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TABLE 2 

Speetrephotometric Measurements of Linoleic and Linolenlc Acids 

Sample No, 

Extinction Coefficient a = E g./l. 1 cm. 

Wave Length m~ 

232 _. 233 262 268 274 280 

Linoleic No. 1 0.499 0.494 0.328 0.396 0.339 0.332 
Linoleie No. 2 0.121 0.115 0.059 0.063 0.055 0.051 
Linoleic No. 3 0.095 0.088 0.025 0.026 ~.022 0.020 
Linoleie No. 4 0.062 0,056 0.015 0.013 0.012 0.010 

Linolenic No. 1 0.424 0.422 0.581 0.677 0.658 0.650 
Linolenic No. 2 0.083 0.078 0.022 0.020 0.018 0.016 

310 316 322 

0.0270 9.0321 0.0261 
0.0056 0.0046 0.0032 
0.0023 0.0018 0.0016 
0.0031 0.0026 0.0024 

0,349 0.450 0.328 
0,0058 0.0061 0.0049 

Conjugated Acids 

Diene ~ Triene 1 Tetraene ~ Die~e z Triene ~ Totraene ~ 

0.39 0.24 0.013 0.39 0.082 0.0063 
0.092 0.038 0.0016 0.077 0.0078 0.00023 
0.072 0.015 0.0008 0.055 0.0033 0.00 
0.046 0.0069 0.0012 0.027 0.00 0.00 

0.31 0.40 0.16 0.33 0.075 0.13 
0.064 0.011 0.0024 0.045 0.00 0.00085 

a Calculated according to method of Brode et a/ (3) .  
Calculated according to method of Brice and Swain (2) .  

The importance of spectrophotometric measurements 
as a criterion of purity is emphasized. 
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I l L  

The  Fat ty  A c i d s  of M e n h a d e n  Oil.  
D i s t i l l a t i o n  of the Hydrogenated  M e t h y l  Es t er s  and 

E v a l u a t i o n  of the Carbon Series* 

F R A N K  A. SMITH ** and J. B. BROWN 
Laboratory of Physiological Chemistry, Ohio State University, Columbus, Ohio 

I N T H E  first paper (1, 2) of this series the methyl 
esters of menhaden oil were distilled through an 
efficient column and the C~2, C~4, Cls, and C~s 

fractions were studied mainly by low temperature 
crystallization. I t  was pointed out that not all of the 
C18 esters of the specimen were included in the C~ 
main fraction resulting from this distillation because 
we did not try to distill the high boiling fractions con- 
taining the highly unsaturated esters. In view of the 
work of Framer and van den Heuvel (3) and of our 
experience ill this laboratory the polyethylenic esters 
of this oil, especially those of the C2o and C22 series, 
are seriously altered by long exposure to the condi- 
tions of distillation with the resultant formation of 
polymerised and cyclized material. In view of these 
facts the usual ester distillation method for the evalu- 
ation Of the carbon series cannot be applied to the 
methyl esters of menhaden oil directly. Accordingly 
we have attempted to evaluate the composition by 
analysis of the fractions resulting from distillation 
of the hydrogenated methyl esters. The results thus 
obtained are slightly distorted, especially in the 
higher series, because of their high original unsatura- 
tion and of the fact that addition of hydrogen to the 
C2o and C2~ series results in an appreciable increase 

* Presented in partial fulfillment of the requirements for the degree 
of doctor of philosophy in the Graduate school. 

** Present  address: School of Medicine and Dentistry, University of 
Rochester, Rochester, New York. 

in the amounts of these fractions actually reported 
below. 

Experimental 
Two gallons of the specimen of menhaden oil used 

in our previous work was hydrogenated for us in the 
laboratory of the Procter and Gamble Company 
through the courtesy of Dr. A. S. Richardson. Four- 
teen hundred and fifty g. of this fat was esterified in 
the usual manner. The crude esters were distilled: 
B.P. 180-238 ° at 2 ram. The residue from this distil- 
lation was transferred to a smaller flask and an ad- 
ditional distillate (14.6 g.) obtained; m.m.w. 456 and 
I.N. 33.9. The yield of esters was practically quanti- 
tative. The main product, not including the 14.6 g., 
analyzed as follows: m.m.w. 300.9; I.N. 6.9. Six hun- 
dred and four g. of these esters was distilled through 
our packed column. The results of the distillation, 
analyses of the fractions, and calculations of com- 
ponent carbon series are shown in Table I;  6.8 g. of 
the original 15 g. residue was apportioned to the resi- 
due fraction of this distillation and included as 
"above C26" material in the table. 

The carbon series of menhaden oil as shown in Ta- 
ble I include acids from C14 through and above C2e. 
The 0.1% of C12 esters found in our former work (1) 
is not apparent from the distillation of this compara- 
tively small amount of esters but must be considered 
as present. Since the saturated and monoethyleni¢ 
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T A B L E  I 

F r a c t i o n  al  Dis t i l l a t ion  of :Methyl Es te r s  of Hydrogena ted  Menhaden Oil 

t I 
Frac t ion  I °C, t Wt.  Mol. Wt,  I..-~. 

014 I | 

Orig ina l  .............................................. 300,9 6.9 .... 

