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TABLE 5 

Calculated yields of normal oleic acid, of various degrees of purity, obtainable from cottonseed and peanut oil hydrogenated under different 
conditions. (On basis of complete separation of solid and liquid acids, impurity consisting of linoleic acid only.) 

Run 
No. 

C0-23 
CO-11 
00-18 
co-19 
C0-15 
C0-12 
00-9 
00-16 
00-17 
00-2o 

P0-23 
P O d 2  
PC-20 

Kind of 
oil 

Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 
Cotton 

Peanut  
Peanu t  
Peanut 

l~Iyd, time, 
min. to 

crit. I.V. 

190 
101 

19 
67 
24 
31 
12 
98 
21 
72 

135 
14 
30 

Sat. 

31,0 
31.7 
32.5 
32.8 
32.8 
34.1 
34.2 
35.1 
35,2 
39.6 

21,4 
25.7 
30.0 

Percentage compoCdtion of fatty acids 
at their critical I.V.* 

Iso- Normal 
oleic oleic 

20.4 44.6 
15.8 47.7 
14.3 47.6 
13.2 48.1 
12.4 48.9 
11.2 47.5 
10.7 47.8 

! 11.0 45.7 
10.2 46.2 

8.5 39.3 

14,0 62.9 
7.1 61.3 
4.8 55.0 

Lin- 
oleie 

4,0 
4.8 
5,6 
5.9 
5.9 
7.2 
7,3 
8.2 
8.4 

12.6 

1.7 
5.9 

10.2 

Per  cent yield of normal 
oleic acid 

95% 90% 
pure pure 

45 48 
48 52 
40 52 
40 53 
40 53 

< 4 0  49 
< 40 47 
< 40 40 
< 4 0  40 
< 4 0  < 4 0  

66 68 
58 68 
45 59 

s5% 
pure 

50 
54 
54 
55 
56 
56 
55 
53 
53 

< 4 0  

70 
70 
64 

* ~or  cottonseed 0il, 65.7; for peanut  oil, 72.6. 

purity, 53 per cent of oleic acid of 90 per cent purity, 
and 48 per cent of oleie acid of 95 per cent puri ty;  
and from peanut oil, 70 per cent of oleic acid of 85 
per cent purity, 68 per cent of oleie acid of 90 per 
cent purity, and 66 per cent of oleic acid of 95 per 
cent purity. 
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Factors  Affecting the Stabil i ty of Cottonseed Oil. 
A Study of the Antioxy enic Act iv i ty  

of Alpha-Tocophero l  ' 
C. E. S W I F T ,  2 W. G. ROSE,  Associate Chemist, and G. S. J A M I E S O N ,  Senior Chemist 

Bureau of Agricultural Chemistry and Engineering, United States Department of Agriculture, 
Washington, D. C. 

The report of the isolation of the tocopherols from 
vegetable oils (1) was followed closely by a descrip- 
tion of their antioxygenic activity (2). Earlier studies 
of the sterol-free unsaponifiable fractions (inhibitols) 
of vegetable oils containing tocopherols formed a val- 
uable background for the investigations of the anti- 
oxygenic activity of the tocopherols. The toeopherols 
are considered to contribute some if not most of the 
antioxygenic activity of the inhibitols, although it is 
recognized that other antioxidants may be isolated 
(3) (3a).  

The mechanism by which the tocopherols inhibit 
oxidation is only partly understood; this is to be ex- 
pected since the autoxidative reactions which they in- 
hibit are complex and stiff obscure. In previous 
investigations of natural antioxidants several interest- 

1Agricultural Chemical Research Division Contribution No; 84. 

