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U 
LTRAVIOLET spectrophotometry was first employed 

in fa t  and oil analysis in 1934 by Dingwall  and 
Thomson (12), who described a procedure for 

the determinat ion of a- and f l -e leos tear ie  ac ids  in 
mixtures.  In  this instance ultraviolet  speetropho- 
tometrie measurements  were possible because these 
acids absorb s t rongly and exhibit well-defined max- 
ima in the near  ultraviolet  spectral  region owing to 
the conjugated position of their  double bonds. In  
most of our common fats  and oils however the un- 
sa turated acids have n o n - c o n j u g a t e d  double bond 
systems which do not absorb in this spectral  region. 
Hence ul traviolet  speetrophotometric methods were 
not applicable to analysis of these oils unt i l  a pro- 
cedure was found which would convert non-conju- 
gated acids, such as linoleic and linolenic acids, to 
their  conjugated isomers. 

The first indication that  such conjugation was pos- 
sible is a t t r ibu ted  to an observation made by  Moore 
(31) in 1937. He  found that  prolonged heat ing of 
various fats  and oils with alkali dur ing saponification 
produced an increase in absorption in the ul traviolet  

s p e c t r a l  region and postulated that  the absorption 
was caused by  conversion of normal  linoleie and lin- 
olenic acids to their  conjugated forms. This observa- 
tion p rompted  fu r the r  investigations which not only 
substant ia ted Moore 's  findings but  resulted in much 
more effective alkali t rea tment  and consequently more 
complete conversion. In  1943 the first quant i ta t ive  
method for  analysis of fats  and oils based on this 
alkali t r ea tment  was proposed by Mitchell, Kraybil l ,  
and Zseheile (30). Subsequently substant ial  improve- 
ments and modifications have been incorporated in 
these methods, which today are being used extensively 
in the analysis of a wide var ie ty  of fats  and  oils. The 
present  status, applications, and l imitations of the 
more commonly used methods are discussed. This pa- 
per  however is not intended as a complete review of 
all the work done in this field. 

I n s t r u m e n t s  a n d  S o u r c e s  of  E r r o r  

The Beckman quartz spectrophotometer,  Model DU, 
and the Cary  recording quartz speetrophotometer  are 
the ins t ruments  most commonly employed for  ul tra-  
violet spectrophotometric  analysis in this country.  
The principles involved in mak ing  spectrophotomet-  
ric measurements  will not be discussed; however it 
might  be well to enumerate  some of the sources of 
error  tha t  may  be encountered. The wavelength scales 
of the commercial ly available ins t ruments  are gener- 
ally accurate,  but  it is easily possible for  an instru- 
ment  to get badly  out of ad jus tment  and a continual 
check is s t rongly advised. S t ray  radia t ion is often a 
source of impor tan t  error  and may  be caused by  
reflections f rom dust, scratches, and ins t rument  par t s  
or by scat ter ing f rom optical parts .  Slit width, lamp 
adjustment ,  and absorption cell i m p e r f e c t i o n s  also 
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may be sources of error. There are available several 
good publications reviewing the cause, effect, and 
cure of such errors (16, 17) .  I t  should be remembered 
that  only the most careful  calibration and operat ion 
of the ins t rument  will render  such errors negligible. 

One source of error  that  appears  not to have been 
given sufficient a t tent ion in the analysis of fa ts  and 
oils is the effect of slit width. The magni tude  of 
slit width errors depends p r imar i ly  upon two things: 
a) the effective width of the entrance and exit slits 
with a continuous spect rum source, and b) the curva- 
ture  (not the slope) of the spectral  distr ibutions un- 
der consideration (16). I t  is apparen t  f rom Figure  
1, curve X, tha t  the narrower  the slit width, the more 
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FIG. 1. Slit width error dependent on the curvature, not the 
slope, of the distribution curve under consideration. Spectrum 
band width extends from A to B. On curve X the observed 
value is at C and the true value at D. On curve Y the ob- 
served value and true value essentially coincide at D. 

