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T A B L E  V I I  

Twitchell Isoeleie Determinat ions  on K n o w n  Isooleate  Mixtures  

Fat ty  Acid Mixture 

Elaidic 

Lead Salt  
Solubility 

i g./lO0 ml. 
95% EtOH 

.030 

.047 Ela id ic /Pet rose la id ic  ( 1 : 1  ) 
E la idic/vaccenic  a/ 

Petrose la id lc  (1 : 1 : 1 ) 
Palmit ie  .Sg 
Stearie .2g 

9-trans- .5g l 11 - t ran s- .1 g 
] 2-trans- .2e' 

Oleie 1.0g 
binoleic 0.Sg 
Isooleic Acids fl'om 

Hydrogena ted  CS0 b 
Isooleic  Acids f rom 

Hydrogena ted  SBO 

.109 

.069 
(SFA IV----44) 

.085 

.13 

Twitche l l  l~ecovery 

Calculated 
Actual  (SFA wt. 

1.2g. IV 80 ) 

% % 

95 87 
93 8 l  

85 65 

83 74 

67 70 

70 60 

The lead salt-solubility da ta  for  CSO and  S B 0  a re  low inasmuch  as 
they were  determined by a th i rd  lead salt  crystall ization of a regular" 
Twitchell r un .  The more  soluble lead isooleates were  lost in  th~ first 
two crystall izations.  

aVaccen ic  acid f rom par t ia l ly  hydrogena ted  t ung  oil. 
bHydrogena t ed  CSO and  SBO stocks a re  known to  contain at  least 

6 ~rans-isoeleic acids of different double bond position, based on unre-  
por ted x-ray spectrophotemeter  studies  of dih:~droxy derivatives.  

a )  T h e  s o l u b i l i t y  o f  l e a d  i s o o l e a t e  s a l t s  i n c r e a s e s  i n  a m o r e  
o r  less  r e g u l a r  m a n n e r  as  t h e  n u m b e r  o f  c o m p o n e n t  iso-  
o le ic  a c i d s  i n c r e a s e s .  

b )  T h e  p r e s e n c e  o f  " t u n g  oi l  v a e c e n i c  a c i d , "  w h i c h  is  a 
m i x t u r e  o f  m o s t l y  t r a n s - l l  a n d  -12 a c i d s ,  c a u s e s  a n t i c i -  
p a t e d  l o w  r e c o v e r i e s .  

c )  T h e  T w i t c h e l l  r e c o v e r i e s  w i t h  t h r e e  a n d  m o r e  i n d i v i d u a l  
i soo l e i c  a c i d s  a p p r o a c h  t h e  s a m e  o r d e r  a s  t h o s e  i n d i c a t e d  
b y  c o m p a r i s o n  o f  T w i t c h e l l  a n d  i n f r a r e d  i soo ie i e  a n a l y s e s  
o n  h y d r o g e n a t e d  s t o c k s .  

d )  T h e  b r o k e n  l i n e s  i n d i c a t e  t h e  a n t i c i p a t e d  T w i t c h e l l  re-  
c o v e r i e s  o f  s ix  c o m p o n e n t  m i x t u r e s .  

Conclusion 
The Twitchell and in f ra red  isooleic methods have 

been compared. Assuming that  all trans-isooleic acids 
are of equal significance as regards influence on short- 
ening plasticity as "sol id  unsa tura ted  acids ,"  the in- 
f ra red  method is superior.  This method has all the 
advantages of speed and accuracy of spectrophoto- 
metric methods. I t  handles simple and complex iso- 
oleate mixtures with equal ease in view of identical 
inf rared  absorption for  t rans-isomers of different 
double bond position. 

The Twitchell method was shown, on close analysis, 
to have fair  accuracy for simple trans-acid mixtures 
but  give very  low values (errors of 35 to 45%) with 
ord inary  hydrogenated oils. The reason for  the fail- 
ure of the Twitchell method apparent ly  lies in the 
increasing lead isooleate solubility with increase in 
the number  of transdsooleic acids. 
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Phenolic Antioxidants for Carotene 
E. M. BICKOFF, Western Regional Research Laboratory/ Albany, California 

w['~HE stabil i ty of carotene has been the subject  of 
_l_ numerous investigations, most of which have been 

concerned with the rate of loss of carotene natu= 
ral ly present or added to food or feed ingredients. 
When antioxidants are incorporated into such sys- 
tems, the in terpre ta t ion of the results is often compli- 
cated by  the possibility of synergistic action of the 
added antioxidants with those na tura l ly  present  in 
the various mater ia ls  comprising the provi tamin A 
carr ier  (or by  pro-oxidant materials which nul l i fy  
the effect of the ant ioxidant) .  The results of studies, 
comparing antioxidant  efficiency in natural  and puri- 
fied systems, indicate that  the effectiveness of added 
antioxidants may be very  different under  various 
conditions of storage (1, 2, 5,9). 