2 t~esearch  Fel low, National Cott~)nseed Products Association, and 
Collaborator, U. S. Department  of Agriculture. 

ing observations have been made for which the anti- 
oxygenic activity of the tocopherols may be wholly or 
partly responsible. In an investigation of the inhibitols 
their effectiveness was found to be approximately 
proportional to the amounts used (4), but they were 
ineffective when added to the oils from which they 
were obtained (5). A completely satisfactory explana- 
tion of this phenomenon has not been advanced, but 
it has been suggested that the amounts of inhibitols 
added to the original oils were too small (6) and that 
other substances may have prevented the functioning 
of the inhibitols (3).  In another investigation ade- 
quate explanations were lacking for the unusual be- 
havior of a concentrate of the unsaponifiable sub- 
stances of refined prime summer yellow cottonseed oil 
obtained in the most volatile fraction of molecularly 
distilled oil (7). The fraction was shown to contain 
the bulk of the protective substances of the oil, but 
it rapidly accumulated peroxides during air-blowing 
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stability tests (Fig. 6). The present investigation was 
undertaken in recognition of the need for further 
knowledge of the antioxidant activity and reaction 
mechanism of the tocopherols. 

Experimental 

The preparation of purified materials for use in this 
investigation was an important part of it. In an effort 
to facilitate the interpretation of results and to assure 
their validity, care was taken to secure maximum pro- 
tection against oxidative deterioration, the action of 
light and contamination during the preparation of 
materials. The materials were used as soon as possible 
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after their preparation; all experiments were repeated 
using freshly prepared materials. 

Stability tests were conducted under conditions 
similar to those of the Swift test except that samples 
were aerated with 13 cc. of air per minute at 60 ° C., 
in the absence of light. 

Preparation of Substrates. The methyl esters of 
cottonseed oil were prepared from a commercially re- 
fined prime summer yellow grade ~ of oil by reflux- 
ing for 40 minutes in a nitrogen atmosphere, 1 kg. 
of the oil in 2 liters of a 0.065 N solution of sodium 
methylate in absolute methyl alcohol. The methyl 
esters, after extraction, washing and removal of sol- 
vent, were distilled (boiling range 125-130 ° C. at 0.05 
to 0.1 mm. pressure) from the unsaponifiable constitu- 
ents of the oil. This preparation is similar to one 
previously described (5) except that in the earlier 
work dry HC1 gas was used as catalyst. The distilled 
esters had the following characteristics: Wijs iodine 
number, 111.0; % free fatty acids as oleic, 0.3%; 
peroxide value, 0.0. 

Methyl linoleate was prepared by the debromination 
of crystalline tetrabromostearic acid (m.p. 115.3 ° C.), 
using a procedure previously described (8). The final 
product was purified by distillation (boiling range 
125-128 ° C. at 0.05-0.1 ram. pressure). I t  had a Wijs 
iodine number of 173.4 (theory requires 172.4) and 
a peroxide value, 2.5. 

Methyl oleate was prepared by low-temperature 
crystallization of U. S. P. olive oil according to a 

a Made  avai lab le  t h r o u g h  the cour tesy  of the  B a r r o w - A g e e  Labora -  
tories,  Memphis ,  Tenn .  

method previously reported (9). The specimen had 
the following characteristics: Wijs iodine number, 

25 
85.3 (theory requires 85.6) ; n D- = 1.4500; peroxide 
value, 0.0. 

Tocopherol Samples. Natural a-tocopherol allo- 
phanate (m.p. 158.5°-159.5 ° C.) was hydrolyzed with 
a 4% solution of KOH in absolute methyl alcohol in 
a nitrogen atmosphere to yield golden colored a-toco- 
pherol. Synthetic a-tocopherol 4 was used in corrobo- 
rative experiments. A sample of synthetic T-tocopherol 4 
was also used for comparison, a-tocopherylquinone 
was prepared by oxidizing natural a-tocopherol with 
silver nitrate according to a method previously re- 
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ported (10). The final product contained 0.3% 
a-tocopherol. 

Cephalin fraction. The crude phosphatides of 1 kg. 
of prime crude cottonseed oil were extracted with five 
l-liter portions of ethyl alcohol. The cephalin fraction 
was purified by dissolving the crude phosphatides in 
peroxide-free ether and precipitating them from ace- 
tone; the fraction was reprecipitated five times, using 
acetone and alcohol, alternately, as the precipitants, 
acetone being the final precipitant. 

