaturation,  and have molecular 
weights usually greater  than 800. Hence it is not 
surpris ing that the complete elucidation of glyceride 
composition of fats remains an unsolved problem. 
Some progress however is being made. Several pro- 
cedures have been developed which permit  an esti- 
mation of the proportions of the four  principal types, 
i.e., GSs, GSfU, GSUf, and GU3, and in some of the 
simpler fats an approximation of the major  individ- 
ual component glycerides. 

Crystallization methods. The procedures employed 
by t I i ldi tch and collaborators, par t icular ly  in their  
later  glyceride composition studies, will be outlined 
briefly. The fat  or oil is separated first into a number 
of fractions by crystallization from acetone. Depend- 
ing on the nature and complexity of the fat, the num- 
ber of final fractions may vary  about 3 to 6 or more 
and the temperatures  of crystallization from about 
20 ~ to --60~ One of their more elaborate system- 
atic crystallization procedures has been described by  
Hildi tch and Maddison (14) for  investigation of 
glyceride components of cottonseed oil. 
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The original fat and each fraction obtained from it 
are analyzed for individual fat ty acid content, iodine 
value, and saponification equivalent. In some cases 
where th~ fraction is small, fat ty acid composition may 
be computed from iodine value, thiocyanogen value, 
and saponification equivalent. In large fractions the 
ester fractionation method with appropriate analyses 
of each distilled fraction is employed. Again, depend- 
ing on the fat or oil, certain fractions may be saponi- 
fled and separated into " s o l i d "  and " l i qu id"  acids 
by the lead salt alcohol method, followed by appro- 
priate analyses or possibly by fractional distillation 
of the methyl esters of the solid and liquid acids and 
analyses of the fractions. From the fat ty acid an- 
alysis of each fraction obtained in the crystallization 
of the fat, molar increments of each fatty acid are 
computed. From these data the molar increments of 
each of the four general types of glycerides can be 
estimated on the assumption that no more than two 
types are present in any one fraction. The summa- 
tion of the increments in each fraction of each type 
of glyeeride is the estimated percentage occurring in 
the fat. 

[In some instances where a less elaborate crystalli- 
zation system was employed, portions of the fractions 
were also completely hydrogenated, and the hydro- 
genated sample was crystallized to fractionate tri-C~s 
(as tristearin). Calculation from saponification equiv- 
alents on the crystallized fractions gave an estimated 
tri-C~s content, which together with the fat ty  acid 
analysis before hydrogenation, permitted more reli- 
able estimates to be made concerning the total tri-Qs 
unsaturated glyeerides.] 

Luddy et al. (33) described a systematic crystalli- 
zation procedure which was somewhat simpler and 
employed considerably different solvent ratios and 
temperatures. They determined the unsaturated fat ty 
acid components by means of hnproved spectrophoto- 
metric methods and iodine values. The saturated were 
obtained by difference. Results on a number of fats 
reported by them are given in Table I I  along with 
values reported by Itilditch and collaborators.  A 
strict comparison of the two crystallization proce- 
dures cannot be made because different samples of the 
same type of fat were used by the several workers. 

TABLE II 
Glyceride Composition as I)etermined by Oifferen~ Crystallization 

Procedures on Different Fats 

Principal Glyceride Types 

Cottonseed oil (14) 
Cottonseed oil (33 ) 
Palm oil (15) 
Palm oil (33) 
Pig back fat (19) 
Lard  (33) 
Chicken fat  (20) 
Chicken fat  (33) 

Iodine 
Value 

105.0 
115.2 

53.0 
50.1 
59.2 
66.2 
79.5 
78.5 

Satu- 
rated 
Acid 

% tool 
28 
27 
53 
55 
44 
39 
34 
3O 

GS3 GSzU GSU~ GU8 

%mot %tool %tool %reel 
0.1 13 58 28 

none 14 51 34 
8 54 32 6 
9 48 39 3 
5 32 60 3 
3 27 55 15 
2 28 41 29 
2 18 49 31 

Cama et al. (3) made a reasonable attempt to eval- 
uate the crystallization procedure by making several 
artificial mixtures of t he  four p r inc ipa l  types of 
glycerides. Fractions, which had been obtained by 
intensive application of the crystallization technique 
to different fats, were analyzed for fat ty acid com- 
position and calculations were made of their glycer- 
ide composition. None of the fractions were composed 
of one type only but invariably ~ontained two neigh- 
boring types, e.g., GS~GS2U,  GS2U~-GSU2, GSU~-4- 
GU~. From these fractions of calculated compositions 
three artificial fat mixtures of widely varying compo- 

sition were prepared and subjected to the systematic 
crystallization technique, followed by fat ty  acid an- 
alysis of the crystallized fractions. The " f o u n d "  val- 
ues are compared with the calculated ones in Table 
I I I  along with " f o u n d "  and calculated values for a 
50/50 mixture of poppy-seed oil and sesame oil whose 
glyceride compositions had previously been deter- 
mined by the crystallization procedure. 

TABLE III 

Glyceride Composition of Artificial Mixtures of Fat  Components 
Determined by Crystallization Technique (3) 

Fat Mixtures 

A B C [Poppy/Sesame50:50 

Found~ Calv. Found GaZe. Found Cede. f Found Gate. 