A wide var ie ty  of antioxidants is available for  
study, two of the most important  groups being phe- 
nolic compounds and aromatic amines. The present 
investigation was pr imar i ly  concerned with phenolic 
compounds and included alninophenols. A s tudy of 
the effect of various substi tut ing groups on the anti- 
oxidant efficiency of these compounds was under taken 

B u r e a u  of Agr icu l tu ra l  and  Indus t r i a l  Chemistry, Agr icu l tu ra l  Re- 
search Adminis t ra t ion,  U. S. Depar tmen t  of Agricul ture .  

Repor t  of a s tudy  made u n d e r  the Res.~arch and  Marke t ing  Act of 
1946. 

in order  to obtain a bet ter  unders tanding of the re- 
lationship of ant ioxidant  act ivi ty to structure.  The 
results obtained were expected to be applicable to 
the stabilization of carotene in natural  materials. Fo r  
this work a simplified system comprising a solution 
of pure  crystall ine carotene in relatively iner t  solvent 
was employed. More than 100 phenolic compounds 
were studied. 

Experimental 
Commercial crystalline beta-carotene, repurif ied by  

precipi tat ion f rom chloroform with methyl  alcohol, 
was employed in this study. The substrate used for  
testing the antioxidants was a solution of this caro- 
tene in a highly refined medicinal mineral  oil. The 
antioxidants in a suitable solvent, usually peroxide- 
free ether, were added to this solution and the solvent 
removed by  bubbl ing a stream of nitrogen through 
the mixture.  To facili tate the comparative evaluation 
of the antioxidants,  the compounds were incorporated 
on an equivalent molecular basis ra ther  than on a 
weight basis. Thus, in all cases, the test solution con- 
tained the added ant ioxidant  in the proport ion of one 
molecule of ant ioxidant  to two molecules of carotene. 

Stability Test. The details of the stabili ty test have 
been published previously (11). Briefly, it consists 
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of a determinat ion of the t ime required for  break- 
down of 20% of the carotene in the oil solution, stored 
as a thin layer  at 75°C., under  specified conditions, as 
measured by a chromatographic-colorimetr ic  method 
(s tabi l i ty  value.~o). Chromatographic  adsorpt ion on 
magnesia  was employed to remove the colored oxida- 
tion products  of carotene which developed dur ing  the 
storage period of the test  (10). 

The use of accelerated tests is necessary if rapid  
progress is to be made in the evaluation of antioxi- 
dants. I t  is impor tan t  however tha t  the test used be 
a reliable index of the results to be expected f rom 
storage at normal  t empera ture  over a longer period 
of time. In  an earlier s tudy it  was found that,  in 
general, the results obtained at 75°C. were in agree- 
ment  with those found at 40 ° and 25 ° storage (3).  
This conclusion has been more recent ly confirmed in 
storage tests in which ant ioxidants  were added to 
a l fa l fa  meal (9).  

Results 
Monohydroxybenzene Derivatives. S~nce all the ex- 

per iments  repor ted  here followed the same pat tern ,  
the quant i ta t ive  data can be concisely repor ted  in 
several tables. Table I shows the compara t ive  sta- 

T A B L E  I 

A n t i o x i d a n t  Eff ic iency of Monohydroxybenzene  D e r i v a t i v e s  for  
Caro ten~  in  M i n e r a l  Oil  So lu t ion  a t  75°G.  