Tocopherol estimations were made by the Emmerie 
Method (11) using a neutral-wedge spectrophoto- 
meter (12) for measurements of color intensity. 

The potency of a-tocopherol was determined at sev. 
eral levels in the methyl esters of cottonseed oil 
(Figure 1). The peroxide-accumulation curves show 
that 0.025% was approximately 60%, and 0.05% was 
approximately 80%, as effective as 0.1% a-tocopherol. 
Similar observations were made with samples contain- 
ing 7-tocopherol which was approximately twice as 
effective as a-toeopherol; 0.025% 7-tocopherol (195 
hours) was approximately 90% as effective as 0.05% 
~,-tocopherol (210 hours). The peroxide-accumulation 
curves showing the activity of a-tocopherol added to 
pure methyl tinoleate indicate that 0.025% was ap- 
proximately 75% as effective as 0.05% (Figure 2); 

4 Gene rous ly  dona ted  by  M e r c k  & Co., Inc . ,  R a h w a y ,  N. J .  
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no appreciable difference was observed in the stability 
of methyl oleate samples containing 0.025% and 
0.05% a-tocopherol (Figure 3). The addition of 0.2% 
a-tocopherol to refined prime summer yellow cotton- 
seed oil did not appreciably affect the stability of the 
oil (Figure 5) ; this observation was similar to those 
previously reported in studies of the antioxygenic ac- 
tivity of the inhibitols and tocopherols in which it was 
found that the inhibito!s (5) and 0.01% and 0.02% 
a-tocopherol (2) were inactive in cottonseed oil and 
in the crude esters of hydrogenated cottonseed oil, re- 
spectively. The results indicate that the tocophcrols 
function most efficiently at lower levels and with 
decreasing efficiency at each successively higher level. 

The effect of unsaturation is apparent on comparing 
the stability of the methyl oleate substrate and 
a-tocopherol-stabilized m e t h y l  o lea te  with that of 
methyl linoleate substrate and a-tocopherol-stabilized 
methyl linoleate (Figures 2. and 3). The samples of 
methyl oleate to which 0.025% and 0.05% a-tocopherol 
was added were approximately ten times as stable as 
methyl linoleate to which the same proportions of 
a-tocopherol had been added. The methyl oleate sub- 
strate appeared to have an induction period, although 
the duration could not be determined exactly; an in- 
duction period was not detected in the methyl linole- 
ate substrate. The development of tallowy and rancid- 
pungent odors in the methyl oleate samples and 
the a-tocopherol-stabilized methyl linoleate samples, 
respectively, wax observed to occur at the same time 
as the acceleration of the peroxide formation (at the 
end of the induction period). 

It has been reported that the inhibitols delay the 
accumulation of peroxides and are destroyed in a 
rapidly oxidizing substrate ; also that there is evidence 
of the existence of two kinds of peroxides, since the 
inhibitols did not completely remove the peroxides 
when they were added to oxidizing fats (4). The~ 
observations, in suo.gesting that the reactivity of the 
tocopherols is predominantly toward the active form 
of peroxides, are closely related to those of the present 

investigation. As shown in Figures 1, 2, and 3, the 
rate of peroxide-accumulation, as well as the stability 
of the samples, was observed to increase upon the ad- 
dition of successively higher amounts of a-tocopherol 
and, since the tocopherol was presumably oxidized in 
reacting with the least stable peroxides, it appears 
that those peroxides which accumulated were of the 
more stable type. Corroborative evidence that the rate 
of peroxide accumulation is related to the tocopherol 
content was supplied in the results of an experiment 
in which 0.2% a-tocophcrol was added to refined prime 
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summer yellow cottonseed oil originally containing 
0.1% (a plus 7) tocopherols. An appreciable increase 
in the rate of peroxide accunmlation wax observed 
(Figure 5), although, as indicated, the additional 
tocopherol was ineffective in appreciably increasing 
the stability of the oil  The means of definitely estab- 
lishing a relationship between the decrease in effi- 
ciency of action of the tocopherol at each successively 
higher level of concentration and the rate and extent 
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of peroxide accumulation at the respective levels has 
not been realized experimentally. 

