
THE JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY, FEBlCUARY, 1951 55 

where a is the calculated optical rotat ion of the oils 
in a 1 dm. cell, and C1, C~, and C3 are the percentage 
concentrations of sesamin, sesamolin, and phytosterol,  
respectively, of the oils. The specific gravi ty  of t h e  
oils was given in a previous publication (6) of this 
series. 

The results of this calculation are given in column 
8 of Table I and the observed optical rotations are 
given in column 7 of the same table. The agreement 
between the previously reported and the calculated 
rotations are quite satisfactory despite the diverse 
source of the values for  the specific optical rotations 
used and the fact that  the calculated rotations are 
based on measurements made in chloroform solutions. 
The observed values were determined on the oils in 
the absence of solvent. 

Since the amount  of unsaponifiable mat ter  of these 
oils has been reported elsewhere (6), the contribu- 
tion of sesamin, sesamolin, and total sterols to the 
unsaponifiable mat ter  can be calculated. When this 
was done, it was found that  the sum of these com- 
ponents accounts for  f rom 75 to 85% of the total 
unsaponifiable mat ter  nf the four  crude sesame oils. 

Summary 
The optical rotations of four  crude sesame oils were 

calculated on the basis of their  known contents of 
sesamin, sesamolin, and phytosterols and the reported 
optical activities for  each of these components. The 
calculated optical rotations were compared with those 
observed for  the oils in the absence of solvent and 
were found to agree remarkably  well. 

Sesamin, sesamolin, and phytosterol  have been 
shown to be responsible for  the observed optical 
rotations of several sesame oils and to account for  
75 to 85% of the total unsaponifiable mat te r  of these 
oils. 
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Isolation of Natural Arachidonic Acid as 
Its Methyl Ester I 

S. F. HERB, R. W. RIEMENSCHNEIDER, and JEANETTE DONALDSON, Eastern Regional 
Research Laboratory, 2 Philadelphia, Pennsylvania 

I N a recent publication (1) this laboratory  reported 
the isolation of pure natural  linoleic and linolenic 
acids as their  methyl  esters by adsorption frac- 

tionation on silicic acid. Tobacco seed oil and linseed 
oil, respectively, were the sources of these acids. The 
natural  acid esters differed significantly f rom corre- 
sponding debromination acid esters in the intensity 
of ultra-violet absorption at their  maxima under  the  
conditions of the alkali-isomerization spectrophoto- 
metric method of analysis. In  view of these findings, 
revised constants were suggested for  this method 
when it is used for  analyzing natural  oils. Since 
many animal fats, par t icular ly  glandular  fats, con- 
tain significant amounts of arachidonic acid in addi- 
tion to linoleic and linolenic acids, it is impor tant  to 
extend this investigation to the isolation of na tura l  
arachidonic acid and s tudy of the ultra-violet absorp- 
tion characteristics of its alkali-isomerized product.  

The presence of eicosatetraenoic acid in liver lipids 
was first shown in 1909 by  Har t ley  (2) by  identifi- 
cation of brominat ion and oxidation products.  Lew- 
kowitsch (3) suggested the name arachidonic acid for 
this compound. Later  work has established the pres- 
ence of this acid in phospholipids of liver, brain, and 
egg yolk. In  fact, it has since been shown that  small 
amounts are present  in almost every animal tissue 
and glandular  fat. A review of the l i terature is given 
by  Ralston (4).  

1 Presented a t  the 41st  Annua l  Meeting of the American  Oil Chemists '  
Society, Atlanta ,  Ga., May 1-3, 1950. 

One of the laborator ies  of the :Bureau of Agr icu l tu ra l  and  Indus-  
t r ia l  Chemistry, Agr icu l tu ra l  Research  Adminis t ra t ion,  U. S. Depart-  
ment  of Agriculture. 

Brown and associates (5, 6) prepared  arachidonic 
acid by  brominat ion-debrominat ion  techniques and 
also repor ted its prepara t ion  in 90-95% pur i t y  by  
fract ional  crystallization and distillation (7, 8). Re- 
cently White and Brown (9) announced the prepara-  
tion of methyl  arachidonate f rom beef suprarenals  by  
adsorption fract ionat ion on alumina. They also re- 
ported evidence for the presence of a C2o acid having 
five double bonds. Their  complete description of this 
work however has not been published. No informa- 
tion was given in the repor t  regarding  the ultra-violet 
absorption characteristics of their  preparat ions af ter  
isomerization with alkali. Such information would 
appear  essential for  establishing homogeneity of the 
acids. 

