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disadvantage of these complexes is their  instabili ty to 
heat  and the development of a typical  burnt-hair  or 
protein odor. As shown in Table VII ,  greater  activity 
is obtained if the material  is added on the cooling side 
of deodorization. The flavor scores of these oils were 
always low, and the use of such compounds in edible 
fa t  products appears questionable. The improvement 
in oxidative stabili ty utilizing amino acid derivatives, 
like N-(carboxy methyl)  d/-leucine, is sufficiently 
good however to warrant  their  use in stabilizing non- 
edible fa t  products. The a-amino acids have not given 
effective stability to edible oils when tested in the 
manner  employed in our laboratory.  

Table V I I I  shows that  the amino acid derivatives 
did not have as great  a stabilizing effect in cottonseed 
oil as did a number of the other complexing agents, 
such as ehelidamic and iminodisuceinie acids. 

Summary  
Metal deactivating agents containing nitrogen as 

the coordinating atom have been developed for  use in 
edible oils. The most effective compounds were those 
containing two carboxyl groups, a,a' to the nitrogen. 
Those containing fl,fl' carboxyls were less effective, 
and the efficiency of a,fl carboxyls was intermediate. 
The activity is explained on the basis of the formation 
of metal chelation r ings--complexes believed to be 
typical  Werner ' s  coordination complexes. The nitro- 
gen atom may be an amine or a cyclic nitrogen. Com- 
plex coordination compounds can also be formed from 
acidic nitrogen compounds, such as hydroxamic acids, 
when the proper  s t ructure  for  metal chelation exists. 

Chelidamic acid has been found to be a very effi- 
cient metal deactivating agent for  both copper and 
iron. Imino a or fl dicarboxylic acids show varying 
degrees of effectiveness toward the complexing of iron 
and copper. The greater the number  of 5-membered 
chelation rings that  are possible around the metal 
atom, the greater  is the observed stability. 
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A Method for the Determination of Linoleic Acid and Conjugated 
Dienoic Acids in ,Materials Containing Eleostearic Acids I 
R. T. O'CONNOR, D. C. HEINZELMAN, F. C. PACK, and R. W. PLANCK, Southern Regional 
Research Laboratory, ~ New Orleans, Louisiana 

T H E  scope of the American Oil Chemists' Society 
Tentative Method for polyunsaturated acids, Cd 
7-48, is limited to the analysis of " . . .  animal and 

vegetable fats containing only small amounts of pre- 
conjugated material  . . . "  (1). For  analyses such as 
the determination of linoleic acid in tung oil, it is 
apparent  that the equations used must be corrected 
for the effect of the strong absorption of the natu- 
rally-occurring triene conjugated glyeeride constitu- 
ents (eleostearins) which interfere with measurements 
of absorption af ter  the alkali isomerization. 

Hilditch, Morton, and Riley (5) proposed methods 
for the analysis of fats containing various combina- 
tions of f a t ty  acid constituents including oleic, lino- 
leic, linolenic, and eleostearic acids, by  first measuring 
the eleostearic acid content before isomerization. This 
value was " t h e n  to be taken into account in calculat- 
ing the percentage of linoleuic and linoleic acids from, 
respectively, --~1r at 268 m~ af ter  alkali-glycol treat- 
ment at 170~ for 15 min., and --~'1%cm. at 234 m~ af ter  

1Presented before the American Oil Chemists' Society, Cincinnati ,  O., 
Oet. 20-22, 1952. 

~One of the laboratories  of the Bureau  of Agr icu l tura l  and  Indus-  
t r ia l  Chemistry, Agr icu l tura l  Research Administrat ion,  U. S. Depar tment  
of Agricul ture.  

alkali-glycol t reatment  at 180~ for 60 mi ra"  No de- 
tails or equations for  the proposed corrections were 
given. In a subsequent paper  Hilditch and Riley (6) 
say that the method had been found to be unreliable. 
These workers describe a method they found satis- 
factory which involves separation of the mixed fa t ty  
acids by low temperature  crystallization and subse- 
quent analysis of each fraction. Low t e m p e r a t u r e  
crystalli~ation separations are not considered suitable 
for routine analysis of a large number  of samples. 