GSU2 GSzU 47 36 47 36 52 59 I 50 4 2 [  541 43 
53 54 GU3 . . . . . . . .  

Although the accordance was excellent in mixture 
A, and good in the poppy-sesame mixture, the GS2U 
and GSU: contents found for B did not accord well 
with the calculated values. The distribution in C 
was also not in good agreement with the calculated. 
Cama et al. however do not feel that the artificial 
mixture analyses represent an altogether satisfactory 
test of the method because the preparation and stor- 
age of the fractions from which the mixtures were 
made involved risk of oxidative changes over and 
above that normally incurred in the crystallization 
method as applied to a fresh natural fat or oil. 

Oxidat ion method.  Kartha (25, 26, 27) modified 
the oxidation method for GS 8 (loc. cit.) and employed 
it for the determination of the four principal types 
of glycerides. He found that if a slight excess of 
acetic acid is maintained during the oxidation with 
permanganate, hydrolysis of the azelao-glycerides is 
prevented. He further found that by treatment of 
the oxidation product with magnesium sulfate solu- 
tion, GS3, all of the GS2A and part of the GSA2 (as 
magnesium salts) could be obtained as a precipitate 
while the balance of the GSA 2 and GAa (as magne- 
sium salts) was contained in the filtrate. After treat- 
ment with mineral acid the recovered product from 
the precipitate was weighed and saponified ; saturated 
acids were determined by the B e r t r a m  technique.  
Based on the weight of the precipitated fraction be- 
fore saponification, the amount of GS~ (determined 
independently) and the weight and neutralization 
number of the saturated acids, calculations can be 
made of the total GS2A and the amount of GSA~ in 
this fraction. The balance of the GSA 2 is determined 
from the saturated acids isolated in similar manner 
from the soluble fraction of magnesium salts. The 
total GS2A and GSA2 can then be calculated to equiv- 
alent amounts of GS2U and GSU2 and expressed in 
percentage (tool) of the whole fat. The GUs is ob- 
tained by difference. 

The principal types of glycerides have been deter- 
mined by both experimental methods on a number of 
dissimilar fats and oils. Only in a few instances how- 
ever have both methods been applied to the same 
specimen of fat as shown in the  footnote for Table 
IV. The accordance between the two methods in these 
instances was reasonably good except f o r  palm oil 
(33). In another analysis of palm oil (~15) the agree- 
ment was satisfactory. How muchl of:{helack of ac- 
cordance in the results on the other fats shown in the 
table is attributable to variation between different 
specimens of the same type of fat, of course, is un- 
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TABLE IV 

Glyceride Composition of Fats and Oils Determined by Crystallization and Oxidation Methods 

Groundnut (peanut) oil .................. 
Jottonseed oil ......... 
3ottonseed oil e ................................. 
~eem oil 
Howrha oil 
Palm oil c .......... 
Palm oil .............. 
Vateria Indica fat ............................ 
~arcinia Indica fat .......................... 
0x depot fat ...................................... 
Lard c. 
3hicken f a t  e 

Lit. 
Ref. 

(9) 
(24) 
(33) 
(16) 
(12) 
(33) 
(15) 
(40) 
(17) 
(18) 
(33) 
(33) 

Sma 

19 
28 
27 
32 
43 
55 
53 
58 
59 
61 
39 
30 

GSs 

~ 

9 
8 
2 
1 

17 
3 
2 

C r y s t a l l i z a t i o n  Method 

GS~U GSU2 

1 59 
14 51 
14 67 
28 71 
48 39 
54 32 
69 29 
7{~ 21 
49 34 
27 i 55 
18 49 

GU~ 

43 
28 
35 
19 

0 
3 
6 
0 
2 
0 

15 
31 

Lit. Sm a 
Ref. 

(27) 20 
(27) 23 
(33) 25 
(27) 40 
(27) 43 
(33) 51 
(27) 54 
(27) 57 
(27) 61 
(27) 63 
(33) 39 
(33) 29 

Oxidation Method 

GSa b GS2U OSU~ 

.... 9 42 
.... 13 44 
.... 13 48 

39 41 
trace 47 36 

9 47 31 
9 54 27 
1 76  18 
1 84 13 

17 58 22 
3 25 59 
2 18 44 

GUn 

49 
43 
39 
20 
17 
13 

9 
5 
2 
3 

14 
35 

a Saturated fatty acids % (mol).  
b Determined by independent method. 
e Both methods applied to same specimen of fat. 

known. I t  appears  unl ikely however tha t  two speci- 
mens of the same type of fa t  or oil having the same 
percentage of sa tura ted  acids, such as Mowrha oil, 
would va ry  great ly  in glyceride distribution. There- 
fore, perhaps  for  the most part ,  the discrepancies 
should be a t t r ibuted to inadequacies of the methods. 