near ly  the observed value at C will approach the t rue  
value at D, but  on curve Y, which is more linear, the 
slit width will have essentially no effect. The im- 
portance of this factor  in fa t  and oil analysis was 
noted by  Brice et al. (8) in a discussion of the deter- 
minations of linolenie acid. Recently H a m m o n d  and 
Lundberg  (18) found that  slit width was of great  
importance in the analysis of docosahexaenoie acid. 
In  an analysis it would seem only necessary to use 
the slit width employed in the determinat ion of the 
absorpt iv i ty  3 constants, but an example of the error  
that  may  occur by  not employing op t imum slit widths 
may  be found f rom inspection of the curve of a penta-  
ene-hexaene mixture.  Isomerized pentaenoic acid has 
a max imum at  346 nlt~ which is employed in the 
analysis for  this component, but when conjugated 
hexaenoic acid is present,  the peak at  346 mt~ may  
not be appa ren t  because of the overlap of a pr incipal  
max imum for  the hexaene which occurs at 352.5 m~. 
Therefore  it is probable t h a t ,  in an analysis of a 
mixture  of these two acids, the observed absorbance 
at 346 m~ for  pentaenoic acid will be determined on 
a slope ra ther  than  on a maximum. Thus a si tuation 

3 Absorp t iv i ty  ---- A/bc  where A z Absorbance, b ~ length  of cell, 
and c ---- concent ra t ion  in  g rams / l i t e r .  Suggested Nomencla ture  in  Ap- 
plied Spectroscopy.  Anal.  Chem., ~4, 1349 (1952) .  
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occurs which is similar to that  shown in Figure  1. 
The slit width employed in the analysis of the mix- 
ture (on a slope) is relatively unimportant ,  but  the 
accuracy of the determination depends on the slit 
width employed in the determination of the absorp- 
t ivi ty constant of the pure pentaenoie acid (on a 
maximum).  Therefore it seems probable that  f u r t h e r  
accuracy of the spectrophot0metric method could be 
attained by es t ab l i sh ing  absorptivity constants of 
the reference standards at slit widths which give 
the greatest possible absorptivity. 

Fo r  maximum absorptivi ty when analyzing docosa- 
hexaenoic acid with the Beckman spectrophotometer, 
a slit width of 0.15 ram. at 374 m~ has been recom- 
mended, and to obtain this slit width a tungsten lamp 
was used as the light source (18). In an investigation 
at this laboratory a relatively pure hexaenoic acid 
was isolated, and a b s o r p t i v i t i e s  were obtained that  
were in reasonably good agreement with those pub- 
lished by H a m m o n d  and  L u n d b e r g  (18). I t  was 
found however that  slit widths as low as 0.19 mm. 
could be obtained by using a hydrogen lamp. The 
absorptivities observed were equal to those determined 
when the tungsten lamp was employed. This is shown 
in Figure  2. The spectral region between 320 and 
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FIG. 2. Apparent absorptivity vs. slit width for methyl hexa- 
enoate at 374 m/~ after isomerization in 21% KOH-glycol at 
180~ for 15 min. Q-Q �9 tungsten light source; O-O-O 
hydrogen light source. 

400 mt~ is a region in which either light source is 
indicated. However since the hydrogen light source 
is necessary for the balance of the ultraviolet spectra, 
it is believed desirable not to change the light source 
in the middle of an analysis. 

The data in Figure  2 were obtained from one of 
four  fractions of methyl hexaenoate that  appeared to 
be rather  pure. In Table I the average absorptivities 
of these four f r ac t ions ,  af ter  alkali t reatment,  are 
compared at the analytical wavelengths with those re- 
ported previously (18). Both samples were isolated 
from hog brain lipids. 

TABLE I 
Comparison of Hexaene Absorptivities 

233 268 315 346 374 In/~ 
i Hydro- Tung- 

m# m/* m/z m# I gen sten 
/ / tamp I ]~m/3 

Ha . . . . .  d etal.(18)l 4 ~ . - O -  / 4 9 . ~  1 2 7 . ~  1 2 6 . ~  I . . ~ . . - - -  28.~ 
This Laboratory / 39.7 ~ 47.4 I 30.0 ! 27.0 I 29.3 I 29.1 

N o n - C o n j u g a t e d  F a t t y  A c i d s  

Non-conjugated polyunsaturated acids when heated 
with alkali form conjugated isomers which have spe- 
cific and well defined spectra. The extent of conver- 
sion of non-conjugated to conjugated isomers and the 
ratios of the various conjugated isomers produced are 
dependent upon the conditions employed in the alkali 
isomerization. The strength of alkali, solvent for  al- 
kali, temperature,  time ofhea t ing ,  and size of sample 
are important  factors in the isomerization procedure, 
and all of these factors must be held within the limits 
specified for the par t icular  method used for analysis. 