The problem of deriving equations for  calculations 
from speetrophotometric data, which would adequately 
correct for interfer ing trienoic absorption and permit  
direct determination af ter  alkali isomerization, was re- 
investigated. Samples of oils containing both linoleic 
and eleostearic acids, but  no linolenic acids, were used. 
I t i lditch and Riley (6) have shown tha t  eleostearic 
and linotenic acids very probably never occur together 
in the same vegetable oil. The eleostearic acid isomers 
were determined by a previously described method 
(8), oleic acid was found by  use of a recently de- 
scribed procedure using hydrogen-iodine values (10), 
and total saturated fa t ty  acids were estimated by  
difference. 
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Derivation of Equations 

To achieve a satisfactory determination in the pres- 
ence of eleostearic acids, the equation for  calculating 
linoleic acid from spectrophotometric data must con- 
tain adequate correction factors for the absorption of 
these trienoic acids at  233 mt~, the region of dienoic 
absorption. The equation required for  the calculation 
of linoleic acid from spectrophotometrie data by  the 
American Oil Chemists' Society tentative method, Cd 
7-48, as derived by  Brice and Swain (3),  is sufficiently 
complicated to discourage any fur ther  correction fac- 
tors. However in a recent paper O'Connor et al. (9) 
described considerable simplification of the equation 
for  the linoleic ac id  content of normal vegetable oils 
in the absence of linolenic acid. This simplified equa- 
tion, with the constant applying to natural  acid stand- 
ards, in accordance with Brice et al. (4), is: 

1. Percentage of linoleic ac id~1 .086  (K'2~3--K233) 

where K'2~ 3 and K2~ 3 are the measured extinction co- 
efflcients of the sample at  233 mr, af ter  and before 
alkali isomerization, respectively. I t  is the basis for  
the proposed equation including a correction for eleo- 
stearic acids�9 The equa t ion  of the Tentative Method 
Cd %48, as derived by  Briee and Swain (3) and also 
with the constant for natural  acid standards (4),  

2. Percentage of diene cons t i tuents~0.84  (K233-- 
O.O7) 

is made the basis for  a modified equation for dienoic 
acids in the presence of trienoic acids, where K~33 has 
the same significance as in Equation 1. 

To evaluate factors required to correct adequately 
for  the absorption due to trienoic conjugation, a s tudy 
was made of the absorption of pure samples of both 
alpha- and beta-eleostearic acids and of the effects of 
alkali isomerization on the absorption. Earliest  work- 
ers, even predat ing the original proposal of Mitchell 
and his colleagues (7) which established the quanti- 
tative method based on alkali-produced isomerization, 
had observed that  while t reatment  with alkali caused 
increased ultraviolet  absorption of n o n c o n j u g a t e d  
fa t ty  acids, it decreased ultraviolet  absorption of con- 
jugated fa t ty  acids. Bradley  and Richardson (2) con- 
cluded: " W h e n  the isomerization process is applied 
to a mixture which contains a major  proport ion of a 
t r ip le-conjugated component, such as tung oil, the nor- 
mal effect is reversed and a net loss of conjugation 
resul ts ."  This loss was a t t r ibuted to " in t ramolecu lar  
and intermolecular add i t ion"  and to the " fo rmat ion  
of po lymer . "  Brice and Swain (3) have shown the 
decreased ultraviolet absorption of eleostcaric acid 
isomers aud of tung oil on alkali isomerization. 