The results show that the s)xidation of a-tocopherol 
in the methyl esters of cottonseed oil did not proceed 
at a uniform rate, but that the initial rate of oxidation 
was quite rapid (Figure 4). Similar results were ob- 
tained in a study of the rate of oxidation of a-toco- 
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pherol in lard (13) ; in the latter work i t  was found 
that 93.4% of the original a-toeopherol content was 
oxidized in approximately the first half of the induc- 
tion period. In order to determine the rate of oxida- 
tion of tocopherol in a saturated ester, 0.1% was added 
to ethyl laurate (I.V. 0.0) and the sample was aerated. 
The results of tocopherol estimations showed that the 
oxidation of the tocopherol proceeded slowly and, 
therefore, that the rapid initial rate of oxidation of 
a-tocopherol in stabilizing the methyl esters of cotton- 
seed oil was evidently caused by substances present 
or developed in the unsaturated esters. 

Among the most important factors affecting the 
antioxygenic action of the tocopherols in natural oil 
is the influence of other minor constituents. One of 
these substances, the cephalin fraction of the phos- 
phatides, has been shown to co-act with the tocopherols 
m a most remarkable manner. This co-action, or sy- 
nergism, is an example of an "ac id- type"  substance 
acting synergistically with a substance possessing the 
properties of the "phenol ic"  type (3) (5). The en- 
hancing effect of the addition of 0.025% of the ce- 
phalin fraction of crude cottonseed oil phosphatides 
increased the potency of 0.1% a-tocopherol approxi- 
mately three times (Figure 4). An indication of the 
mechanism is shown in the retarded rate of oxidation 
of the tocopherol. The results of an experiment in 
which the cephalin fraction content was varied (Table 
1) indicate an effect of promoter action; the smallest 
quantity tested, 2.5 p.p.m., was approximately two- 
thirds as effective as 250 p.p.m. 

Recently the mechanism of the synergistic activity 
of the tocopherols and phosphoric acid has been suf- 
ficiently investigated to suggest that phosphoric acid 
favors ring closure in one of the oxidation products 
of tocopherol, toco(hydro)quinone, to reform toco- 

pherol (6) (14). a-Tocopherylquinone (0.1%), an- 
other oxidation product, was shown to be inactive as 
an antioxidant in lard (15) ; the inactive samples con- 
tained 0.0% and 4% a-tocopherol. In the present work 

TABLE 1 

Effect of the Cephalin Frac t ion  of the Phosphat ides  of Cottonseed Oil 
on Methyl Esters  Containing a-TocopheroI 

% a- Cephalin 
Tocopherol Frac t ion  Stabili ty t 

0.025 
0.025 
0.025 
0.025 
0.025 
0.025 

0 
0 

p , ~ . m ,  

25O 
125 

25 
12.5 

2.5 
0 

250 
0 

hrs. 
340 
330 
295 
250 
225 

85 
10 

5 

~Air-blo~ing accelerated method 60°C. 

0.15% a-tocopherylquinone stabilized the methyl esters 
of cottonseed oil slightly (30 hours, control 5 hours), 
but was quite active when used with 0.025% cephalin 
(10 hours) ; the combination stabilized the methyl es- 
ters for 175 hours. During the induction period the 
tocopherol content was at most very low. The sample 
of a-tocopherylquinone used in this experiment con- 
tained some 2,7,8-trimethyl-2-phytyl-5,6-ehromanedi- 
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Fro. 6. Peroxide-accumulation curves o f  f ract ions of  molecU- 
]ar ly  dist i l led cottonseed oi l ;  curve numbers correspond to the 
f r a c t i o n  n u m b e r s  o f  t h e  d i s t i l l e d  p o r t i o n s ;  c u r v e  ~ u m b e r  1 r e p -  
r e s e n t s  t h e  p e r o x i d e  a c c u m u l a t i o n  o f  t h e  f i r s t ,  m o s t  v o l a t i l e  
f r a c t i o n ;  g r a p h  r e p r o d u c e d  ( 7 ) .  

