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A bulk analysis of Osage orange is shown in the 
following table : 

TABLE ] I  

Bulk Analysis of Osage Orange Frui t  (Dry Weight) 

I.  Seed : 40% 
A. Hulls 50% 
B. Kernels 50 

1. Oil 42% 
2. Meal 58 

a. Protein 67% 
b. Non-Protein 33 

I I .  Frui t  Bulk 60% 

M c I I a r g u e  (12) has reported a ra ther  detailed 
analysis of the mineral  constituents of the Osage or- 
ange fruit ,  l i e  found CaO, 0.16; Mg0,  0.20; K.,(), 
2.82; Na~O, 0.13; P~O~, 0.67; and total (crude)  ash, 
6.60% of the dry  fruit .  The dried f ru i t  contains 
more nitrogen and more than twice as much potas- 
sium as wheat b ran  ( 1 2 ) .  

From the s t a n d p o i n t  of commercial production 
the Osage orange holds some remarkable possibili- 
ties. The young trees grow rapidly under  a great 
var ie ty  of soil and climatic conditions. Actual har- 
vesting measurements have shown that  the yield of 
f ru i t  per tree may vary  from nothing to as much 
as 1,000 pounds or more. The female of the species 
starts bearing f ru i t  at 4 to 6 years of age. There- 
a f te r  the yield increases to a maximum and gradu- 
ally decreases. 

There are no definite indications that  any  toxic 
substances are present  in dried Osage orange f ru i t  
(16, 19). The fresh f ru i t  is said to cause dairy ani- 
mals to " d r y - u p , "  and this is possibly due to the 
low m o l e c u l a r  weight resins present  in the latex, 
causing some inflanmmiory action in the digestive 
tract. The f ru i t  has been successfully used as a feed 
for horses, mules, and steers. I t  is doubtful  if any 
harmfnl  effects could arise from fee(ling the dried 
fruit ,  for  during the drying process the resins be- 
(2om(2 polymeriz(2d and quite iner t  from a physiologi- 
cal standpoint.  The boiled latex has been injected 
s u b c u t a n e o u s l y  into pigeons without any  visible 
effects (8).  I f  the fresh latex is injected in the same 
manner,  the proteolytie enzymes present cause suffi- 
cient digestion, in vivo, to kill the experimental ani- 
mal. To our knowledge 11o cases of poisoning have 
occurred as the result of feeding ()sage orange fruit .  

The wide geographical distr ibution of the 0sage or- 
ange tree, its adaptabi l i ty  to many types of soils and 
environmental conditions, its resistance to d r o u g h t  
and plant  diseases, and the tremendous yields of 

f ru i t  obtainable makes this tree wor thy  of consid- 
eration as a producer  of industrial raw materials, 
especially in view of the several valuable materials 
(oil, resins, sugars, pigments, and feed-stuff) occur- 
ring in the fruit ,  h i  addition, there are several uni- 
dentified minor constituents of the f ru i t  which may 
ult imately enhance its commercial value. 
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Component Fatty Acids of Some Cruciferae Oils ''2'' 
S. L. KAPUR ond B. F. DAUBERT, Deportment of Chemistry, University of Pittsburgh 

Brassiea seed oils, like rape, mustard,  ravison, etc., 
form a v(2ry impor tant  group of edible and indus- 
tr ial  oils. Considerable investigation on the fa t ty  acid 
composition of oils of this species has been reported 
recently by  many workers (1, 2, 3). In view of some 
recent work by  IIi lditch (1, 2) in which he used low- 

I Contribution No, 708 from the Depar tment  of Chemistry, Univer- 
sity of Pittsburgh. 

2 Presented in par t  at the Spring meeting of the American Oil Chem- 
ists' Society, held in New Orleans, La., May, 1948. 

a This investigation had been comple~d prior to the publication of 
Baliga and Hilditch's paper, "The Component Acids of Rapeseed Oil" 
(J.  Soc. Chem. Ind.,  67, 258-262 (1948),  

tenlpcratnre fractional crystallization methods prior 
to distillation of the methyl esters, the earlier work 
of Foreman and Brown (3a) that eicoscnoic acid was 
present in rape seed oil, and the indication by IIop- 
kins (3) that eicosenoic acid was present in the seed 
fat of a wild species of a cruciferae plant (Brassica 
orientalis), hare 's  ear mustard, the resnlts of earlier 
investigations (4, 10) have been considerably revised. 