Eight  samples of each of the pure alpha- and beta- 
isomers, each an independent  preparat ion by  methods 
previously described (8),  were subjected to alkali 
isomerization by  the procedures specified in Tenta- 
tive Method Cd 7-48 (1). Examinat ion of the data 
shows that : 

a) There is a loss of about  10% of the total eleoste- 
aric acid during alkali isomerization, regardless of 
whether the original material  is alpha- or beta-eleo- 
stearic acid. 

b) When the alkali-isomerized beta-eteostearie acid 
is reanalyzed by  means of the multicomponent equa- 
tions (8), modified to e l i m i n a t e a n y  possible solvent 
effect by  a redetermination of the extinction coeffi- 
cients of each of the pure isomers in the alkali isom- 

erization reagent, f rom 12 to 19% of the beta-isomer 
is found as the alpha-isomer. 

c) Isomerization of the alpha-isomer and subsequent 
analysis revealed the conversion of f rom 21 to 27% 
of it  to the beta-isomer. 

The modified equations used for the analysis of 
alkali isomerized samples in the alkali-glycol reagent 
were : 

3. Percentage of alpha-eleostearic acid ~ 1.774 
K27o. 6 - -  1.469 K.267.5 

4. Percentage of beta-eleostearic acid-~-1.523 
K26~. ~ - -  1.290 K27o s 

where K27o.6 and K~67.~ are the observed extinction co- 
efficients of the sample at  270.6 and 267.5 mt~, respec- 
tively. These effects of alkali isomerization on alpha- 
and beta-eleostearic acids are i l lustrated in Figure  1. 
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FIG. 1. U l t r av io l e t  absorp t ion  spec t ra  of e leos tear ic  acids in 
methano l  solut ions  of KOH-g lyco l  i somer iza t ion  reagen t .  

1. Alpha acid afber isomerization. 
2. Alpha acid before isomerizat, ion. 
3. Beta acid after isomerization. 
4. Beta acid before isome.rizatioa. 

Incorporat ion of a constant for  correction for the 
absorption of eleostearic acid or of constants for the 
somewhat different absorptions of alpha- and beta- 
eleostcaric acids into the formula for  calculating lin- 
oleic acid from spectrophotometric data would be the 
simplest procedure. The variabil i ty of the amount of 
is omerization and the fact that  the effect of alkali 
t reatment  may depend upon the concentration of these 
acids in a par t icular  sample however make such a sim- 
ple correction appear  unreliable. Therefore Equation 
1 was corrected by  the somewhat more complicated, 
bu t  probably more reliable, manner  of adding factors 
which require an evaluation of the alpha- and beta- 
eleostearic acids in the sample both before and af ter  
the alkali isomerization : 

5. Percentage of linoleie acid ~ 1.086 
' 1 ' 2 ' / [ K 2 3 3 - -  5 . 8 ( a ) - -  6 .1 ( f l ) ]  

\ [K233 - -  13.8 (a) - -  17.5 (fl) ] - - ]  
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where 15.8 and 26.1 are the average values for  the 
extinction coefficients of pure nonisomerized alpha- 
and beta-eleostearic acids, respectively, at 233 mt~ in 
the isomerization blank, and 13.8 and 17.5, the values 
for  these constants in cyclohexane, a' and fl' are the 
decimal fractions of alpha- and beta-cleostearic acids, 
respectively, found af ter  isomerization (from Equa- 
tions 3 and 4). a and fl are these same values de- 
termined before isomerization by  methods published 
previously (8). K'2~3 and K2~3 have the same signifi- 
cance as in Equat ion 1. 

Equation 5 does not take into account polymeric-like 
material formed dur ing alkali isomerization, which is 
approximately 10% of the total eleostearic acid. Stud- 
ies of samples of known composition readily show that  
although this material  does not exhibit triene conjuga- 
tion absorption, its contribution to the total absorption 
in the diene region (233 rag) cannot be completely 
ignored. 

