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T H E  peroxide value, which at 
present is used as a measure 
of the freshness and keeping 

quality of an oil, has gained consid- 
erable vogue among oil chemists. A 
more detailed study of the condi- 
tions under which peroxides are de- 
veloped has, however, seemed de- 
sirable. In  a previous paper, (1)  it 
was shown that an oil which has 
been protected from light and which 
has developed a certain amount of 
pc~roxides without having become 
rancid, will itself become rancid in 
about the same interval of t ime as 
will a f~esh sample of the same oil 
when the two are exposed side by 
side in normal daylight. 

This investigation is a continua- 
tion o f t h e  one previously reported, 
the .object being to study the rate 
of development of peroxide in oils 
treated as mentioned above, except- 
ing that 500-watt CX Mazda lamps 
(tungsten filament in ultra-violet 
transmitting glass) were used in- 
stead of sunlight for irradiation of 
the oils. Whi le  the spectral distri- 
bution of radiation from these 
lamps only roughly approximates 
that of sunlight, their constant in- 
tensity and ease of control assure 
more uniform results. 

Experimental 
Refined and deodorized cotton- 

seed oil with an ini t ia l  peroxide 
value of 5.0, and refined corn oil 
with an initial peroxide value of 0.0 
were used. Four  crocks, each four 
inches deep, held the respective oils; 
two contained cottonseed oil and 
two contained corn oil. One crock 
of each set was covered with a sex- 
tant green filter, the transmission 
of which is shown in Graph I. The 
other crock of each set was covered 
with water-white cellophane, which 
transmits light freely from the 
lamps. These four crocks were 
placed under a battery of four 
CX, 500-watt, Mazda lamps which, 
besides emitting light in the visible 
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spectrum, also emit an abundance 
of infra-red and a small amount of 
near ultra-violet radiation. The po- 
sition of the crocks was changed 
each day so that each sample of oil 
was subjected, on the average, to 
the same intensity of light. Under  
such conditions of illumination, ran- 
cidity and peroxide development 
take place at more constant rates 
and more rapidly than in ordinary 
sunlight. The development of per- 
oxides and of rancidity in cotton- 
seed- and corn-oils when thus sub- 
jected to the photochemical action 
of light from CX lamps is shown 
in Table I. 

The development of peroxides 
and of rancidity in fresh cottonseed 
and corn oils and in the same oils 

which had previously been protected 
with a sextant green filter is shown 
in Table IL  In this experiment 
small bottles were used to hold the 
oils. These oils were exposed to 
light on all sides instead of only 
through the top and that may ac- 
count for  the more rapid develop- 
ment Of peroxides in the bottles as 
compared with oils in the crocks. 

The data in Table I I I  are similar 
to those of Table I I  except that the 
determinations of peroxides were 
made at shorter intervals. Corn oil 
with a peroxide value of 50.0 was 
used for comparison. 

From Data given in Table I I I  
Graph 2 was drawn by plotting per- 
oxide values against the hours of 
exposure to light. 

A. Peroxide Deve lopment  Curve for Corn Oil Taken from Can in Cold Room and 
Then Irradiated in a Clear  Bottle with  CX Lamps.  

B. Peroxide Deve lopment  Curve for Corn Oil Taken from the S a m e  Can and 
Irradiated in a Clear  Bottle, But Startinq wi th  a Peroxide Va lue  of $0 Which 
Had Been Deve loped  Under a Green Filter. 
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T A B L E  I.  
P E R O X I D E  V A L U E S  O F  O I L S  I R R A D I A T E D  :BY C X  L A M P S  

C o t t o n s e e d  O i l - -  - -  C o r n  Oil- 
C l e a r  S e x t a n t  C l e a r  S e x t a n t  

T i m e  of E x p o s u r e ,  i n  D a y s  c e l l o p h a n e  g r e e n  f i l t e r  c e l l o p h a n e  green_ f i l t e r  
0 . . . . . . . . . . . . . . . . . . . . . . . .  5.0 5.0 0.0 0.0 
3 . . . . . . . . . . . . . . . . . . . . . . . .  25.0 R 1 t . 0  t 6 . 0  3.0 
5 . . . . . . . . . . . . . . . . . . . . . . . .  42.5 R 16.5"  31.0 4,5 

10 . . . . . . . . . . . . . . . . . . . . . . . .  88.5 R 24.5 61.0 10.5 
17 . . . . . . . . . . . . . . . . . . . . . . . .  167.5 R 33.5* 86.0 R 15.5 
20 . . . . . . . . . . . . . . . . . . . . . . . .  263.0 R 43.5 172.5 R 20,5* 
24 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  49.5* 177.5 R 24.5 
30 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59.5 . . . .  30.5 
32 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64.0 . . . .  35.0* 
36 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  64.0 . . . .  41.5 
44 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  50,0* 

R e f r i g e r a t o r  s a m p l e  a t  end  of 
t e s t  (44  d a y s )  . . . . . . . . . . . . .  11.5 . . .  1.5 . . .  

