
DECEMBER, 1961 ~ J A N D M A N N  E T  AL.  : D I L A T O $ I E T R I C  P R O P E R T I E S  

T A B L E  I I  
Expansivi ty  and Melting Dilation of tl~e Products 

685 

Temperature Coefficient Melting Melting 
Compound or mixture interval, Polymorphic of expansion, dilation, point, a 

~C. form m l . / g . / o c ,  ml./'g, ~ 

2 -P almito-oleostear in . . ................................. 

1-Oleodistearin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2-Oleopalmitostearin and 
2-palraito-oleostearin ( 1 : 1 )  ............................................ 

2-Oleodistearin and 1-oleodi- 
distearin ( 27 .8 :72 .2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

--38 to 0 
--37 to 0 
--30 to --10 

50 to 60 

--36 to 0 
--32 t o - - 1 0  

5 t o  20 
45 to 60 

--36 to --10 
--  5 1 o 2  
--30 to --5 

42 to 60 

--136 to 0 
--30 to 0 
--30 to --15 

46 to 60 

I 
J I  
I I I  

L iqu id  

I 
I [  
I I  

L iqu id  

I 
I1 
I I I  

L iqu id  

I 
I I  
I H  

Liquid  

0 ,000403 
0.000485 
0.000581 
0 .000gS t  

0.000441 
0.000614 
0 .001116  
0.000859 

0.000381 
0 .000543 
0 .000586 
0 .000858 

0.000482 
0.000501 
0 .000594 
0 .000866 

0.1161 
0.1035 
0.0695 

0.1117 

0,1050 

0069s 

0.0966 
0.0822 
0.0722 

40 .3 (40 .5 )  
(37.o) 
(24,0)  

42 ,2 (42 .1 )  

30 .6 (30 .3 )  

36.5 

23.4 

42.0 
38,3 
29.8 

Melting points in parentheses are capillary melting points, others are dilatometrie melting points. 

When the mixture was solidified s lowly from the 
melt by cooling in air at  25~ and then held at this 
temperature for several days, melt ing occurred be- 
tween the range of the intermediate forms, repre- 
sented by Curve B, and the highest melt ing forms, 
represented by Curve A. Dilatometric curves obtained 
with s lowly cooled samples exhibited slight breaks in 
the melt ing portions, indicating that individual melt- 
ing of components  tended to occur. Possibly under 
the eonditions of slow cooling nonhomogeneous  com- 
positions were obtained. 

The mixture in the highest  melt ing forms, Curve 
A, was obtained by tempering for 4 days at 28~ a 
sample containing seed crystals of the highest melt- 
ing forms. The tempering of some seeded samples 
could be effeeted in less time by using a higher tem- 
perature. Only 2 hr. was  required in one instance. 

The coefficients of expansion in the solid and liquid 
states, the dilatometric or capil lary melt ing points 
or both, and the volume changes aeeolnpanying melt- 
ing were determined for the two glyeerides and the 
two mixtures and are recorded in Table II. 

The mixing  of one triglyceride with another is gen- 
eral ly  recognized to retard the rate of any polymor- 
phie transformations.  In an earlier examination of 
2-oleopalmitostearin and 2-oleodistearin, the major 
components  of cocoa butter, this was retold to be true 
(10) .  Furthermore,  2-oleopalmitostearin and 2-oleo- 
distearin exhibited similar polymorphic  beha~,ior, and 
their mixtures tended to behave like a single com- 

! pound. 

in  the present investigation 2-oleopahnitosteariu 
and 2-oleodistearin were each mixed with a positional 
isomer, and the binary mixtures were exalnined, Tile 
admixed isomer in each ease exhibited a nmch faster 
rate of polynlorphil, transfornmtion and a different 
pattern of transformation.  On the basis of the data 
obtained it nlust be concluded that the mixing of two 
glyeerides which exhibit widely different rates of 
polyn-torphic transformation may actually serve to 
increase the rate of transformation of the slower one. 
Possibly the more easily transformed component  can 
serve as "seed"  for the other. The mixtures of the 
isomers which were examined behaved otherwise as 
would be expected of a triglyceride mixture.  
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Further Studies on 

Some Natural Fats 

the Pancreatic Hydrolysis of 

M.H. C O L E M A N ,  Unilever Research Laboratory, Colworth House,  Sharnbrook, Bedford, England 

A series of animal and vegetable fats has been subjected 
to hydrolysis with pancreatic lipase. From the results ob- 
tained, the triglyceride compositions of the original fats 
have been calculated by the method previously proposed by 
Coleman and Fulton. 