The portion of the absorption at 233 m/z a t t r ibu ted  
to the eleostearic acids can be computed f rom the de- 
termined percentages of the alpha- and beta-isomers 
(from Equations 3 and 4) and the established extinc- 
tion coefficients of the pure acids at this wavelength 
in the alkali-glycol reagent, i.e., 15.8 and 26.1, re- 
spectively. The difference between this value and the 
measured absorption of the  sample at 233 mg is the 
absorption, at this wavelength, at t r ibutable to the 
material, probably polymeric, formed from the eleo- 
stearic acid during the alkali treatment.  The amount 
of this material is merely the difference between the 
total eleostearic acid before and af ter  isomerization. 
Knowing the absorption of a given quanti ty of the 
material, its extinction coefficient at 233 mt~ can be 
computed. Repeated determinations gave an average 
value of 19.3. 

From these data Equation 5 can be fur ther  cor- 
rected to eliminate absorption of this polymeric-like 
material. 

6. Percentage of linoleic acid ~ 1.086 
[K'233 - -  15.8 (% alpha')  - -  26.1 (% beta ')  - -  
19.3 ( % gamma) ] - -  

[K.033 - -  13.8 (% alpha) - -  17.5 (% beta) ]  

where percentage of gamma is the apparent  loss of 
total eleostearic acid during the alkali isomerization 
and all the other terms have the same meaning as in 
Equation 5. 

Equation 2, corrected for the determination of the 
diene conjugation constituents in the presence of large 
quantit ies of triene con juga ted  components, becomes 

7. Percentage of diene conjugated acids 
0.84 [K233 - -  13.8 (% alpha) --17.5 (% beta) 
- -  0.07] 

In Tentative Method Cd 7-48 oleic acid is calculated 
from the determined polyunsaturated acid composition 
and the iodine value of the sample (1).  However in 
tung oils or other materials containing large quantities 
of eleostearic acids, determinations of total unsatura- 
tion by iodine absorption are unreliable. Hilditch and 
Riley (6) say " . . .  we have reached the conclusion 
t h a t  halogen addition met.hods are not, in the most 
favorable conditions, adapted for quantitat ive stud- 
ies of this group of oils and that their  use should 
be avoided in detailed analyses of their  component 
acids ."  These workers determined total saturated acids 
by a modi f iedBer t ram method and then obtained oleic 

acid by difference. This procedure has the disadvan- 
tage that  the Ber t ram method is neither simple, reli- 
able, nor rapid when used for t ung  oils or similar 
products. 

Recently Pack, Planck, and Dollear (10) proposed 
a method which they demonstrated to be satisfactory 
for  the determination of total unsaturat ion of a tung 
oil or similar material  by  means of the hydrogen: 
iodine value. The method, as described in their  paper, 
has been used and the oleic acid content calculated 
from the equation: 

8. Percentage of oleic acid ~ 1.113 X H.I .  value of 
sample - -  2.014 (% linoleic acid) - -  3.043 (% 
total eleostearic acid) 

Total saturated fa t ty  acids can then be determined 
by  difference as in the Tentat ive Method Cd 7-48 : 

9. Percentage of total saturated acids ( fa t ty  acid 
basis) ~ 95.7 - -  % oleie acid - -  % linoleic acid 
- -  % total eleostearic acids 

R e s u l t s  a n d  D i s c u s s i o n  

Varying amounts of alpha, beta, and mixtures of 
alpha- and beta-eleostearic acids were added to a sam- 
ple of cottonseed oil of known fa t ty  acid composition 
to test the accuracy of results obtained by  use of 
Equation 6. The alpha- and beta-eleostearic acid con- 
tents of these mixtures were determined by  the pre- 
viously described multicomponent method (8),  and 
all samples were isomerized in duplicate by  the pro- 
cedure specified in Tentative Method Cd 7-48 (1). 
The alpha- and beta-contents of the alkali isomerized 
samples were determined by use of Equations 3 and 
4, and from the data the linoleic acid content was cal- 
culated by use of Equat ion 6. Oleic acid and total 
saturated fa t ty  acids were calculated from these val- 
ues by  means of Equations 8 and 9, respectively. The 
results of these analyses are given in Table I together 
with a comparison with" values calculated from the 
known compositions of the cottonseed oil-eleostearic 
acid mixtures. 

