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Introdution 

T H E  t h i o e y a n o m e t r i c  method for determining 
fat ty acid compositions, even when carried out 
under carefully controlled conditions, is subject 

to considerable uncertainty when applied to sub- 
stances having relatively small proportions of polyun- 
saturated constituents. Deficiency of the method has 
been recognized by the frequent supplementary use 
of the insoluble bromide test, particularly for such 
substances as arachidonic acid. The difficulties and 
inherent errors of the latter method of analysis need 
no elaboration. 

Recently developed spectrophotometrie methods (4, 
9, 2, 7a, 5) offer the possibility of obtaining more de- 
tailed information regarding polyunsaturated constit- 
uents of fats and oils than can possibly be gained by 
use of the thiocyanometric method. Specific examples 
of conditiohs under which spectrophotometric meth- 
ods are likely to prove exceptionally valuable for 
analysis of fats are: (a) cases in which the propor- 
tions of individual polyunsaturated constituents are 
relatively small, as in animal fats and oils, partially 
hydrogenated fats and oils, specially purified fats, 
fat ty acids, and esters; (b) cases in which conjugated 
fatty acids as well as noneonjugated fat ty acids occur. 

It  is difficult to estimate the significance of having 
more definite information regarding the nature and 
concentration of individual polyunsaturated constitu- 
ents in fats and fatty materials. I t  seems entirely 
reasonable, however, to expect that ready means for 
obtaining such information will lead to increased 
knowledge regarding such important reactions as 
oxidation, hydrogenation, polymerization, and isom- 
erization. 

A recent research program at this l a b o r a t o r y  
required the accurate analysis of animal fats and 
their soaps, including some partially hydrogenated 
products, for polyunsaturated constituents. Difficul- 
ties were encountered in attempting to apply the 
speetrophotometric method of Mitchell, Kraybill, and 
Zscheile (9) and its extension by Beadle and Kray- 
bill (2), to these materials. These difficulties have 
been largely overcome in a modified method proposed 
by Briee and Swain (5). This method involves meas- 
urement of the ultraviolet absorption of a sample; 
correction of data for absorption by extraneous con- 
stituents; conversion of the nonconjugated fat ty  acid 
Constituents to their absorbing conjugated forms by 
an alkali isomerization treatment, the latter in glyc- 
erol instead of ethylene glycol in order to obtain a 
more transparent and reproducible " b l a n k " ;  meas- 
urement of the ultraviolet absorption after isomeriza- 
tion; correction of data for absorption by extraneous 
compounds and by conjugated fatty acid constituents 
originally present and remaining undestroyed by the 

*One of the laboratories of the Bureau of Agricultural  and Industrial  
Chemistry, Agricultural Research Administration, United States Depart- 
ment of Agriculture. 

isomerization treatment; and calculation of the pro- 
portions of conjugated and nonconjugated diene, 
triene, and tetraene fatty acid constituents present 
in the sample. 

The purpose of the present paper is to present 
and discuss the results of analysis, by this modified 
method, for a number of oils, fats, soaps, and purified 
acids and esters. Details regarding the development 
and standardization of the method will be published 
elsewhere (5). The complete procedure used in the 
analysis, however, will be presented here also. 

Apparatus and Materials 

A LL ultraviolet absorption measurements were 
made with a :Beckman ultraviolet photoelectric 

spectrophotometer equipped with hydrogen lamp and 
an absorption cell compartment adapted to hold cells 
up to 10 cm~ long. Demountable absorption cells were 
used, consisting of Pyrex glass bodies (Aminco Style 
I)X) 22 mm. in diameter and 1, 2.5, and 5 cm. in 
length, equipped with threaded metal ends, metal 
sc rew caps, co rk  gaskets, and crystalline quartz 
windows. 

The constant temperature bath used for the isom- 
erization reaction comprised a large Pyrex glass jar 
mounted in an insulated wooden box fitted with a 
transite cover drilled to hold accessories and six reac- 
tion tubes. The bath was equipped with a 500-watt 
stainless steel immersion heater, a 12-inch mercury 
thermoregulator a n d  controls, stirrer, and Fisher 
bathwax as a medium. Bath temperature was main- 
tained at 180 ° C. ±0.1% 2 The reaction tubes were 
6 x 1 inch Pyrex glass test tubes, each suspended by 
a bent steel wire attached to a cork fitting a 1,~ inch 
hole in tile transite bath cover. With this arrange- 
ment, the reaction tube was immersed to a depth of 
41/~ inches in the bath liquid and the top of the tube 
was beneath the bath cover. Crucible covers No. 00 
were used as covers ~or the reaction tubes. 

The isomerization reagent solution was prepared 
by adding 17.5 grams of KOtt  (A. C. S. standard 
grade) per 100 ml. of glycerol (U. S. P. XII ) ,  and 
heating the mixture with constant stirring to 200 ° C. 
to dissolve the KOH and drive off excess water. The 
resulting reagent should have a KOH concentration 
of 10.9 to 11.0% by weight and should be checked by 
titration. A stock solution can be kept at least one 
week without significant change. 