These compositions show substantial agreement with those 
obtained by other methods. Similarities and differences be- 

tween fats are shown to be reflections of similarities and 
differences in glyceride composition. The middle position 
of the triglycerides has been shown to be largely occupied 
by unsaturated acids in the ease of shea, illip6, and cocoa 
butters; and by pahnitie acid in the ease of lard. From a 
study of the glyceride compositions of a series of lards, of 
differing fatty acid content, it is suggested that the glycer- 
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ide eornposition of a lard may be predicted from a knowl- 
edge of its fatty acid content, alone. 

It is concluded that the hydrolysis procedure, and the 
method of interpreting the results proposed, together pro- 
vide a simple and rapid method for the analysis of natural 
fats. 

S 
TUDIES on the specificity of pancreatic lipase have 
been made by a number of workers, notably by 
Mattson et at. in America (1,2,3), and Desl(uell~e 

et al. in France (4,5,6,7). These investigations have 
shown that  pancreatic lipase brings about the prefer-  
ential hydrolysis of fa t ty  acid residues fronl the ter- 
minal positions of tr iglycerides;  and this observation 
has led to the suggestion that  pancreatic lipase pro- 
vides a tool for the s tudy of natural  fats (3,7). 

Some use has already been made of the data ob- 
tained from pancreatic hydrolysis for the investiga- 
tion of fats (8,9,10,11,12,13). Both Mattson et al. (9) 
and Desnuclle et al. (8) have concluded that  their 
fa t ty  acid distribution is not random, confirnfing in- 
vestigations previously made by other methods. The 
data so obtained have been discussed by Youngs (14) 
and by Vander  Wal  (15). 

In a previous publication, Coleman and Ful ton 
(12) have proposed a simple method of calculating 
the tr iglyceride composition of a fa t  f rom pancreatic 
hydrolysis data, and have shown that  the results so 
calculated show substantial agreement with those ob- 
tained by fractional crystallization and other methods. 

The present work is an extension of that already 
reported: additional specimens of the fats previously 
examined, and some samples of other fats have been 
analyzed in the same way, and the results interpreted 
in the manner  previously proposed. 

Experimental 

The conditions for the hydrolysis were similar to 
those already described (12). 

The triglyceride fract ion was separated from about 
1 g. of the fat  by the method of Quinlin and Weiser 
(16), and 50 mg. of this material was saponified with 
alcoholic potash, acidified, and the fa t ty  acid compo- 
sition determined by gas-chromatography (17). 

The remainder of the tr iglyceride fract ion was dis- 
persed in 10 ml. of a 1.2M NH4C1/NH~OH buffer, 
pH 8.5; 2.0 ml. of a 22% CaC126H20 solution and 
0.1 ml. of a 25% bile salt solution were added, to- 
gether with 50 rag. of a pork pancreatic lipase prep- 
aration, purified by the method of Desnuelle et aI. 
(29) to the end of Stage II. Hydrolysis  was carried 
out at 37.5~ and the pH was maintained at 8.5 
throughout  by the addition of 0.880 S.G. N H 4 0 H  
from an " A g l a "  microburette. When some two- 
thirds of the fa t ty  acids had been liberated, the pH 
was brought to 1.0 by the addition of 4N/HC1,  and 
the mixture  extracted with five 30-ml. portions of 
ether. 

The free f a t ty  acids were removed by passing 
through a 30-g. column of IR400 " A m b e r l i t e "  resin, 
and the neutral  glycerides recovered by evaporating 
the ether under  reduced pressure. These were then 
separated into mono-, di-, and triglycerides (16) and 
the monoglyeeride fract ion saponified in alcoholic 
potash. Af te r  acidifcation the fa t ty  acid composition 
was determined by gas-chromatography (17). 

The samples of pigeon, pheasant, chicken, rabbit. 
beef, and one of the pig fats (Pig 1) were extracted 

in the laboratory by macerating tile tissue with a 
little water, and extracting with chloroform. The 
remaining fats were eouunercial refined samples. 

