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weak 3017.63 A. iron line, and the same precaution 
is necessary. 

Though no a t tempt  was made to correlate metal  
content with processing procedure, presence of hydro- 
genation catalyst, etc., it is obvious f rom an inspection 
of Table I I I  that  the results obtained by the method 
would readily permit  such studies. Most vegetable oils 
examined contained a very  small trace of copper, usu- 
ally less than 1 pa r t  in 10 million, p robab ly  about  0.03 
to 0.04 pa r t  per  million. In  some samples as much 
as 0.1 to 0.3 pa r t  per  million were found. There is 
some indication tha t  these larger  quantit ies were ac- 
quired dur ing extraction. Similarly, tin is seldom 
found except in very small t races;  and again, when 
present, it would appear  to have been picked up f rom 
metal  par t s  of the equipment  dur ing extract ion or 
f rom metal  containers dur ing storage. I ron  is fre- 
quently present  in concentrations of a few par ts  per  
million, and manganese is often found in concentra- 
tions of a few tenths of a pa r t  per  million. Nickel is 
found only in the hydrogenated oils where this metal  
has been used as a catalyst.  I t  is, apparent ly ,  removed 
quant i ta t ively if the hydrogenated products  are re- 
bleached. In  general, bleaching, as would be expected 
by  the use of an adsorbent,  decreases the trace metal- 
lic content. 

Correlations of the metal  content of the oils and 
their  s tabil i ty are beyond the scope of this paper.  
Use of a method capable of determining the metal  
content of an oil to the sensitivity and with the ac- 

curacy indicated should, however, make such studies 
readily possible. The method described has been ap- 
plied to a few fats, such as commercial shortening 
and lards. I t  is readily applicable to such materials  
and can, in fact, be used for any organic mater ia l  
having a low ash content. 

Summary 
The applicat ion of the line-width method to the 

spectrochemical analysis of oils and fa ts  in conjunc- 
tion with the use of an improved ashing technique 
has been shown to permit  the quant i ta t ive determina- 
tion of copper, iron, manganese, nickel, and t in in 
quantities as low as 1 par t  in 10 million. 

The procedure has been critically examined by  
precision tests on commercial and experimental  sam- 
ples, by  accuracy tests on synthetic samples, and  by 
recovery tests. 

Results of actual  analysis of 30 vegetable oils and 
fats  indicate the use of the procedure as a research 
tool. 

The procedure may  be used for  the trace element 
analysis of organic mater ia l  low in ash content. 
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Ultraviolet Spectrophotometric Characteristics of 
Unhydrogenated Fish Oils 
REUBEN S. LAMBI~RT and J. T. R. ANDREWS, The Procter and Gamble Company, Ivorydale, Ohio 

Introduction 

W I T H  the exception of those of marine origin no 
f a t ty  oils of commercial importance contain 
appreciable a m o u n t s  of polyunsatura ted  acids 

with more than  three double bonds. Beadle et al. 
(1) have shown that  lard  is characterized by  the 
presence of up to about  0.6% of glycerides of the 
20 carbon atom, tetraene acid known as arachidonic. 
The easy detection of this acid by  ultraviolet  spec- 
troanalysis has been proposed as a means for  the 
quali tat ive identification of lard in admixture  with 
hydrogenated vegetable shortenings. 

Several cases of suspected contamination, or adul- 
teration, of commercial fa t  stocks have been brought  
to our at tention dur ing the period of shortage of 
such materials  incident to and following World W a r  
I I .  The usual evidence, based upon odor and abnor- 
mal characteristics, such as high iodine value and 
positive insoluble bromides test, is not entirely reli- 
able without confirmation, especially in the case of 
low grade stocks. Fu r the r  tests, of a nature  such as 
to exclude other possible contaminants,  were sought 
in an examination of typical  commercial fish oils. 

* P r e s e n t e d  at 39 th  a n n u a l  m e e t i n g  of the A m e r i c a n  Oil Chemis t s '  
Society, New Orleans ,  La.,  May  4-6, 1948. 

Experimental 
Samples of menhaden and sardine oils were pro- 

cured f rom stocks in storage. A second sample of 
fresh sardine oil was obtained f rom a reliable source 
in California. 