Ethyl alcohol (95%) 3 was used as a solvent in the 
analysis for conjugated constituents of soaps, fat ty 
acids, and esters. N e o h e x a n e  (technical, Phillips 
Petroleum Company) was used as a solvent for oils 
and fats. Isooctane (2,2,4-trimethyl pentane, Rohm 
and Haas) is also satisfactory. The h y d r o c a r b o n  
solvents were rendered sufficiently transparent for 

ZA constancy of ± 0 . 5 ° C .  has been found sufficient. 
aAbsolute methyl alcohol, synthetic, has also been found to be suit- 

able. We are indebted to E. L. Borg of the U. S. Rubber Company for 
suggest ing this solvent. 
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use by passage through a column of silica gel (7). 
Absolute ethyl alcohol a was used as a solvent for the 
isomerized product in the analysis for nonconjugated 
constituents. 

Small Pyrex glass cups 10 ram. in diameter and 
15 ram. high were used as sample containers, both 
for weighing and for introducing samples into the 
reaction tubes. 

Purified Fatty Acid Standards 

p URIFIED 10,12-1inoleic acid was prepared from 
dehydrated castor oil b) alkali isomerization of 

commercial dehydrated castor oil fat ty acids followed 
by repeated fractional crystallization from a petro- 
leum solvent. I t  melted at 57.0 ° C. Specific extinc- 
tion coefficients 4 of 119 in neohexane and 117 in 
ethyl alcohol were obtained for this acid, the absorp- 
tion maximum being at 231 m~ in both cases. 

Purified beta-eleostearic acid was used as a stand- 
ard in the analysis for conjugated triene fat ty acids. 
This acid was prepared from tung oil by converting 
it to  tung butter with a trace of sulfur as catalyst. 
The beta.eleostearic acid was then purified by re- 
Peated fractional crystallization of the tung butter 
fat ty acids first from a petroleum solvent and later 
from acetone. It  melted at 72.0 ° C. Specific extinc- 
tion coefficients of 214 at 267 m~ in neohexane and 
209 at 268 m/~ in ethyl alcohol were obtained for 
this acid. 

A fraction rich in linoleie acid was prepared by 
low temperature crystallization of corn oil fat ty acids 
from acetone. Linoleic acid was then prepared from 
this material by the method of Rollet (12) and sub- 
jected to two further crystallizations from petroIeum 
ether at - -65 ° C. The high puri ty of the acid was 
indicated by the iodin~e value 181.9 (theory 180.3) 
and acid value 198.9 (theory 200.2). Spectrophoto- 
metric examination of the final product indicated 
approximately 0.3% linolenie, 1.7% conjugated dien- 
tie, and 0.02% conjugated trienoic acids, and conse- 
quently a puri ty of not greater than 98.0%. After 
isomerization for 30 minutes at 180 ° C. in ]:1% 
KOH-glyccrol, by the procedure prescribed below, 
the specific extinction coefficient at 232 m/~, adjusted 
to 100% linoleic acid, was 88.9. 

A linolenic acid concentrate was prepared by re- 
moval of the more saturated components from perilla 
oil fat ty acids at --49 ° C. Linblenic acid was then 
prepared by isolation and reduction of the hexabro- 
mides to give a product having the following con- 
stants: iodine value 273.5 (theory, 273.6) : acid value, 
200.6 (theory, 201.7). Spectrophotometric examina- 
tion indicated approximately 0.1% tetraenoic and 
1.5% conjugated dienoie acids. Calculations based on 
these data indicate a puri ty of not more than 98.4% 
for the final product. After isomerization by the 
standard procedure, specific extinction coefficients 
(adjusted to 100% linolenic acid) were 60.0 at 232 
m/~ and 53.4 at 268 m~. 

No pure arachidonic acid was available for stand- 
ardization tests in glycerol. It  was assumed that the 
specific extinction coefficients of Beadle and Kraybill 
(2) for this acid apply with sufficient accuracy to 
isomerization for 30 minutes in glycerol. 

4Specific extinction coefficient as used here is the spectral density of 
a 1 cm. layer of solution having  a concentration Of 1 g ram per liter, 
compared with an equal layer of solvent. 

Procedure 
Conjugated Constituents: Weigh out, to the nearest 

milligram, a sample approximately 200 mg. in size. 
Dissolve it in about 75 ml. of neohexane, 95% ethyl 
alcohol, or synthetic methyl alcohol. Transfer to a 
100 ml. volumetric flask and make up to volume. 
Solutions of soaps containing added silicate should 
be filtered before  spectrophotometric measurements 
are made. 

Measure spectral densities of the solution, com- 
pared with solvent, preferably at 2 m~ intervals be- 
tween wave lengths 324-306 m~ (tetraene region), 
282-260 m~ (triene region),  and 240-226 m/~ (diene 
region)~ Adjust dilutions and cell lengths so. that 
whenever possible observed densities lie between 0.2 
and 0.8. 