*At  t h i s  p o i n t  a s a m p l e  w a s  t a k e n  f o r  i r r a d i a t i o n  a l o n g s i d e  of  a s a m p l e  s t i l l  l ow i n  
perox ide  v a l u e  of  t h e  s a m e  oil  w h i c h  h a d  b e e n  k e p t  in t h e  d a r k  in a co ld  r o o m  ( t e m -  
l ~ r a t u r e  54° -55  ° F . ) .  ( S e e  T a b l e  I I . )  

R ~ r a n c i d .  

T A B L E  I I .  
C o m p a r i s o n  of  t h e  r a t e  o f  p e r o x i d e  d e v e l o p m e n t  in  s e x t a n t - g r e e n  p r e v i o u s l y  p r o t e c t e d  

o i l s  w i t h  t h a t  o f  s a m p l e s  s t i l l  tow in p e r o x i d e  v a l u e  o f  t h e  s a m e  o i l s  w h e n  t h e  t w o  a r e  
exposed  s i m u l t a n e o u s l y  to  f u l l  l i g h t  of  C X  l a m p s .  

C O T T O N S E E D  O I L  

T e s t  1 - - 2  d a y s  T e s t  2---3 d a y s  T e s t  3 - - 1  d a y  
P e r o x i d e  V a l u e s  P e r o x i d e  V a l u e s  P e r o x i d e  V a l u e s  

F r e s h  P r o t e c t e d  F r e s h  P r o t e c t e d  F r e s h  P r o t e c t e d  
Oil  0 i l *  Oi l  Off* Oi l  Oil* 

I n i t i a l  . . . . . . . . . . . . . . . .  5.0 16.5 5.0 33.5 6.2 49.5 
F i n a l  . . . . . . . . . . . . . . . . .  40.0 R 59.5 R 46.5 R 80.5 R 21.5 R 65.0 R 
G a i n  in P e r o x i d e s  . . . . . .  35.0 43.0 41.5 47.0 16.5 15.5 

C O R N  O I L  

T e s t  1 - - 6  d a y s  T e s t  2 - - 1  d a y  
P e r o x i d e  V a l u e s  P e r o x i d e  V a l u e s  

F r e s h  P r o t e c t e d  F r e s h  P r o t e c t e d  
Oi l  Off* Oil  " Oil* 

I n i t i a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0 20.5 1.5 35.0 
F i n a l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46.0 R 72.0 R 39.5 R 72.0 R 
G a i n  in  P e r o x i d e s  . . . . . . . . . . . . . . . . . . . . . . . . . . .  46.0 51.5 38.0 37.0  

'R~ r a n c i d .  
*See  T a b l e  I. 

T A B L E  I I I .  
P E R O X I D E  V A L U E S  I N  C O R N  O I L  

C o m p a r i s o n  of  t h e  r a t e  of  p e r o x i d e  d e v e l o p m e n t  in  s e x t a n t  g r e e n  p r e v i o u s l y  p r o t e c t e d  
c o r n  oi l  w i t h  t h a t  o f  a f r e s h  s a m p l e  of  t h e  s a m e  oil  w h e n  t h e  t w o  a r e  e x p o s e d  in  
s i m u l t a n e o u s l y  to  f u l l  l i g h t  of  C X  l a m p s  a n d  a r e  e x a m i n e d  a t  f r e q u e n t  i n t e r v a l s .  