Method A--6 .5% KOH-glycol. Probably the best 
known and most widely used method for the analysis 
of fats and oils is the American 0i l  Chemists' Society 
Tentative Method Cd 7-48 (2). This method employs 
6.5% K O H - g l y e o l  and is essentially the procedure 
described by Mitchell, Kraybill ,  and Zscheile (30), 
which has been modified and improved by the addi- 
tion of absorptivi ty constants for  araehidonic acid 
(4), improvement of the t ransparency of the reagent 
by protection with an atmosphere of nitrogen (36), 
introduction of corrections for absorption by extra- 
~mous compounds, and increasing the sensitivity and 
accuracy in the determination of small proportions of 
conjugated and non-conjugated acids (7, 9, 39, 47). 
Probably the most no tab le  i m p r o v e m e n t  in recent 
years was the adoption of absorptivi ty constants based 
on pure polyunsaturated acids, isolated by physical 
means to replace the constants determined on acids 
prepared by the usual b r o m i n a t i o n - d e b r o m i n a t i o n  
chemical techniques (21, 45). I t  has been shown that 
chemically prepared acids contain isomeric acids which 
are not of the all cis type (29) and also that  acids 
isolated by physical means have all the double bonds 
in the cis configuration, which is the configuration 
that  occurs natura l ly  in nmst fats and oils. I t  has 
fu r ther  been shown that cis and trans isomers isomer- 
ize at different rates during alkali t reatment  resulting 
in quite different absorption intensities af ter  a given 
time of heating (33, 34). Substantially greater accu- 
racy was obtained when the constants from acids in 
their natural  configuration were employed in the an- 
alysis of lard, cottonseed, soybean, perilla, linseed, 
and tobacco seed oils (8). A variat ion of this method 
was proposed by Hilditch, Morton, and Riley (23A) 
and later improved by including the absorptivity con- 
stants determined for natural  polyunsaturated acids 
(23B). 

Method B---11% KOH-glycerol reagent. A method 
that  has a t t racted wide at tent ion was proposed by 
Brice and Swain (7) and later  improved to include 
more accurate constants (8). The method employs 
11% KOH-glycerol  as the isomerization reagent. This 
reagent offers the advantage of a t ransparent  medium 
without using an atmosphere of nitrogen either in lhe 
preparat ion of the reagent or during the isomeriza- 
tion procedure. An extension of the uti l i ty of the 
method resulted from the determination of the ab- 
sorptivity constants for pentaenoic acids when em- 
ploying this reagent (19). 

Method C--21% KOH-glycol reagent. Hohnan and 
B u r r  (24) studied the effect of various concentrations 
of alkali on polyunsaturated f a t ty  acids prepared by 
brominat ion-debrominat ion techniques. They found 
that  maximum yields of conjugated diene from lin- 
oleic acid are produced over a wide range of alkali 
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concentrations, but  to produce maximum conjugated 
triene, tetraene, and pentaene f rom their  respective 
non-conjugated acids a strong alkali concentration is 
needed. Application of their  optimum conditions of 
isomerization (18% KOtt-glyeol)  more than doubled 
the absorptivi ty of araehidonic acid over that  obtained 
by employing either method A or B. This effect of 
higher concentration of alkali was confirmed by Herb 
and Riemenschneider (19), who found however that  
21% KOH-glycol was optimum for producing maxi- 
mum tetraene conjugation of arachidonic acid. They 
also extended the investigation and determined the 
absorptivi ty constants with this reagent for  linoleic, 
linolenie, arachidonic, and pentaenoic acids of natu- 
ral  configuration. Absorptivi ty constants for  docosa- 
hexaenoic acid have recently been determined with 
the 21% KOH-glycol reagent (18). 

Method D--21% KOH-glycol (micromethod). In- 
vestigators, par t icular ly  in biological and medical re- 
search, have been  interested in a micromethod that  
would require but  a few milligrams of sample, and 
considerable work has been published in this direction 
(6, 24, 35, 46, 54). For  one reason or another these 
workers did not recommend their  published constants 
but advised others to determine their  own independ- 
ently. The 21% KOH-g lyco l  method ,  owing to its 
i nc rea sed  sens i t iv i ty ,  was found adaptable to the 
analysis of samples of fats and oils as little as one 
milligram. This was accomplished by reduction in the 
amount  of reagent and a modification of the reaction 
tube (20). A procedure was also described in which 
a microanalytical balance was not necessary for weigh- 
ing the sample. I f  as much as 10 to 30 milligrams of 
material  is available, it can be diluted with lauryl  
alcohol and an aliquot weighed on a good analytical 
balance. The remainder  of the lauryl  alcohol solution 
can be used to determine iodine and saponification 
values by micromethods and thereby obtain ra ther  
complete analysis. 

