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Direct Determination of Trans Unsaturation 
by Infrared Spcctrophotometry 

m Triglycerides 

C. SZONYI, R. S. TA'IT, and J. D. CRASKE, Unilever Australia Pty. Ltd., Balmain, Australia 

Abstract 
A d i f f e r en t i a l  i n f r a r e d  spee t rophotomet r ie  

method is described for the determination of 
trans unsaturation in fats. The method utilizes 
absorption at 965 cm -1, due to the C-H out-of- 
plane deformation vibrations of trans unsaturated 
compounds. The method is rapid, accurate, and 
directly applicable to the determination of trans 
unsaturation in triglyeerides. It  is applicable to 
samples which contain low concentrations of trans 
acids (down to 2%) and also to samples with 
fat ty acids of mixed chain length. 

T HE I.R. ABSORPTION BAND at 965 cm -1 of trans un- 
saturated compounds has been widely used in 

recent years for the quantitative determination of 
trans fatty acids and their derivatives (1,2,3). O'Con- 
nor (4) reported anomalous absorptivities in the case 
of glycerides containing very short chains and mix- 
tures of short and long chain fatty acids. He consid- 
ered that determination of trans unsaturated acids in 
triglyeerides could at best be only partly quantitative 
until more spectra of pure triglycerides became avail- 
able. Kaufmann (5) investigated, in addition, glye- 
erides composed of medium and long chain saturated 
acids and reported "apparent  trans contents" for 
these compounds. Similar anomalous results were re- 
ported by the Spectroscopy Committee of the A.0.C.S. 
(6), but at that time they still recommended that 
trans determinations be made on the triglyeerides 
rather than risk isomerism by converting to methyl 
esters. 

As a result of collaborative studies (7,8) this eonl- 
mittee developed a method for the determination of 
trans unsaturation using a "basel ine" type of back- 
ground correction. 

Firestone and De La Luz Villadolman (9) discuss 
the problems in the analysis of triglyeerides and 
how they can be solved by the use of this A.O.C.S. 
procedure. 

The problem of obtaining a correct analytical re- 
sult is at least partly caused by the strong back- 
ground absorption of the triglycerides. McDonald 
(10) and Cleverley (1.1) published differential tech- 
niques similar to the one described in this paper 
for the estimation of trans unsaturation in fat ty 
acids and esters prepared from naturally occurring 
lipids. However, the analysis of triglycerides was 
not discussed. 

In this study, tile unwanted absorption was can- 
celled out by a differential technique, using in the 
reference beam a solution of a fully saturated tri- 
glyceride. The reference compounds should ideally 
be the test sample fully hydrogenated, but in prac- 
tice negligible error is introduced provided that the 
chain lengths of the component fat ty acids of the 
reference triglyeeride are reasonably similar to thol 
of the sample. 

The method is particularly advantageous whcl~ 
working with small routine type instruments such as 
Perkin-Ehner Infraeord Model 137 Speetrophotmn- 
eter with fixed slit width and fixed scan speed pro- 
gram. With these instruments the method recom- 
mended by the Spectroscopy Connnittee is inaccurate 
because of the steeply sloping baseline. 

A further advantage of the proposed method is 
that it is possible to analyze samples with tratts acids 
content as low as 2r whereas other published meth- 
ods require that the sanlple be converted to the 
nlethyl ester if the tra~s acids content is below 15~.  
Samples containing fatty acids of nfixed chain length 
can also be analyzed if part of the santple is fully 
hydrogenated and used in the reference beam of the 
spectrophotometcr. 

In addition to the determination of spectral data, 
it is necessary to know the iodine value of the sample 
to allow calculation of the trans acids content. This 
is not considered to be a limitation of the method, 
since this analytical constant is ahnost invariably 
required as part  of any fat analysis program. 

Experimental 
Materials a~d Apparat~s  

Fully hydrogenated beef tallow stearin--saponifi- 
cation value 203; I.V. 0.25. This was prepared 
from beef tallow stearin by exhaustive hydro- 
genation using an oil-free nickel catalyst sup- 
ported by kieselguhr. 