Nonconjugated Constituents: Weigh out in small 
Pyrex glass vessels, to the nearest half milligram, two 
samples approximately 100 mg. in size? Weigh out 
11.0 gram portions of the KOH-glycerol reagent solu- 
tion into three or more reaction tubes (one for the 
blank and two for each sample). Cover the tubes and 
suspend them in the bath to a depth of 4V2 inches. 

After 5 to 10 minutes of heating, remove the cov- 
ers and insert a thermometer into one of the tubes. 
When a temperature of 180 ° is indicated, drop the 
Pyrex glass vessel containing a weighed sample into 
the tube. Remove the tube from the bath and swirl 
it vigorously for one milmte. Return it to the bath 
and replace the cover. At the end of one minute 
heating in the bath, remove the tube and inspect it. 
If the solution is clear, return the tube to the bath; 
if saponification or solution is not complete, again 
swirl the tube a few times, replace the cover and 
return the tube to the bath. At intervals of three 
minutes, other samples can be introduced in other 
tubes in the bath, and the same procedure repeated. 
Drop an empty sample container in the tube reserved 
for the KOIt-glycerol blank. 

The agitation by swirling is essential for prompt 
saponification of fa t s ,  acids, and esters, and prompt 
s o l u t i o n  of soaps.  A higher KOH concentration 
is required with glycerol than with ethylene glycol 
to effect ready saponification. Soap samples must be 
wetted with three drops of water or glycerol before 
dropping them into the reaction tube; otherwise they 
will not readily dissolve. Add the glycerol or water 
to the vessel containing the weighed soap sample and 
mix by stirring with a small glass rod until a homo- 
geneous pasty mass is obtained. Drop the stirring 
rod into the reaction tube along with the sample. 
Treat the blank in a similar way. Monohydric esters 
saponify less readily than acids or gIyeerides. When 
analyzing such esters add about 0.1% of pure pal- 
mitic or stearic acid to the KOH-glyeerol reagent 
after the treatment to remove excess water. This acts 
as an emulsifier and effects prompt saponification. 

At the end of exactly 30 minutes after dropping 
the sample container into the reaction tube, remove 
the tube, cool it under tap water, add about 20 ml. 
of absolute ethyl alcohol, and stir. Place the tube in 
a beaker of hot water over a low flame and continue 
stirring until the viscous product dissolves com- 
pletely. Transfer the solution quantitatively to a 
100 ml. volumetric flask and make up to volume with 

5The actual weight  used should in general be wi th in  10% of the 
standardized 100 rag. size for the nonconjugated analysis. 
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absolute ethyl alcohol or synthetic methyl alcohol 
No settling or filtering is required. 

Make spectral density measurements at the wave 
lengths specified in the analysis for  conjugated con- 
stituents. When fu r the r  dilutions of the sample solu- 
tion are required for making density measurements, 
make similar dilutions of the blank solution. 

Calculations 
Conjugated Constituents: Plot spectral densities vs. 

wave length in order  to inspect curve shapes. Calcu- 
late specific extinction coefficients at 232, 262, 268, 
274, 310, 316, and 322 m~. In the equations which 
follow, ° subscripts 2, 3, and 4 refer  to the number of 
double bonds;  subscripts 232, 268, etc., refer  to the 
wave length. 

The specific extinction coefficient at 232 m~. due to 
conjugated diene components, corrected for absorp- 
tion by COOR groups, is approximately:  

k~ ~ k~s 2 -  0.07 for  fats and esters, (1) 
k2 ~ k ~ - - 0 . 0 3  for  soaps and acids, ( l a )  

where k ~  is the observed coefficient for  the sample. 
This equation applies principal ly to f a t ty  materials 
having small proport ions of nonconjugated polyun- 
saturated constituents. 

The eoncentratior/ of conjugated diene fa t ty  acid 
components, expressed as percent acid in the sample, 
is: 

C~ ----- 100 k J l 1 9  (2) 

I f  substantial  amounts of linoleic and linolenic acids 
are present in the sample, this result  will be some- 
what  high, since absorption by  these acids at 232 rot,, 
was not taken into account in equation (1). 

The specific extinction coefficient at 268 m~ due to 
conjugated triene components, corrected for  l inear 
absorption by  extraneous compounds, is approxi- 
mately : 

k s = 2.8 Ikons - -  :t A (k~6~ -t- k~,~) ] (3) 
where k ~ ,  k:~s, and k m are observed coefficients for  
the sample. The concentration of conjugated tr iene 
components, expressed as percent acid in the sample, 
is : 

C:~ ~ 100 kff214 (4) 

The constants 214 and 2.8 apply to beta-eleostearic 
acid in neohexane or alcohol (5).  Slight differences 
in these values for  different solvents are not impor- 
tant. I f  the calculated value for  k~ is zero or nega- 
tive, or if there is no evidence for absorption maxima 
simultaneously near  268 and 278 mt~ , conjugated 
triene acids are reported as absent. 

