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SIGNIFICANCE OF ULTRAVIOLET 

ABSORPTION DATA OF FISH-Oil FATTY ACIDS 

By Edward H. Grug r', Jr .• 
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ANALYTICAL METHOD: The double bonds in unsatur ted fa y acids are con
jugated by alkali -isomerization. The analytical procedur commonly employed is 
that of the American Oil Chemists' Society Tentative 1ethod Cd 7-48: An 80-milli
graml/ sample of fatty material is mixed with 11 grams of 21-percent potasslUm 
hydroxide in ethylene glycol that is preheated to 1800 C. (3560 F. ) in a SUltable iso
merization flask. An atmosphere of nitrogen is passed over the m' ture during the 
entire isomenzation process. The mixture is held at 1800 C. for exactly 15 min
utes, after which time the reaction is stopped by immediately cooling i to room 
temperature. The cooled mixture is diluted with an appropriate solvent to a known 
volume such that the concentration of isomerized material permits adquate meas
urement of the ultraviolet absorption spectra. 

Spectral absorption peaks at 233, 268, 315, 346, and 374 millimicrons are the 
result of the presence within the molecules of two, three, four, five, and six conju
gated carbon-carbon double bonds, respectively. From the relative heights of the 
absorption peaks can be calculated spedfic extmction coefficients. The extinction 
coefficients are used to determine the quantity of material present in the analyzed 
mixture which contribute to the particular absorptions. (ThiS is discussed in the 
next section.) 
* ChemUt, Fishery Technological Laborato.ry, Division of lndtutrlal Research and Services, U. S. Bureau of Commerc:i~ 

Fisheries, Seattle, Wam. 
1/This figure is based on the unsaturation commonly found in commercial fish ow. 
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The specific extinction coefficients are calculated from the equation 

K= ~ 
1C-1 (c) 

where k is the specific extinction coefficient , A is the absorbance (or optical density) 

Table 1 - Specific Extinction Coefficients of Pure Natural 
" Polyunsaturated Fatty Acid 1 

Fatty Acid Specific Extinction Coefficient 

Acid No. of No. of 233 rrll 268 .rrf1 315 mU 
Carbon Atoms Double Bonds 346 rrll 374 rrll 

Linoleic 18 2 91.6 - - - -
Linolenic 18 3 47.5 90.5 - - -
Arachidonic 20 4 39.7 48.2 60.6 - -
Eicosapentaenoic 20 5 39.4 41.2 82.4 87.5 -
Clupanodonic 22 5 43.5 46.0 56.9 50.4 -
Docosahexaenoic 22 6 41.7 52.2 29.6 27.7 29.3 
.!JHerb and R!.emenschneider, Anal. Chem. 25, 953 (1953). 

(3560 F.) fo"r]5 minutes under nitrogen . 
Isomerization in 21 percent KOH in ethylene glycol ~t 1800 C. 

..at a given wavelength, c is the concentration of isomerized substances in grams per
liter, and 1 is the cell length in centimeters. 

Listed in table 1 are specific 
extinction coefficients of pure nat
ural polyunsaturated fatty acids. 
These fatty acids were prepared 
and studied by Herb and Riemen
schneider (1953) in their work on 
microanalytical determinations of 
animal and vegetable oils at the 
Eastern Regional Research Lab
oratory of the U. S. Department 
of Agriculture. 

CONSIDERATIONS: Fish oils 
contain fatty acid groups having 
from 18 to 24 carbon atoms and 
one to six double bonds. From ta
ble 1, it would be expected that a 
C

24 
fatty acid with six double 

bonds would have a lower extinction 
coefficient at 374 millimicrons 
than would a C fatty acid with 
six double bon:!i. This reasoning 
is based on the fact that a C 22 
fatty acid with five double bonds 
has a lower extinction coefficient 
at 346 millimicrons than has aC 20 
fatty acid with five double bonds. 
Also, this decrease in extinction 
coefficient can be explained by the 
effect of increasing chain length, Fig. 1 _ Chemist using an automatic-recording spectrophotDmetertD 
which in turn increases the mole - measure the ultraviolet absoxption characteristics of alkali-isomer-

cular weight. An increase in ized fatty- acids from fish oil . . 

molecular weight causes a lowering of the molar concentratlOn .of double bonds for a 
given weight of sample . This then lowers the spectral absorptlOn due to the double 
bonds and consequently lowers the specific extinction coefficient. These changes 
can be seen by examining equation (c). 
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With mixtures of highly unsaturated compounds from fish oils, such as fatty 
acids and fatty alcohols, the specijic extinction coefficient calculated for a given 
wavelength is an additive value resulting from each compound in the mixture. Also, 
if six double bonds is the maximum number found in fish oils, there are no otherul
traviolet absorptions at higher wavelengths contributing to the absorption at 374 
millimicrons. One would expect, therefore, that a comparison of extinction coef
ficients at 374 millimicrons to the value of 29.3 (in table 1) will give a fair quanti
tative approximation of the content of heraenoic acids present. A pure C 24 fatty 
acid of high unsaturation has not as yet been reported, thus the more comp1.ete anal
ysis is not possible at this time. 

One further matter to consider is the possibility of the existence of fatty acids 
of ~20 to C 24 chain lengths having only two and three carbon-carbon double bonds. 
UntiI the con~rary has been unquestionably proven and reported, complete fatty acid 
analysis by ultraviolet absorption will not be possible. 

APPLICATIONS: The ultraviolet absorption data are valuable as a means of 
determining the success of methods of separating fish-oil fatty acids or their deriv
atives. The data also can be used to determine the effect of storage conditions on 
the high degrees of unsaturation; that is , whether or not storage treatment has af
fected the pentaene and hexaene content. 

Extinction coefficients, from absorption data of the type described above, are 
used in a set of simultaneous equations for solving quantitatively the percentage of 
each compound contributing to the particular absorptions. For quantitative analy
ses of this type to be accurate, however, pure compounds (the pure fatty acids in 
the case of fish oils) must be available for use as reference standards. Contract 
work being carried out by Dr. Orville Privett at the Hormel Institute, Universityof 
Minnesota, Austin, Minn., is designed to prepare the necessary "standard" fatty 
acids and to analyze the major commercial fish oils ior their fatty acid composition._ 
When this contract is completed, it will be possible fo obtain a practical quantita
tive measurement of the relative proportions of the different fatty acids of various 
degrees of unsaturation present in all fish oils by the use of ultraviolet absorption 
measurements. 
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