one, as shown by its slightly red color, and 0.3% 
a-tocopherol. The addition of 0.1% of the a-toco- 
pherylquinone to methyl esters containing 0.1% a-t0eo- 
pherol did not appreciably affect the stability of the 
samples. 

Summary 

The results indicate that the tocopherols function 
most effectively at lower levels of concentration and 
with decreasing efficiency at highcr levels. The data 
suggest that the reactivity of a-tocopherol is predom- 
inantly towards the active peroxides and show that 
the rate and extent of peroxide accumulation during 
the induction period is dependent on the tocopheroi 
content. 

The initial rate of oxidation of a-tocopherol was 
found to be very rapid ; the addition of small amounts 
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of the cephalin fract ion markedly  retarded the rate 
of oxidation. 

The antioxygenic a c t i v i t y  of a-tocopherol was 
g rea t ly  increased by the addition of the cephalin frac- 
t ion; the effect was not proport ional  to the content of 
cephalin fract ion ; instead, an effect of promotor  action 
was observed. 

BIBLIOGI~APHY 

i. Evans, H. M., Emerson, O. H., and Emerson, G. A, J. Biol. Chem. 
11'2, 319 (1936).  

2. Olcott, ~I. S., and Emerson, O. n . ,  J .  Am. Chem. Soc., 59, 1008 
(1937).  

3. Olcott, I t .  S., Oil & Soap, 18, 77 (1941).  

3a. Golumbic, C., paper presented at the A.C.S. Meeting, April, 1942. 
4. FrenCh, R. B., Olcott, H. S., and Mattill, I t .  A., Ind.  Eng. Chem., 

27, 724  (1935).  
5. Olcott, :H. S., and Mattill, It.  A., J. Am. Chem. Soc., 58, 2204 

(1936).  
6. Olcott, I t .  S ,  and Mattill, H. A., Chem. Roy., ~9, 257 (1941).  
7. Riemenschneider, R. W., Swift, C. E., and Sando, Chas. E., Oil 

& Soap, 17, 145 (1940).  
8. Kimura,  W., Yettchem. Umschau., 42, 78 (1935).  
9. Wheeler, D. It., and Rienienschneider, R. W., Oil & Soap, 16, 207 

(1939).  
10. John, W., Dietzel, E., and Emte, W., Z. physiol. Chemie, 257, 

173 (1939).  
11. Emmerie, A., and Engelo Chr., Rev. tray. chim., 57, 1351 (1938).  
12. Clifford, P. A., and Brice, B. A., Anal. Ed., Ind. Eng. Chem., 

12, 218 (1940). 
13. Golumbic, C., and ~attitl,  H. A., J. Am. Chem. Soc., 63, 1279 

(1941).  
14. Golumbic, C. Unpublished Observations, cf. 6. 
15. Golumbic, C., and Mattill, H. A., J. Bi01. Ohem., 134, 535 (1940),  