There are a number  of sources of error  in either 
the crystall ization or oxidation method. In  the for- 
mer the calculation of the pr incipal  types  is based 
on the assumption tha t  only two neighboring types 
are present  in any  one fraction. There may  be more 
overlapping in solubility between certain members of 
the GS2U and GSU2 than  is realized. Hence the fil- 
t ra te  fract ions (obtained f rom the lower- temperature  
crystall izations),  which are normal ly  calculated as a 
mixture  of GU3 and GSU2, may  contain significant 
amounts of the most soluble members of GS2U. The 
amount  of the la t ter  calculated as GSU2 would be 
doubled and would produce a correspondingly lower 
GU~ content (by difference). The reliabil i ty of the 
crystall ization method also depends on the accuracy 
of the f a t t y  acid determinations of each fraction. In  
the calculation of glyceride types for  a given frac-  
tion, only the percentage of total  sa tura ted  or ( total  
unsa tura ted)  f a t t y  acids is used. Er rors  in f a t t y  acid 
determinat ion in some instances may  be trebled in 
comput ing to glyceride basis. 

There are also a number  of possible sources of error  
in the oxidation method. Assuming str ict ly quanti ta-  
tive techniques, the accuracy of the method depends 
also on the following: a) that  no unsa tura ted  acids 
are present  with a double bond closer to the carboxyl 
than the 9,10-position; b) that  no hydrolysis  takes 
place dur ing  the oxidation or subsequent t rea tment  
of the oxidation product  including the extraction, 
washing, magnesium soap precipitat ion,  decomposition 
etc. ; and c) that  the GS2A is completely precipi tated 
as magnesium salts and tha t  the precipi tate  contains 
no GA 3 (as magnesium salts).  Fu r the rmore  the satu- 
ra ted acids are determined by  the B e r t r am  technique 
af ter  saponification of the azelao-glycerides recovered 
f rom the magnesium salt precipitation.  This tech- 
nique is known to give low results when acids lower 
in molecular weight than  palmitic acid are present.  

The recent developments of appara tus  for mult iple 
stage countercurrent  extract ion have furnished a new 
tool which offers considerable promise in the fraction- 
ation and resolution of glyceride mixtures.  Dut ton  
(6) has recently reviewed the principles and applica- 
tions of countercurrent  extraction for  the fract iona- 
tion of lipids. I t s  appl icat ion is still in a pre l iminary  
status, but  sufficient data  have been repor ted to dem- 
onstrate potentiali t ies for  the analyt ical  se~oaration of 
~lvcerides of fats  and oils. 

Concepts of Glyceride Distribution 
in Natural Fats 

The mode of synthesis and  elaboration of fats  by 
plants and animals has been a subject of great  in- 
terest for  m a n y  years. As more definite information 
became available concerning the glyceride composi- 
tion of a wide selection of fa ts  f rom different sources, 
it was inevitable that  a t tempts  would be made to 
determine whether  the biosynthesis followed any dis- 
t inct  pat tern .  

Hildi tch and collaborators were first to suggest a 
pa t te rn  of distribution. The suggestion originated 
as a broad generalization to account for  certain ob- 
servations, such as the following. 

1. With few exceptions natural fats and oils contain a mini- 
m u m  r a t h e r  t h a n  a m a x i m u m  of  s i m p l e  t r i g l y c e r i d e s ,  i .e.,  w h e r e  
al l  t h r ee  f a t t y  a c id s  of  the  g l y c e r i d e  a r e  t h e  same .  

2. I n  a n u m b e r  of  l iqu id  seed  f a t s ,  in wh ich  oleic a n d  o the r  
u n s a t u r a t e d  ac id s  p r e d o m i n a t e ,  t r i s a t u r a t e d  g l y c e r i d e s  a r e  es- 
s en t i a l l y  a b s e n t  whi le  the  t r i u n s a t u r a t e d  c o n t e n t  w a s  u n i f o r m l y  
c loser  to t h e  l e a s t  poss ib le  ( b a s e d  on c a l c u l a t i o n s  f r o m  f a t t y  
ac id  c o m p o s i t i o n s ) ,  t hus  i n d i c a t i n g  a m a x i m u m  a s s o c i a t i o n  o f  
s a t u r a t e d  a n d  u n s a t u r a t e d  ac ids  in  the  f o r m  GS2U a n d  GSU: .  

3. Seed  f a t s  c o n t a i n  on ly  m i n o r  p r o p o r t i o n s  ( a  f e w  % )  of  
GS3 unless  t h e  p e r c e n t a g e  of  s a t u r a t e d  ac ids  exceeds  a b o u t  
58%. 

4. In seed fats containing over 58% of saturated acids, the 
"association ratio" (mols saturated acids/mols unsaturated 
acids) of the saturated-unsaturated glyceride portion is nearly 
constant at about 1.2-1.4 to 1. This ratio corresponds with a 
m i x t u r e  of  a b o u t  3 to 4 ( m o ] s )  o f  GS2U to  1 ( too l )  of  GSU.~. 

To account for these observations they proposed that  
the component  acids of a fa t  tend to be distributed, 
according to their  relative proportions,  as evenly or 
widely as possible among all the glyceride molecules. 
The operat ion of this pr inciple  in its strictest sense 
would lead toward max imum heterogeneity in any  
individual  glyceride but  not in the fa t  as a whole. 