- - P e r o x i d e  Value- - - - -  - - G a i n  in P e r o x i d e s - -  
P r e v i o u s l y  P r e v i o u s l y  

T i m e  of  E x p o s u r e  in  H o u r s  F r e s h  P r o t e c t e d  F r e s h  P r o t e c t e d  
0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.5 50.0 
2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 54.0 115 416 
6 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.0 55.0 4.5 5.0 
8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8.5 58.5 7.0 8.5 

11 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10.0 59.0 8.5 9.0 
24 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18.0 65.8 16.5 15.8 
66 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  53.5 106.0 52.0 56.0 

Discussion 
The results of the experiments 

here recorded confirm those given 
in a former paper (1)  and likewise 
seem to indicate (assuming that 
peroxides are related to the devel- 
opment of rancidity) that the perox- 
ides developed in oils under a sex- 
tant green filter have different 
characteristics from those which 
are developed under full light of 
CX lamps. In the first place the 
formation of lmroxides is slower 
when an oil is placed under a sex- 
tant green filter than when it is 
exposed to full light. In the sec- 
ond place the rate of peroxide for- 
mation proceeds uniformly when 
samples of the same oils are ex- 
posed simultaneously to full light 
even though one oil may be fresh 
and have a low peroxide value, 
while the other may be a high per- 
oxide oil, the peroxide having been 
deveIoped under a sextant green fil- 
ter. This is true even when the 
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oil, which had been protected by a 
sextant green filter as stated has a 
peroxide value practically equal to 
that at which the unprotected oil 
becomes rancid. It was found also 
that the compound or compounds 
which develop the rancid odor ac- 
company only those peroxides 
which are formed after  the oil is 
exposed to full light. In  other 
words, it takes just as long for 
rancidity to develop in an oil for- 
merly protected with a sextant 
green filter and possessing a high 
peroxide value as it does in a fresh 
oil, when the two are exposed to 
the same light. 

This indicates very clearly that 
the process involved in tile develop- 
ment of rancidity begins just as 
soon as the oil is exposed to light 
and is independent of the amount 
of peroxides that may have been 
formed in the oil wlaile protected 
by a sextant green filter. To sup- 
port this view mention should be 
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made of the results obtained in ex- 
periments in which air was bnbbled 
through oil protected by a sextant 
green filter and in which rancidity 
did not develop even though high 
peroxide values had been ac- 
qu i red(2) .  

There is reason to believe that 
the process involved in the forma- 
tion of peroxides is accelerated 
when the oil is exposed to full 
light, and that there is a photosen- 
sitizer in the oil which, in the pres- 
ence of light, gives rise to a react- 
ing molecule which later brings 
about rancidity deveIopment, since 
a normal induction period always 
precedes the appearance of  rancid- 
ity even when the protected oil al- 
ready has a high peroxide value. 

The results of Table I show that 
corn oil develops rancidity much 
more slowly than does cottonseed 
oil under  the same constant light 
source and temperature. The re- 
sults given in Table I I  likewise show 
that under controlled light inten- 
sity and temperature,  the numeri- 
cal increase in peroxide values. 
with both unprotected and previ- 
ously protected oils, is approxi-  
mately the same when the two oils 
become rancid. Since, in one of 
these samples, rancidity had de~el- 
oped at the end of the first day's 
irradiation, (Table I I )  it was 
planned to determine the peroxide 
values at intervals of a few hours. 
For  this experiment corn oil instead 
of cottonseed oil was selected be- 
cause the initial peroxide value of 
the former was low, viz., 1.5. At  
each interval throughout the experi- 
ment the numerical increase in per- 
oxide values was essentially the 
same in both the fresh oil and in 
the oils which had been previously 
protected. 

The peroxide values of these oils 
as given in Table I I I  are plotted in 
Graph II .  This graph indicates be- 
yond a doubt, first, that when a 
fresh oil of a low initial peroxide 
value is conapared with an oil which 
had previously been protected by a 
sextant green filter and which had 
attained a high peroxide value, the 
relative rate of increase of the for- 
mation of peroxides in both oils is 
tbe same; second, the length of the 
induction period is likewise the 
same in both oils even though at 
the beginning of the experiment the 
oil which had been protected with 
a sextant green filter had developed 

'-'Coe, M a y n e  I t . ,  a n d  J .  A. L e C l e r c  
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by S e l e c t i v e  L i g h t .  Ind .  E n g .  Chem. ,  26, 
no. 3, pp.  245-,?,48. 
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a peroxide value of 50.0; and third, 
it would appear  that the same proc- 
ess which takes place when a fresh 
oil becomes rancid also takes place 
in another portion of the same oil 
which had previously acquired a 
relatively hig h peroxide value as a 
result of having been protected by 
a sextant green filter. 

Just  why the peroxides that have 
developed under a green filter do 
not exhibit the characteristics of 
those developed under full light is 
now being studied. 