The development of the methotl for  the quantita- 
tive determination of highly unsatnrated acids by 
ultraviolet absorption af ter  alkali isom(2rization (5) 
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and the subsequent successful a p p l i c a t i o n  of this 
method for the determination of the fatty acid com- 
position of many fats (6, 7) have offered a very sim- 
ple procednre for fatty acid analyses. This relatively 
simple method has been at)plied by Longenccker and 
Baldwin (6, 7) to the investigation of fats which con- 
tained C~ acids as tile predominant unsaturated acids. 
Few fats containing higher unsaturated acids have 
been investigated previously by this method. 

The present investigation was undertaken to deter- 
mine the feasibility of applying the above procedure 
to the determination of the fatty acid composition of 
some cruciferae oils, which contain a C= unsaturated 
acid as their major constituent, and also to investi- 
gate the component fatty acids of yellow mustard 
seed (Brassica alba) oil, of Indian origin, the fatty 
acid composition of which has not been heretofore 
reported. 

Experimental 
The yellow mustard (Brassica alba) and black mus- 

tard (Brassica ~ffgra) seeds used in this investigation 
were supplied through 1tie courtesy of the Govern- 
ment of Punjab,  India. The seeds were crushed and 
extracted with light p e t r o l e u m  ether in a Soxhlet 
apparatus. The solvent was removed under reduced 
pressure in an atmosphere of nitrogen and the bright 
yellow oil obtained in each case was analyzed for 
various constants. The rapeseed (Brassica Compes- 
tris) oil, of unknown origin, was purchased from 
M-S Tunley and Company of New York. The ana- 
lytical constants of these oils arc listed in Table I. 

T A B L E  I 

Analy t i ea l  Constants  of Crue i f erae  Oils 

No.  Constant s  

Yield of oil in  
w e i g h t  of dry  
seed 

I o d i n e  va lue  
Sa i )  o n i f i c a t i o n  

equ iva lent  
Unsapon i f iab le  
Ac id  v a l u e  
L ino le i c  ac id  
I , ino len ic  acid 

Y e l l o w  B l a c k  
M u s t a r d  M u s t a r d  

1 0 2 . 2  3 5 . 6 %  
3 9 . 5 %  1 0 6 . 2  

3 2 4 . 6  3 2 3 . 0  

3.8% 3.0% 
0 . 6  0 .5  

1 4 . 0 %  1 7 . 6 %  
6.9C/c 6.3~ 

R a l ) e s e e d  

1 o6 .8  
3 2 9 . 6  

1 . 1 %  
1 .2  

I 1 3 . 9 %  
I 9 . 4 %  

The oils were saponified with alcoholic potassium 
hydroxide; the soaps llydrolyzed with a mineral acid, 
and the fatty acids which were liberated were con- 
verted into methyl  esters by  the usual method. These 
esters were fractionally distilled through an efficient, 
electrically heated fractionating column, and the vari- 
ous fractions were analyzed for iodine vahle, saponi- 
fication equivalent, and the content of octadccadienoic 
and octadccatrienoic acids. The percentages of diene 
acid (octadecadienoic) and triene acid (octadecatri- 
enoic) were determined by the method of Mitchell, 
Kraybill,  and Zscheile (5) ,  as modified by the Spec- 
troscopy Committee of the American Oil Chemists' 
Society. The whole of the unsailonifiable matter was 
assumed to remain in the residue. This was removed 
by the usual method, and the various analytical con- 
stants of non-saponifiable-free fraction were also de- 
termined. From the results of the analyses of each 
fraction the component fatty acids of the oil were 
calculated. The tabulated results obtained from the 
fractionation data for each oil are given in Tables 
II, III, and IV. 

The presence of eicosenoie acid was indicated from 
the calculated fractionation data of these oils. The 
methyl ester fractions of rapeseed oil, which from 

their value of the saponification equivalent indicated 
the maximum amount of C20 acids, were combined 
together and refractionated to get the maximum con- 
centration of C._,o acids. The results of this fraction- 
ation are shown in Table V. 