Similarly, the corrected specific extinction coeffi- 
cient at 316 m~ due to conjugated tetraene fa t ty  acid 
components, is approximately:  

k~ ~ 2.5 [ k ~  - -  ~/~ (ka~ 0 ~ k ~ )  ] (5) 

and the percent  of conjugated tetraene acids present 
in the sample is: 

C~ = 100 k J 2 2 0  (6) 

I f  the value calculated for k, is zero or negative, con- 
jugated tetraene acids are reported as absent. 

Nonconjugated Constituents: Plot  spectral densi- 
ties vs. wave length in order to inspect curve shapes. 
Calculate specific extinction coefficients k' at wave 
lengths 232, 262, 268, 274, 310, 316, and 322 ml~. In  

~Reference (5) should bo consulted for derivation of these equations. 

the equations which follow, primed coefficients refer  
to the isomerized product  in absolute alcohol, un- 
pr imed coefficients to the original material  in alcohol 
or neohexane. 

The specific extinction coefficient at 268 mt~ due to 
conjugated triene constituents in the isomerized mix- 
ture, corrected for  linear background absorption, is 
approximately : 

k'~ 4.1 [k'2~ ~ 1/,~ (k'2 - -  72 c.2 -F k'2~4)] (7) 
The constant 4.1 was evaluated from isomerized pure 
linolenic acid. I f  the quant i ty  within the brackets is 
zero or negative, no linolenic acid is present. A fur- 
ther  criterion must be used with materials low in 
linolenic acid wheil positive values are obtained for  
k':~: if the plotted curve of density vs. wave length 
shows no evidence of simultaneous absorption max- 
ima or inflections near wave lengths 268 and 278 mt~, 
no linolenie acid is present. 

The specific extinction coefficient at 316 m~ due to 
conjugated tetraene acids in the isomerized mixture,  
corrected for linear background absorption, is ap- 
proximately : 

k'4 = 2.5' [k'3~6 - -  ~/2 (k'~o -~ k'~22) ] (8) 

where k'~o, k'3~e, and k'322 are the observed coeffi- 
cients and the constant 2.5 was evaluated from isom- 
erized araehidonic acid. 7 I f  the quant i ty  within the 
brackets is zero or negative, no arachidonic acid is 
present. 

Correction of data is next  made for  conjugated 
acids originally present and remaining essentially un- 
destroyed by  the isomerization t rea tment  (5).  The 
specific extinction coefficient at 232 m~ corrected for  
original conjugated diene acids is approximate ly:  

k'~ ~ k'~3~ - -  k~a~ + 0.04 

for fa t  and ester sample, (9) 

k'~ ~ k"2~ 2 - -  k_~.~ 

for  soap and acid samples, (9a) 

where k'.,.~,, and k~.~z are the observed coefficients 
a f te r  and before isomerization. 

The specific extinction coefficient at 268 mt~ cor- 
rected for  undestroyed conjugated tr iene acids is 
approximately  : 

k"3---=- k'3 - -  k~ (10) 

where k'~ and k 3 are taken from equations (7) and 
(3).  This correction is usually small. Similarly, for  
tetraene acids at 316 m# 

k"~ ~ k'4 - -  k, (11) 

where k'4 and k4 arc taken from equations (8) and 
(5). This correction is usually negligible. 

Using the s tandardized data  obtained for pure  
linoleic and linolenic acids, and the data of Beadle 
and Kraybi l l  (2) for  arachidonic acid, the final 
equations are : 

x = 1.125 k'.~ - -  1.27 k"~ ~- 0.04 k"4 (12) 
y ~ 1.87 k"~ - -  4.43 k"4 (13) 
z =-  4.43 k"4 (14) 

where x, y, and z are the percentages of linoleic, lino- 
lenic, and arachidonic acids, respectively, in the mix- 
ture, and the corrected specific extinction coefficients 
k'~, k",.  and k"~ are defined by equations (9),  (10), 

~We are  indebted to 'Dr .  B. W. Beadle for supplying us with data f,)r 
calculating the value of this constant. 
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Thiocyanometrie a n d  Spec t r e  

Sample  N u m b e r  

T A B L E  I .  

)hotometr ic  Ana lys i s  of Misce l laneous  S a m p l e s  fo r  P o l y u n s a t u r a t e d  F a t  Acids .  