In  the present paper  the authors  describe the prep- 
arat ion of pure  methyl arachidonate in which the 
principal  fract ionat ion was accomplished by  chroma- 
tographic absorption t rea tment  on silicic acid col- 
umns. Some initial concentrat ion of arachidonic acid 
was achieved by  low-temperature crystallization, and 
the final purification was accomplished by fractional  
distillation in vacuo. 

Experimental and Results 
Since the work of Brown and co-workers indicated 

that  beef suprarenals or adrenal  glands are a satis- 
fac tory  source of arachidonic acid, these glands were 
used as a s tart ing material  in the present  work. 

Preliminary Adsorption Fractionation Experi- 
ments. Our pre l iminary  experiments on fractiona- 
tion of methyl  esters of beef suprarenals on silicic 
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acid columns showed that  these lipids are a complex 
mixture  containing dienoic, trienoic, tetraenoic,  and 
pentaenoie acid esters. This is in agreement  with 
observations of White  and Brown (9). I t  was found 
necessary to follow the f raet ionat ion by  speetropho- 
tometrie examinat ion because in several instances 
fract ions were obtained which had iodine values 
in agreement  with the theoretical iodine value for  
methyl  arachidonate but  which speetrophotometr i-  
ta l ly  showed considerable amounts  of pentaenoic acid 
esters, as indicated by  the appearance  of an absorp- 
tion max imum at 346 mt~ af ter  alkali isomerization. 

Dur ing  this p re l iminary  work small f ract ions hav- 
ing iodine values of 310-312 ( theory for  methyl  
arachidonate,  318.8) were obtained free of pentaene. 
Rechromatographing  these f ract ions however fai led 
to effect fu r the r  purification. I t  appeared  therefore  
that  to p u r i f y  fu r the r  means other than  adsorpt ion 
fraet ionat ion on silicie acid should be tried. Frac-  
tional distillation under  high vacuum gave fu r the r  
fractionation.  

In  the adsorpt ion f ract ionat ion on silicic acid col- 
umns, a f te r  most of the methyl  araehidonate was 
eluted, fract ions high in pentaene were removed. A 
small fraction, iodine value 390.9, was obtained which 
had the following specific extinction coeffieientsa : 233 
mt~, 54.4; 268 mt~, 36.9; 315 m~, 21.4; 346 m~, 11.1. 
The coefficients were determined af ter  isomerization 
in 11% KOH-glycero l  under  ni trogen for  45 min- 
utes at 180 ° C. The theoretical  iodine value for the 
methyl  ester of eicosapentaenoic acid is 401. 

The samples of methyl  arachidonate of about  90% 
pur i ty  obtained in these pre l iminary  exper iments  
were too small to wa r r an t  fu r the r  a t tempts  at puri-  
fication. Hence the f ract ionat ion was repeated with 
larger  quanti t ies of s tar t ing  material .  This fract ion- 
ation will be repor ted  in greater  detail. 

Extraction of Lipids From Adrenal Glands. Fresh  
beef adrenal  glands, approx imate ly  30 pounds, were 
obtained at a local abattoir .  Af t e r  removal  of ad- 
hering body fat,  the glands were minced in a food 
grinder,  extracted several t imes with ethanol at 
room temperature ,  and then thoroughly  extracted 
with successive port ions of peroxide-free ethyl  ether. 
The alcohol extracts  were concentrated,  and the f a t t y  
aqueous residue was extracted with ethyl  ether. All 
ether extracts  were then combined, and the solvent 
was removed. The total l ipid residue weighed 558 
grams;  the iodine value (I .V.)  was 83.4. Arachi-  
donie acid content est imated f rom speetrophotometr ie  
examinat ion was 8-9%. 

Concentration of Arachidonic Acid. The total  lipids 
were saponified with aleoholic-KOH under  ni trogen 
for  3.5 hours  at reflux tempera ture .  The f a t t y  acids 
recovered weighed 460 grams. (A white precipi ta te  
weighing 63 grams which was insoluble in pet roleum 
ether and  in water  was also obtained.)  The f a t t y  
acids, 460 grams,  were crystall ized f rom 7 li ters of 
acetone at 0 ° C. and filtered. The filtrate was then 
held at - -18  ° C. and filtered. Af te r  this second fil- 
t ra te  was concentrated to about  3.5 liters, it was 
held at - -40  ° C. and filtered. The three precipi tates  
weighed 236 grams and consisted pr inc ipa l ly  of satu- 
ra ted and oleie acids. 