As more data  on the glyceride composition of a 
wider selection of fats  became available, the proposal 
was modified to br ing it in bet ter  conformity  with 
the observed compositions and  was expressed in the 
following f o u r  general terms, which have become 
known as the " r u l e  of even d i s t r ibu t ion"  (11): 
a) when a given f a t t y  acid A forms about 35% 
(tool) or more of the total  f a t t y  acids ( A + X )  in a 
fat,  it will occur at least once, G(AX2) in pract ical ly 
all the tr iglyceride molecules of the fa t  in question; 
b) if it forms f rom about 35 to about 65% (tool) of 
the total  f a t t y  acids, it will occur twice G(A~X) in 
any  given tr iglyceride molecule in some instances, 
and, of course, more f requent ly  the higher the pro- 
port ion of this acid in the total  f a t t y  acids;  c) if it 
forms 70% or more of the total  f a t t y  acids, the re- 
maining f a t t y  acids (X)  can at  most only fo rm mixed 
tri~lvcerides G(AoX] .  and the excess of A then. and 
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broadly speaking then only, appears as a simple tri- 
glyceride, G(A3) ; and d) a minor component acid 
which forms much less than about a third of the 
total fat ty acids (e.g., 15% or less) will not occur 
more than once in any triglyceride molecule (and, of 
course, not at all in many). 

An empirical system of computing the approximate 
proportions of the major glyceride components in fats 
composed of three (or at most four) major compo- 
nent fat ty acids was also introduced. It  has been 
applied principally to fractions derived from crystal- 
lizations of fats and consists of arithmetical propor- 
tioning of a major component acid (usually oleic acid 
or oleic -~ other unsaturated acids) to the other ma- 
jor component acids on the basis of their molar pro- 
portions, and then each portion of "ole ic"  acid is 
calculated as combinations with the other major com- 
ponents. An example of the calculation as applied 
to cacao butter is cited (10). The molar proportions 
of acids in the whole fat were palmitic, 24.3; stearic, 
35.4; oleic, 38.2; linoleic, 2.1. The oleic and linoleic 
are combined for the purpose of calculation as 40.3% 
(mol). This amount of "oleic"  acid is divided with 

24.3 
palmitic and stearic acids: X40.3~-16.4% 

24.3+35.4 
(tool) "oleic"  to combine with 24.3% (tool) of pal- 
mitie acid, the balance of "oleic," 23.9% (mol), to 
combine with 35.4% (tool) of stearic acid. 

These combinations as mono- and di-"oleins" are 
calculated as follows: 

x - ~ y ~ 1 6 . 4  + 24.3 ~---40.7 
1/3x-~ 2/3y~---16.4 
y = 8.5 % (mol) di" oleo" monopalmitin (00P)  
x ~  32.2% (tool) mono-" oleo" dipalmitin (OOP) 

Similarly, combinations of the "oleic"  and stearie 
acids give 12.4 % (tool) di-" oleo' '-stearin (0 0 S), and 
46.9% (tool) mono-"oleo"-distearin (OSS). Experi- 
mental and calculated values are shown in Table V. 

The assumptions made in this type of calculation, 
of course, would have considerable influence on the 
results, as shown by the comparison of calculated 
with found values for cottonseed oil (10) in Table 
VI. The molar proportions of fat ty acids in the oil 
were: myristic, 2.4 ; palmitic, 24.4 ; stearic, 1.6 ; oleie 
(with lower homologs), 24.9; and linoleic, 46.7. The 
distribution of the four principal types of glycerides 
was determinel by the crystallization method as out- 
lined previously. The calculations of major "indi- 
vidual"  components a), b), c), d) were made from 
fat ty acid analyses of each fraction but with different 
assumptions. Calculations e) and f) were made from 
fat ty acid composition of the original oil. The com- 
position of the oil is considered most likely to be 
represented by a), with b) as a possible second choice. 

It is apparent however that calculations made di- 
rectly from fat ty acid composition of the original oil 

TABLE V 
Component Glycerides of Cacao ]3utter 

Experi- Calcu- 
mental fated 

Dipahnitostearin ........................................... 

"Oleo"-dipalmitin ....................................... 

"Oleo"-palmitostearin ................................. 

"Oleo"-distearin ............................................ 

Di-"oleo"-palmitin ........................................ 

Di-"oleo"-stearin .......................................... 

% mo~ 
2 

52 

19 

12 ] 

~o reel 

64.4 l 

14 .7J  

8 .5}  

12.4 

TABLE 
Comparison of Observed Glyceride 

With Values Calculated on 

VI  
Composition of Cottonseed Oil 
Different Assumptions 

Component 
Glycerides 

GSa 
P P P  

GSzU 
OSS 
LSS 

GSU2 
OOS 
SOL 
SLL 

GU3 
0 0 0  
OLL 
L L L  

'ound 

b tool 
0.1 
0.1 

13.2 

58.4 

28.3 

Calculated [% (mol) ] 

(a)a  (b)a (c)a (d)a  (e)b (f)b 

0.1 0.1 

5.9 5.9 
7.3 7.3 

4o:~' 5d:~ 
17.8 7.7 

.... 10.1 

0.1 0.1 . . . . . . . .  