Results 

For  convenience ill eahmlating the results, the 
fa t ty  acids have been grouped as " P a h n i t i e "  (C~, 
and shorter, saturated),  Stearic, and " O l e i c "  (un- 
saturated) .  This grouping has been used by Hilditeh 
(18) ; and an examination of the distribution of indi- 

T A B L E  I 

Fa t ty  Acid Composit ions of O r i g i n a l  F a t  and  
Resu l t i ng  5{onoglyeer ides  

F a t t y  acid  composit ion (M.9})  

Fa t  

P i z  ( 1 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i~  ( 2 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g  ( 3 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g  (4 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P i g  (5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ox . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l{abbi t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chicken  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e a s a n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P igeon  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P a l m  oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shea  bu t te r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cocoa bu t t e r  . . . . . . . . . . . . . . . . . . . . . . . . . .  
l l l ip~ bu t t e r  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

T r i g l y e e r i d e s  
"P"/St/U 

2 4 . 0 /  9 . 9 / 6 6 . 1  
2 6 . 5 / 1 4 . 3 / 5 9 . 2  
31.1/18.0/50.9 
27.8/21.3/50.9 
31.2/22.4/46.4 
33.7/34.3/32.0 
3 6 . 2 /  7 . 6 / 5 6 . 2  
3 1 . 6 /  5 . 9 / 6 2 . 5  
2 6 . 1 /  5 . 4 / 6 8 . 5  
2 3 . 4 /  9 . 1 / 6 7 . 5  
4 4 . 5 /  5 . 6 / 4 9 . 9  

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

Monoglyeer ides  
"P"/st/u 

6 5 . 6 /  4.2/30.2 
66.4/ 4.4/29.2 
74.6/ 4.6/20.8 
73.0/ 4.1/22.9 
76.9/ 4.4/18.7 
28.4/18.5/53.1 
35.5/ 3.3/61.2 
16.8/ 4.8/78.4 
8.9/ 2.8/88.3 
9 . 1 /  4 . 7 / 8 6 . 2  

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

I 2 . 3 /  2 . 1 / 9 5 . 6  

I S a t . / o l e i c / u n s a t .  Sat.  'o leic  ' unsa t .  
S / O / U  S / O / U  

Olive oil . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 . 9 / 7 3 . 9  1 1 . 2  I 0 . 7 / 8 8 . 9 / 1 0 . 4  

S a t . / L i n o l e i c  U n s a t .  S a t . / L i n o l e i e / U n s a t .  
S / L  ' U  S / L / U  

Soybean oil ............................ 18.3/47.4/34.3 4.7/64.0/31.3 

Laurie/Sat./Unsat. Laurie/Sat./Unsat. 
La/S/U La/S/U 

Coconut oil ............................ 36.8/55.8/ 7.4 63.0/25.7/11.9 

P-CI,~ and  shor t e r  sat .  S t . - S t e a r i e .  S - S a t u r a t e d .  U U n s a t u r a t e d .  
O-Ole ie .  L - L i n o l e i c .  L a - L a u r i e .  

vidual fa t ty  acids between the nliddle and outside 
positions of triglyeerides suggests that, for a large 
number of fats, this grouping is appropriate.  Other 
groupings would appear  more appropriate  for some 
of the vegetable oils, and in these cases alternative 
groupings have been used. 

Table I gives the grouped fa t ty  acid eonbpositions 
of the original triglyeerides, and the resulting mono- 
glyeerides, for a number of natural  fats. F rom the 
difference between these two sets of values, the com- 
position of the fa t ty  acids occupying the terminal 
(1: 3) positions of the triglycerides may be calculated 
thus: 

Composi t ion of t r i g lyee r ides  ... . . . . . . . . . .  

Composi t ion of t r i g lyce r ide s  X 3 ...... 

Composi t ion of monoglyeer ides  ........ 

Di f ference  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

% Composi t ion of 1 : 3  ac ids  ... . . . . . . . . . .  

" P "  S 

20 30 

60 90 

8 12 

52 78 

26 39 

"O"  

56 a 

150  a X 3  

80 b 

70 ( a X 3 - - b )  

The original tr iglyeeride composition may then be 
calculated by distr ibuting the 1:3 acids at random 
between the unoccupied positions of the monoglyc- 
erides, thus: 
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_ p -  

i~'I on~ ] 
glyc- % I 
er ide  

8,0 

Diglye- 
e r ide  

P P - 8  X 12060 

SP-8 X 1~0 

35 
O P S X ~  

% 

2.08 

3.12 

I - -  

2 .80 

Tr ig lyc-  
e r ide  

')6 
P P P  2.08 X 

39 
P P $  2 .08 X 

35 PPO 20s • : ~  
lOO 

S P P  3.12 X fi2_. 
100 

39 
S P S  3.12 X 1 ~ -  

35 
S I ' O  2.12 X I O D  

O P P  2.8 X I @ 0  

O P S  2.8 X 1 ~ 0  

35 
O P O  2.8 • 

9; 

0.54  

o.~1 

0 .73 

o.~1 

1.22 

i .09 

0.73 

1.09 

0.98  

The calculation is extended to the monoglycerides 
containing stearic and " o l e i c "  acids to complete the 
analysis. The results obtained in this way are given 
in Tables I I  and I I I .  