F a t t y  Ac ids  

T A B L E  I [ 

of Ye l low :vIustard S e e d  Oil as  Calculated  
F r o m  the F r a c t i o n a t i o n  D a t a  

\ V e i g h t  
of ~ster 

Ac ids  f r a c t i o n ,  

i g. 1 

*~iy" s t i e  . . . . . . . . . . . . . . . . . . .  I t ) .2: l  
Palmit ie  . . . . . . . . . . . . . . . . . . .  0 . 7 9  
Stear ie  . . . . . . . . . . . . . . . . . . . . .  ,' 0 . 2 3  
A r a e h i d i ( ;  . . . . . . . . . . . . . . . . .  [ 0 . 2 8  
B e h e n i c  . . . . . . . . . . . . . . . . . . . .  1 . 0 7  
Lignocor i c  . . . . . . . . . . . . . . .  I 0 . 5 6  
Oleic . . . . . . . . . . . . . . . . . . . . . . . .  1 2 . 0 0  
Linole ic  . . . . . . . . . . . . . . . . . . . .  7 . 8 0  
I d n o l e n i c  . . . . . . . . . . . . . . . . .  3 . 7 8  
E i c o s e n o i c  . . . . . . . . . . . . . . . .  3 . 7 8  
E r u c i c  . . . . . . . . . . . . . . . . . . . . . .  2 3 . 9 0  
Unsaponif la l ) le  . . . . . . . . .  1 . 9 5  

I 5t~.;~7 

W e i g h t  
per  cent  
e f  esLers 

inchtdin.g 
ixnsar ,  oi11- 

l i a b l e  

(} .4 
1 . 4  
0 . 4  
0 . 5  
1 .9  
1 .0  

2 1 . 3  
1 3 . 8  

6 .7  
6 .7  

4 2 . 4  
3 .5  

1(.).o 

W/eight 
per  cent  
of ac ids  

ineludin.g 
nl lsal lonl-  

f lablc 

( I . t  
1 .4  
0 . 4  
0 . 5  
1 .9  
1.0 

2 1 . 1  
1 3 . 7  

6 .6  
6 .8  

4 2 . 7  
3 .5  

100. ( I  

W e i g h t  
p e r  CCllt 
of  ac ids  

exclu d i n g  
U nst~polii- 

f iablo 

0 . 4  
1 .5  
0 . 4  
0 . 5  
2 . 0  
7 .0  

2 2 . 0  
1 4 . 2  

6 . 8  
7 . 0  

4 4 . 2  

100 .0  

Fraction No. 3, which has an iodine number of 
79.5 and saponification equivalent of 324.2, seemed to 
contain a nlaximunl amount of C._,o acids. The pro- 
cedure used by Ilopkins (3) was followed to con- 
firm the presence of eicosenoic acid in this fraction. 
This fradion was converted into hydroxy acids by 
the method of Lapworth and Mottram (8) as follows: 

Methyl ester (5 g.) was saponified with concen- 
trated sodium hydroxide solution, and the mixture 

T A  B LI,] I I I  

Fa t ty  Ac ids  of B l a c k  M u s t a r d  S e e d  Oil as Calculated 
~ ' r o m  t,he F r a e t i o n a t i o n  D a t a  

I 
W e i g h t  

A c i d s  of ester  
fract ion,  

g .  

Mymst lc  0 . 4 0  
Palmi t i c  . . . . . . . . . . . . . . . . . . .  : 0 . 5 6  
Stear ic  . . . . . . . . . . . . . . . . . . . . .  : 
A r a c h i d i c  . . . . . . . . . . . . . . . . .  0 . 3 5  
B e h e n i c  . . . . . . . . . . . . . . . . . . . .  1 . 5 3  
L i g n o c e r i c  . . . . . . . . . . . . . . .  , 1 . 2 5  
Oloic . . . . . . . . . . . . . . . . . . . . . . . .  1 3 . 0 0  
Lino le i c  . . . . . . . . . . . . . . . . . . . .  i 1 2 . 2 0  
Lino lon ic  . . . . . . . . . . . . . . . . . .  '[ 4 . 3 8  
E i c o s e n o i c  . . . . . . . . . . . . . . .  I 5 . 4 2  
E r u c i c  . . . . . . . . . . . . . . . . . . . . . .  2 7 . 3 0  