5.9 3.8 - 2 
7.3 9.4 "4  5 

15.5 21.4 . . . . . . . .  
35.2 .... 56 53 

7.7 37.0 21 22 

0.9 
2s':~" i'~ i'~ 

2~:~ . . . . . . . . . . . .  
a Calculations based on fatty acid analyses of fractions from system- 

atic crystallizations (14).  
(a) maximum possible OLL, then SOL 
(b) maximum possible SOL 
(c) maximum possible SOL, then LLL  
(d) maximum possible SLL, then OLL 

b Calculations made from fatty acid composition of original oil. 
(e) linoleic acid proportioned between palmitic, stearic ( ~  

myristic),  and oleic acids. 
(f) oleic acid proportioned between stearic, palmitic, and 

linoleie acids. 

are hardly a good approximation of the found values 
or of the values calculated from fatty acid composi- 
tion of the crystallization fractions. 

Fruit  coat fats, in general, show greater divergence 
from the terms of even distribution than the seed 
fats. They have greater contents of GS 3 than would 
be expected under the terms. In some instances, at 
least, further arbitrary assumptions had to be in- 
troduced into the system of calculation in order to 
proximate the glyeeride composition found experi- 
mentally. For example (15) in palm oils (Cameroons 
and Bassa), the GS 8 and GU~ were calculated on the 
" r a n d o m "  basis, and only half these amounts were 
taken as the "computed"  values. Further assump- 
tions were made concerning the composition of the 
"half-random" values for GS~ and GU3. After sub- 
tracting the molar percentages of the acids represent- 
ing the "computed"  GSa and GU8 from the total 
amount of these acids in the oil, the GS2U and GSU2 
contents were estimated by partitioning the remain- 
ing oleic acid among the remaining palmitic, stearic, 
and linoleic acids in the usual way. 

Land animal depot fats, particularly those contain- 
ing appreciable amounts of stearic acid, according to 
Hilditch, represent a special case which deviate from 
even distribution only in that greater amounts of 
GS~ are present in relation to the proportion of sat- 
urated acids in the fat: When the saturated acids 
represented in GS~ are deducted from the total of 
these acids present in the original, the system of cal- 
culation based on partitioning "oleie"  acid between 
the rest of the palmitic and stearic acids gave values 
for GS~U, GSU2, and GU3 which were in accord with 
those found experimentally by tIilditch and Pedelty 
(19). 

Random distribution. It has been observed that the 
distribution of the principal types of glycerides in 
many fats conforms as closely to values calculated on 
the basis of random distribution as to those calcu- 
lated on the terms of even distribution, particularly 
where the latter calculation is applied in its strictest 
sense to the fat ty acid composition of the original fat. 

The calculation of the principal glyceride types on 
the basis of random or indiscriminate distribution of 
fat ty acids on the glyceride molecules has been dis- 
cussed previously (42). The assumption is made that 
in the biosynthesis of fats (or subsequent biochemical 
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T A B L E  V I I  

Compar i son  of Observed  ( F o u n d )  Glycer ide  Composi t ion  W i t h  Ya lue s  Ca lcu la t ed  by Seve ra l  Hypo theses  

F a t  L i t .  Ref .  Sm. GSz GSzU GSUz Gua 

P e a n u t  Oil  ( f o u n d )  
E v e n  .... 
R a n d o m  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  R a n d o m  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

~ottonseed Oil ( f o u n d )  b .. . . . . . . . . . .  
E v e n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Random . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  R a n d o m  ... . . . . . . . . . . . .  

0acao bu t t e r  ( f o u n d )  
E v e n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
R a n d o m  .. . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  Rando ra  .. . . . . . . . . . . . . . .  

Vat.  I n d i c a  f a t  ( f o u n d )  ~ 
E v e n  .... 
R a n d o m  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  R a n d o m  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

( 2 5 )  
Calc. a 

( 2 5 )  
( 3 3 )  

Calc. e 

( 1 0 )  
( 1 0 )  

(40 ,  2 5 )  
Calc. o 

% (tool) 

20  
20 
2O 
2o 
26 
2 6  
26  
2 6  
60 
60 
6o 
60 

5 7 - 5 8  
57  
57  
57  

% (tool)  

0 
0 
1 
0 
0 
0 
2 
0 
2 

22  
(2) 

2 
0 

18  
(2) 

% (tool) 

9 
15 
10 
10 
14 
14 
15 
18 
77 
78 
43 
78 
72 
71 
42 
7O 

S. I n d i c a  f a t  ( f o u n d )  s ............... (18 ,  2 5 )  
E v e n  ...................................... 
R a n d o m  ................................. 

Res t r i c t ed  R a n d o m  ................ 
P a l m  Oil ( f o u n d )  d, (15 ,  25 ,  33 )  

Even . . .  Calc.f  
R a n d o m  .................................. 
R e s t r i c t e d  R a n d o m  ............ 