Method E--11% KOH-glycol (semi-micro). A semi- 
micro method for the analysis of the component acids 
of blood serum was proposed by ~Veise and Hansen 
(55). In  this method 11% KOIt-glycol  was employed 
as the isomerizing reagent, and the amount of fa t  
analyzed was between 7 and 15 milligrams. Unfor-  
tunate ly  it is not clear if their  reference compounds, 
linoleic, linolenie, and arachidonic, were prepared by 
the usual bromination-debromination techniques, but, 
if so, the method would suffer the same inaccuracy 
found in the A.O.C.S.  Method Cd 7-48 before the 
adsorpt ivi ty constants for  the natural  acids were 
adopted. 

Applications and limitations. Method E will not be 
discussed in this section since comparative data with 
other methods are not available. Methods A, B, C, 
and D are highly acceptable methods for the analysis 
of the polyunsaturated fa t ty  acids found in the usual 
animal fats, vegetable oils, and purified fa t ty  acids 
and esters where the unsaturat ion is due to linoleic, 
linolenic, and arachidonie acids. Method B may also 
be used when pentaenoic acids are present and meth- 
ods C and D where pentaenoic and hexaenoic acids 
are found. Method D (micro) has wide application 
where the amount of sample is limited, such as in the 
analysis of small fractions obtained by distillation or 
chromatographic separations. The method has been 
employed to determine the composition of fat  extracted 

from potatoes where, on the fresh whole basis, the fat  
content was only 0.02% (23). I t  has also been em- 
ployed to determine the differences in composition of 
bone marrow fat  of fed and fasting rabbits (14), and 
of the fat  contained in several fractious of ra t  livers 
during a s tudy of the onset of f a t ty  acid deficiency 
(26, 27). 

None of the methods apply in a strict quanti tat ive 
sense to the analysis of oxidized fats, hydrogenated 
oils, certain drying  oils, fish oils, or oils containing 
unusual acids or pigments whose interference is un- 
known or cannot be determined. 

I t  is important  when choosing a method for an 
analysis to select a method that  provides absorptivity 
constants for  all the polyunsaturated acids that  will 
be present in the sample. In a recent publication 
(56) absorptivi ty constants were published for hexa- 
enolc acid to be employed in method E ;  however 
pentaenoic acid constants were lacking. While the 
authors recognized this weak link, they made calcu- 
lations for all other components and minimized the 
effect of the presence of pentaene acids. In their  
par t icular  case this may not have been serious; how- 
ever it is a pitfall  that  is found many times in the 
l i terature  and should be avoided. An example of how 
this could lead to serious error  is shown in the an- 
alysis of a sample in which the absorptivities at the 
analytical  wavelengths indicate the presence of acids 
up to and including hexaenes. The absorptivities were 
obtained by both the 6.5% KOH-glycol  and 21% 
KOH-glyeol methods and are given in Table I I  to 

T A B L E  II 

Absorp t iv i t i e s  :Determined by Two  Di f f e r en t  Methods  of 
Alkal i  T r e a t m e n t  

Absorp t iv i t i e s  of sample  

2 1 %  KOH-glyeo l  2.1 
6 . 5 %  KOH-glyco l  0.56 

show the low absorptivity in the hexaene region and 
the great  influence it exerts on the calculated compo- 
sition. The ca lcu la t ions  of composition employing 
these values are shown in Table I I I .  The following 

T A B L E  I I I  

Calcu la t ion  of. Composi t ion  S h o w i n g  the  I m p o r t a n c e  of E m p l o y i n g  
All N e c e s s a r y  A bso r p t i v i t y  Cons t an t s  

Componen t  ac id  C a ~  A 1 C a l ~  B ~ Calc.% C a 

Linolei ...... ~ ~  .................. I 27~--.7 ~ 26.9 
Lino len ic  ................................... : ........... ] 5.3 I 6.6 ] 4.0 
A r a c h i d o n i c  ........................................... [ 14.5 [ 2.7 [ 2.6 
P e n t a e n o i c  ............................................ ] ...... ] 10.3 ] 7.4 
tZiexaen~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ...... I 7.3 
Oleic ...................................................... [ 47.1 [ 41.4  I 26.7 
S a t u r a t e d  (by  d i f fe rence)  ..................... 1.1 I 7.2 L 20.9 
S a t u r a t e d  ( B e r t r a m )  ......... ! .................. 17.8 17.8 17.8 