As fresh cottonseed oil contains only a negligible 
trace of diene conjugated acids, additional samples 
were prepared to test the use of Equat ion 7. Varying 
amounts of alpha, beta, and mixtures of alpha- and 
beta-eleostearic acids were added to a dehydrated cas- 
tor  oil of known composition, containing approximate- 
ly 25% conjugated diene acids. These mixtures were 
measured spectrophotometrically with no isomeriza- 
tion and the data used to calculate the percentage of 
conjugated dienoic acids f rom Equat ion 7. The re- 

T A B L E  I I  

P e r c e n t a g e  of Con juga ted  Dieno ic  Acids in D e h y d r a t e d  Cas tor  
Oi l -E leos tea r i e  Acid M i x t u r e s  

D e h y d r a t e d  
cas tor  oil 

% 
1 0 0 . 0  

79 .3  
60 .1  
38 .3  
20 .6  
77 .6  
58 .0  
40 .9  
18 .7  
50 .5  
33 .8  
26 .0  
24 .8  

E l eos t ea r i c  ac id  Con juga t ed  dienoic  ac id  

Alpha  B e t a  a F o u n d  Ca lcu la t ed  /x 

% % % % 
0 0 23 .9  ...... 

20 .7  ...... 18 .9  18 .9  "0"" 
39.9  ...... 13 .7  14 .4  - - 0 . 7  
61 .7  ...... 8 .5  9 .1  - - 0 . 6  
79 .4  ...... 4 .4  4 .9  - - 0 . 5  
...... 21 .9  a 18 .4  18 .5  - - 0 . 1  

40 .9  a 13 .5  13.8  - -0 .3  
57 .7  a 8.8 9 .8  - - 1 . 0  
79.2  a 4 .5  4 .5  0 

26 .6  b 21 .9  a 11.2  12.1  - - 0 . 9  
35 .6  b 29 .3  a 7.3 8.1 - - 0 . 8  
27 .3  b 45 .0  a 6.1 6.2 - - 0 . 1  
52'.2 b 21 .5  a 5.7 5 .9  - -0 .2  

a 9 7 . 5 %  p u r e .  b 9 8 . 2 %  pure .  
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TABLE I 

Determination of Linoleic Acid in Mixtures of Cottonseed Oil and Eleostearic Acids 

1 8 5  

Sample 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Polyunsaturated acids 

Conjugated 
Noneonjugated 

(linoleic) 

Monounsaturated acid 
(oleic) 

Total saturated 
acids 

Alpha-eleostearic Beta-eleostearic 

Found Calc. /x Found Calc. /k Fonnd Calc. /k Found Calc. /k Found Calc. 