S tab i l i t y  
Compound Value~_~o 

Control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -Ni t ropheno l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sa l icy l ic  Acid (o -Hydroxybenzoic  Acid)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~ - / - /ydroxybenzo ic  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -Hydroxybenzo ic  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o -Hydroxya  ce tophenone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p - H y d r o x y a  cet ophenone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ph~ny l  Sa i i cy la t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P h e n e t o l e  ( E t h y l  P h e n y l  E t h e r )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m-E thy lpheno l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Anis ic  Acid (p-Methoxybenzoic  Acid)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
o-I-Iy dr  oxybenzyl Alcohol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A n i s a l d e h y d e  ( p -Methoxybenza ldehyde  ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-t-B u ty lphenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4-Methoxy-t -Amylben zene . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - t -Buty l -2-Chlorophenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p -Cresyl  Methyl  E t h e r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
o -Hydroxyd ipheny l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B i s p h e n o l  A [ 2 , 2 - B i s  ( 4 - H y d r o ~ y p h e n y l )  P ropman]  ........... 
5-I - Iydroxy-I ,3  -d imethy lbens6ne  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p - / - Iydroxydiphenyl  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 ,5 -Methy le thy lpheno l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p- (~'~mylphenol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 , 2 ' ~ D i h y d r o x y - 4 , 4 ' - d i c h l o r o d i p h e n y l m e t h a n e  . . . . . . . . . . . . . . . . . . . . .  
p-Octy lphenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B i spheno l  (~ [ 2 , 2 - B i s  (4- :Hydroxy-3- isopropyl  

p h e n y l )  :P ropane]  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B i spheno l  C [ 2 , 2 - B i s  ( 4 - n y d r o x y - 3 - m e t h y l  

p h e n y l )  Propan(~] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Octylcresol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 ,4~-Dihydroxy-3 ,3*-dimethyld iphenyl  .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 ,6-Di- t  -buty l -4-methylphenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 ,4 -Dimethy l -6 - t -bu ty lpheno l  . . . . . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

h o u r 8  

2 
1 
1 
1 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
5 
5 
5 
6 
8 

10 
12 

52 

68 
99 

106  
142  
188  

bilizing effect of monohydroxybenzene  derivatives. 
The stabi l i ty  valu%o of the control (i.e., the t ime in 
hours for  20% loss of carotene in the absence of 
added ant ioxidants)  was about  two hours. The un- 
subst i tu ted phenol was ineffective as an antioxidant.  
In t roduct ion  of nitro, carboxyl,  p r i m a r y  alcohol, or 
ketonic groups onto the r ing led to lit t le if  any  en- 
hancement  of ant ioxidant  potency. Alkylat ion of the 
hydroxy l  group (as in phcnetole) produced a very 
slight enhancement  of the activity.  The potency of 
phenol was increased by  insert ion of alkyl  groups  into 
the ring. The enhancement  was most marked  when 
subst i tut ion occurred in both the ortho- and para-  
positions as in 2,6-di-t-butyl,-4-methylphenol. Alky] 
subst i tut ion also enhanced the act ivi ty  of the so- 

called bisphenols, such as 2,2-bis(4-hydroxy-3-isopro- 
py lphenyl )  propane.  Phenyl  subst i tut ion on the r ing 
as in o-phenylphenol or p -hydroxyd ipheny l  led to a 
small enhancement  of the activity.  However  the sub- 
st i tution of a phenolic radical  as in 4,4 ' -dihydroxy- 
3,3 '-dimethyl d iphenyl  was very  effective. Presence 
of the two methyl  groups may  also have cont r ibuted  
to the ant ioxidant  efficiency. 

Dihydroxybenzene Derivatives. The addi t ion to 
phenol  of a second hydroxy l  group in the ortho 
position to fo rm catechol grea t ly  enhanced the anti-  
oxidant  proper t ies  (Table  I I ) .  The da ta  indicated 

T A B L E  I I  

A n t i o x l d a n t  Eff ic iency of Catechol  D e r i v a t i v e s  for  Ca ro t ene  in  
M i n e r a l  Oil  So lu t ion  a t  7 5 ° C .  

