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occurred on the branches injected by  ammonium sul- 
fate and calcium phosphate. This was associated with 
a total increase in oil and protein content of the 
fruit .  The average weight of olives was increased 
from 3.35 g. to 3.95 g., the protein content f rom 
8.68% to 13.12%. The increase in yield of olive oil 
per acre was 27 kilos with nitrogen, 7.5 kilos with 
phosphorus and 8 kilos with potassium. We think 
that  the injection method eouhl be very  useful for  
experimental  purposes in many kinds of ferti l ization 
experiments. 

Summary 
Experiments  were conducted in ttle Research Ex- 

periment  Station for Agricul tural  Technology, Ath- 
ens, (~reeee, to s tudy the effect of climatic conditions, 
state of nmturi ty,  infeetioll by olive fly, and the effect 
of various fertilizers upon the quali ty of olive oil. 

()live oil produced :ill h)ealities where the temper- 
ature is low during the: matur i ty  period has more 
unsatura ted fa t ty  acids than oil produced in locali- 
ties with higher temperatures.  With the advance of 
matur i ty  the proportion of unsatl lrated fa t ty  acids 
increased. Infection by  olive fly ]lad no appreciable 

effect upon the relative proport ion of saturated fa t ty  
acids. 

For  s tudying of the effect of fertilizers the injec- 
tion method was used. Nitrogen fertil izers injected 
into the branches gave considerable increase in the 
volume of fruit ,  its protein content, and the total 
amount of oil produced per aere. 
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The Determination of Tocopherol Content During the Commercial 
Processing of Soybean Oil 
H. W. RAWLINGS, NOEL H. KUHRT, and J. G. BAXTER 

T l l E  increasing study tllat Js being giwm to the 
part  that toeopherols (vitamin E)  /)lay in nutr i-  
tion emphasizes the need for snore information 

concerning tile amount  of the tocopherols in p r imary  
sources such as vegetable oils. This paper  describes a 
procedure useful for  assaying the tocopherol content 
of soybean oil and presents some data on the effect 
of commercial processing operations on the tocopherol 
potency. 

The recent discovery of 8-tocopherol in soybean oil 
has made the accepted methods unapplicable (11). A 
thorough background of this field is found in other 
publications (1, 2, 12). A reasonably simple method 
for soybean oil has been developed by  us by  modify- 
ing the method of Rawlings (10) with these recent 
findings. 

Directions for Modified Emmerie-Engel Procedure 
for Soybean Oil 

A 1-ml. aliquot of sample containing 50 to 300 ~g. 
of tocopherol in redistilled (over K O H  and KMn04)  
absolute ethanol is added to an opaque 2-oz. glass 
stoppered bottle. One ml. each of 0.1% FeC13.6H20 
and 0.25% a ,a ' -d ipyr idyl  solutions in ethanol are 
added, in order, followed by  22 ml. of purified 
ethanol. The color density is read in an Evelyn  
colorJmeter (1.9-era. cell) at 10 minutes f rom addi- 
tion of FeCI~ reagent using a 520 m~. filter. The 
apparen t  tocopherol concentration is determined f rom 
a curve prepared  f rom pure  a-tocopherol (or pure  
hydroquinone calculated to read in molecular equiva- 

*Communication No. 115 from the Research Laboratories of Distillation 
Products, Inc., Rochester, New York. (Presented at The American Oil 
Chemists' Society meeting in New Orleans, ~ a y  20-22, 1947.) 

louts of a-toeopherol) and multilflied by  0.91 to ob- 
tain the correct assay of mixed tocopherols. (For  
eolorimeters or spectrophotometers using a l-era, cell, 
use a 2-ml. aliquot of sample and I ml. each of 0.2% 
FeCl~.6II20 and 0.5% a,a '-dipyridyl reagents.) 

The impor tant  modification of tile method is the 
use of the factor  0.91 to correct the result  obtained 
for the enhanced color due to $-toeopherol. I t  was 
previously found (12) that  the tocopherols in the 
soybean oils examined were a mixture  of a-, y-, and 
~-tocopherols and that  the ratio was approximately 
10 : 60 : 30 :, respectively. A milligram of such a mix- 
ture is found to reduce approximately 10% snore fer- 
ric chloride than a milligram of ~-tocopherol; there- 
fore the correction factor  of 0.91 is used to obtain the 
tocopherol content of Soybean Oil. 