1 Calcula t ion  omi t t i ng  cons tan t s  for  pen t aene  a n d  hexaene  acids.  
2 Calcula t ion omi t t i ng  cons tan t s  for  hexaene  acids.  
3 Calcula t ion  i n c l u d i n g  cons tan t s  for  all acids.  

assumptions are made: Calculation (A) no constants 
are available for pentaenoic or hexaenoie acids; Cal- 
culation (B) no constants are available for  hexaenoic 
acid; and Calculation (C) all the constants necessary 
are available. 

Significant differences arc noted between the three 
analyses. A calculation of the total composition was 
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made in order to compare the calculated percentage 
of saturated acids with an independent  determination 
of saturated acids by a modification of the Ber t ram 
procedure (42). While the agreement is not perfect,  
it can readily be seen that  the saturated acid values 
are in much better agreement for the method which 
includes all the constants. 

I t  was mentioned previously that  none of the meth- 
ods should be applied to the analysis of fish oils. A 
spectrophotometric method for the analysis of marine 
oils has been considered to have two principal  draw- 
backs. The first is the lack of absorptivi ty constants 
for  all the acids present, and the second is the unu- 
sual isomers and homologs reported present in such 
oils. The absorptivity constants are now available for  
pentaenoic and hexaenoic acids and would allow a 
reasonable estimation of the composition of these oils 
if the acids present were not such unusual isomers. 
I t  is this point that  will be discussed further .  

Fa rmer  (15) has shown that  1,5-diene systems react 
very  slowly under  the conditions of alkali isomeriza- 
tion employed for linoleie and linolenie acids. Briee 
and Swain (7) have shown in linolenic acid that,  once 
a double bond is separated by at least two methylenes, 
it appears to be very  resistant to fu r the r  isomeriza- 
tion to conjugated forms. Fu r the r  two acids having 
an equal number of double bonds and differing only 
in chain length would be expected to have absorptivi- 
ties that  differ only by the ratio of their  molecular 
weights. Paschke and Wheeler (41) have used this 
r e a s o n i n g  to d e t e r m i n e  the composition of the un- 
saturated fa t ty  acids of the Alga Chlorella. They 
prepared the methyl ester, distilled in to  f r a c t i o n s  
containing substantially only one carbon chain length 
and then analyzed each fract ion spectrophotometrie- 
ally. A similar scheme of analysis would be expected 
to have value in the analysis of marine oils. 

Fish oils are reported to have a number of unsatu- 
rated acids which have 1,5-diene systems as opposed 
to the usual 1,4-diene systems present in most land 
animals or plants. For  example, 6,10,14-hexadecatri- 
enoic (higaronic) acid has been isolated from sardine 
oil (50, 52) while 7,10,13-hexadecatrienoic acid has 
been isolated from rape  leaf  g lyce r ide s  (22). A 
4,8,12,16-eicosatetraenoie acid has been reported in 
sardine oil (51) and bonito oil (28) and the struc- 
ture  confirmed by permanganate oxidation procedures 

(48). Its counterpar t  in animal fat  is 5,8,11,14-eieo- 
satetraenoie (arachidonic) acid (13), and the position 
of the double bonds has also been confirmed (3, 32). 
Recently Toyama and Shimo-oka (49) isolated higa- 
ronic, moroctie, 4,8,12,16-eicosatetraenoie, eicosapenta- 
enoic, and clupanodonie acids from sardine oil which 
reportedly contain 1,5-diene systems and examined 
these acids spectroscopically af ter  alkali isomeriza- 
t ion; surprisingly these acids exhibited absorption 
curves quite similar to isomerized acids which origi- 
nally had the double bonds separated by only one 
methylene.�9 In other words, af ter  alkali isomerization 
similar curves are found for 6,10,14- and 7,10,13-hex- 
adeeatrienoic acid, and for 9 ,12,15-oetadecatr ienoic  
(linolenic) acid; for moroetic acid, 4,8,12,16-eieosa- 
tetraenoic acid and araehidonie acid; the two penta- 
enoie acids from sardine oil and the C2o and C22 
pentaenoie acids isolated from beef  adrena l s .  In  
Table IV comparisons are shown where absorptivities 
were determined by the same procedure, but  the acids 
were isolated from different sources. The similarity 
of absorptivities between most samples whether from 
land or marine sources is apparent.  