T h i o c y a n o m e t r i c  Ana lys i s  

Linole ic  
Ac id**  

As % of 
Thiocy- Total  

I o d i n e  a n o g e n  Fat  
N u m b e r  N u m b e r  Acids  

Spec t ropho tomet r i c  Analysis 

N o n - C o n j u g a t e d  Acids  Con juga t ed  Acids  

Line-  Line-  Arachi -  
leic lenic  donic  Diene  T r i e n e  

% % % % % 
T A L L O W S  A N D  G R E A S E S  1 49.8 45.0  5.3 2.4 0.50 0,20 0.89 0.016 

C r u d e  2 56.7 48,8  8.7 5,0 .48 .30 .79 ,013 
3* 60.4 50.1 11.4 7,5 .49 .20 .34 .022 

2.0 .39 .13 .97 .009 
4,8 .52 .23 .82 ,013 

T A L L O W S  A N D  G R E A S E S  
refined,  bleached 

TA-'-LLOWS A N D  G R E A S E S  
p a r t i a l l y  h y d r o g e n a t e d  

S O A P S  
f r o m  c rude  tal lows a n d  
g r e a s e s  

50.2 45.9 4.8 
56.7 48.7 8.8 
40,5 . . . . . . . . . . . .  
30.9 . . . . . . . . . . . .  
21.1 . . . . . . . . . . . .  
47.8 47.0  0.9 
50.5 46.7  4.2 
58.3 50,4  8.7 
62.6 52.3 1.1.4 

1 R B  
2 R B  

1 B B H 1  
1 R B H 2  
1 R B H 3  

3 H 1  
S1 
S2 
$3 

S I R B  
S 2 R B  

0.11 .00 .00 
0.06 .00 .00 
0 .04 .00 .00 
0.06 .00 .00 
2.5 .43 .20 
4.9 .50 .28 
7.0 .56 .42 

S O A P S  
f r o m  refined, bleached tal lows 
a n d  g reases  

.08 .000 

.04 .000 

.04 .000 

.15 .000 

.~3 .011 

.71 .009 

.30 ,000 

51.5 46,8 5.2 2,7 .50 .16 .79 .010 
57.1 50.5 7.9 4.9 .52 .25 .70 .007 

S O A P S  S 1 R B H 1  41.1 38.4 3.0 0 ,36 .07 .00 .06 .000 
f r o m  pa r t i a l l y  h y d r o g e n a t e d  0.31 .07 .00 
ta l lows a n d  g r ea se s  S 1 R B H 2  32.6 30.9  1.9 0.11 .05 .00 .06 .000 

S 1 R B H 3  20.8 19.2 2.9 0.12 .03 .00 .0~ .000 
S 3 H 1  49.4  48.3  1.2 0 .14 .03 ,00 .14 .000 

L A R D ,  p r i m e  s t eam 4 68.0 56.0 14.2 11,7 .62 ,41 .23 ,O01 
L A R D ,  p r i m e  s t eam 5 68.6 56,0 14.9 11,2 .65 ,33 .18 ,001 

11.4 .68 ,33 
L A R D ,  dr ip  r e n d e r e d  6 68.0 56.7 13.4 10.7 .47 .40 .22 .001 
L A R D ,  h y d r o g e n a t e d  7 . . . . . . . . . . . . . . . . . . .  04 .02 ,0O .03 .000 
T A L L O W ,  edible 8 41.0 37.9 3.4 ,96 .42 .06 .55 .02 

.87 .42 .06 
RE]:)  O I L  9 90.4 77.7 14.0 8.0 .75 ,21 2.2 .000 
R E D  O I L  10 93.7 76.9 18.6 10.5 .87 .53 1.4 .03 
O L E I C  h 0 1 D ,  h igh ly  pur i f ied  11 . . . . . . . . . . . . . . . . . .  0 .10 .01 .00 .15 .000 
O L E I C  A C I D ,  pur i f ied  12 91.1 87.2 4.3 1.1 .04 ,00 .52 ,000 
M E T H Y L  O L E A T E ,  

h igh ly  pur i f ied  13 85.5 . . . . . . . . . . . . .  05 .00 .OO .006 .000 
S T E A R I C  A C I D ,  14 . . . . . . . . . . . . . . . . . . .  97 .13 .04 .31 ,01 

s ingle  p re s sed  ,97 .13 ,04 
P E R I L L A  O I L ,  com m erc i a l  15 207.3 125.5 ...... 13.0 55.6 1.3 2.2 .07 

13.1 55.6 1.3 2.2 .07 
P E R t L L A  O I L ,  cold 1 6 "  203.7  . . . . . . . . . . . .  17.2 53.9 .13 .19 .001 

ex t rac ted  16.6 53.9 .13 
T O B A C C O  S E E D  O I L  17 140 . . . . . . . . . . . .  70.1 .54 .02 .17 ,005 
T O B A C C O  S E E D  O I L ,  

f r o m  N. r u s t i c a  18"  141.3 80.52 73.0 75.0 .39 ,00 .20 ,006 
T O B A C C O  S E E D  O I L ,  

f r o m  f lue-cured 19"  142.6 80.42 74.8 74.4 .19 ,00 .09 .004 
T A L L  O I L  F A T T Y  A C I D S  20* . . . . . . . . . . . . . . . . . .  27 .6  .27 .00 10.7 .000 
T A L L  O I L  F A T T Y  A C I D S  21 . . . . . . . . . . . . . . . . . .  33.2 .30 .00 7.9 .000 

* Ieomer i zed  in  1.3 N K O H  in E thy l ene  Glycol. 
**Calcu la ted  a s s u m i n g  the  p r e sence  of s a tu r a t ed ,  oteie, and  l inoleic ac ids  only. 