% % 
15.6  15.0  + 0 . 6  

52 .3  50.0  + 2 . 3  

16.3 15 .0  + 1 . 3  

52.0  50 .0  + 2 . 0  

1.8 O + 1 . 8  

3.9 O + 3 . 9  

1,8 0 + 1 . 8  

4.2 0 + 4 . 2  

66 .7  66 .7  0 

33 .6  33.3  + 0 . 3  

32 .7  33 .3  - - 0 . 6  

65 .8  66 .7  - - 0 . 9  

% % 
13,8  12.7  + 1 . 1  
13 .4  12.7 + 0 . 7  

2.5 5.7 - - 3 . 2  
3.1 5.7 - - 2 . 6  

13.3  12.7  + 0 . 6  
12.9  12 .7  + 0 . 2  

1,5 5.7 - - 4 . 2  
0.8 5.7 - - 4 . 9  

13.8  10.8  + 3 . 0  
13 .8  10.8 + 3 . 0  

5.5 5.4 + 0 . 1  
8 .0  5.4 + 2 . 6  

13,2  10.8  -{-2.4 
13 .7  10.8  + 2 , 9  

8.0 5.4 + 2 . 6  
7.2 5.4 + 1 . 8  

6.8 5.4 +1.4 
6.9 5.4 + 1 . 5  
9.7 10.8  - - 1 . 1  
9.3 10.8  - - 1 . 5  

11.3  10.8  + 0 . 5  
11.5  10.8  + 0 . 7  

0 ( - - 5 . 1 )  5 .4  - - 5 . 4  
1.8 5.4 - - 3 . 6  

% % 
20 .0  2 0 . 4  - - 0 . 4  
20 .2  2 0 . 4  - - 0 . 2  

7.6 9.2 - -1  ~6 
7,3 9.2 - - 1 . 9  

20.2  20 .4  - -0 .2  
20 .4  20 .4  0 

8.2 9.2 - - 1 . 0  
8.6 9.2 - - 0 . 6  

15 .6  17 .4  - - 1 , 8  
15 .6  17 .4  - - 1 . 8  

5,8 8.7 - -2 .9  
4.5  8,7 - - 4 . 2  

16.3  17 .4  - - 1 . 1  
16.1  17 .4  - - 1 . 3  

4.4 8.7 - - 4 . 3  
4 .9  8.7 - - 3 , 8  

5.4 8.7 - - 3 . 3  
5.4 8.7 - - 3 . 3  

17 .4  17 .4  0 
17 .6  17 .4  -{-0.2 

16 .4  17 .4  - - 1 . 0  
16.3  17 .4  - - 1 . 1  

6.3 8.7 - - 2 . 4  
7.9 8.7 - - 0 . 8  

% % 
6.5 7.0 - - 0 . 5  

14 .4  15 .0  - - 0 . 6  

5,9 7.0 - - 1 . 1  

14 .5  15 .0  - - 0 . 5  

31 .2  33 .3  - - 2 . 1  

63 .6  66 .7  - - 3 , 1  

30 .0  33 .3  - - 3 . 3  

63.5  66 .7  - - 3 . 2  

0 0 0 

0 0 0 

1.4 0 + 1 , 4  

l.O 0 + 1 . 0  

% % 
39.8  41 .2  --1.4~ 
40 .0  41 .2  - - 1 . 2  
18.9  18.5  + 0 . 4  
18 .6  18.5  + 0 . 1  

40 .0  41 .2  - - 1 . 2  
40 .2  41 .2  - - 1 . 0  
19 .5  18.5 +I.0 
19.9  18 .5  + 1 . 4  

33.3  35 .2  - - 1 . 9  
33 .4  35 .2  - - 1 . 8  
16.9  17 .6  - - 0 . 7  
15.7  17 .6  - - 1 . 9  

3 4 3  35 .2  - - 0 . 9  
34.1  35.2  - - 1 . 1  
15.6  17 .6  - - 2 . 0  
16 .0  17 .6  - - 1 , 6  

16 .7  17 .6  - - 0 . 9  
"16.7 17 .6  - - 0 . 9  
35 .0  35.2  - - 0 . 2  
35.2  35 .2  0 

33 .9  35.2  - - 1 . 3  
33 .8  35 .2  - - 1 . 4  
22 .6  17.6  + 5 . 0  
19.2  17 .6  + 1 . 6  

sults obtained and the differences between them and 
calculated values from known compositions of the de- 
hydrated castor oil-eleostearic acid mixtures are given 
in Table II. 

The data in Tables I and II have been subjected to 
some statistical treatment. The average differences 
and the standard deviation of these differences re- 
spectively, for each component (11) are: 

Average Standard 
difference deviation 

Diene conjugated acids .......................... - -0 .43 0.36 
A l p h a - e l e o s t e a r i c  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  + 1 . 3 9  1 . 3 3  
B e t a - e l e o s t e a r i c  ac id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 1 . 0 0  1 . 2 3  

L i n o l e i c  ac id  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 0 . 5 0  0 . 8 2  
Oleic  a c i d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  - - 0 . 0 6  1 . 4 0  
T o t a l  s a t u r a t e d  ac i d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - 1 . 6 2  1 . 3 5  