Unsaponi f iab  e . . . . . . . .  : " 69.491.95 

W e i g h t  
per  c e n t  
of es ters  

includin.g 
l lnsaponl -  

l iable 

~,Veight  V, reight  
per  cent  per  cent  
of ac ids  of ac ids  

inchtdin.g excludin.g  
u n s a p o n l -  u n s a p o m -  

fiable f iable  

0 .8  
0 . 7  

0 . 5  
2 .2  
1 .8  

2 0 . 2  
1 7 . 6  

6 .3  
7 .8  

3 9 . 3  
2 . 8  

10().0 

0 . 8  
0 . 7  

0 . 5  
2 . 2  
1 .8  

2 0 . 1  
1 7 . 5  

6 .3  
7 . 9  

3 9 . 5  
2 . 8  

1 0 0 . 0  

0 . 8  
0 .7  

0 . 5  
2 . 3  
1 .8  

2 0 . 7  
1 8 . 0  

6 .5  
8 .1  

4 0 . 0  

1 0 0 . 0  

evaporated to a paste. This was dissolved in three 
liters of distilled water and neutralized with mineral 
acid. Sodium hydroxide (5 g.) was added and the 
solution cooled to 15~ and retained at that tem- 
perature during the a d d i t i o n ,  with stirring, of a 
1% potassium permanganate solution (400 ml.).  The 
mixture was stirred for about 15 minutes and then 
decolorized with sulfur dioxide. It  was then acidified 
with hydrochloric acid (150 ml.) .  The white, floccu- 
lent precipitate of dihydroxy acids was filtered off, 
drained for a short time, washed with petroleum ether 
(about 50 lnl.) to facilitate drying, then dried in a 
vacuum desiccator to constant weight. The dried pre- 
cipitate was extracted in a Soxhlet apparatus with 
h e x a n e  (b.p. 80-90~  to remove saturated acids 
and then with dry ether to remove most of the dihy- 
droxystearic acids. The r e s i d u e  was recrystallizcd 
with ethyl acetate, whereupon a product was obtained 
which melted at 128-129~ l ) ihydroxy acids were 
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Acids 

Myris t ic  .................. 
Pa lmi t i c  ................. 
Stearic  .................... 
Arachid ie  ............... 
Behenic  ................... 
Lignocer ic  ............... 
Oleic ....................... 
Linoleic  .................. 
L ino len ic  ................ 
Eicosenoic .............. 

TAB I,F IV 

Fat ty  Acids of Rapeseed Oil as Calculated 
/c~rom the F rae t iona t ion  Dala  

W e i g h t  
of enter 

f ract ion,  
g. 

1 . 9 2  
3.20 
0.65 
1 . 2 8  
8.02 
3.84 

56.00 
43.50 
28.80 
10.40 

Eruc ic  .................... 158.60 
Unsaponi f iab le  ....... 3.52 

] 319.71 

Weigh t  
per  cent 
of esters 
i n c l u d i n g  
unsaponi-  

fiable 

0.6 
1.0 
0.2 
0.4 
2.5 
1.2 

17.5 
13.6 

9.0 
3.0 

49.9 
1.1 

100.o 

WRight 
per  cent 
of acids 

i n c l u d i n g  
unsaponi -  

fiable 

0.6 
1.0 
0.2 
0.4 
2.5 
1.2 

17.4 
13.5 

8.9 
3.0 

50.2 
1.1 

100.0 

Weigh t  
per  cent 
of acids 

exc lud ing  
unsaponi-  

flable 

0.6 
1.0 
0.2 
0.4 
2.5 
1.2 

17.6 
13.7 

9.0 
3.0 

50.8 

1 0 0 . 0  

also p r e p a r e d  by the above procedure from pure 
specimens of oleie acid (m.p. 13~ and crucic acid 
(m.p. 34.3~ These dihydroxy acids melted at 132 
and 130~ respectively. 

T A B L E  V 

Ref rac t ion  Data  for  Rapeseed Oil Methyl Es te r s  

F rac t ioa  
No. j weight ,  

i g .  