I n  th i s  pape r ,  specific ex t inc t ion  coefficient k : D / b e ,  w h e r e  D : 

spec t r a l  dens i ty  of the  solut ion (comt~ared wi th  so lven t ) ,  b ~ Iength  of 
cell, and  c : concen t r a t i on  in  g r a m s / l i t e r .  

The filtrate residue, 217 grams,  was made alka- 
line with aleoholie-KOH solution and ex t rac ted  with 
ether to remove unsaponifiable matter .  The mater ia l  
thus removed, 25 grams,  I.V., 145.7, contained 42.7% 
cholesterol. The recovered acids, 192 grams,  were 
t rea ted  with anhydrous  methanol  and d ry  HC1 to 
fo rm their  methyl  esters. The yield of methy l  esters 
was 194 grams, I.V., 161.1. Af t e r  isomerization in 
g lycero l -KOH under  ni t rogen for  45 minutes  at  180 ° 
C., k233 ~ 25.0; k~6 s - -  14.3; ka~ ~ ~--- 5.5; k~4~ ~ 0.96. 
The content of methyl  arachidonate was est imated to 
be about  25%. This p repa ra t ion  was used in the frac-  
t ionation on silicic acid. 

Adsorption Fractionation on Silicic Acid. The same 
type of column and t rea tment  of the column as de- 
scribed in a previous publ icat ion (1) was used in 
this work. The glass column was 6.3 cm. in d iameter  
and 104 cm. in height. I t  was packed with 800 g rams  
of silicic acid-filter aid mix ture  (80 pa r t s  silicic acid, 
20 par t s  filter aid) to a depth of 73.5 cm. The column 
adsorbent  mix ture  was heated to 70-75°C. for  3.5 
hours, with slow passage of pure  nitrogen,  then al- 
lowed to cool to room tempera tu re  in the s t ream of 
gas. Af t e r  the mix ture  was wet with 1500 ml. of 
pet roleum ether (boiling range 30-50 ° C.) contain- 
ing 0.25% ethyl  ether, 50 grams of the methy l  esters, 
I.V., 161.1, dissolved in 250 ml. of the same solvent 
were added. The sample was protected f rom light 
dur ing  the exper iment  by  wrapp ing  several  thick- 
nesses of dark-colored pape r  a round the glass column. 
The receiver was shielded f rom light by  wr ap p in g  it 
with black cloth. Successive clutions were made with 
petroleum ether containing 0.25, 0.5, and 1.0% ethyl 
ether (Table  I ) .  By  ad jus t ing  the rate of percolat ion 
and using a receiver and separa to ry  funnel  of ade- 
quate size, the f ract ionat ion was continued dur ing 
the night  without  attention.  Other  data  pe r ta in ing  
to the f ract ionat ion are also given in Table  ]. 

T A B L E  I 

A d s o r p t i o n  F r a e t i o n a t i o n  on Si l lc ie  Acid  of a C o n c e n t r a t e  of 
Methy l  E s t e r s  of P o l y u n s a t u r a t e d  Acids  

F r a c t i o n  
V o l u m e  

F r a c t i o n  N u m b e r  

O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
12 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
14 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
18 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

of 
E l u a t e  a 

ml. 

8 0 0 0  
2400 
2 3 0 0  
2 4 0 0  
2 4 0 0  
2 7 0 0  
3 2 0 0  
2 0 0 0  
2 2 0 0  
2 5 0 0  
2 5 0 0  
2 0 0 0  
2 4 0 0  
2 5 0 0  
3 1 0 0  
2 7 0 0  
3 0 0 0  
2 3 0 0  

~Veight 

g. 

5 0 . 0 4  

0 .77  
1 .71  
3 .48  
4 .67  
5 .02  
4 .53  
3 .42  
2 . 2 8  
2 .32  
2 .80  
2 .04  
0 .88  
0 .50  
0 .35  
5 .06  
6 .50  
2 .63  
0 .97  

I o d i n e  
V a l u e  

(Wiys) 
1 6 1 . 1  

4 7 . 4  
4 1 . 9  
57 .0  
74 .0  
78 .8  
83 .2  
84 :9  
8 5 . 4  
97 .9  

1 4 0 . 7  
1 5 8 . 4  
1 6 6 . 9  
1 7 4 . 0  
1 7 8 . 2  
2 8 2 . 1  
3 0 7 . 0  
3 5 3 . 3  
3 5 8 . 1  

a P e t r o l e u m  e the r  c o n t a i n i n g  0 .25 ,  0.5,  ~nd  1 . 0 %  e thy l  e ther  wus  
used  to e lu te  f r a c t i o n s  1 to 10, 10 to 13, and  13 t(> 18 ,  r e spec t ive ly .  