Total 
Poly- 

unsa tu -  
r a t ed  

Acids as 
% of 

T e ~ a e n e  Tota l  
Sample  

% 
0.0097 4.0 

.001 6,6 

.0002 8.5 

.0003 3.5 

.0005 6.4 

.000 0.19 

.000 0,10 

.000 0.08 

.000 0.21 

.00 I  4.0 

.0009 6,4 
,0005 8,~ 

.0007 4,2 

.0003 6.4 

.000 0.46 

.000 0.22 

.000 0 .18 

.O00 0,31 
,000 13.0 
.000 12.5 

.000 11,8 

.000 ,09 

.003 2.0 

.000 11.2 

.000 13.3 

.000 0.26 

.000 1.7 

.000 .06 

.002 1.5 

.02 72.2 

.02 

.002 71.1 

.O00 70,8 

.000 75.6 

.0005 74.7 

.000 38.6 

.000 41.4  

and (11), respectively. For animal fats and hydro- 
genated fats, and their soaps, the last term of equa- 
tion (12) isusually negligible. 

Analysis of Miscellaneous Samples 

R ESULTS on the spectrophotometric analysis of 
miscellaneous fat ty materials for polyunsaturated 

constituents is shown in Table I. Iodine values, thin- 
cyanogen values, and linoleic acid calculated there- 
from, are shown also where data were available. 

The spectrophotometric analyses are reported as 
percent acid in the total sample, whether the sample 
is a fat, ester, or soap. The thiocyanometric analyses 
are reported as percent acid in the total fat ty acids. 
This difference is of no importance except for sam- 
ples high in linoleic and linolenic acids, i.e., the oil 
samples in the table. For these samples the appro- 
priate correction factor should be applied to the spec- 
trophotometric values in order to compare them with 
the thiocyanometric data. 

Analyses for iodine values and thiocyanogen values 
were obtained by standard procedures. For iodine 
values, the one-haif hour Wijs method was used; for 
most thiocyanogen values, 0.1 N thiocyanogen solution 
was used in 150% excess, the absorption period being 

3 hours for acids and 4 hours for glycerides. Where 
app.reciable amounts of linolenie acid were present, 
as m the purified linolenic acid and perilla oil, the 
absorption period was 24 hours. A slightly different 
method was used for determining the thioeyanogen 
numbers for the soaps and hydrogenated tallows,~ 
involving use of a 0.2 N thiocyanogen solution in 100 
to ].50% excess, and an absorption period of 24 hours. 

Calculated values for oleic and saturated acids are 
not included in the table. These acids of course can 
be calculated from the proportions of polyunsaturated 
constituents indicated by the spectrophotometric data, 
their theoretical iodine numbers, and the iodine num- 
ber of the sample. 

The results shown definitely establish for the first 
time the detailed composition of animal fats and their 
soaps with respect to their polyunsaturated constitu- 
ents. No consistent changes in composition by refining 
and bleaching are indicated by the results in Table I, 
although a more closely controlled experiment would 
be required in order to give a definite answer on this 

eThe a u t h o r s  a r e  indeb ted  to W.  J .  P a t t e r s o n  of  the  L e v e r  B r o t h e r s  
C o m p a n y  a n d  to V i c t o r  Mills  of t he  P r o c t e r  a n d  G a m b l e  Company,  for 
s u p p l y i n g  the  crude ,  ref ined bleached,  and  p a r t l y  hyd rogena ted  ta l lows 
a n d  greases ,  a n d  the  soaps  m a d e  f r o m  these  fa t s ,  a n d  for  pe rmiss ion  to 
include their iodine and  th locyanogen  va lues  for  the  soaps  and hydro-  
ge na t e d  ta l lows.  
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point. Although apparently no consistent changes in 
composition by saponification are indicated in the 
data for the ordinary tallows and soaps, the hydro- 
genated tallows are appreciably lower in polyun- 
saturated acids than the corresponding soaps. No 
significance is attached to this observation in con- 
nection with saponification, since the samples stood 
in the laboratory several weeks before analysis, and 
details regarding their previous history were not 
available. Separate tests on a sample of tallow in- 
dicated a substantial loss of polyunsaturated com- 
ponents on allowing the sample to stand in the 
laboratory for three months. 

Mild selective hydrogenation of tallow and lard 
is seen to reduce the linoleic and linolenic acid con- 
tents to extremely low levels and to reduce beyond 
the limit of detection the tctraene and conjugated 
triene constituents. Although previous methods have 
indicated this to be the case, the spectrophotomctric 
method furnishes l~tore direct quantitative evidence. 
The possibility exists that the hydrogenation of tal- 
low produces from linolenic acid a small proportion 
of an isomer of linoleic acid which does not produce 
diene conjugation by the hot alkali treatment (8). 
Since the proportion of linolenic acid in tallow is 
small, however, any errors due to this cause are prob- 
ably not important. 

