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deodorizer distillates f rom edible oil processing plants.  
Various deodorizers give different quanti t ies of toco- 
pherol  ill the distillates. In  one controlled exper iment  
on a mixture  of refined and hydrogenated  soybean 
and  cottonseed oils, a 5% loss of toeopherols was ob- 
served. We, therefore,  estimate tha t  the loss dur ing 
commercial  deodorization is only a few per  cent. 

Summary. A method for the analysis of the total  
tocopherols in soybean oil has been presented, and 
judged by  distillation and other procedures is esti- 
mated  to be accurate  to within 10%. A discussion is 
made of tile to(topherol losses in various steps of soy- 
bean oil refining. 
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Delta-Tocopherol as an Antioxidant in 

JANICE GRIEWAHN and B. F. DAUBERT 

Lo rd ~''' 

T H E  a n t i o x i d a t i v e  propert ies  of a-, fl-, and 7- 
tocopherols, isolatcd and named by  Evans  and 
co-workers (1),  have been known for some time, 

having first been delnonstrated by  ()leott and Elner- 
son (2) in 1937 and later verified by l love and 
I tove  (3). y-Toeopherol was shown to be a more 
effective ant ioxidant  in lard than fl-toeopherol, which 
in tu rn  was more effective than a-tocopherol. " T h e  
tocopherols funct ion most effectivcly at lower levels 
of concentrat ion and with decreasiHg cffieie.cy at  
higher levels ,"  as indicated by  Swift, Rose, and 
Jamieson (4), and also by  Gohlmbic (5).  Stern, 
Robeson, Weisler, and Baxter  (6) recently anmmnced 
the isolation and proper t ies  of another  toeophcrol, 
which they named  8-tocopherol. They demonstra ted 
tha t  this newly-isolated tocopherol is more effective 
as an ant ioxidant  for  v i tamin A acetate at 39 ~ and 
55 ~ and  for  fl-carotene at 39 ~ in olive oil, than ~-, 
fl-, or 7-toeopherol. The purpose  of this pape r  is to 
compare  the relative ant ioxygenic effects of the four  
tocopherols in concentrations of 0.02 and 0.1% using 
la rd  as a substrate.  

E x p e r i m e n t a l  ~ 
Oxidation was accelerated b y  means of a modified 

Swif t  Stabi l i ty  Test (7, 8). Compressed air, washed 
with a solution of potassium dichromate,  was dried 
th rough  a system of concentrated sulfur ic  acid, so- 
dium hydroxide  pellets, and anhydrous  calcium chlo- 
ride. Molten la rd  with added tocopherol was poured  
into a three-necked flask and main ta ined  at 100~ 
by  means of a thermoregula tcd  oil bath.  The a i r  was 
bubb led  through the la rd  at  a ra te  such tha t  the la rd  
was sa tu ra ted  with air. Samples  were removed by  
means of a pipet te  at  intervals  in accordance with 
the ra te  of oxidation. Peroxides were determined by  
a modified Wheeler  method (9).  

The subject mat ter  of this paper has been undertaken in coopera- 
tion with the Committee on Food Research of the Quar termaster  Food 
& Container Insti tute for the Armed Forces. The opinions or conclu- 
sions contained in this report  are  those of the authors. They are  not 
to be construed as necessarily reflecting the "clews or indorsement of 
the  War  Department.  

2 Contribution No. 653 from the Department  of Chemistry, Unive,r- 
sity of Pit tsburgh.  

a The ~-tocopherol was supplied through the courtesy of James G. 
Baxter  of Distillation Products, Inc., Rochester, N. Y. 

R e s u l t s  a n d  D i s c u s s i o n  

The tocopherol effccts, at 0.02% conecntration, on 
the oxidation of lard at 100~ by  the modified Swift  
Stabi l i ty  Test are shown in Fig. 1. The endpoint  of 
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FIG. 1. T h e  t o c o p h e r o l  e f f ec t  on t h e  o x i d a t i o n  of  l a r d  a t  
100~ at a concentration of 0.02% in lard. 