In  addit ion to iodine values, spectrophotometr ic  ex- 
aminat ions were made on certain samples. This was 
par t icu la r ly  impor t an t  in the f ract ions  whose iodine 
numbers  approached  the theoretical  value for  methyl  
arachidonate,  318.8, for  example, f ract ions  15 and 
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T A B L E  II 

Specific E x t i n c t i o n  Coefficients of C e r t a i n  F r a c t i o n s  
S h o w n  in  Tab le  I 

F r a c t i o n  N u m b e r  
( T a b l e  I )  

O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . .  

8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
16 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
17-18 . . . . . . . . . . . . . . . . . . . . . . . . . .  

I o d i n e  
V a l u e  

1 6 1 . 1  

8 5 . 4  
1 5 8 : 4  
2 8 2 . 1  
3 0 7 . 0  
3 5 5 . 1  

Specif ic  E x t i n c t i o n  Coefficients a 

T A B L E  IV 

F r a c t i o n a l  D i s t i l l a t i o n  of F r a c t i o n s  4 a n d  5, T a b l e  III 

a I somer i zed  in  1 1 %  K O t t - g l y c e r o l  u n d e r  n i t r o g e n  fo r  45  m i n u t e s  a t  
180  ° C. 

F r a c t i o n  N u m b e r  

k233 k2~ k315 k ~ 6  

25.0  14.3  5.5 / 0 .96  F r a c t i o n s  4 a n d  5, 
L 

2.1 ] 0 .0  0 .0  0 .0  T a b l e  I I I  
49 .9  6.9 I 1.2 I 0 .0  1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
58 .2  36 .4  12 .0  I 0 .0  2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
53 .7  45 .8  17 .4  I 0 .0  3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
49 .8  I 35 .0  I 2 1 . 8  I 8.7 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P~esidue . . . . . . . . . . . . . . . . . . . . . . . . . .  

16, I.V., 282.1-307.0, to determine whether  they con- 
tained any  pentaene. Fract ions  17 and 18, whose 
iodine values were higher than  tha t  of methyl  arachi- 
donate, contained considerable amounts  of a pentaene 
acid, as indicated by  spectrophotometr ic  examinat ion 
af ter  alkali-isomerization. Table I I  shows these data. 

I t  is appa ren t  tha t  up to f ract ion 8, sa tura ted  
esters and esters of monoethenoid acids were being 
removed. Frac t ions  8-11 inclusive contained increas- 
ing amounts  of dienoic and trienoic acid esters. Frac-  
tions 12-16 inclusive contained increasing amounts  of 
tetraenoie acid esters but  no pentaene. Fract ions  17 
and 18 contained large amounts of pentaene. 

F rom two similar adsorpt ion fractionations,  the fol- 
lowing fract ions rich in methyl  arachidonate were ob- 
ta ined:  5.7 grams, I.V., 309.4; 3.2 grams, I.V., 308.9; 
a n J  1.2 grams, I.V., 303.7. All these f ract ions showed 
absence of pentaene by  spectrophotometr ic  examina- 
tion and were combined with fract ion 16 (Table  I )  
for  fu r the r  adsorpt ion fract ionation.  The new col- 
umn was 3.8 cm. in diameter  and 81 em. in height 
and was filled with 250 grams of silicic acid-filter 
aid mixture  to a depth of 58 em. The t rea tment  of 
the mixture  was essentially the same as that  previ-  
ously described. The results in Table I I I  show tha t  
al though some fu r the r  f raet ionat ion was achieved, 
complete separat ion of methyl  araehidonate f rom the 
impuri t ies  was not accomplished. 