Discussion 

Fa t  analyses have, in the past, been reported as the 
proport ions of each of four  main tr iglyceride classes 
present. For  the purposes of comparison, the present 

data have been summarized ill this form, and both 
the present and previously reported results are sun> 
marized in Table IV. 

I t  will be seen that while there is overall agree- 
ment, there are differences in detail. Some of these 
are a t t r ibutable  to differences in f a t ty  acid composi- 
tion between the samples compared, but this is not 
always the case. There appears  to be no general t rend 
in these differences; thus, whereas pancreatic hydrol- 
5"sis indicates higher proport ions of t r iunsa tura ted  
gly(.erides in pig fat, shea, ()live, and soybean oils, 
it indicates higher lu'oportions of t r i sa tura ted  glyc- 
erides in ox and chicken fats. and in palm oil. 

Since the resolution of tr iglyceride mixtures by 
fractional crystallization is never complete, there is 
ahvays some element of uncer ta in ty  in interpretat ion.  
Again, there is seine evidenee to suggest that  gas 
chronlatography presents a nlore accurate method of 
f a t ty  acid analysis than earlier methods. In  view of 
these considerations, the differences between the pres- 
ent and previous results do llOt necessarily invalidate 
the present data. 

It should be noted that in making these compari-  
sons, the grouping of the present data, as in Table 
IV, nlasks many  of their  nlOSt suggestive features. 
Thns the preponderance of 2-mlsaturated triglyeerides 
in eoeroa and illip6 but ters  (,and to a lesser degree in 
shca but ter)  is immediately apparen t  f rom the data 
of Table I l L  Sinlilarly the preponderance of 2-pal-  
mite  tr iglycerides in pig fat  is also obvious f rom 
Table I I L  These findings eonfinn those previously 
reported (8,9,10,12). 

TABLE I I  
(4 ycer ide  Composi t ions of Some Anima l  Fa ts  

Rabbi t  Chicken  P h e a s a n t  P i g e o n  Olyc. P i g  (2 )  P i g  (3 )  P i~  (4 )  P i g  ( 5 )  Ox (w i ld )  

P P P  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
P P S  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
S P S  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
P S F  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
P S S  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
SSS  .. . . . . . . . . . . . . . . . . . . . . . . . . . .  

P P U  .. . . . . . . . . . . . . . . . . . . . . . . . .  
S P U  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
P S U  .. . . . . . . . . . . . . . . . . . . . . . . . . .  
SSU .. . . . . . . . . . . . . . . . . . . . . . . . . .  
PUP ........................... 
P U S  .. . . . . . . . . . . . . . . . . . . . . . . . .  
S U S  .. . . . . . . . . . . . . . . . . . . . . . . . . .  

U P U  ... . . . . . . . . . . . . . . . . . . . . . . . .  
USE" .. . . . . . . . . . . . . . . . . . . . . . . . . .  
P U U  .. . . . . . . . . . . . . . . . . . . . . . . . .  
S U U  ... . . . . . . . . . . . . . . . . . . . . . . . .  

U U U  .. . . . . . . . . . . . . . . . . . . . . . . . .  

P i g  (1 )  

0.3 
d:~ 1 7 
1.1 2.4 
.... 0.2 
.... 0.1 
.... 0.2 

3.5 6.5 
14,1 18.9  

0.2 0.4 
0.9 1.2 
0.3 0.1 
0.2 0.7 
0.5 I.i 

46 .4  36.5  
2.9 2.4 
1.6 2.9 
6.5 8.3 

21 .3  16.1  

0.7 
a .5  
4.5 

0.2 
0.3 

9.2 
24.3  

0.6 
1.5 
0.2 
1.0 
1.3 

32.3  
2.0 
2.6 
6.8 

9.0 

0.2 
2.3 
6.5 

C1 
0,4 

4.9 
28.3  

0.3 
1.6 
0.1 
0.7 
2.1 

30 .7  
1,7 
1,6 
8.9 

9.6 

0.5 
4.1 
7.6 

0.2 
0.5 

7.8 
29.0 
0.5 
1.7 
0.i 
1.0 
1.8 

27.8 
1.6 
1.9 
7.1 

6.8 

3.7 4.7 2.6 
8.7 2.5 0.9 
5.0 0.4 0.1 
2 .4  0.4 0.7 
5.7 0.2 0.3 
3.3 . . . . . . . .  