Partially hydrogenated whale oil--saponification 
value 195; I.V. 57.5. 

Peauut oil -saponification value 193; I.V. 93.0. 
Secondary standard t r ig lycer ides- - t rans  content 

51.9% as trielaidate; I.V. 67.3. Supplied by 
R. T. O'Connor of the A.O.C.S. Spectroscopy 
Committee. 

Carbon disulphide--Univar. 

All spectra were plotted on a Perkin-Elmer Model 
137 hlfracord double beam speetrophotometer. A 
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1 ram. fixed path-length cell was used in the sample 
beam and a variable path-length cell in the reference 
beam. 

Method.  Prepare  5% or 2% solutions of the tri- 
glycerides in carbon disulphide, the concentration 
selected depending on the expected t rans  acids con- 
tent  of the sample. Plot  the baseline f rom 1(}50 to 
900 em -1 with the appropr ia te  concentration of ful ly 
sa turated reference tr iglyeeride in both beams of the 
spectrophotometer.  Ad jus t  the variable path-length 
cell to compensate the fixed cell. Replace the solution 
in the fixed path-length cell with the test t r iglyeeride 
solution, and plot the spectrum over the same range. 
The absorbanee at 965 cm 1 determined f rom the 
above spectra should lie between 0.05 and 0.4. I f  it 
is outside this range the determinat ion should be 
repeated with an appropr ia te  concentration of sam- 
ple and reference triglyceride. 

Discussion 

The calculation of the trans acids content f rom 
the differential spectrum is based on the following 
considerations: 

A = b c t a t  + be,.a~ --  b c ~ a ~ M ~ / M  . . . . .  ( 1 )  
W h e r e  

5 I ,  = t oo l  w t  o f  t r i o l e i n  

.~'I~ = m e a n  m o l  w t  o f  s a t u r a t e d  t r i g l y e e r i d e s  

et,  ee, eu = g / 1  c o n c e n t r a t i o n s  o f  t r i e l a i d a t e ,  t r i o l e a t e  
a n d  t o t a l  u n s a t u r a t e d  g l y e e r i d e s  

a t ,  ar a~ = a b s o r p t i v i t y  ( i n  g / 1  c o n c e n t r a t i o n s )  o f  t r i -  
e l a i d a t e ,  t r i o l e a t e ,  a n d  s a t u r a t e d  t r i g l y e -  
e r i d e  

e ~  - e t  + e~. = c �9 I V / I V  . . . . . . . .  ( 2 )  

W h e r e  
I V  = i o d i n e  v a l u e  o f  s a m p l e  

I V ~  - i o d i n e  v a l u e  o f  t r i o l e a t e  

F r o m  e q u a t i o n s  ( 1 )  a n d  ( 2 )  

et  A / b ( a t - - a , . ) - - e  �9 I V ( a ~ - - a ~ M . M ~ ) /  
I V .  ( a t  - -ar  . . . . . . . . .  (35  

a n d  

% t r i e l a i d a t e  = 100 c~ /e  . . . . . . . . . . .  ( 4 )  

S u b s t i t u t i n g  t h e  f o l l o w i n g  n u m e r i c a l  d a t a :  

M~ = 885  

M~ = 825 

b = 0 . 1  

I V ~  = 86 

ar ~ = 0 .475  

a~* = 0 .084  

as*  = 0 .078  

Taken from reference 2. 
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w e  g e t  : 

a )  % t r i e l a i d a t e  = 5 1 . 1 4 A  -- 1 .82 �9 10 e . I V  ~ 
for 5~?~ s a m p l e  s o l u t i o n s  

b ) 9~ t r i e l a i d a t e  = 1 2 7 . 8 5 A  1.82 - ] 0 "-' �9 I V  ~ 
f o r  2 %  Saml ) l e  s o l u t i o n s  

�9 - With  5c)~: or 2':./~ solutions,  respectively, of fully hydrogenated  beef 
tallow stear in  ill the referen('e beam. 