The agreement between results obtained by use of 
the proposed spectrophotometric method and the val- 
ues calculated from known compositions are encour- 
aging. The spectrophotometric procedure is therefore 
a reasonable method for the estimation of the  fatty 
acid composition of normal vegetable oils containing 
large quantities of triene conjugation constituents .  
As the proposed procedure permits a determination 
of fatty acid composition with no treatment of the 
sample other than the alkali isomerization, it can be 
adapted to routine analyses. It extends the scope of 
the spectrophotometric method for the determination 
of polyunsaturated fatty acids to samples which con- 
tain large quantities of triene conjugated constituents. 
The method is however still applicable only to unhy- 
drogenated animal and vegetable oils which contain 
only small amounts of color which might interfere 
with the determination of the individual fatty acids 
after isomerization (1). 

To illustrate the applicability of the proposed pro- 
cedure to oils containing large quantities of preformed 
conjugated constituents, a number of tung oils from 
different sources were analyzed. The alpha- and beta- 
isomers of eleostearic acid and linoleic acid contents 

of these samples obtained by use of the proposed equa- 
tions are given in Table III. 

T A B L E  I I I  

Dete*~aination of Linoleic Acid in Tung Oils 

Eleostearie acids 
Description 

Domestic . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Paraguayan . . . . . . . . . . . . . . . . . . . . . . . .  

Domestic . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Chinese . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Nyasaland Fordii . . . . . . . . . . . . . . . .  

Nyasaland Montana ............ 

Alpha 

% 
29.1  

70.3  

75 .8  

55.1  

77 .6  

Beta 

% 
44 .8  

5.8 

2.6 

16.5  

1.1 

64 .7  2.7 

Linoleic 

% 
6.4  
6.6 

8.0 
8.8 

7.1 
7 .4  

7.7 
7 ,5  

7.3 
9.8 

15 .5  
15 .8  

Summary 

A procedure has been described which extends the 
scope of the spectrophotometric method for polyun- 
saturated acids to the determination of linoleic and 
conjugated acids in the presence of large quantities 
of conjugated trienoic acids. 

Basis for the proposed method rests on equations 
which are offered to correct the "end" or "back- 
ground" absorption of the highly absorbing triene 
conjugated acids at 233 m~, the position of maximum 
absorption of conjugated  dienoic acids and alkali 
isomerized linoleic acids. The method is limited to 
samples which do not contain nonconjugated trienoic 
acids (linolenic acids). 

The method has been tested by the analysis of sev- 
eral mixtures of cottonseed and dehydrated castor oils 
of known composition, to which varying amounts of 
alpha, beta, and mixtures of alpha-and beta-eleoste- 
aric acids have been added. These samples have been 
used to demonstrate the application of the proposed 
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method for the determination of dienoic conjugated 
acids, alpha-eleostearic acid, beta-eleostearic acid, lin- 
oleic acid, oleic acid, and total saturated fatty acids. 

Comparisons of the results obtained with similar 
values, calculated from the known composition of the 
mixtures, prove that the proposed method gives rea- 
sonable results. Standard deviations between deter- 
mined and calculated results vary from 0.36 for diene 
conjugated acids to 1.40 for oleic acid. 

The method has been applied to the analysis of 
foreign and domestic tung oils. 
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On the Glyceride Composition of Animal Fats 
O. T. QUIMBY, R. L. WlLLE, and E. S. LUTTON, Chemical Division, 
Procter and Gamble Company, Cincinnati, Ohio 

W HILE the glyceride composition of natural fats 
has received considerable attention, there are 
few cases where the composition is well-estab- 

lished, and general principles are not broadly or 
closely applicable. For many vegetable fats, espe- 
cially seed fats, Hilditch and associates (1) have es- 
tablished an approximately "even distribution" of 
fatty acids in the glycerides, but  there are m a n y  
departures from perfect correspondence to the rule. 
For example, in a detailed study of corn oil Doer- 
sehuk and Daubert (2)  observed a "partial  random 
distribution." 