4 .4  13.9 7.1 
5.1 3.7 1.2 
2.9 1.3 2.0 
3.4 0.4 0.3 
7.0 $.2 11.9  

16.3  : 4 .4  4 .0  
9.5 0.6 0.3 

1.3 10.2 5.0 
0.9 1.0 1.4 
3.3 24 .0  33.3 
9,6 6.4 5.6 

2.5 23.3  

1.1 
0.4 

0.3 
0 . l  

3.6 
0.7 
1.1 
0.2 

10 .6  
4,1 
0.4 

3.1 
1.0 

36.0 
6.9 

30.4 

0.8 
0.6 
0.1 
0.4 
0.3 
0.1 

3.2 
1.2 
1.7 
0.6 
8.1 
6.0 
1.1 

3.1 
1.6 

30 .6  
1.1.3 

29.2  17.7  

T A B L E  III 
Glycer ide  Composit ion of Some X~egetable F a t s  

Olive Cqyeeride Soybean Glycer ide  Coconut  P a h n  Shea Cocoa S l i p 6  Glyeer ide  i 
Glyeer ide  oil bu t t e r  b u t t e r  bu t t e r  oil oil oil 

P P P  
P P S  
S P S  
P S P  
P S S  
SSS 

P P U  
S P U  
P S U  
S S U  
P U P  
P U S  
S U S  

U P U  
U S U  
P U U  
S U U  

U U U  

5.8 
1.5 
0.1 
0.6 
0,2 

6.9 
0,9 
0.8 
0.1 

27.3  
7.0 
0,5 

2.0 
0.2 

32.3 
4.2 

9.6 

0,1 
0.3 
1.2 

O.1 
1.4 
0.4 
7.2 

34 .6  

0 .4  
4.0 

39.2  

II.i 

0.3 
0.9 
0.6 
0,2 
0 .4  
0.3 

0.1 
0.2 
0.1 
0.1 

14.1 
39 .3  
27 .4  

6.4 
8.9 

0.7 

0.I 
0.7 
1.0 
0.i 
0.7 
0.9 

0.l 
0.3 
0.i 
0.2 
5.7 

31.4 
43.3 

10.7  

0.7 

SSS  
SSO 
SSU 
SOS 
S U S  
SOO 

SOU 
S U O  
S U U  
OSO 
O S U  
U S U  
0 0 0  

OOU 
O U O  
O U U  
U O U  

U U U  

0 . I  
0.2 

0 .5  
26.0  

4.5 
3.0 
0.5 
0.3 
0.1 

3d:~ 

13.7  
4 .6  
1.6 
1.2 

().2 

! SSS  
SSL 
S S U  
SLS 
S U S  
S L L  

S L U  
S U L  
S U U  
L S L  
L S U  
U S U  
L L L  

L L U  
L U L  
L U U  
U L U  

U U U  

(L3 
0.9 
0.9 
4.0 
2 .0  

12.6  

11.5  
6.1 
5.6 
0.7 
1.3 
0.6 
9.8 

17.9 
4.8 
8.8 
8.2 

4.0 

L a L a L a  
L a L a S  
S L a S  
L a S L a  
L a S S  
SSS 

L a L a U  
S L a U  
L a S U  
S S U  
L a U L a  
L a U S  
S U S  

U L a U  
U S U  
L a U U  
S U U  

U U U  

3.5 
21.2  
:~1.8 

1.4 
8.5 

12.7  

1.5 
4.7 
0.6 
1.9 
0.7 
4.0 
6.0 

0.2 
0.1 
0.3 
0.9 
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Comparison of Present with Previously Reported Results 

Pig ( 1 ) . . . . ~  ................. I ( 
(Ref .  19)  ................... 

Pig (2)  ........................... 
(Ref .  20)  .................... I 

i Pig (3) ........................... 
(Ref .  20)  ................... 