A little note of confusion may be added to this 
discussion. Bergmann and Swift  (5) reported the 
isolation of a hexaeosadienoie (C:6H,sOo) acid from 
the lipids of sponges, which on oxidation by potas- 
sium permanganate  produced oxidation products that  
indicated the double bonds were in the 17,20-position. 
However at tempts to conjugate this acid by the usual 
alkali isomerization procedures were unsuccessful. We 
therefore have reports in the l i terature where acids 
whose double bonds are separated by one methylene 
will not conjugate and acids whose double bonds are 
separated by two methylenes will conjugate. The ques- 
tions now are: a) has the position of the double bonds 
in the acids isolated from fish oils been proven beyond 
reasonable doubt;  if so, b) is it t rue in all eases that 
double bonds separated by two methylenes conjugate 
with difficulty, or c) can these differences in absorp- 
tion be explained on the basis of the part icular  geo- 
metrical isomers present? These questions must be 
answered in order to have a reliable method of an- 
alysis for marine oils. In spite of the conflicting data 
it appears likely that  in the not too distant future  
these questions will be answered and a satisfactory 
speetrophotometrie method for the analysis of marine 
oils will be developed. 

T A B L E  I V  

A b s o r p t i v i t i e s  of  P o l y u n s a t u r a t e d  A c i d s  f r o m  V a r i o u s  S o u r c e s  

A b s o r p t i v i t i e s  a t  V a r i o u s  W a v e l e n g t h s  (m/z) 
Ac id  S o u r c e  

7 , 1 0 , 1 3 - H e x a d e e a t r i e n o i c  ................ R a p e  l ea f  oi1 
6 , 1 0 , 1 4 - I - I e x a d e c a t r i e n o i c  ................ S a r d i n e  o i l  

9 , 1 2 , 1 5 - O c t a d e c a t r i e n o i e  ................. L i n s e e d  oi l  

4,8,12,15-Octadecatetraenoic .......... 
4 , 8 , 1 2 , 1 6 - E i c o s a t e t r a e n o i c  .............. 
5,8,11,14-Eicosatetraenoic .............. 

Eicosapentaenoic ............................. 
Eieosapentaenoie ............................. 
Eicosapentaenoie ............................. 

Doeos~pentaenoic ............................ 
Docosapentaenoic ............................ 
Doeosapentaenoie ............................ 

S a r d i n e  o i l  
S a r d i n e  o i l  
Bee f  a d r e n a l s  

Bee f  a d r e n a l s  
S a r d i n e  o i l  
Cod l i v e r  o i l  ( 1 )  

Bee f  adrenals 
S a r d i n e  o i l  
Cod l i v e r  o i l  ( 1 )  

M e t h o d  ~ 233 

61.7~ 
B I 61.8 

I C I 4 7 . 5  

I 39.4 
C 43 .0  

235  268  ! 270  315  

49"0b  i 
51.3 I 
78.9  [ 
4 8 . 6  I 
90 .5  / 

- - -  I - -  - - -  i 

88 .0c  I 75 .0c  
63.1 46 .0  

46  8 I 20 3 

41 .2  I 82 .4  
. 59 .0  54 .6  

45 .7  47 .4  

- - - - I ~ .~ -  - - L ~  
60.1 48 .7  

42 .8  54 .7  

316  346  348 349 

22.9  

75.0 I 87.8 I 
_ _  _ 4 8 . 0  

I 5o.4 I L 
53.2 L 40 .8  I 

39 .0  

a Method A, 6 . 5 %  K O H - g l y c o l ;  M e t h o d  B,  1 1 %  K O H - g l y c e r o l ;  M e t h o d  C, 2 1 %  K O H - g l y c o l .  
b V a l u e s  e s t i m a t e d  f r o m  p u b l i s h e d  c u r v e  ( 2 2 ) .  
e V a l u e s  e s t i m a t e d  f r o m  p u b l i s h e d  c u r v e  ( 4 9 ) .  
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Conjugated Fatty Acids 
General (small proportions of conjugated acids). 