T A B L E  III 

Adsorp t ion  F r a c t i o n a t i o n  on Si l ie ic  Acid of Methyl  
A r a c h i d o n a t e - R i c h  F r a c t i o n s  

F r a c t i o n  
Vo lume  

of 
E l u a t e  a 

1 1 0 0  
1 6 0 0  
3 2 0 0  
1 8 0 0  
1 7 0 0  
1 7 0 0  
1 7 0 0  
1 9 0 0  
6 1 0 0  
1700  

I o d i n e  
W e i g h t  ' V a l u e  

g. (Wi j s )  
1 6 . 0 0  3 0 3 - 3 0 9  

0 .18  13 .0  
0 .34  2 9 1 . 9  
2 .79  3 0 5 . 1  
4 .47  3 0 9 . 6  
3 . 4 3  3 0 9 . 8  
1 .63  311 .9  
1 .00 3 0 5 . 7  
0 .49  3 1 0 . 5  
0 .48  3 0 7 . 1  
0 .65  3 1 1 . 2  

F r a c t i o n  N u m b e r  

O r i g i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i 
7 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I 
9 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a p e t r o l e u m  e the r  c o n t a i n i n g  0 . 2 5 %  ethyl  e the r  w a s  u s e d  to e l a t e  a l l  
the  f r ac t i ons  except  f r a c t i o n  10, w h i c h  w a s  removed  w i t h  2 0 %  ethyl  
e ther .  

Fractional Distillation. Fract ions  4 and 5, Table 
I I I ,  were f rac t ional ly  distilled through an electrically 
heated Vigreaux column, 3.1 cm. in diameter  and 21 
cm. in height, at  0.015 mm. pressure.  Table I V  shows 
the fract ions obtained and their  analyses. 

I o d i n e  
W e i g h t  V a l u e  

g. Wiis 
309.6-  

7 .24  3 0 9 . 8  

1 .58  3 0 5 . 4  
1 .47  3 1 0 . 4  
2 .13  3 1 3 . 5  
1 .51  316 .1  
0 .60  3 1 5 . 7  
0 . 6 0  3 0 8 . 0  

Specific E x t i n c t i o n  
Coefficients a, b 

k23a k26s kal5 

51 .7  'A ~3.~ 16 ,8  
52 .7  ~5. 17 .8  
52.3  4 5 . 0  19 .1  
53 .0  4 5 . 6  19 .7  
52 .1  4 5 . 1  19 .7  

a I s o m e r i z e d  in 1 1 %  K 0 t t - g l y c e r o l  u n d e r  n i t r o g e n  fu r  45  l i nu t e s  a t  
180  ° G. 

b i n  all  f r ac t i ons ,  k ~  ~ 0.0.  

The results show tha t  the impur i t y  was being re- 
moved in fract ions 1, 2, and  3. The iodine values of 
fract ions 4 and 5 are within exper imenta l  e r ror  of 
the theoretical  iodine value for  methyl  araehidonate.  
The specific extinction coefficients show a leveling off 
at 315 mt~, f ract ions 4 and 5 having identical values. 
Other analyt ical  values obtained on f ract ion 4 were:  
saponification equivalent  316.3, theory 318.5; neu- 
tral izat ion equivalent  of acid 303.8, theory 304.4; 
N~  ~_ 1.47986. A hydrogena ted  port ion melted a t  
45.0°C. (values in l i te ra ture  for  methyl  araehidate,  
44.4-44.7 °, 45.0 °, 46.6 ° C.) and gave the same x- ray  
diffraction pa t t e rn  as a known specimen of pure  
methyl  arachidate.  

In  a distil lation of the remaining  f ract ions  shown 
in Table I I :  whose iodine values ranged f rom 305 
to 311 a fraction, I.V., 314.9, was obtained. A por- 
tion of the distilled material ,  I.V., 314.9, on fu r the r  
adsorpt ion f ract ionat ion yielded a small fraction,  
I .V. ,  318.0. Both f ract ions  on alkali isomerization 
had essentially the same specific extinction coeffi- 
cients as f ract ions 4 and 5, Table IV. All purif ied 
specimens of methyl  arachidonate,  I.V., 314.9-318.0, 
were reserved for  a more detailed s tudy  of thei r  
ul tra-violet  absorpt ion characterist ics under  various 
conditions of alkali-isomerization. The results of this 
s tudy will be repor ted  in another  pape r  (10). 

At tempts  were made to determine the ident i ty  of 
the impur i ty  removed by  distillation. F rac t ion  1, 
Table IV, had a saponification equivalent of 309.1. 
Af te r  hydrogenat ion of the ester and crystal l izat ion 
of the sa tura ted  product ,  the first crop of crystals  was 
identified by  x-ray  diffraction as methyl  a rach ida te ;  
the second crop was a mixture  of methyl  s tearate  and 
methyl  araehidate.  F rom considerations of the distil- 
lat ion data and extinction coefficients in Table IV,  it 
seems probable  tha t  the C~.~ acid ester impur i ty  was 
chiefly methyl  linolenate. These data however do not 
preclude the possible presence of methyl  eicosatrieno- 
ate. Calculations of the composition of the f ract ions  
shown in Table IV, in which the extinction coeffi- 
cients of the na tura l  linoleie, linolenic, and arachi- 
donic acids (10) are used, indicate tha t  f ract ions  1, 
2, and 3 contained 9.7, 8.3, and 1.8%, respectively, 
of methyl  linolenate. 