2 . . . . . . . . . . . . . . .  J 1 3 - 1 7  ] "~3.7 [ 2 4 6 , 2  0 . 9  [ 2 8 . 7  
3 . . . . . . . . . . . . . . .  ] 1 1 7 - 3 4  [ 1 2 . 4  I 2 6 8 , 4  2 . 6  l 0 . 8  
4 . . . . . . . . . . . . . . .  I 1 3 4 - 3 7  } 1 3 5 . 1  I 2 7 2 , 2  1 . 2  ] . . . .  
5 ............... 137-54 48.1 277.4 3.3 ] .... 
6 ............... I 154-56 I 133.1 ] 296,9 4.8 [ .... 
7 ............... I 156-73 ] 15.8 I 307.1 14.4 I .... 
8 ............... t 173-77 I 92.9 ~ 326.1 9.0 / .... 
9 ............... / 177-93 i 16.5 / 341.3 16.9 i .... 

1 0  . . . . . . . . . . . . . . .  t 1 9 3 - 9 5  i 6 6 . 5  t 3 6 1 , 6  0 . 9  { . . . .  
11 .......... =:_{ 195-215 i 14.0 I 367,2 0 . 9  i .... - -  
Column holdmp .............. 7.0 411,0 / .... 
e ~  ................ i 14"6 i ........ - - i - - ' : ' : - -  
T o t a l s ~  . . . . . . . . . . .  t 6 0 4 . 4  I _ _  4 2 . 6  
Wt. percent  ............................................................................. | 6.9 

Cc~mposition g. 

e Czo 8 ................ _ _ _  _ 

5.0 . . . . . . . .  
11.6 . . . . . . . .  

1 2 4 , 5  1 0 . 6  . . . .  i 
35.1 13.0 .... I 

6.1 127.0 .... I 
.... 10.7 5.1 
. . . . . . . .  9 2 , 9  i 
. . . . . . . .  7.5 

. . . . . . . . . . . .  i 

3 0 . 4  2 6 . 8  I 1 7 . 5  I 

C~22 

48.9 
7.3 

- 1 0 . 8 - -  

Above 

C~ 

1 4 . 6  
1 4 . 6  

2 . 4  

esters (2) did not include series above C24, and fur- 
ther  since the amounts of C~ acids recovered in the 
saturated and monoethylenic esters were appreciably 
less than shown in the present work, it  is concluded 
that. the C24, C26, and above C26 esters include unsatu- 
rated esters of these series. Thus it is correct to say 
that  the unsaturated acids of menhaden oil embrace 
all earbor~ series from C~2 to C2~, inclusive and prob- 
ably series still higher. 

The writers again wish to express their  apprecia- 
tion to the Procter  and Gamble Company, Ivorydale, 
Ohio, and especially to Dr. A. S. l~ichardson of that  
company, for  grants which made this work possible 

through an open fellowship in the Ohio State [Ini- 
versity Research Foundation.  

S u m m a r y  
Analysis of the fractions obtained as a result of 

distillation of the methyl  esters of the hydrogenated 
acids of menhaden oil show the amounts indicated 
(wt. %) : C~4, 6.9; C~6, 30.4; C~s, 26.8; C2o, 17.5; C22, 
]0.8; C2~, 4.0; C2~, 1.2; above C~8, 2.4. In addition, 
about 0.1% of C~2 acids was demonstrated previously. 
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Spectroscopic ChanSes in Fats During 
Rancidification" 

W. O. L U N D B E R G ,  R. T. H O L M A N ,  and G. O. B U R R  
The Hormel Institute, Austin, Minnesota, and 

the Division of Physiological Chemistry, Minneapolis, Minnesota, 
of the University of Minnesota 

I N connection with studies that  were conducted 
t the University of Minnesota several years ago 

concerning natural  antioxidants in lards some 
s p e c t r o s c o p i c  measurements were made on lards 
which had been oxidized to various degrees by ex- 
posure to air  in an oven at 63°C. I t  was found that  
in the ultraviolet region there occurred increases in 
the absorption of light that  were approximately pro- 
portional to the peroxide values of the samples, at 
least in the earlier stages of rancidification. 

In  later  measurements, i l lustrated in Figure  I, 
similar increases in absorption were found in samples 
oxidized at 100°C. However, in common with the 
observations of many others who have examined vari- 
ous peroxides spectroscopically, it was observed that  
the increases in absorption were not due to peroxides. 
When the peroxide values of the oxidized samples 
were reduced to a low value by t reatment  with super- 
heated steam, the absorption increased still f u r the r  
(compare curves 6 and 8), suggesting that  the chro- 
mophores may result direct ly from molecular rear- 

* Presouted  at  the  Oonference an Problems Rela ted  i s  F a t  Deter iora-  
tion in Foods u n d e r  the auspices  of Cemrnlttee of Food Rosearch, Re- 
search and D e v e l o p m e n t  Branch ,  Mil i t a ry  P ] a n n i n g  Divis ion,  Office of 
tho Quar t e rmas te r  Genoral,  in Wash ing ton ,  D. C ,  in June,  1945. 

rangement, decomposition, and polymerization reac- 
tions of the peroxides. Spectrophotometric studies of 
other oxidized fats have led other investigators to the 
same general conclusions (1). 

The present report  is a condensed summary of 
subsequent spectroscopic studies which were initiated 
for  the purpose of obtaining additional insight on the 
course and mechanism of the autoxidation reaction in 
fats, the detailed data of which have been presented 
elsewhere (2, 3). I t  must be emphasized f rom the 
outset that  the measurements to be reported were 
prel iminary in character  and that  no complete stud- 
ies, and only tentative interpretations,  can be given. 
The experiments were designed pr imari ly  to develop 
techniques and to suggest lines of attack for the more 
complete studies that  are contemplated. 

Exper imenta l  
The purest  available preparations of oleic, linoleic, 

and linolenic acids in their  common natural  isomeric 
forms, some of their  conjugated forms and unna tura l  
stereoisomers, and some of their  esters, were oxidized 
individually by exposure to air  at constant tempera- 
tures. The temperature  selected in each case depended 