S t ab i l i t y  
Compound  Value2o 

Catechol  ( 1 , 2 - D i h y d r o x y b e n z e n e )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V a n i l l i n  ( 4 -Hydroxy-  3- rae thoxybenza ldehyd2)  . . . . . . . . . . . . . . . . . . .  
V e r a t r a l d e h y d e  ( 3 , 4 - D i m e t h o x y b e n z a l d e h y d e )  . . . . . . . . . . . . . . . . . . .  
3 -E thoxy-4-hydroxybenza ldehyde  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Gua i aco l  (o.-Methoxyphenol)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E u g e n o l  ( 2 -Methoxy-4-a l ly lphenol )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 -Hydroxy-3  -methoxybenza ldehyde  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
P ropenylguaeChol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Van i l Iy l  Alcohol (4 -Hydroxy-~-methoxybenzyI  

a lcohol )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 -Methoxy-4-methylphenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
V a n i l l a l a c e t o n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 , 4 - D i h y d r o x y d i p h e n y l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4- t -Bu ty l ca t echo |  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
D ibenzy lca techo l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 -Octy lca techol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 - L a u r y l c a t e c h o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
E t h y l  H y d r o c a f f e a t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4 -Hexy lca techo l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
N o r d i h y d r o g u a i a r e t i c  Acid . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3 -Lau ry l ca t echo l . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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84  
3 
3 
4 
6 
7 
8 

12  

20  
3O 
35  
96 

124  
1 6 5  
166  
1 6 6  
1 7 4  
182  
2O8 
2 2 6  

tha t  subst i tut ion of an alkyl group into the catechol 
nucleus enhanced ant ioxidant  effectiveness in the 
same manner  as noted above for  phenol. Fu r th e r -  
more, subst i tut ion in the 3 position was more effec- 
tive than  subst i tut ion into the 4 position al though 
both the 3- and 4 -a lky l - subs t i t u t ed  catechols were 
very  effective antioxidants.  Subst i tu t ion of a phenyl  
group into the catechol r ing as in 3 ,4-dihydroxy-  
diphenyl  led to a slight enhancement  in effectiveness. 
Nord ihydroguaiare t ic  acid, which m a y  be considered 
to be composed of two molecules of catechol l inked to- 
gether th rough  a four-carbon-a tom chain, was almost 
as effective as 3-1auryl catechol, which was the most 
effective catechol derivat ive tested. E thy l  hydrocaffe- 
ate was also an effective ant ioxidant .  Methylat ion of 
one of the hydroxy l  groups  of catechol as occurs in 
guaiacol or eugenol grea t ly  reduced ant ioxidant  activ- 
ity. This loss of act ivi ty  due to methyla t ion  could be 
p a r t l y  counteracted b y  r ing subst i tut ion of an alcohol 
or ketone group as in  vani l lyl  alcohol or vanil lal  ace- 
tone. However  subst i tu t ion of an aldehyde group as 
in vanil l in or vera t ra ldehyde  almost completely de- 
s t royed the ant ioxidant  efficiency. 

Resorcinol (1,3-dihydroxybenzene) was a much less 
effective ant ioxidant  than  catechol. Subst i tu t ion of 
chlorine, acyl, aldehydic, or ketonic groups  into the 
nucleus of resorcinol f u r t he r  reduced the activity.  
The hydrogena ted  compound, d imethyldihydroresor-  
cinol, was completely inactive. 

Hydroqu inone  (Table  I I I )  was only sl ightly more 
effective than  resorcinol. 

Alkyl  subst i tut ion i n t o ' t h e  r ing as in toluhydro-  
quinone reduced the ant ioxidant  efficiency b y  half  
and fu r t he r  subst i tut ion as in 2 , 5 - d i - t - b u t y l h y d r o -  
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T A B L E  III 

Antioxidant Efficiency of H y d r o q u i n o n e  Der iva t ives  for  
Carotene in  Mine ra l  Oil Solu t ion  a t  75°C.  

Compound 

H y d r o q u i n o n e  (1 ,4-Dihydroxybenzene)  ............................... 
2,5 -Di- t -butylhydroquinone .................................................. 
2,5-Di-t-amylhyd roquinone  .................................................. 
2,5-Di (2 ' ,4 ' -d ihydroxyphenyl )  hyd roqu iuone  ....................... 
2 ,5-Dibenzylhydroquinone  ................................................... 
H y d r o q u i n o n e  Dibenzyl  E the r  ............................................. 
H y d r o q u i n o n e  Diaceta te  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trich loroe thy lbenzenehydroquinon  e .................................... 
To luhyd roqu inone  ................................................................ 
Te t r aeh lo rohydroqu inone  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Chlorohydroquinone  ............................................................. 
2 -Pheny lhydroqu inone  ......................................................... 
H y d r o q u i n o n e  Monobenzyl E the r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
:Hydroquinon e Monomethyl  E ther  ........................................ 
2 ,5-Di- t -buty lhydroquinone  Monomethy[ E the r  ................... 
2 -t -Butyl-4-methoxyphenol  

(bu ty la ted  hydroxyanise le  ) ............................................. 
2 ,5-Dihydroxydiphenyl  ........................................................ 
A lpha  Toeopherol ................................................................. 