These oils were subjected to ul traviolet  spectre- 
analysis by  the methods prescribed by  Brice, Swain, 
Schaeffer, and Aul t  (2).  The only deviation f rom 
these excellent methods was the precaut ion of pro- 
tecting the samples f rom oxidation dur ing the alkali 
is0merization process by  use of a blanket  of purified 
nitrogen. This procedure has been found to improve 
the ultraviolet  t ransparency  of both blanks a~d sam- 
ples. This permits  utilization of a very  na r row slit 
opening with improved detail in the absorption curves 
obtained. 

The absorption curves of these oils are shown in 
Figures  1, 2, and 3. The curves marked  " A "  were 
obtained on solutions of the samples in neohexane 
and indicate only small amounts of conjugated con- 
stituents, nearly all of which are in the diene region. 
The curves marked " B "  represent  absorpt ion a f te r  
alkali isomerization to effect a considerable degree of 
conjugation. Typical  absorpt ion maxima may  be 
noted for conjugated acids containing two, three, and 
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TABLE I 

Apparent  Composi t ion 
Calculated by the method proposed by Brice,  Swain,  et al. 

Before Alkal i  Isomerizat ion 
% Conjuga ted  diene ......... 
% Conjaga ted  t r iene  ........ 
% Conjuga ted  te t raene .... 

After  Alkali  Isomerizat ion 
% Linoleic acid ................ 
% Linolenic  acid .............. 
% A,ach idonic  acid ......... 

Sa rd ine  
Oil  Sard ine  

(Fresh  Oil  
Cali- (Stock 

to rn ia )  Sample)  

0.87 0.96 
0.01 0.00 
0.00 [ 0.00 [ 

15.3 9.52 
0.00 0.00 

44.1 37.2 

Men- 
haden 

Oil  
( Stock 

Sample)  

0.67 
0.01 
0.01 

15.4 
0.00 

38.0 

Linseed 
Oil 

(Crude)  

0.24 
0.00 
0.00 

17.0 
47.4 

0.05 

well established and is generally accepted (3, 4).  The 
absence of apparen t  linolenic acid is undoubtedly the 
result  of the enormous deduction f rom conjugated 
triene absorpt ion to correct for  the effect of conju- 
gated tetraene and higher unsaturat ion.  The correc- 
tion to be applied is uncertain,  and the calculations 
employed are unquest ionably incorrect for  such oils. 

A drop of about  6% in apparen t  arachidonic acid 
content was noted in an analysis of the fresh Cali- 
fornia  sardine oil a f te r  storage for  one year  in a 
refr igerator .  I t  is well known tha t  oxidation causes 
such an effect in ul traviolet  absorption a f te r  alkali 
isomerization. For  this reason the oils f rom storage 
tanks are believed to exhibit  subnormal  apparen t  
arachidonic content. Consequently a value of about  
40% apparen t  arachidonic may be taken as a fa i r ly  
typical  value for  unhydrogenated  fish oils. Apply ing  
this as a factor  to a commercial oil or fa t  suspected 
of contamination or adulteration, it can be seen tha t  
the following formula  affords a ready calculation of 
the amount  of fish oil which may  be present :  

% Unhydrogenated Fish Oil ~ 2.5 (% apparent arachi- 
donic acid -- 0.5) 

The correction of 0 .5~  is included to compensate for  
the arachidonic normal ly  present  in unhydrogenated  
lard. This is a generous allowance, purposely  set at  
close to the uppe r  limit. 

Fish oils and their  oleines are not infrequent  adul- 
terants  of raw linseed oil. The odors and ordinary  
characteristics of these oils are so similar tha t  the 
presence of either is easily masked by  the other. The 
absorpt ion curve of a normal  raw linseed oil is shown 
in F igure  4 a n d  its composition" in terms of Italy- 
unsa tura ted  acids in the last column of Table 1. Even 
in such a difficult case the detection and estimation 
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of fish oil adulterat ion is fa i r ly  easy by use of the 
formula,  with the 0.5 correction onlitted. 