Results 
The absorptivit ies used in the calculations above 

are those established by Shreve st al. (2). In  order 
to confirm their  applicabili ty,  a secondary s tandard  
triglyceride, f rom R. T. O'Connor,  was used. This 
had an I.V. of 67.3 and a stated t rans  content of 
51.9~ t rMaidate .  The absorbance of its 2% solution 
in tS. ,  twith a 2~;~ solution of ful ly hydrogenated 
beef tallow stearin in the reference beam) was 0.416. 
The tra4~s content calculated from equation (1) was 
52.o,;;~. 

It can be seen that the use of the published absorp- 
t ivi ty  was justified in the case considered and with 
the par t icular  speetrophotonleter employed. However,  
it nlust be emphasized that  different inst ruments  may  
differ with respect to slit width, scattered light, elec- 
trical and mechanical inertia, etc., and therefore re- 
quire the substi tution of different absorptivities. I t  is 
suggested that  other workers intending to use the 
ntethod should cheek this point and make nmnerieal  
adjus tments  to the equations if necessary. 

The range of applicat ion and reproducibi l i ty  of 
the method was tested by using various nfixtures of 
a par t ia l ly  hardened whale oil with ful ly  hydrogen- 
ated tr iglyceride or peanut  oil. Results are shown in 
Table I. 

The trans content of the whale oil was 50.5 _+1.7% 
11+ 3.4% S.D.). Table I shows that  t rans  contents 
ranging f rom 2 to 5 0 ~  can be determined with a 
s tandard  error  of 3 .4~ and the results are not affected 
by the presence of a large excess of cis unsaturat ion.  
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TABLE I 

Sample No. 

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

10 .......................................................................... 
11 .......................................................................... 
12 .......................................................................... 
13 .......................................................................... 
14 .......................................................................... 
15 ......................................................................... 
16 ......................................................................... 
17 ......................................................................... 
18 ......................................................................... 
19 ......................................................................... 
20 ......................................................................... 

Composit ion of mix tu re  

Whale  oil 
% 

4 
4 
8 
8 

1O 
12 
16 
16 
20 
20 
24 
24 
28 
32 
32 
36 
40 
60 
80 

100 

P e a n u t  oil 
% 

84 

72 

64 

S tear in  a 
% 

96 

40 
20 

Concen- 
trate in 

C ~  
% 

I.V. 
of 

sample 

2.3 
91.3 

4.6 
89.9 

5.7 
88.5 

9.2 
87.1 
11.5 
85.7 
13.7 
84.2 
82.8 
18.3 
81.4 
80.0 
22.9 
34.4 
46.1 
57.3 

0.0390 
0.0747 
0.0804 
0.1176 
0.0419 
0.1510 
0.1562 
0.1910 
0.0802 
0.2267 
0.2312 
0.2702 
0.3135 
0.3220 
0.3341 
0.3671 
0.1617 

I .2492 
. 0.3175 

O.3987 

(tri- 
elaidate)  

found 

1.95 
2.12 
4.02 
4.35 
5.25 
6.09 
7.81 
8.16 

10.04 
10.01 
11.56 
12.26 
14.50 
16.13 
15.58 
17.29 
20.25 
31.22 
39.74 
49.91 

(;/c Calcu- 
lated 

2.02 
2.02 
4.04 
4.04 
5.05 
6.06 
8.08 
8.08 

10.10 
10.10 
12.12 
12.12 
14.14 
16.16 
16.16 
18.18 
20.20 
32.32 
40.40 
50.50 

(/e Devi- 
ation 

--3.5 
+ 5 . 0  
- 0 . 5  
@7.7 
+ 4 . 0  
+0 .5  
--3.3 
+ 1 . 0  
+ 0 . 9  
--0.1 
--4.6 
+1 .2  
+2 .5  
--0.2 
--3.6 
--4.9 
+ 0 . 3  
--3.4 
- -1 .6  
--1.1 

a S tear in  ---- ful ly hydrogenated  beef tal low stearin.  