Effect of Sodium Chloride in Glycerol  
Ana lys i s  by Oxidat ion 

B. S. VAN ZILE, E. W. BLANK and J. C. MOORE 
Colgate-Palrnolive-Peet Co., Jersey City, N. J. 

Introduction 
Invest igat ional  work inst i tuted in this laboratory 

has established the fact  tha t  C. P. sodium chloride in 
quantit ies of 0.1 to 4.0 grams gives an apparen t  oxi- 
dizable content amounting to approximate ly  0.21 per  
cent when oxidized by potassium diehronmte accord- 
ing to the American Oil Chemists '  Society s tandard 
method for the determinat ion of glycerol in soap (1). 
In  addition, it was found that  as the volume of con- 
centrated sulfuric acid added in the determinat ion was 
decreased or increased the per  cent apparen t  oxidiza- 
ble mat te r  correspondingly suffered a diminution or 
increase. Final ly  it was shown that  as increasing 
amounts of C. P. glycerol were added to the same 
weight of the C. P. sodium chloride the per  cent ap- 
parent  oxidizable due to the sodium chloride (after  
subtract ing the per cent oxidizable due to the glycerol) 
likewise increased. 

As a result  of the above experimental  work it is 
apparent  tha t  to accurately determine the amount of 
glycerol in salt recovered f rom soap lyes, pickles, etc., 
by dichromate oxidation the sodium chloride must  first 
be removed. 

TABLE I 
Bichromate Oxidation of Sodium Chloride Before and After 

Decomposition With Concentrated Sulfuric A c i d  

O x i d a t i o n  of 
C. P. NaCl 

Experiment Sample Direct Oxidation after decompo- 
No. of C. P. NaC1 sition with 

concentrated 
H.~SO~ 

Grams 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Pet.  
oxidizable 
as glycerol 

0.18 
0.19 
0,20 
0.21 
0.2B 
0.24 
0.23 
0.25 
0.16 
0.17 

Pc$. 
oxidizable 
as glycerol 

0.05 
0.04 
0.03 
0.03 
0.03 
0.04 
0.03 
0.03 
0.05 
0.04 

Experimental 
Pre l iminary  experiments  with mixtures of C. P. so- 

dium chloride and glycerol showed tha t  extraction 
with acetone, 50/50 ethyl alcohol-ethyl ether mixture,  

and anhydrous alcohol resulted in recovery of approxi-  
mately  only 75 per  cent of the glycerol added. 

Efforts were next  directed toward removing the 
sodium chloride as hydrogen chloride gas by t reat ing 
with concentrated sulfuric acid. I t  is an established 
fact  tha t  the presence of sulfates does not interfere in 
the  dichromate oxidation of glycerol. The results ob- 
tained are shown in Table I. 

The values obtained by oxidation of the salt af ter  
decomposition with sulfuric acid demonstrate that  the 
average value of 0.21 per cent apparen t  oxidizable as 
glycerol in C. P. sodimn chloride is erroneous and that  
the value is instead close to 0.04 per  cent. 

The next step was to add C. P. glycerol to C. P. 
sodium chloride and ascertain the recovery. The re- 
sults obtained are given in Table I I .  

The data given in Table I I  indicates tha t  the method 
is accurate within experimental  limits. Table I I I  gives 
the results obtained on analysis of three different sam- 
ples (A, B, C) of salt recovered f rom soap lye. As 
can be seen the results obtained for  the glycerol con- 

TABLE II 

Recovery of Glycerol in Glycerol Salt Mixtures After Decomposition With 
Concentrated Sulfuric Acid 

Oxidation bf 
Oxidation of Oxidation of same amount of 

Experiment C .P .  glycerol same amount of C.P.  glycerol 
No. + 4 grams C.P .  glycerol + 4 grams 

C. P. NaC1 in the absence C.P.  NaC1 
of C. P. NaC1 after :H2SO~ 

decomposition 

Pet .  
oxidizable 
as glycerol 

1.33 
1.31 
0.61 
0.60 
0.41 
0.40 

Pct. 
oxidizable 
a.~ glycerol 

0.85 
0.85 
0.30 
0.30 
0.16 
0.16 

Pct .  
o~idizable 

as glycerol 
0.83 
0 . 8 9  
0.34 
0.32 
0.18 
0.18 

tent  are considerably lower by the new method and 
presumably much closer to the actual value. 

The procedure by which the above results were ob- 
tained is given below. The method is general and ap- 
plicable to any mater ial  consisting of large amounts 