Summary 
Typical ultraviolet spectrophotometric absorption 

curves are presented for unhydrogenated fish oils of 
commercial importance, before and af ter  alkali isom- 
erization. These curves show the usual maxima for  
isomerized polyunsaturated fa t ty  acids, including five, 
and possibly six, double bonds. Tetraene absorption 
is sufficient to obliterate that of trienes completely. 
Such a method of analysis affords an easy means of 
detecting unhydrogenated fish oil contamination ill 

the ordinary vegetable and anilnal ~fils and fats as 
well as a test for  the presence of fish oils in admixture 
with raw linseed oil. 
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The Identification of the Fatty Acids of the Fat From a 
North American Black Bear 

HAROLD M. SELL, BETTY M. TAYLOR, and ELROY J. MILLER Department of Agricultural Chemistry, 
'Michigan State College , East Lansing, Michigan 

Introduction 
E C E N T L Y  Rasmussen, Morgal, and Miller (1) 
reported the physical and chemical constants of 
the fa t  of a North American black bear. Their  

values were within the range  of those found for 
other species (2-7). They ascribed the differences of 
the various constants of the fats as due to nature of 
the fat  in the rat ion consumed during the fat tening 
processes. Their  analyses showed the bear  fa t  to con- 
tain 10.4% of the saturated fa t ty  acids and 79.4% 
of unsatura ted fa t ty  acids. In  view of the high per- 
centage of the lat ter  substance the study of bear fa t  
was continued. The present paper  deals with the 
identificat/on of the various higher fa t ty  acids of 
bear fat. 

Materials 
The bear  fa t  used in this s tudy was rendered on 

December 22, 1945, from adipose tissue taken from 
the shoulders, neck, and sides of a 4-year old North 
American male black bear weighing 287 pounds. The 
bear was killed near Adam's  trail  in Alger County, 
Michigan, on November 17, 1945. The fat  was re- 
moved immediately after  the bear was killed and 
then kept in the frozen state until  it was rendered. 
This was accomplished by  placing the fat  in a kettle 
which was set into a container of boiling water and 
then removing the non-fat ty  material  by straining 
through a cloth. The fa t  was a white semisolid at 
room temperature  and had a slight lard odor. 

The following constants were observed: melting 
point  22~ refractive index at 20~ 1.4689, 40oc. 
1.4613; specific gravi ty  100/15 .8776; saponification 
number  197.6; iodine number  (Wijs)  96.0; thiocyan- 
ogen number  75.2; per cent free fa t ty  acid (oleic) 
6.3; per cent saturated acid 19.6 and per  cent unsatu- 
ra ted acid 73.4. 

The methods employed for these analyses are those 
found in the Official and Tentative Methods of An- 
alysis of the A s s o c i a t i o n  of Official Agricultural  

a Published with the approval  of the Director  of the Michigan Agri- 
cul~ttral Exper iment  Station as  Journal  article No. 970 (new series).  

Chemists (8) and and Vegetable Fats  and Oils by 
Jamieson (9). 

Experimental 
Preparation of the Fatty Acids. 

The bear fat  (532 gin.) was saponified by  refluxing 
for 4 hours with one liter of 98% ethanol containing 
130 gm. of potassium hydroxide. After  saponification 
the solution was diluted with 4 liters of distilled 
water and extracted with Skelly B for 6 hours in a 
continuous liquid-liquid extraction unit. The ethan- 
olic-aqueous alkali solution was acidified with 188 ml. 
of concentrated hydrochloric acid and the solution 
extracted with diethyl ether for  6 hours. The ether 
was removed ill vaeuo at 16-ram. pressure and 35~ 
The crude fa t ty  acids were dried in vaeuo at 4-ram. 
pressure and 60~ for 4 hours. A yield of 510 gin. 
of fa t ty  acid was obtained. 
Preparation of tile Methyl Esters of the Fatty Acids. 

The fa t ty  acids (510 gm.) were converted to the 
methyl esters by  refluxing 4 to 6 hours with 1 liter 
of absolute methanol containing 55/~ sulfuric acid (by 
weight).  The methanol was then removed in vacuo 
and the residual solution was diluted with water and 
neutralized with 10% sodium carbonate. The fa t ty  
acids were extracted with ether and tile ether solution 
was washed with water to remove tile last traces of 
sodium carbonate. The ether was removed in vacuo 
and the esters dried at 6-ram. pressure and 60~ for 
8 hours. A yield of 491.8 gin. of crude methyl esters 
was obtained. 
Fractionation of tile Methyl Esters of the Fatty Acids. 

a) Description of l)istilling Column. A four-foot 
Stedman column, having an internal  diameter of 25 
ram., was used for this study. I t  was provided with 
an electrical heating jacket to pea'mit the column to 
be heated. The one liter distilling flask was heated by 
a Glas-Col electrical heater. The temperature  of both 
the flask and column was regulated by means of an 
A. C. variable transformer.  A D. M. Smith still head 
with an enclosed thermometer was used at the top of 
the c o l u m n .  The reflux ratio was regulated by a 