S tab i l i ty  
Value~o 

h O ~ f 8  

8 
1 
1 
2 
2 
2 
2 
3 
4 

14 
23 
B1 
45 
46 
76 

130 
146 
160 

quinone produced a compound which had pro-oxidant 
properties. Contrary to the results with cateehol, 
methylation of one of the hydroxyl groups of hydro- 
quinone as in hydroquinone monomethyl ether greatly 
enhanced the antioxidant effectiveness. Furthermore, 
alkyl substitution of the ring of the monomethyl 
ether as with 2-t-butyl-4-methoxy phenol resulted in 
a three-fold increase in antioxidant efficiency. Meth- 
ylation of both hydroxyl groups of hydroquinone de- 
stroyed antioxidant activity completely. Acylation 
also destroyed activity. Both quinhydrone and quin- 
one were about equal in effectiveness to hydroquinone 
as antioxidants. Substitution of one chlorine atom in 
the ring enhanced the antioxidant effectiveness about 
three-fold. Tetrachlorohydroquinone was less effec- 
tive. Phenyl substitution as in 2,5-dihydroxydiphenyl 
proved effective. Since alpha-tocopherol can be pre- 
pared by the condensation of trimethyl hydroquinone 
with phytol, it may be thought of as a derivative of 
hydroquinone. In accordance with the results of many 
reports in the literature, alpha-tocopherol exhibited 
very marked antioxidant activity. 

Trihydroxybenzene Derivatives. In comparing the 
trihydroxybenzene derivatives, position of the hy- 
droxyl groups is of prime importance. Thus phloro- 
glucinol (1,3,5-trihydroxybenzene) with a stability 
valu%o of 4 was almost completely ineffective as an 
antioxidant, whereas pyrogallol (1,2,3-trihydroxyben- 
zene) was a potent antioxidant (Table IV).  Meth- 
ylation of two of the hydroxyl groups reduced the 
activity to some extent  whereas methylation of all 
three hydroxyl groups completely destroyed the effec- 
tiveness of the compound. Alkyl substitution in the 
ring of the completely methylated compound as in 
4,6-di-t-butylpyrogallol trimethyl ether increased the 

T A B L E  I V  

A n t i o x i d a n t  Efficiency of Pyroga l lo l  De r iva t ives  for 
Carotene m Minera l  Oil Solu t ion  a t  75°0 .  

S tabi l i ty  
Compound Value2o 

h o ~ r s  

Pyroga l lo l  (1 ,2 ,3-Tr ihydroxybenzene)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  155 
Pyrogal loI  Tribenzyl  E the r  ................................................... 2 
Pyroga l lo l  Tr iace ta te  ............................................................ 15 
Pyrogano l  Tr imethy l  E t h e r  .................................................. 2 
T a n n i c  Acid [Pen ta -  (m)  n i g a l l o y l ]  -Glucose ........................ 5 
Gal l ic  Acid (3,4, 5-Trihydroxybenzoic Acid)  ......................... I 7 
4 6-Di-t-butylpyrogal lol  Tr imethy l  E the r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 
Di- t -butylpyrogal lol  .............................................................. I 82 
Pyrogal lol-1,3 -Diraet hyl E t h e r  ............................................. / 89 
Laury l  Ga l la te  .......... . ........................................................... 138 
Ethyl  Gal la te  ........................................................................ 165 

antioxidant activity to a small extent. Introduction 
of a carboxyl group into the ring as in gallic acid 
caused the loss of most of the antioxidant activity. 
However the gallic acid esters, such as lauryl or ethyl 
gallate, were as effective as pyrogallol. 

T A B L E  V 

A n t i o x i d a n t  Efficiency of Naphthol  De r iva t i ve s  for  
Caro tene  in  Minera l  Oil Solu t ion  at  75°C. 