L a r d  ( f o u n d )  ( 3 3 )  
Even . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cale . f  
Random . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  R a n d o m  ... . . . . . . . . . . . . .  

t a l l o w  ( f o u n d )  ( 3 4 )  
E v e n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cale.g 
Random . . . . . . . . . . . . . . . . . . . . . .  
Res t r i c t ed  R a n d o m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

59--61 
60 
60 
60 

53--54  
53 
53 
53 
39 
39 
39 
39 
60 
60 
60 
60 

1 
0 

22  
(2) 

9 
(9) 
15 
(9) 

3 
(s) 

6 
(3) 
18 

( 1 8 )  
21  

(18) 

80 
83 
43 
78 
52 
57 
40  
50 
26 
37 
28 
33 
47  
4 4  
43 
48 

% (tool) 

42 
31 
38 
40  
49 
52 
43 
43 
21 
22 
29 
19 
24  
29 
32 
25 
17 
17 
29 
19 
33 
18 
35 
33 
57 
35 
43 
43 
3O 
38 
29 
28 

% (tool)  

49 
55 
51 
5O 
37 
34 
40  
39 

0 
0 
6 
1 
2 
0 
8 
3 
2 
0 
6 
1 
6 

16  
10 

8 
14  
25 
23 
22 

5 
0 
7 
6 

a 01eic ac id  d i s t r i b u t e d  be tween  s a t u r a t e d  and  l inoleic  acids .  
b A v e r a g e  va lues  on same spec imen  by c rys ta l l i za t ion  a n d  ox ida t ion  methods,  
r L ino le ic  ac id  d i s t r i bu t ed  b e t w e e n  oleic and  s a t u r a t e d  acids.  
d A v e r a g e  va lues  on d i f fe ren t  spec imens  by c rys ta l l i za t ion  a n d  ox ida t ion  methods.  
e OIeic ac id  d i s t r i b u t e d  be tween  s a t u r a t e d  acids.  
f Oleic ac id  d i s t r i b u t e d  be tween  s a t u r a t e d  acids  and  Iinoleie ac ids  a f t e r  s u b t r a c t i n g  s a t u r a t e d  in  GS~ ( found )  f rom to ta l  s a t u r a t e d  acids.  

Oleic acid  d i s t r i b u t e d  be tween  s a t u r a t e d  ac ids  a f t e r  s u b t r a c t i n g  the  s a t u r a t e d  acids  in  GSa ( f o u n d )  f rom to ta l  s a t u r a t e d  acids.  

processes, such as enzymatic ester interchange) each 
step is governed by laws of chance. The distribution 
of the four types of glycerides then is conveniently 
expressed as the terms in the binomial expansion of 
(S~-U)~----1, or Ss-~-3S~U-~3SU2~ - US=l,  where S ~  
saturated acid and U----unsaturated a c i d - - i n  mol 
fractions. 

The suggestion of random distribution of glycer- 
ides in fats has been confined principally to animal 
depot fats (38, 7, 31) although it has also been pro- 
posed for babassu fat, a palm seed fat (24). 

A comparison of the distribution of principal glyc- 
eride types found experimentally with those calcu- 
lated by several hypotheses are shown in Table VII. 

Restricted random distribution. An interesting new 
hypothesis concerning the distribution of glycerides 
in fats has been proposed by Kartha (25, 27, 28). I t  
is based "on  the assumption that there is a maximum 
proportion of GS~ which may be present in each spe- 
cies of fat. This limit varies, according to circum- 
stances, up to the proportion of GS3, which may be 
produced by random or chance distribution of the 
component fa t ty  acids among the glyceryl radicals. 
When the proportion of GS3 which can exist is less 
than that which could be synthesized by chance dis- 
tribution of the saturated fat ty  acids, the excess S is 
distributed according to chance among the remaining 
glyceryl radicals vdthout formation of any more GS3." 

The chance (or random) values for the four prin- 
cipal gtyceride types can be calculated as previously 
indicated, providing the molar proportions of satu- 
rated acids in the total fa t ty  acids are known or 
determined. 

The restricted random calculation can then be made 
from the calculated random values, providing the GSs 
content of the fat is known or determined, as follows: 

GS3~---GS3 actual (Kartha prefers a method to be 
described (29) 

GS~U == GSzU chance ~- (GS3 chance --  GS3 actual) 
~-33 

GSU2 ~ GSU2 chance-- 3a -}- 3b 
GU3~GU ~ chance-- 3b 
where a----- % of S substituting for U in GSU2 
and b ~ - %  of S substituting for U in GU3 

Calculation for a: 
1/3 (GS8 chance--GS8 actual) X2/3 GSU2 chance a - -  

2/3 GSU2 chance-[-GU3 chance 
Calculation for b: 

b ~  1/3 (GS3 chance-- GS~ actual) X GU8 chance 

2/3 GSU2 chance ~- GUs chance 

A comparison of glyceride distribution determined 
experimentally with calculated distribution, assuming 
several hypotheses, are shown in Table VII. Values 
calculated on the restricted random principle show 
best accordance with found values throughout this 
series. Kartha (28) has published a comparison of 
found values with values calculated on the restricted 
random principle for a greater number of fats in 
which good agreement was shown. 

Discussion. Inasmuch as the experimental methods 
for determining glyceride structures leaves much to 
be desired as to precision, it would be presumptuous 
to consider that the ease is proven for any one distri- 
bution hypothesis. Perhaps more important is the 
faet that even within the limitations of the methods 
a great deal of knowledge concerning the glyeeride 
structures of natural fats has been accumulated. With 
more efficient fraetionation which may be obtainable 
with multiple-stage, countereurrent extraction or pos- 
sibly with new chromatographic techniques, it seems 
probable that the answer to the question of natural 
pattern of distribution may soon be forthcoming. 