the induction period was chosen a rb i t r a r i ly  as a 
peroxide value equivalent to 40 milliequivalents per  
k i logram of sample. This value is somewhat higher  
than  the value of 30 milliequivalents used by  Rie- 
menschneider,  et al. (10). The induction periods in 
hours, therefore,  for  the tocopherols were approxi-  
mate ly  as follows: a-toeopherol, 7.5; fl-tocopherol, 9; 
y-tocopherol, 9.5; and a-tocopherol, 11. The ratios of 
the relative activities of a-, fl-, 7- and  $-tocopherols as 
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ant ioxidants  for  la rd  are 1:1.2:1.3:1.5,  respectively. 
The order  of increasing effectiveness of a-, fl-, and ~- 
tocopherols as ant ioxidants  are in general  agreement  
with tha t  repor ted  by  Riemenschneider,  et al.> for  
0.01% concentrat ion except tha t  the difference be- 
tween fl- and 7- is much smaller at the 0.02% con- 
centration. 
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The comparison of the antioxidativc pr<>perties of 
the tocopherols at a concentration of 0.1% was also 
made, as shown in Fig. 2 and 3. Two different lard  
specimens were used for these determinat ions:  La rd  
A, with an induction period of one hour, was used 
for  the 0.02% (Fig.  1) and 0.1% (Fig.  2) concen- 
trations. La rd  B, with an inducti<m period of 10 
hours, was the subst ra tc  used for  the determinat ions 
at 0.1% as shown in Fig. 3. The induction periods 
were approx imate ly  as follows: La rd  A (Fig. 2), 
a-tocopherol, 11 hours ;  7-tocopherol, 13 hours;  Lard  
B (Fig.  3), a-tocopherol, 17 hours;  fl-tocopherol, 22 
hours;  7-tocopherol, 35 hours ;  and 8-to<.'opherol, 42 
hours. The ratios of the relative activities of a-, fi-, 7-, 
and  8-tocopherols at 0.1% concentrat ion are 1:1.3:2: 
2.5, respectively. 

According to Fig. 2, an increase f rom 0.02% to 
0.1% tocopherol increased the lengths of the induc- 
tion periods. The ra te  of peroxide formation,  how- 
ever, became more rap id  at the begimlings of the 
induction periods with an increase in tocophero] con- 
tent, in agreement  with the observations of Swift, 
Rose, and Jamieson (4) on methyl  esters of cotton- 
seed oil. Swift, et al., have a t t empted  to explain this 
phenomenon. Since antioxi(lants function to relieve 
f a t t y  acid peroxides of excess energy and thereby pre- 
vent peroxide accumulat ion ra ther  than to remove tht, 

> 

if- 

; ~ 4 0 ~  ~ ;~ x LARD B 
/ 
| ~ , - ~ o ~ o ~ . ~ . o ~  

~ 1 -  ~ ~ ~ ~-To~o~8~.OL 
| A A A Y'-TOCOPHEROL 

1 6 0  O O C .  O"-TOC OPH E ROL I 

/ / / 

4O 

o r I I I I I I I 
0 8, 16 2 4  3 2  4 0  4 8  5 6  6 4  7 2  

T I M E ,  H O U R S  

F r o .  3. T h e  t o c o p h e r o l  e f f e c t  o n  t h e  o x i d a t i o n  o f  l a r d  a t  
] 0 0 ~  a t  a c o n c e n t r a t i o n  o f  0 . 1 %  t o c o p h e r o l  i n  l a r d .  

peroxides when added to oxidizing fats, they suggested 
the existence of two kinds of peroxides. As they point  
out, and as is shown in Fig. 1 and 2, " t h e  ra te  of 
peroxide accumulation,  as well as the s tabi l i ty  of the 
samples, was observed to increase upon the addit ion 
of successively higher amounts  of tocopherol. Since 
the tocopherol was p resumably  oxidized in reaction 
with the least stable peroxides, it appears  tha t  those 
peroxides which accumulated were of the more stable 
t y p e . "  

A comparison of the four  toeopherols at a concen- 
t ra t ion of ().l~fi in lard as ph)tted in Fig. 3 shows 
that  3-toeophero] is also the most effective ant ioxidant  
under  these conditions. 

S u m m a r y  

Comparison of the autioxidative propert ies  of ~-, 
fl-, 7-, and 3-to(~opherols at concentrations of 0.02% 
and 0.1.% tocoph(~rol in lard have been made by  
means of a modified Swif t  Stabi l i ty  Test at 100~ 
In  order of increasing antioxidative effectiveness, the 
tocopherols are :  a, fl, 7, aml & 
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