There is less information on glycerides of animal 
fats than on those of vegetable origin. Evidence has 
been presented by Hilditch (3) that the glycerides of 
lard are largely 2-palmityl glycerides (and therefore 
non-random), but Norris and Mattil (4) ,  in a study 
which included lard and tallow, concluded that "the  
results further substantiate the hypothesis that ani- 
mal fats, in contradistinction to seed fats, are essen- 
tially randomly distributed." Kartha (5) has noted, 
on the basis of his own and others' results, that the 
t r i s a t u r a t e d  in animal fats is measurably less and 
the disaturated is measurably more than the "chance 
values. ' ' 

The present authors propose to show that certain 
animal fats are quite non-random in their glyceride 
structure just as vegetable seed fats have been shown 
to be. The study involves a reexamination of lard, 
beef tallow, and mutton tallow by fractional crystal- 
lization and examination of fractions and produet~ 
of their complete hydrogenation by familiar thermal 
techniques as well as by x-ray diffraction. 

Experimental 
A 50-lb. sample of edible lard (unhydrogenated) 

was obtained from E. Kahn's Sons (Cincinnati, 0.) .  
Approximately 10 lbs. of beef tallow were obtained 
from beef suet by dry rendering followed by a Super- 
filtrol bleach. Ten lbs. of mutton tallow were obtained 
from Swift  and Company, Chicago, Ill. The original 
fats were analyzed and their methyl esters fraction- 
ated in a Podbielniak still. Data appear in Tables 
I and II .  

TABLE I 

Distillation Analysis of Methy! Esters 

' Beef :Mutton 
! Lard Tallow tallow 

2 5  5 6 6  
% 27.9 30 24.4 
% 69.5 65 69.0 

After analysis the fats were subjected to fractional 
solvent crystallization. In the case of the lard and 
mutton tallow a preliminary rough fractionation was 
followed by more careful detailed fractionation to 
obtain nearly representative Ss, S2U, and SU2 (and 
Ua) fractions. Two fractionations were performed for 
lard: one as a pilot run, therefore more detailed; the 

TABLE I I  

Composition of Major Fractions 

I SzU 

I.V. 
% Oleie 
% Linoleic 
% Linolenic 
% Arachidonic 
% Conjugated 

% Saturated 

I.V. 
% Oleie 
% Linoleie 
% binalenic 
% Arachidonie 
% Conjugated 

% Saturated 

I.V. 
% Oleie 
% Linoleic 
% Linolenic 
% Arachidonic 
% Conjugated 

% Saturated 

Original 

64.4 
45.6 a 
10.6 

3.2 
0.3 
0.2 

37.8 

37.4 
35.8 

1.8 
0,22 
6.09 
6.54 

57.1 

42.6 
40.8 

1.6 
1.l 
0.34 
1.5 

50.2 

S:~ Compos- SUn "U,~" 
ite Pure  

From lard (large scale fractionation ) 

3.1 b 35.8 i 38.4 
25.4 I 24.5 

6.3 5.2 
0.25 : 0.15 
0.18 0.11 
0.13 0.11 

63.3 i 65.5 

62.2 
53.3 

6.9 
0,31 
0.20 
0.16 

34.7 

From beef tallow 

2.5 30.0 
29.2 

0.86 
0.1c) 
0.00 
6.38 

64.6 

59.8 
55.2 

3.4 
0.71 
0.11 
0.94 

35.3 

From mutton tallow 

8.5 33.5 
32.5 

0.63 
0.51 
0.03 
0.93 

61.0 

59.3 
50.8 

1.7 
1.8 
0.48 
2.3 

38.6 

79.2 
62.0 

2.9 
2.6 
1.2 
3.7 

23.2 

a95.6% basis for total fatty acids. 
bFrom original fractionation. 