The fract ions tha t  contained pentaene esters were 
reserved for  fu r the r  work. 

Summary 
Fresh  beef suprarena l  glands wero g rou n d  and 

extracted thoroughly  with alcohol and then with 
ethyl ether. Af te r  removal  of solvent the total  l ipid 
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residue was saponified, and the fatty acids were re- 
covered by extraction. The less unsaturated acids 
were removed by crystallization from acetone at 
--40°C. At this stage the filtrate contained essen- 
tially all the arachidonic acid originally present in 
the glands and also unsaponifiable matter. After the 
unsaponifiable material was removed, the arachidonic 
acid content of the concentrate was about 25%. These 
unsaturated acids were converted to their methyl es- 
ters and fractionated on a silicic acid adsorption col- 
umn. The progress of the adsorption fractionation 
was followed by spectrophotometrie examination and 
determination of iodine values of the eluted fractions. 
Methyl arachidonate of 90% purity was obtained by 
this means. I t  was further  purified by fractional dis- 
tillation in vacuo. The final product had an iodine 
value of 316.1; theory, 318.8. The puri ty of this prep- 
aration was further  established by spectrophotometric 
examination, by saponification equivalents, mean mo- 
lecular weight, and by x-ray diffraction patterns and 
melting points of a completely hydrogenated portion. 

Evidence of acids of greater unsaturation than 
arachidonic acid in suprarenal lipids was also clearly 

established by spectrophotometrie examination. A 
fraction was obtained which was estimated to contain 
about 80-85% of a C20 acid with five double bonds. 
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[ R e c e i v e d  J u n e  27, 1950]  

Effects of Heat Treatment on the Stability of I.ard I 
H. J. LIPS, Division of Applied Biology, National Research Laboratories, 
Ottawa, Canada 

, • T H O U G H  high temperature treatment of fat 
. usually changes the color of the product (3, 

p. 291), tends to destroy natural antioxidants 
(9, p. 163), induces polymerization (3, p. 290), and 
may produce toxicity (6, p. 43), various observations 
indicate the possibility of stabilizing fat by heating 
it with other materials. A number of patents cover 
the stabilization of glyceride oils by heating them at 
atmospheric or reduced pressure with a sugar plus 
one of the following: proteins, amino acids, phospha- 
tides, phosphates, polyhydroxybenzenes, aromatic and 
aliphatic acids (12). Increased keeping quality has 
been claimed when certain fats are heated under an 
inert gas; or heated with spice residues, with finely 
divided peanuts or soybean flour, with phosphates or 
phosphatides in the presence of aliphatic acids, or 
with molasses and inactivated yeast (12). The tem- 
perature usually specified is "above 120 °C. ' '  

A marked improvement in the keeping quality of 
butter oil resulted from heating whole butter for a 
short time at 205°C. and from heating the oil with 
skim milk powder at 205°C. (7). Spray dried milk 
powders (containing about 26% fat) prepared from 
milk preheated at 88°C. remained free from tallowi- 
ness about three times as long as powders prepared 
from milk preheated at 74°C.(13). 

It  was noted in these laboratories that fats recov- 
ered from fried or roasted meats had good resistance 
to oxidation although they had increased color and 
strong odor and flavor. "Butcher ' s"  or " c o u n t r y "  
lard, a dark, high-flavored product with good keeping 
quality, is made by re-cooking prime steam lard with 
the cracklings obtained from the manufacture of ket- 
tle rendered lard (1, p. 175). Lard rendered in open, 
directly heated vessels often has excellent stability. 

1 Issued as Pape r  No. 254 of the Canadian Committee on Food Pres- 
er,Tation and as N. R. C. No. 2299. 

Fro .  1. A p p a r a t u s  f o r  h e a t i n g  t e s t  s a m p l e s  u n d e r  v a c u u m .  

I t  is apparent that practical application of this 
type of stabilization would involve considerations of 
consumer acceptance and nutritive values. However 
it was considered necessary first to determine the in- 