I 1 ............................ 2 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . .  J 2.18 
3 ........................... 5.60 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . .  I B . 9 2  
5 ........................... I 81o 

:Iodine 
vahlo  

145.2 
116.1 

79.5 
71.5 
71.0 

Saponif icat ion 
equ iva l en t  

249.0 
302.5 
324.2 
I}43.6 
347.6 

When the unknown substance of m.p. 128-129~ 
was mixed with dihydroxystear ic  acid (m.p. 132~ 
tlle mixture  melted at 123-125~ When it was mixed 
with dihydroxybehelfiC acid (m.p. 130~ it melted 
at 123-125~ Therefore,  it was concluded tha t  this 
substance was not a d ihydroxy acid obtained f rom 
oleic or erucic acids. Moreover, it behaved as a single 
substance as evidenced by  the constancy of the melt- 
ing point  a f ter  repeated f r a c t i o n a l  crystallization. 
The d ihydroxy acid obtained f rom Frac t ion  3, Table 
V, when analyzed, gave the following constants:  I. V. 
= 0 ;  Sap. Equiv.  : 345'.0. Calculated for  the dihy- 
droxyeicosanoic acid, I. V. = 0 ; Sap. Equiv. = 347.0. 

The d ihydroxy acid melt ing at 128-129~ was con- 
verted into semicarbazones by  the method used by  
Baldwin and Parks  (9).  The alkali-soluble semicar- 
bazone obtained melted at  155~ ( I [opkins  reported 
156-157~ and when this semicarbazone was mixed 
with the c o r r e s p o n d i n  g semiearbazones f rom dihy- 
droxystearic  and dihydroxybchenic  acids, it melted as 
follows : 

With alkali-soluble semicarbazone (m.p. 162~ from dihy- 
d r o x y s t c a r i c  a c i d ,  i t  m e l t e d  a t  1 4 2 ~  

W i t h  a l k a l i - s o l u b l e  s e m i c a r b a z o n e  ( m . p .  1 6 0 ~  f r o m  d i h y -  
d r o x y b e h c n i c  a c i d ,  i t  m e l t e d  a t  1 4 4 ~  

A n a l y s i s  o f  t h e  a l k a l i - s o l u b l e  s e m i c a r b a z o n e  o f  t h e  u n k n o w n  
d i h y d r o x y  a c i d  g a v e  t h e  f o l l o w i n g  r e s u l t s :  

C a l c d .  f o r  O~2II~O~Na, N ,  1 6 . 3 % .  
F o u n d :  N ,  1 5 . 9 5 % .  

I t  is therefore concluded f rom the above results 
that  the C.oo nn)nocthenoid acid present  in rapeseed 
oil is p rohab ly  11:12 eicosenoic acid. 

The above procedure for  confirming the presence of 
eicosenoic acid was also followed in the case of mus- 
t a rd  seed oils, but  a sufficient concentration of C:o 
unsa tura ted  acid could not be ohtained in one single 
fraction, and the presence of eicosenoic acid could 
not be confirmed in these oils. 

Discussion 
The results of the present  investigation along with 

those determined by  other methods for  the f a t t y  acid 
composition of various erueiferae oils are summarized 
in Tables V[  and VIL From inspection of the data 
in these tables it may be seen that the results obtained 
by the method used in the present investigation com- 
pare favorably with those reported by other methods. 
However, just as previously reported for rapeseed oil 
(2) ,  the results for the mustard seed oils differed in 
two important respects from the previous investiga- 
tions (4, 10).  Tlle amount of linolenic acid found was 
considerably higher than that previously reported for 
these oils, and the presence of eicosenoic acid, not 
heretofore reported, was also indicated. The presence 
of a two double-bond unsaturated acid which had 
been reported by Hilditch and co-workers (1, 2) to 
be present in rapeseed oil could not be established 
from spectral aim other analytical data. 

T A B L E  a, rZ 

Comparison of Fa t ty  Acid Composit ion of Rapeseed Oils 

I n d i a n  I nd ian  I n d i a n  U n k n o w n  
I II i ldi tch,  n i l d i t c h ,  Uildi tch,  Origirt  