Previous work (1, 2) suggests that  there are mate- 
rials in soybean oil which will interfere  with the 
assay method. Parker  and McFarlane (7) have pub- 
lished a procedure for removing the carotenoids and 
phenols with 85% sulfuric acid. Samples so treated 
have been assayed with and without the addition of 
a known amount  of a concentrate of mixed toco- 
pherols. Corrections were made for inhibition by  the 
graphical method of Kauni tz  and Beaver (5). Some 
results are shown in Table 1, comparing the corrected 
assays with the original assay, and it is evident that  
the correction necessary for substances giving spuri- 
ous color with the Emmerie-Engel  reagent is largely 
compensated for by  the repression of color due to the 
Kaunitz-Beaver  effect. As a result, the corrected 
assays for  the potency of crude and refined oils lay 
within • 10% of the values obtained by  direct assay. 
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T A B L E  1 

Comparison of DirecL A s s a y  of Soybean Oils With  That  
by the Parker-McFarlane ,  and Kauni tz  and 

B e a v e r  Correction Methods 

Sample  

:~rude 
~oybean Oil 

1 
2 

~ e f i n e d  
~oybean Oil 

1 
2 
3 
4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Direct  
A s s a y  
mg./g. 

1 . 7 0  
1.62 

1 . 7 8  
1 . 6 7  
1 . 5 8  
1 . 6 6  

v~o C o t -  
r o t ! t i e |  

P . - M c F .  
Method 

- - 1 0 . 0  
- -  9.9 

- - 1 1 . 2  
- - 1 0 . 2  
- -  6 .3  
- -  7.2 

% C o r -  
r e c t i o n  
K . ~ B .  

Method 

+ 9 . 0  
+ 1 4 . 0  

-F 6 .0  
+ 3.O 
q-  4 . 5  
+ 9 . 0  

C o r -  
r e c t e d  
A s s a y  

1 . 6 7  
1 . 6 7  

1.67 
1 . 5 5  
1 . 5 5  
1 . 6 8  

% 
Overall  

C o r -  
r e c t i o n  

- - 1 . 8  
+3.1 

- - 6 . 2  
- - 7 . 2  
- - 1 . 9  
-4-1.2 

A second procedure, using the cyclic molecular still, 
was developed for test ing the accuracy of the direct 
assay method on soybean oil. The procedure is closely 
related to the disti l lation method of Dam and co- 
workers (3) and by Quaife and IIarris (9) for the 
el imination of interfering substances prior to per- 
forming the Emmerie-Engel  assay. The distil lation 
is performed in a cyclic molecular still of the type 
described by II ickman (5) .  The charge of oil is 200 
to 250 grams, and by distil lation at a temperature of 
160 to 210~ the tocopherols are concentrated from 
10 to 20 times in a fraction amount ing  to about 5 to 
10% of the original oil volume. The amount  of toeo- 
pherol remainiilg in the residue (undist i l led oil)  is 
diffieult to determine aeeurately since the potency is 
very low, but  it is estimated to be 5 to 10% of the 
oHgi|lal. From an assay of the distillate, using the 
respective weights  of it and the original oil, a value 
for  the potency of the latter may be calculated.  Con- 
fidcnlCl~ can be [)laced in this value since ve ry  little 
carotenoid  o|' phenol  bodies are present in the distil- 
late, and the pete | icy is suffieie|ltly high (about  2%) 
so that the Kaunitz-l~l,aver effect is snmll. A typical  
/tislillatiol| |'(,sult is given in Table 2 where degummed 
soybean oil was assayed by this method. 

T A B L E  2 

Test  of  A c c u r a c y  b y  M o l e c u l a r  I ) i s t i l l a t i e n  

Sample 

W a t e r - r e f i n e d  crude 
soyt) lql  n o i l  . . . . . . . . . . . . . . . . . .  

I l r e c t  I Weight  
A s s a y  in D i s -  

. . . .  m g . / g ,  t i l l a t e  

1 . 8 6  I 8 . 4  

% T o e e p h e r o l s  
B c ( ' o v e r e d  i l l  

l ) i s l i l l n t e [  R e s i d u e  I _ _ T o t a l  

9 4 . 8  1 0 , 2  I l O 5  

While the data presented above show that the toeo- 
pherol assay method for soybean oils may  be in error 
by a few per cent, it is evident that it will  give in- 
for |rat ion that is useful for most purposes. Many 
samples of crude and processed soybean oils have 
been tested in our laborattlpies and  tile results are 
summarized in the fol lowing sections. 

Oils from Different Varicties of Brans. Seed beans 
of seven different types were ex t rac ted  and  the toco- 
pherol  assays of the oils are show|| i,| Table 3. 

]t is evident that there are no great differences in 
toeopherol content. 