The experimental values reported in Table VII  for 
the most part are average values for a given type of 
fat reported either by different investigators or by the 
same investigator who employed both oxidation and 
crystallization methods. Where values on different 
specimens of a fat were averaged, the fat contained 
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approximately the same fat ty acid composition, and 
averages of these were also used in the calculations. 
Even allowing for the limitations of the experimental 
data, the values calculated by the restricted random 
principle are in best accordance for the entire series 
of fats shown. The method of computing distribution, 
in either "even distribution" or "res t r i c t ed  random" 
hypothesis, is designed to bring the values in closer 
agreement with the observed. Hence it is not surpris- 
ing that in some instances either hypothesis appears 
valid. 

There arc other points to be considered in the ques- 
tion of pattern of distribution aside from the propor- 
tions of the four principal classes of glycerides. In 
oils, such as cottonseed oil, which have a high pro- 
portion of linoleic acid (about 50% in many speci- 
mens), there should be about 12.5% of trilinolein 
present according to random distribution. Only evi- 
dence for minor proportions has been reported. 

Hilditch and Stainsby (21) in fractional crystalli- 
zation of hydrogenated pig back fat found fl-palmito- 
distearin (M.P. 67-67.5 ~ in amounts corresponding 
to about 80% of the total palmitodistearin present in 
the fully saturated portions and concluded that the 
original fat contained fl-palmityl glycerides unaccom- 
panied by any appreciable quantities of a-palmityl 
glycerides. This was later confirmed by lVieara (37), 
and more recently by Quimby et al. (39). The latter 
provided evidence, based on cooling curves and X-ray 
diffraction studies of hydrogenated fractions obtained 
in crystallization and of hydrogenated whole fats, 
which indicated that lard contains p r inc ipa l ly  2- 
palmityl glycerides while beef and mutton tallows 
contain largely 1-palmityl glyeerides. They pointed 
out that this evidence does not support the hypoth- 
esis of random distribution because the 2-palmityl 
configuration is only half as probable as a 1-palmityl 
configuration. 

Fur ther  evidence of the lack of randomness in lard 
was furnished by Luddy et al. (34), who showed that 
after treatment with sodium methylate there was a 
distinct change in glyceride distribution and in phys- 
ical properties. The glyceride composition after the 
treatment was in closer agreement with values cal- 
culated for random distribution. 

Reiser and Diekert (41) made use of an isotope 
dilution technique for determining GS~ and found 
that endogenous rat fat conformed to the random 
type distribution but the ingested fat appeared to be 
"resynthesized by the rat  according to " e v e n "  type 
distribution, or at least, in a manner which tends to 
distribute the fat ty acids." From similar studies on 
chicks they found the percentage of GS a higher than 
expected for random distribution. These authors also 
cited work (1, 35, 30, 41, 8) which showed selective 
or specific activity of enzymes in the synthesis and 
hydrolysis of glycerides, a point said to be in favor 
of non-randomness. However they also state that it is 
possible for tissues to have many fat-splitting and 
fat-synthesizing enzymes with different reaction rates 
and specifieities, a condition which would tend toward 
randomization. 

Kartha (28) has offered a plausible explanation to 
account for the GSa content (actual) usually being 
less than that calculated on a true random basis. He 
proposed that GS3 can be synthesized in the depots 
only to the extent that it can remain in a fluid state. 
The amount of GS~ that will remain in a fluid state 
would vary with the melting point and solubility of 

the GSa. The melting point and solubility, of course. 
would vary with the proportions of low and high 
molecular weight saturated acids present. 

Probably solution of the GS 3 in the liquid satu- 
rated-unsaturated glycerides present in the depot fat 
governs the fluidity rather than melting in the usual 
sense. Other factors, such as the solubilizing and 
emulsifying effect of phospholipids, lipoproteins, etc., 
probably also influence the " f l u i d i t y . "  Hence, in re- 
lated fats, e.g., in land animals, even though there 
may be wide differences in fa t ty  acid and glyceride 
composition between species (and also between indi- 
viduals of the same species probably due to differences 
in diet), the depot fats with large GS3 content should 
contain greater amounts of the more soluble, lower 
molecular weight acids. Kartha (loc. cir.) has listed 
a number of fats with pertinent data on their satu- 
rated acid composition, GS~ actual and calculated, 
and melting ranges, which fall in line with this 
hypothesis. 

The specificity of enzymes and relative rates t)f 
enzymatic esterification of different fat ty acids with 
glycerol and rates of hydrolysis of different fat ty 
acid esters of glycerol are important in considera- 
tion of glyceride distribution in natural fats. In this 
connection published information is not conclusive. 
Artom et al. (2) found no difference in the rate of 
hydrolysis due to a- or fl-position of a fat ty acid in 
studies on fl-palmityl a,a'-dicaprylin and fl-capryly] 
a,a'-dipalmitin. Similarly Weber et al. (43) found the 
a- and fl-monoglycerides of lauric, myristic, palmitic, 
and stearic acids to be hydrolyzed with equal facility 
by pancreas lipase. Mazza and Valerie (36) however 
reported that stearic acid was hydrolyzed more read- 
ily by pancreatic lipase from 2,3-dimethyl-l-stearyl 
glyceride than from 1,3-dimethyl-2-stearyl glyceride 
although equilibrium was reached in both cases when 
15% of the substrate was hydrolyzed. 