Conjugated acids are determined spectrophotomet- 
rieally by simply diluting the sample in a suitable 
solvent and measuring the absorption in the analyti- 
cal regions. However most spectrophotometric meth- 
ods employ the absorptivities for the all trans acids 
which may lead to incorrect analysis since cis and /o r  
trans isomers may be present and it is known that  the 
absorptivity constants of these isomers differ. Method 
Cd 7-48 (2) also includes "background correct ions"  
which are applied for greater accuracy when small 
proportions of conjugated acids are present but  should 
not be applied when substantial quantities are pres- 
ent since this may lead to erroneous values (8). 

Drying oils (large proportions of conjugated acids). 
The comments on speetrophotometrie analysis of dry- 
ing oils will be confined to tung oil and castor oil 
although the comments will apply equally as well to 
certain other oils. Tung oil is an important  oil Used 
in the coating industry.  As mentioned previously, 
Dingwall and Thomson (12) first published a quanti- 
tative speetrophotometrie method for the determina- 
tion of mixtures of a- and fl-eleostearie acids, which 
are the chief unsaturated acids present in tung oil. 
The method is actually based on the differences in the 
position of the maxima and differences in the absorp- 
tivities of cis and trans isomers. I t  has been shown 
that  a-eleostearie acid is cis 9, trans 11, trans 13- and 
fl- is all trans 9,11,13-eleostearie acid (10, 40). The 
original method has been modified to include deter- 
mination of ~- and fl-isomers in tung oil (37), and 
determination of linoleic and conjugated dienoic acids 
in tung oil (38), also to determine the fa t ty  acid 
composition of part ial ly hydrogenated tung oil (43). 
An analyst employing these methods is readily able 
to duplicate his own values, but  differences may be 
quite large from one analyst to another. Probably the 
cause for the discrepancies between analysts is the 
lack of specific information as to the slit width em- 
ployed at each analytical wavelength. The acids in 
tung oil have very  sharp absorption peaks, and as 
mentioned earlier, it is under  these conditions that  slit 
width errors are at a maximum. 

Castor oil is another important  oil used by the coat- 
ing industry,  and it is valuable because its properties 
are intermediate to the highly conjugated tung oil 
and the non-conjugated linseed oil. Ricinoleic acid 
which comprises about 90% of the acids present in 
the oil is converted by a dehydrat ion process to pre- 
dominately 9,11- and 9,12-oetadeeadienoic acids al- 
though small proportions of other acids have been 
reported (53). To determine the percentage of diene 
acids present in dehydrated castor oil, it is customary 
to determine the absorption of 233 m~ and divide the 
absorptivity of the sample by the absorptivity deter- 
mined for pure trans-trans dienes and mult iply the 
result by 100. However it has been shown that  dehy- 
dration of castor oil produces a mixture of cis 9,cis 
11-, cis 9,trans 11-, and possibly some trans 9,tvans 
l l - c o n j u g a t e d  acids and that  the cis-trans isomers 
have an absorptivi ty of 95 to 98 (25, 33) as compared 
to 119 for the trans-trans acids. Therefore the use of 
the higher value would introduce an appreciable error  
in the calculation of the amount of conjugation. The 
absorptivity for  cis-trans isomers is probably close to 
the correct one since cis-cis isomers are present in the 

mixture, and although their absorptivi ty is unknown, 
it is likely to be lower than the cis-trans value and 
would cancel out the effect of the trans-trans isomer. 

Heat-bodied dehydrated castor oil is again another  
problem. Evidence has been presented that  the conju- 
gated cis-trans isomers of dehydra ted  castor oil isom- 
erize on heating.to the trans-trans form (25), but  the 
action of heat on the cis-cis isomer remains unknown. 
The conjugated isomers present in heat-bodied dehy- 
dra ted castor oil is a mixture  of cis-cis, cis-trans, and 
trans-trans acids and the probable average absorptiv- 
i ty  value would lie between 95-98 and 119 since there 
is present a higher proport ion of the trans-trans iso- 
mer than is found in the dehydrated castor oil. 

The consideration of the various isomers present 
in a sample is not new. I t  was recognized and em- 
ployed by Pr ivet t  et al. (44) in a s tudy of the struc- 
ture  of h y d r o p e r o x i d e s  obtained from autoxidized 
methyl  linoleate. I t  was also recognized by Desnuelle 
and Massoni (11) when they remarked that  the spec- 
trophotometric determination of the dienes of dehy- 
drated castor oil is the best method available al though 
not entirely satisfactory as the various dienes do not 
have the same absorptivity. However as information 
of the isomers and their  absorptivities become known, 
it should be employed in correcting this shortcoming 
of the method. 