Method of Extracting Oil from Beans. Tile aver- 
age potencies of a number of expeller and extracted 
soybean oils are shown in Table 4. The toeopherol 
contents are about the same. 

The Effect of Soda Refining. The alkali refining of 
soybean oil by both centrifugal  and batch process in 
the plant and by the A.O.C.S. method in the labora- 

tory have been studied to compare the effect of this 
operation on the toeopherols.  Since tocopherol  is un- 
stable in the presence of air and alkali, it is not sur- 
prising to learn that centrifugal  refining gives the 
lowest loss. The yield data of a few typical  oils are 
given in Table 5 to i l lustrate this. It  seems that 
commercial  centrifugal  refining destroys at most  only 
a few per cent of the toeopherol.  

T A B L E  3 

Tocopherol  Content  of Soybean Oil from Different  Var ie t i es  of B e a n s  b y  
Extract ion  with Petro leum Ether  ( S k e l l y  F ) .  

( B e a n s  Dried 4 hr. at 130~  befo:'e extract ion 

M g . / g .  
Kind  of  B ( , a n  % Fat  Tocophero ls  

E x t r a c t i o n  in Oil 

L i n c o l n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Riehland . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
nl in i  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Dunfield . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ogden . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
A r m y e d o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Delsta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Average  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 5 . 3  
1 5 . 9  
15.3 
1 4 . 6  
1 3 . 4  
1 7 . 7  
1 6 . 7  

1 5 . 9  

2 . 3 6  
2 . 0 3  
2 . 2 5  
2 . 0 3  
1 .69  
2 . 8 0  
2 . 1 7  

2 . 1 5  

Effect of Bleaching. Laboratory bleaching of re- 
fined soybean oil using 6% of the A.O.C.S clay usu- 
ally shows a drop of about 6% toeopherol,  but less 
active clays give even smaller h)sses. Similar experi- 
ments on soybean oil distillates have also shown 
practically no loss on bleaching,  and it can be safely 
predicted that commercia l  b leaching operations should 
show only small losses of tocol)h('pol. 

T A  B LE 4 

T o c e l l h e r e l  C o n t t , n t  o f  ( h - u d e  S o y l ) e : n  O i l s  hy E x t  aetion, 
E x p r e s s i o n ,  a n d  A f h , r  l ) . g u m m i n g  

P re(.( ,ss  

1. E x t r a c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2. E x p r e s s i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
3. E x t r a c t e d  a n d  d o g u n l n l e d  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v er a g e  
No.  T o e o p h e  el  

S a m ) d o s  C o n t e n t ,  
......... my/~ 

(i 1 .72 
(~ I 1 .so 

13 I 1.76 

Effect of llydrogenalion. ()ur  exl)erience confirms 
that repeatel l ly  repor ted  in the l i t e ra ture  (6a) ,  viz., 
that tocopherols  ape, |lot destt'llye/1 by  hydrogenat ion  
even at tcnlperatures (if 150-200~ In fact, an ana- 
lytical methott  (81 is based el| the quantitative recov- 
ery  of tocol)hert)ls ill such a pr/)cess. We conclude that 
commercial  hyt t rogel |a t ion p r o b a b l y  destroys little or 
l|0|le of the tocol)hepols i|| soybea|l  oih 

T a l d e  5 

T o e o l ) l w r o l  L o s s e s  I ) u r i n g  S o d a  R e l i n i n g  

M e t h o d  of  I { e f i n i n g  

1. ( ! e v l t r i f u g a l -  P l a n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 8 7  
1.98  
1 . 9 3  

2. 

A v e r a ~ c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2. B a t c h  P r o c e s s - - P l a n t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

A v e r a K e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3. B a t c h  P r e e e s s - - L a b o r a t o ! y  . . . . . . . . . . . . . . . . . . . . . .  

A v e r a g e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I ' o t e n e y  

( ! r u d e  R e f i n e d  

1.87 1 .85  
1.98  1 .90  
1.93 1 .89  
;: ~ 9'2 

1 .99  

1.9 L 1.67 
1.88 1 .68  
1 . 8 6  1 . 6 1  

1.89 1 .48  
1 .78  1 . 5 6  
1 . 9 5  1 . 6 l  
1.91 1 . 6 2  

|~oss  

1,1 
4 . 0  
2.1 
0 .5  
5 .7  

2 . 7  

] 2 . 6  
1.0.6 
1 3 . 4  

12.2  

2 1 . 7  
1 2 . 4  
3 7 . 4  
1 5 . 1  

1 6 . 7  

Steam Deodorization. This process removes some 
of the toeopherols which can be recognized in the 
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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 