Ox ................................... 
(Ref .  21)  .................... 

Chicken .......................... 
(Ref .  22 ) .................... 

P a h n  oil .......................... 
(Ref .  23)  ................... 

Shea butter ..................... 
(l~ef. 24)  .................... 

Cocoa butter ................... 
(Ref .  25)  ................... 

Olive oil .......................... 
(Ref .  26)  ................... 

Soybean oil ..................... 
(Ref .  27)  ................... 

Coconut oil ..................... 
(Ref .  28)  ................... 

Potal 
sat. 
~eids 

33.9 
36.4 
40.8 
46.8 
49.1 
52.9 
68.0 
61 
37.5 
34 
50.1 
44.1 
45.2 
47 
62.0 
6O 
14.9 
13.9 
18.3 
19.6 
92.6 
93.9 

Glyeerides (l~I@) 

Trisat.. Disat. M:onosat. lTriunsat. 
[ 

~ - - I ~ 1 -  57.4-- J~ 
2 I 26 I 54 18 
4.9 28.9 I 50.1 16.1 
5 I 32 / 60 3 
9.2 I 38.1 / 43.7 9 
9 I 43 I 45 3 

28.8 48.6  / 20.1 2.5 
16 55 26 3 

4.6 
2 
8.2 
6 
1.6 
4.5 
2.7 
2 
0.1 

0.3 

79.1 
84 

26.8 
28 
43.5 
41 
43.7 
35 
81.3 
77 

5 

~.8 
19.4 
12 

I~ .3 23.3 
29 

38.7 9.6 
41 12 
43.6 11.1 
55 4.5 
15.3 0.7 
21 
39.4 ~.5 
45 55 
38.4 53.5 
55 43 

.5 .... 

It is interesting to observe that the data for the 
series of pig fats show a systematic change in triglyc- 
eride composition, with change in fatty acid compo- 
sition. Figure 1 illustrates this systematic variation. 
From these curves it should be possible to predict 
the glyceride content of a pig fat from a knowledge 
of its fatty acid composition. 

It will be seen that there are marked departures 
from the compositions predicted for the random dis- 
tribution of the fatty acids. Using the trisaturated 
content given in Table II, application of the restricted 
random calculation does not ~ v e  very good agree- 
ment with the present results. 

The present results confirm the observation of 
Savary, Flanzy, and Desnuelle (8) that pahnitic and 
stearic acids are not interchangeable in pig fat. Ref- 
erence to Table I shows that while the stearic acid 
content in the whole fat varies from 10 to 22%, its 
level in the monoglycerides is remarkably constant at 
arouud 4%; on the other hand the ratio of palmitic 
acid in the whole fat to that in the monoglyeerides 
remains substantially constant throughout the series. 

A number of workers using pancreatic hydrolysis  
for the study of fats have used the composition of the 
free fatty acids liberated as the composition of the 
acids occupying the outside positions of the original 

60 l 

i4o 
2O 

3 0  4 0  5 0  

\ 

~ , ,o .  - %- 

40 50 40  5 0  6 0  

SATURATED FATTY ACID CONTENT (M'/o) 

F r o .  1. The triglyeeride compositions of a series of lards�9 
Continuous line---Random distribution of fatty acids. 
Broken line--Calculated from experimental data. 

triglycerides. Coleman and Fulton (12) have shown 
that appreciable amounts of glycerol nlay be pro- 
duced in these hydrolyses, and for this reason it 
would seem advisable to calculate the acids of the 
1:3 positions from the difference between that of the 
original triglycerides and that of the resulting mono- 
glycerides, in the way proposed. 

It will be seen from Tables II and III that natural 
fats may vary. At one extreme is pig fat, where the 
departure from random, fatty acid distribution lies in 
the direction of high proportions of saturated acids in 
the middle positions of the triglycerides. At the 
other extreme are fats like cocoa butter where the 
converse applies. Between these extremes lie such 
animal fats as beef and such vegetable fats as pahn 
oil. The similarities between members within such 
groups as chicken, pheasant, and pigeon fats or shea, 
cocoa, and illip6 butters, and the contrasts between 
members of different groups, is well exemplified by 
the present results. 

Pancreatic hydrolysis presents a convenient method 
for the analysis of natural fats, and the method for 
calculating their glyceride content used here provides 
a simple method for interpreting the results. To- 
gether they possess the merits of speed and simplicity, 
and they yield information not easily obtained in any 
other w a y .  
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