S tab i l i t y  
Compound  V a l u t a  

Alpha-Naphthy l  E thy l  E t h e r  ................................................ 
2-Aceto- l -Naphthol  ............................................................... 
Benzyl -Alpha-Naphthyl  E ther .............................................. 
Di -Beta-Naphthol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Beta -Naphtho l  ...................................................................... 
2,7 - n i h y d r o x y n a p h t h a l e n e  ................................................... 
A lpha-Naphtho l  Benzene ...................................................... 
A lpha-Naphtho l  .................................................................... 
1 ,5 -n ihyd  roxynaphtha lene  .................................................. 

h o u r 8  

1 
2 
2 
6 

18 
51 

145 
154 
2"04 

Naphthol Derivatives. Table V presents the rela- 
tive antioxidant efficiencies of the naphthol deriva- 
tives studied. Alpha naphthol was considerably more 
effective than beta-naphthol, comparing in efficiency 
with the alkyl substituted catecbols. The introduction 
of an aceto-group, as in 2-aceto-l-naphthol, as well as 
alkylation of the hydroxyl group destroyed the an- 
tioxidant activity completely. The linkage of two 
beta-naphthol molecules at the alpha position to form 
di-beta-naphthol reduced the activity to one-third 
that of beta-naphthol. Of the dihydroxy compounds 
tested, 1,5-dihydroxynaphthalene proved to be four 
times as effective as 2,7-dihydroxynaphthalene, which 
is consistent with the results for alpha- and beta- 
naphthol. 

Amino-phenols. Table VI contains the comparative 
stability data for the amino-phenols, o-Aminophenol 

T A B L E  V I  

A n t i o x i d a n t  Efficiency of Amino-Phenol  De r iva t i ve s  fo r  
Caro tene  in  Minera l  Oil Solu t ion  a t  75°C. 

S tab i l i ty  
Compound  Walue2o 

Dime thy laminomethy lpheno l  ................................................ 
o - D i m c t h y l a m i n o m e t h y l - p ~ B u t y l  1~ he~lol .............................. 
o -Phene t id ino(o-Aminophenol  E thy l  E t h e r )  ........................ 
Acetyl-p-phenot idine ............................................................. 
n~-l~henetidine ...................................................................... 
A m i n o h y d r o q u i n o n e  Dimethyl  E the r  ................................... 
a - D i m e t h y l a m i n o m e t h y I - p - o e t y l p h e n o l  .................................. 
p -Anis id ine  (p-Aminophenol  Methyl E t h e r )  . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Phene t id ine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
m-Aminophenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aeetyl-a-Aminophenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A m i n o h y d r o q u i n o n e  Die thyl  E the r  ...................................... 
o-Aminophenol  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
p-Amiuophenol  ............................................ ......................... 
2-Amino-4-phenylphenol  ....................................................... 
n-B utyl -p-aminophenol  ......................................................... 
I sobu tyl-p-aminophcn ol ........................................................ 
N-sec.-B utyl -p-aminophen ol ................................................. 

h o u r 8  

2 
3 
3 
3 
5 

6 
6 

10 
11 
15 
27 
44 
9O 
92 

175 
183 
190 
230 

was about as effective as the corresponding dihydroxy 
derivative, eateehol, whereas p-aminophenol was much 
more effective than hydroquinone. Acetyl-o-amino- 
phenol is only a third as active as o-alninophenol. 
m-Amino phenol was a weak antioxidant. Alkyl sub- 
stitution on the nitrogen atom of p-aminophenol more 
than doubled the effectiveness of the compound, the 
N-see.-butyl derivative being more effective than the 
n-butyl  compound. Interposition of a methylene 
group between the nitrogen atom and the benzene 
ring almost completely destroyed the activity, which 
was however slightly enhanced by a]kyl substitution 
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on the benzene nucleus as in o-dimethylaminoethyl- 
p-octylphenol. In  most cases methylat ion of the phen- 
olic group in an aminophenol caused a t remendous 
loss of activity. 

Discussion 
In  general, it was found, in accordance with sta- 

bilization studies on gasoline (8) and paraffin wax 
(6) tha t  alkyl substi tut ion enhanced the act ivi ty of 
phenol. Fur the rmore  this effect was more than addi- 
tive. Subst i tut ion in the meta position was less effec- 
tive than in either the ortho or para  positions. In  
agreement with work on other substrates (6,8) maxi- 
mum potency was obtained with the t r isubst i tu ted 
phenols when the substi tution occurred in the highly 
reactive 2, 4, and 6 positions. 