Summary 
There are several speetrophotometric methods avail- 

able whieh allow a high degree of aeeuraey in the 
analysis of the common fats and oils. Fu r the r  there 
arc methods available for  those fats and oils that  con- 
tain unsatura ted acids up to and including hexaenoic 
acid which allow good estimations of the composition. 
Several sources of error  are discussed in an effort to 
point the way to their  elimination. 

Recently published spectrophotometrie data  on cer- 
tain polyunsaturated acids isolated from marine oils 
are discussed in relation to the possibility of extend- 
ing the method to include these oils. 

More accurate speetrophotometric constants to be 
employed in the analysis of certain drying oils are 
suggested. 
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Comparative Antioxidant Potency of 2,4,5-Trihydroxyphenones 
M B KNOWLES, ALAN BELL, CLARENCE E. THOLSTRUP, and HERMAN S. PRIDGEN, 
Research Laboratories, Tennessee Eastman Company, Division of Eastman 
Kodak Company, Kingsport, Tennessee 

T 
HIS REPORT is concerned with the results of test- 
ing 2,4,5-trihydroxyphenones as antioxidants for 
fats, paraffin wax, and mineral oil. The use of 

antioxidants for stabilizing various organic materials 
has grown fairly rapidly the last few years. More 
and more specific applications are being discovered 
as more antioxidant compositions are produced in 
the laboratory and become available for testing. In- 
cluded in the current applications are cracked gaso- 
lines, leaded aviation gasoline, turbine oil, jet fuel, 
certain vitamins (such as carotene), rubber, paraffin 
wax, polymeric materials (such as polyethylene), and 
fats and oils. The increasing use of fats in cattle 
and poultry feeds will undoubtedly point out the 
need for antioxidants in these materials. 

Antioxidants in edible fats serve two purposes: 
a) they prolong storage life by preventing rancidity 
development and b) they increase shelf life of foods 
cooked with or containing the stabilized fat. At pres- 
ent there are several compounds which are approved 
by the Food and Drug Administration for use in 
foods. These compounds are butylatcd hydroxyanisole 
(BHA),  propyl gallate (PG), citric acid (CA), bu- 
tylated hydroxytolnene (BHT),  nordihydroguaiaretic 
acid (NDGA), guaiac acid, tocopherols, lecithin, phos- 
phoric acid, 3,3'-thiodipropionic acid, dilauryl and di- 
stearyl esters of 3,3'-thiodipropionic acid, and ascorbic 
acid. 

It  might be expected that antioxidants for edible 
fats should also be antioxidants for non-edible fats. 
This is indeed true, but in many cases the non-edible 
varieties are more difficult to stabilize. 

A series of compounds was tested as antioxidants 
for several different media by means of the Swift 
Active Oxygen Method (AOM). These compounds 
are represented by the formula 

0 

' / 2 \  II H O - , ' /  , -C-R 

H O - ~ ) - O H  

in which R is hydrogen, alkyl, eyeloalkyl, aralkyl, or 
aryl. These compounds, in most AOM tests, are highly 
potent antioxidants. They are outstandingly good in 
lard, paraff• wax, and mineral oil and have some 
degree of potency in the various oils tested. 

Discussion 

Table [ presents some AOM data for lard stabilized 
with the 2,4,5-trihydroxyphenones and also shows 
corresponding data for BttA, BHT, and PG. The 
data show that 2,4,5-trihydroxyphenones have very 
high potencies in lard and that the potency decreases 
with increasing molecular  weight. This is shown 
graphically in Figure 1, in which AOM values are 
plotted against the number of carbon atoms in the 
R group. It  is noted that the two compounds with 
branched R groups do not fall on the same line as 
that for the compounds with straight-chain R groups. 

In Figure 2 AOM values for lard are plotted 
against antioxidant concentration. This plot shows 
that the AOM values for the 2,4,5-trihydroxyphenones 
are more nearly proportional to concentration than 
is the case with BHA, BHT, or FG. 

In Table II  AOM stability data for some of the 
2,4,5-trihydroxyphenones in certain edible oils are 
given. In all cases the AOM life was increased. In 
peanut oil the effectiveness was most pronounced; 
the increase approached four-fold in this particular 
sample. In cottonseed oil the life increase was nearer 