Appreciable quantities of linolenic and arachidonic 
acids are shown to be present in lard. Beadle et al 
(3) have reported 0.2 to 0.6% araehidonic acid in 
lard by the spectrophotometric method. Relatively 
high amounts of polyunsaturated components are 
shown to be present in commercial oleic acid (red 
oil). 

The usefulness of the spectrophotometric method is 
fur ther  illustrated by analyses of purified acids and 
esters, Samples No. 11, 12, and 13. The purified oteic 
acid samples were prepared from different lots of 
commercial oleic acid by two crystallizations from 
acetone. The methyl oleate was prepared from lard 
by methanolysis, fractionation by seven crystalliza- 
tions from acetone, and four vacuum distillations. 
This ester has exceptionally low amounts of polyan- 
saturated material. The application of sensitive and 
precise spectrophotometric methods of analysis to 
purified compounds which are to be used in further 
research is obviously important. 

The applicability of the speetrophotometric method 
to some samples having polyunsaturated acids as 
major constituents is illustrated in Table I. It  is of 
interest to note that tobacco seed oil is very rich in 
linoleic acid and contains practically no linolenie acid. 
The analyses are in fair agreement with the thiocy- 
anometric analyses. These samples will be discussed 
in more detail elsewhere (10). 

D ATA on the composition of perilla oil present 
some anomal ie s .  Riemenschneider, Swift, and 

Sando (11) have reported, from evidence based on 
thioeyanometric analysis and examination of the 
hexabromide, that linoleie acid was not present in 
appreciable amount in a sample of perilla oil they 
examined. As shown in Table I, the spcctrophoto- 
metric analysis of two other oils, one a commercial 
sample (No. 15), and one (No. 16) prepared in this 
laboratory by cold ether extraction of peritla seed 
(obtained from Prof. W. L. Burlison of the Univer- 
sity of Illinois), indicates the presence of appreciable 

amounts of linoleic acid. The thiocyanometric analy- 
sis of oil No. 15 showed 65.2% linolenic acid, 14.7% 
linoleic acid, 6.6% saturated acids (Bertram ~nethod), 
and 13.5% oleic acid (as glycerides). The spectro- 
photometric value for linolenic acid is appreciably 
lower than the thiocyanometric value. Moreover, the 
iodine number cannot be accounted for in full by the 
amount of unsaturated acids found spectrophotomet- 
rically. The reason for this discrepancy is not clear; 
however, such a result would obtain if a polyunsatu- 
rated component were present with double bonds 
isolated in such a manner that the alkali isomeriza- 
tion process is ineffective in producing conjugation. 
The presence of small amounts of tetraenoie eompo- 

"nents in these oils is of interest. 
One of the outstanding illustrations of the value of 

spectrophotometrie methods of analysis is furnished 
by the data on tall oil fat ty acids. The presence of 
about 10% conjugated diene compounds is estab- 
lished. Anderson and Wheeler (1) have recently 
reported 9 to 13% conjugated linoleie acid in the 
fatty acids of tall oil by spectrophotometric analysis. 
Chapman, Hastings, and Pollak (6) have shown that 
considerable care must be used in selecting a method 
for the determination of the iodine number of tall 
oil. They infer that the difficulties were due chiefly 
to the presence of resin acids. In view of our findings 
it would appear that only those iodine number meth- 
ods applicab!e to substances containing conjugated 
acids should be used (13). Furthermore, there is no 
published information regarding the thioeyanogen 
values of the conjugated acids. Hence, composition 
calculations based upon iodine and thiocyanogen val- 
ues of tall oil are open to serious question. The very 
small amount of linolenie acid found in these tall oil 
fatty acids is of some interest. It  should be pointed 
out that the values given for linolcic acid in these 
cases is in some doubt because of. the presence of such 
a high proportion of conjugated diene acids. 

The accuracy of the spectrophotometric method, at 
least as applied to the determination of small pro- 
portions of polyunsaturated compounds in fat ty ma- 
terials, is difficult to evaluate until further work is 
done. Many factors contribute to the uncertainty of 
results. The most important are: the hnperfections 
in the corrections made for interfering constituents 
and overlapping absorption, the difficulty in prepar- 
ing acids sufficiently pure for use as standards, and 
the possibility that in some samples isomers may be 
present having rates of isomerization different from 
those of the standards. It  is estimated roughly that 
the probable error of the spectrophotometric results 
is ~+10% of the quantity actually present when that 
quantity is about 10% ; about ±25% when the quan- 
ti ty present is around 1%; and probably correct 
only in order of magnitude when the quantity present 
is 0.1% or less. The reproducibility of results is for- 
tunately much higher than the probable accuracy. 
Typical duplicate analyses are shown in Table I for 
Samples S1RBHI, 5, 8, 14, and 15. Throughout the 
table the number of significant figures retained is 
consistent with reproducibility of results rather than 
accuracy. Additional data are shown elsewhere to 
illustrate the reproducibility (5) of the method. 