Although alkyl substi tution was effective in enhanc- 
ing the activity of phenol, eatechol, and pyrogallol, it 
was not effective for  hydroquinone.  Thus addition of 
two butyl  groups to hydroquinone reduced the activ- 
i ty to zero under  our experimental  conditions. This 
is contrary  to results obtained in other substrates. 
For  example, 2,5-ditertiary butyl  hydroquinone was 
found to be an extremely effective antioxidant  for  
carotene when added to alfalfa meal (9). The reason 
for  the ineffectiveness of this compound in mineral  
oil solution is not immediately apparent .  Golumbic 
(4) has also shown that  the stabilizing action of hy- 
droquinone was finally lost with progressive nuclear 
methylation. 

Conversely, 2 - t -bu ty l -4 -methoxyphenol  (buty la ted  
hydroxyanisole) ,  which is a very effective ant ioxidant  
for  carotene in mineral  oil solution, is only slightly 
effective in alfalfa meal (9). In  the same way ethyl 
gallate, which is one of the best antioxidants tested 
for carotene in mineral  oil solution, is completely in- 
effective for  carotene in alfalfa meal under  our ex- 
perimental  conditions (9). 

Work with 2,5-di (2 ' ,4 ' -dihydroxyphenyl)  hydroquin-  
one affords a fu r the r  i l lustration of the difficulties in- 
volved in a t tempting to correlate the results obtained 
with antioxidants when employed in different sub- 
strates. Thus Lovern (5) has shown this compound, 
which he called diresoreinylquinol, to be an active in- 
hibi tor  for  carotene in ethyl acetate solution whereas 
the present studies show it to be completely ineffee- 

t i re  under  our experimental  conditions (Table I I I ) .  
I t  should therefore be emphasized that  generaliza- 
tions which may be nlade regarding nuclear  substitu- 
tion of phenolic inhibitors and their  stabilizing effect 
apply  only under  the conditions studied. That  the 
generalizations do not always hold is shown by  com- 
parison with other work. They may or may not apply  
to other systems. 

Summary 
Relative values for  the carotene-stabilizing effects 

in mineral  oil solutions of a number  of phenolic-type 
antioxidants  were determined. Certain relationships 
between molecular s t ructure  and ant ioxidant  activ- 
i ty were observed. Alkylat ion of the phenolic com- 
pounds in general enhanced activity. Hydroquinone  
was shown to be an exception in the system studied. 

Several ant ioxidants  which have been accepted for  
use in lard  have been found to be effective antioxi- 
dants for  carotene in mineral  oil solution. These in- 
clude nordihydroguaiare t ic  acid, 2-t-butyl-4-methoxy- 
phenol, alpha tocopherol, and esters of gallic acid. In 
addition, certain bisphenols used as anthelmintics 
were effective antioxidants for  carotene. 
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The Flavor Problem of Soybean Oil. VII. Effect of 
Trace Metals 1 
C. D. EVANS, A. W. SCHWAB, HELEN A. MOSER, J. E. HAWLEY, and E. H. MELVIN, 
Northern Regional Research Laboratory, ~ Peoria, Illinois 

I N any consideration of flavor stabil i ty of fats the 
importance of trace metals is ful ly  recognized be- 
cause of the pro-oxidant effects of such impurities. 

Enhanced oxidation soon lowers the flavor quali ty 
and reduces the stabili ty of the product.  Although 
the problem of metal contamination is quite gener- 
ally appreciated, its ra ther  insidious and stealthy 

1 Presented at fall meeting of American Oil Chemists' Society, Octo- 
ber 31, Novomber 1 and 2, 1949, in Chicago, Ill. 

2 Ono of the laboratories of the Bureau of Agricultural  ~nd Industr ial  
Chemistry, Agricultural Research Administration, U. S. Depar tment  of 
Agriculture. 

nature  has kept  it f rom being regarded at its full  
importance. Work on fa t  stabil i ty and the great ly  
increased activity in the entire field of antioxidants 
has developed a greater  interest  in metallic contami- 
nation. The lack of adequate methods for determin- 
ing metal concentrations of less than  I p .p .m,  has 
been, no doubt, one of the most serious handicaps 
workers have faced in making a eomplete evaluation 
of the metal problem. 

The detr imental  influence of copper in developing 
fishiness and other oxidized flavors in bu t t e r  is well- 