In studies on the hydrolysis of triglycerides (mono- 
acid) of saturated acids (C 8 to C13 ) in the presence 
of pancreatic lipase, Holwerda (22) concluded that 
there was no difference in the rates of hydrolysis. On 
the other hand, Inoue and Sintani (23) reported the 
higher fa t ty  acids of coconut oil are more readily 
hydrolyzed than the lower ones and that the saturated 
acids of cottonseed oil arc hydrolyzed more readily 
than the unsaturated ones. 

By way of conclusion, the results point to the need 
for employing fraetionating devices capable of more 
complete resolution of the component glycerides i n  
methods for determining glyceride distribution. Fur- 
ther work is also required to settle the question of rel- 
ative rates of enzymatic esterification of different fat ty 
acids with glycerol and rates of hydrolysis of the cor- 
responding fat ty  acid esters. The present status of 
g]yceride studies indicate that few if any fats have 
true random distribution. The general good accord- 
ance of experimental data with the restricted random 
principles merits further critical study. The princi- 
ples of even distribution conform in a general or 
broad sense with the observed composition of many 
fats, particularly seed fats, but again more critical 
studies are required before any definite conclusions 
can be drawn as to their application to all types of 
fats. 
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Process Control 
WALTER R. TRENT, Colgate-Palmolive Company, 

p ROCESS CONTROL has increased in importance in 
recent years and will doubtless increase even 
further .  P roper  process control is becoming 

more important  because of a number of develop- 
ments, including a) the t rend from batch to continu- 
ous manufactur ing operations, b) the increasing rates 
of production output,  and e) the increase in complex- 

i ty of numerous processes. 
Many benefits can be ob- 

t a i ned  f r o m  the wise se- 
lection, adoption, and ad- 
m i n i s t r a t i o n  of  a good  
p r o c e s s  c o n t r o l  sy s t em.  
These benefits include cost 
control, efficient and rela- 
t i ve ly  t r o u b l e - f r e e  oper-  
a t ions  in the  f a c t o r y  or 
pilot plant, and control of 
the  qua l i t y  of f i n i shed  
product.  All of these fac- 
to rs  are  i n t e r r e l a t e d ,  all 
are of major  importance. 

Cos~ Control 
Successful operation of a 

W .  R .  T r e n t  process or manufac tur ing  
p r o c e d u r e  r equ i r e s  r ig id  

cost control. This success is often dependent  upon 
reliable analytical techniques or instrumental  anal- 
yses applied to samples which are carefully selected 
at strategic steps in the manufac tur ing  operation. 
Some of the cost factors requir ing control are as 
follows. 

Raw Materials. The process should be developed to 
use commercially available raw materials of a suitable 
grade, concentration, and pur i ty  which will ensure 
the most efficient operation of the process at minimum 
cost. Each delivery of raw materials subsequently 
received must be sampled by a method which will 
ensure that the sample is as uniform and as repre- 
sentative of the entire delivery as possible. This 
sample must be subjected to sufficient laboratory tests 
to make certain that  it is the specified material, of the 
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desired concentration and puri ty,  and of the proper  
quali ty to perform satisfactorily. For  example, a tri- 
glyceride to be used in prepar ing an edible product  
should be tested for  moisture and impurities, free 
f a t ty  acid content, color and bleachability, iodine 
value, titer, and its effect on the stability and flavor 
of the finished product.  

By-Products and Losses. Analytical  and instru- 
mental  control methods can material ly affect cost 
control by minimizing losses and the formation of 
by-products. For  example, in the process for the hy- 
drolysis of triglycerides to f a t ty  acids (4) and the 
subsequent distillation of the fa t ty  acids, the yield 
of distilled fa t ty  acids and the amount  of still-bot- 
toms is adversely affected by the presence of a high 
percentage of unsaponifiable material  in the feed 
stock and by the presence of any materials which 
will react with the crude fa t ty  acids during the dis- 
tillation operation. 

Concentration and Purity of Finished Product. 
Cost control requires proper  control of the finished 
product  concentration and puri ty.  Sufficient samples 
must be analyzed dur ing  the processing operation to 
control the finished product  within specified limits. 

Efficient and Trouble-Free Operations 
Good process control methods and procedures can 

do much to increase the efficiency of a plant process 
and contribute toward the goal of trouble-free oper- 
ations. All known techniques should be employed to 
help the manufac tur ing  operation make it r ight the 
first time. Numerous examples can be cited. For  
example, in the hydrogenat ion of f a t ty  materials, the 
selection and grading of the catalyst can have a major  
effect on the reaction time during hydrogenation, and 
the quali ty of the finished product. The pre-testing 
and analysis of the catalyst before approval  for plant 
use is vitally important .  Likewise the selection and 
purification of the f a t ty  materials to be hydrogenated 
has a direct effect not only on the properties of the 
hydrogenated material  but  also on the effective life of 
the catalyst. Ext remely  careful and precise analysis 
of the fa t ty  raw materials is an important  factor in 
this plant operation. 