Agreement between the thiocyanometric method 
and the spectrophotometrie method, for the samples 
examined in this investigation, has been best in cases 
where the sample contained linoleic acid as a major 
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consti tuent (e.g., tobacco seed oil and linoleic acid 
concentrates) .  Agreement  for  lards and tallows falls 
within th~ limits of error  in the two methods. The 
precision, sensitivity, and scope of the spectrophoto- 
metric  method is, however, f a r  superior  to that  of the 
thioeyanometrie method in detecting and est imating 
low proport ions of po lyunsa tura ted  constituents in 
f a t t y  materials,  and  furnishes a valuable means of 
following changes in these constituents. 

Summary 
Exis t ing u l t r a v i o l e t  spectrophotometrie  methods 

have been modified for  appl icat ion p r imar i ly  to the 
detection and estimation of low proport ions  of con- 
juga ted  and nonconjugated unsa tura ted  constituents 
in fats, oils, and soaps. The method is applicable also 
to f a t t y  materials  having high proport ions of these 
constituents. 

Modifications include corrections for  absorption by  
interfer ing substances, use of alkaline g]ycerol as an 
isomerization medium in the analyt ical  procedure, 
and correction of absorpt ion data on the isomerized 
product  for  absorpt ion by  conjugated constituents in 
the mater ial  before isomerization. 

The presence of small proport ions  of highly un- 
sa tura ted  conjugated and nonconjugated compounds 

is established in lards, tallows, ta l low soaps, and 
highly purified esters and  acids. Tall  oil f a t ty  acids 
are shown to contain approx imate ly  10% of con- 
jugated  diene acids and a small amount  of linolenic 
acid. 
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R e p o r t  of the C o m m i t t e e  on U n i f o r m  M e t h o d s  
and Coopera t ive  W o r k  

1 9 4 4 - 4 5  

T H E  Uniform Methods Committee met  at Mem- 
phis, Tenn., on May 10, 1945, to consider such 
reports  as had been received f rom various com- 

mittees of the Society. Present,  E. B. Freyer ,  J .  J .  
Ganucheau, J .  T. R. Andrews, and the chairman of 
the Committee. V. G. Mehlenbacher and G. Worthen  
Agee were present  b y  invitation. 

Oil Characteristics Committee. The repor t  of the 
Oil Characterist ics Committee was approved with the 
following changes. Correct  the typographical  errors  
as follows: Under  refract ive index for  lard, the val- 
ues should be reversed to read:  "1.459-1.461" in 
order to br ing them into ha rmony  with the presenta- 
tion of other dat*a. Under  specific g rav i ty  of Chinese 
Vegetable Tallow, "99/15/5C" should read " 9 9 /  
15.5C." Inasmuch as the Society has no method for  
determining the " s e t t i ng  po in t , "  it was decided to 
delete reference to it under  " B a b a s s u  Palm Kernel  
Oi l ."  

Color Committee. The Color Committee submit ted  
a repor t  of its Sub-Committee,  which had been work- 
ing on be t te r  methods for  evaluat ing the color of oil. 
The s ta tement  was made in this repor t  tha t  progress 
was being made on the problem of photoelectric meas- 
u rement  of oil colors. This repor t  was approved with 
the suggestion tha t  the work be continued. 

The Color Committee recommended tha t  the word 
" b r i g h t n e s s "  replace the word " c o l o r s "  in the last  
sentence under  " D e t e r m i n a t i o n "  on page 17 of our 
methods. This was also approved.  

Refining Committee. The Refining Committee sub- 
mit ted a comprehensive repor t  of the work which they 

have been car ry ing  on through the past year. The 
following conclusions and suggestions were made:  

The extensive  expe r imen t a l  1)rogram ca r r i ed  on th is  year  
by the Sub-Committees did not lead to the development of 
a single suitable method for the several types of extracted 
soybean oil. Progress has been made, however, and several 
procedures show considerable promise. The following pro- 
gram is indicated for next year: 

1. A complete report of this year's work carried out 
on the glass kettle refining metho~I by Mr. Sorensen's 
Sub-Committee will be available before the next meeting 
of the Committee which is now tentatively planned for 
June, 1945. A decision should be made at that time as 
to whether further attention should be given to this 
method. 

2. Work should be continued on the Centrifugal method. 
3. Attempts should be continued to work out a modi- 

fied cup method which will be applicable to the several 
types of extracted soybean oil. 

The p rog ram as submit ted  was approved.  
The Cellulose Yield Committee. This committee 

recommended that  a sample be sent out at least 
four  times dur ing the next  year  to all laboratories 
equipped to run  the test and  who desire to get in on 
the check analyses. No other suggestions were made 
and the recommendat ion was approved.  

Soybean Analysis Committee. This committee rec- 
ommended tha t  fu r the r  work to improve the methods 
be carr ied on as follows: 

1. S t u d y  the  use of a g r i n d i n g  mi l l  which will  elimi- 
na t e  r e g r i n d i n g  and  which need not be ad jus t ed  by the  
operator .  

2. "Study the composition and nature of the additional 
material which is extracted by petroleum ether after re- 
g~inding a sample which initially was very finely ground. 