Acids et al .  s t  al .  et al .  This  in- 
(4)  (1)  (2) ves t iga t ion  

Myrist ic  ............... I ...... 0.2 ...... 0.6 
e . . alnntlc  ............... I 2.(} 2.2 1.9 1.0 
St.earle . . . . . . . . . . . . . . . . . . . . . . .  0.4 3.5 0.2 
Arachidic  . . . . . . . . . . . . . . . . . . .  0.5 0.7 0.4 
Behenic ............... J ...... 1.5 0.7 2.6 
Lignocer ic  ........... 1.0 0.8 0.8 1.2 
Oleic . . . . .  17.0 15.2 12.3 17.7 
IAnoleic ................ 29.0 16.0 15.8 1"1.8 
Linolcnic  . . . . . . . . . . . . . . . . . . . .  7.0 8.7 9.1 
Eicosenoic . . . . . . . . . . . . . . . . . . . . . . .  4.8 "}.1 
Erucie  .................. j 51.0 53.3 47.8 50.4 
He:xadecen()ic . . . . . . . . . . . .  j 0.1 1.5 . .._.... _ _  

From the inspection of the data in Table V I I  it 
may be seen that  the nature  of f a t ty  acids in the 
yellow mus ta rd  seed oil of Indian origin does not 
much (lifter f rom those found in the other cruciferac 
seed oils. This oil like other Brassica oils (:ontains C,s 
and C.2_, acids as the major  unsa tura ted  acids. 

T A B L E  VI I 

( 'ompar ison of Fa t ty  Acid Composi t ion of Mus ta rd  Seed Oil 

H i l d i t c h ,  
et  al. 

Acids (4)  
}~lack 

m u s t a r d  
( Eng l i sh  ) 

Myrist ic  ........... ...... 
Pa lmi t ic  ........... 2.0 
Stearie  ............. tract+ 
Araehidic  . . . . . . . . .  t race 
Bchenic . . . . . . . . . . .  
Lig'noce, i ......... ":;:ii 
Oleic ............... 24.5 
Linoleic ........... 19.5 
Linolenic  .......... 2.0 
Eieoscm) ic ....... 
E,,~ci .............. iii:5 

Sad- 
borough, 

et aL  
( lO)  

Black 
mus ta rd  
( I n d i a n )  

0.5 

1.1 
32.3 
18.1 
2.7 

This 
Inves t .  
Black 

m us t a rd  
( I nd ian )  

O.~ 
0.7 

2.3 
1.8 

20.7 
18.0 

6.5 
8.1 

4n.6 

l t i ld i tch ,  This  
et aL Inves t .  
(4)  Yellow 

Whi te  mus ta rd  
mus t a rd  ( i n d i a n  ) 
(Eng l i sh )  

o.4 
2.0 1.5 

trace 0.4 
I ~  0.5 

2.0 
1.0 ! ] .0 

28.0 co .~ .0  
1 4 . 5  14.2 

1.0 (3.8 
...... 7.0 

52.5 . 44..2 

S u m m a r y  
The oils f rom yellow m u s t a r d  s eed  (Brassica 

alba), black mus ta rd  seed (Brassica nigra) of Indian  
origin, and rapeseed (Brassica Compestris) of un- 
known origin have been analyzed for their  f a t ty  acid 
composition without  pre l iminary  resolution of f a t ty  
acids by  lead-salt-alcohol or f ract ional  crystallization 
methods. The results compare very favorably  with 
those determined by  other recently developed meth- 
ods. I t  may  be concluded therefore tha t  this method 
can be favorab ly  employed for  the determination of 
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fa t ty  acid composition of fats containing higher un- 
saturated acids. 

Confirmatory evidence has been obtained for  the 
presence of eicoscnoic acid in rapeseed oil. 

The nature  and amount  of f a t ty  acids of yellow 
mustard seed oil of Indian origin do not differ in 
any significant manner  from those of other crueifer- 
ous seed oils. 

The present analysis of black m u s t a r d  seed oil 
reveals a higher amount  of linolenie acid, and the 
presence of a C,_,o monocthenoid acid, not heretofore 
reported. 
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Stabilization of Vitamin A 
Nordihydroguaiaretic Acid 

in Halibut Liver Oil With 
(NDGA)' 

JOHN A. DASSOW and MAURICE E. STANSBY, Chemist and Chemist in Charge, Fishery Technological 
Laboratory, Fish and Wildlife Service, Seattle, Washington 

T H E  importance of adequate vitamin A in the diet 
is generally recognized. Certain fish liver oils, be- 
ing especially rich in vitamin A, have been used 

for many years as a dietary supplement in American 
households, l Ia l ibut  liver oil is one of the vitamin A 
oils in popular  use today, but, in common with other 
fish liver oils, i t  is a relatively unsatura ted oil and 
is susceptible to rancidification if exposed to air. I t  
has been shown by H i l d i t c h  (1) and also by  this 
s tudy that  the oxidation of the fresh fish liver oil 
to a rancid oil is accompanied by destruction of a 
large share of the vitamin A content. Exposure to 
light and warm temperatures  accelerates the rate at  
which the freshness of the oil is lost. Most purified 
fish liver oils or concentrates tend to become rancid 
if the oil is dispensed from an open container and 
stored at room temperature.  

To ensure the maximum f r e s h n e s s  of the oil at 
the time of purchase, special precautions are taken 
in the commercial production, purification, and pack- 
aging of the vitamin A oil to minimize exposure to 
oxidizing conditions. Natural  antioxidants present in 
the oil are impor tant  in the subsequent preservation 
of the freshness of the oil during the consumption 
period. F u r the r  stabilization of the oil may be ob- 
tained by the addition of more effective antioxidants. 

Since purification and concentration of the vitamin 
A oil by  alkali processing tends to remove natural  
antioxidants, the addit ion of antioxidant  to either the 
purified oil or to the concentrate is highly desirable 
if they are to be dispensed from an open container. 
A good antioxidant  for  use in food products should 
be non-toxic, highly effective in low concentrations, 
moderately priced, and easily soluble in the product.  
I t  should produce no a d v e r s e  change in the color, 
taste, or odor of the product.  These experiments de- 
termined the effectiveness of the chemical, nordihy- 
droguaiaretic acid ( N D G A ) ,  as an antioxidant  in 
halibut l iver oil. 

NDGA was developed as an antioxidant  at the Uni- 
versity of Minnesota in 1944 (2). I t  is produced as 
a pure c r y s t a l l i n e  powder from a common desert 

1 Prc~entcd at the PortIand, Oregon, meeting of American Chemical 
Society, September 1948. 

plant, one of the creosote bushes, which otherwise is 
quite useless. 

N D G A  is one of the group of polyphcnolic com- 
pounds, characterized by  either the ortho- or para- 
oxygen linkage, which are known to possess p r imary  
antioxygenic properties.  According to M a t t i l l  (3),  
all other substances which inhibit  the autoxidation 
of fats are proper ly  called synergists becanse they 
merely reinforce the effect of the pr imary  phenolic 
antioxidant present. 

NDGA has been shown to be non-toxic in low con- 
centrations and is soluble in hot oils at  75-125~ 
ethyl alcohol, propylene glycol, and other organic sol- 
vents (2, 4).  I t  may be incorporated easily in any 
fa t ty  product  by  dissolving the p roper  amount  of 
antioxidant in a carr ier  solvent, which is then mixed 
in with the bulk of the product.  Bucher (5) noted 
that  a 0.1-0.2% suspension of NDGA in salmon oil 
proved effective in re tard ing  the development of ran- 
cidity. A repor t  by  Silver (6) showed that  applica- 
tion of 0.2% NDGA in a coating of vegetable oil 
would extend the storage life of br ined  mackerel f rom 
10 days for  the control to 4 months for  t reated fish. 
tIiggins and Black (7) found that  high storage tem- 
peratures decreased the stabilizing effect of NDGA in 
lard. 

Experimental 
Crude hal ibut  liver oil was obtained from a local 

extraction plant  for  the stabil i ty tests. The samples 
were blended f rom several lots at tha t  plant,  and the 
peroxide vahles and free f a t ty  acid content were uni- 
formly low. The s tandard  Swift  stabili ty method as 
modified by  Ricmenschneider (8) was used for  all 
tests at 97.7~ and 80~ The a n t i o x i d a n t  was 
dissolved in ethyl alcohol, and one milliliter of the 
solvent containing the proper  concentration for  20 
grams of oil was added to the oil at the beginning 
of the test. The solvent evaporated easily at  the tem- 
perature  of the oil and was carried out of the oxi- 
dation tube in a few minutes by  the cur rent  of air. 

Approximately  0.25-gram samples of oil were re- 
moved at regular  intervals from each tube for  the 
determination of peroxide vahles and spectrophoto- 
metric determination of vitamin A. Duplicate tubes 