Conclusions 
(1)  Peroxides in oils increase 

at a uniform rate when the oils 
are irradiated with light from a 
constant source, such as CX lamps. 

(2)  An oil which has been pro- 
tected by a sextant green filter and 

which has already developed a cer- 
tain amount  of peroxides will, when 
exposed sinmltaneously to light of 
CX lamps with a fresh sample of 
the same oil, continue to develop 
peroxides, and at tile same rate as 
that of the fresh o i l  

(3)  The induction period of an  oil 
which has been protected by a sex- 
tant green filter is unaffected by 
the peroxides which were developed 
during protection and is equal to 
that of a fresh sample o f  the same 
oil. 

(4)  The development of rancid- 
ity in oils that have been protected 
by a sextant green filter proceeds 
independently of the peroxides that 
may be already formed. 

(5)  Peroxides which develop un- 
der a sextant green filter do not 
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increase the susceptibility of the oil 
to hecome rancid. 
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T H E  personnel of the Refining 
Committee was increased this 
year  to 15 members. The 

general interest in refining prob- 
lems is evidenced by the excellent 
cooperation given the chairman by 
the entire group. 

The study of Soya Bean Oil re- 
fining occupied the entire attention 
of the committee this vear. A pro- 
posed plan for the study of this 
problem was sent to the commit- 
tee on November 3, t936, and the 
work, which was later carried on by 
Mr. H. L. Kevern in Swif t  & .Com- 
pany's  Chemical Labora tory  from 
January  5, 1937, to March 6, 1937, 
followed the suggestions outlined 
in this plan. 

The detailed particulars of the 
Soya Bean O i l  refining tests car- 
ried on in the Swif t  Laboratories 
were furnished to the committee in 
a report  dated Apr i l  14, 1937. The 
refining study led to procedures 
which appeared to give satisfactory 
results with Expel ler  and Hydrau-  
lic type oils. The methods which 
were accepted for cooperative study 
were as follows : 

Crude Soya Bean Refining-- 
Expeller and Hydraulic 

Types 
The apparatus and general pro- 

cedure shall be the same as pre- 
scribed for hydraulic pressed crude 
cottonseed oil, with the following 
exceptions : 

Strength of lye shall be 12 ° for 
expeller soya bean oil and 20 ° for 

hydraulic soya bean oil. Two tests 
shall be made on each oil using the 
maximum amount of sodium hy- 
droxide as calculated from the 

F .F .A .  
formula - - - - - - + . 5 4  and ~,, of 

5.2 
this maxinmm quantity of sodium 
hydroxide. 

Expeller  soya bean oil shall be 
agitated at 20-24 ° C. for 90 min- 
utes from the time the sodium hy- 
droxide solution is added with the 
agitator running 250 r.p.m. _ 10. 
i t  shall then he immediately trans~ 
ferred to 65 ° C. bath and stirred 
at 70 +__ 5 r.p.m, for exactly 12 
minutes. Tempera ture  of oil must 
then be 65 ° C. + 2 ° C., adjust ing 
the temperature of the water bath 
if necessary within the limits speci- 
fied to obtain this final oil tem- 
perature. 

Hydraul ic  soya bean oil shall be 
agitated at 20-24 ° C. for 45 min- 
utes from the time the sodium hy- 
droxide solution is added with the 
agitator running 250 r.p.m.-+-10. 
I t  shall then be immediately trans- 
ferred to 65 ° C. hath and handled 
as directed under Expel ler  soya 
bean oil. 

A t  the end of the stow agitation 
period of refining both Expel ler  
and Hydraul ic  soya bean oils shall 
be allowed to settle in the 65 ° bath 
for one hour. Cool by setting in a 
cold water  bath at 20-24 ° C. for 
one hour. The  oil shall then be al- 
lowed to set over night before 
pouring off. I f  the oil has become 

warm over night it should be chilled 
in a bath at 20-24 ° C. for 30 min- 
utes. 

The soapstock may be hardened 
by chilling in water  at a tempera- 
ture of 20-24 ° C. if necessary to 
permit draining the oil from the 
soapstock. 

Cooperative samples of  Expeller  
and Hydraul ic  soya bean oil were 
sent to the committee on March 
22, 1937. The results obtained in 
this cooperative study, using the 
lnethod outlined above, are given 
on the attached tabulations. These 
results may in general be consid- 
ered quite satisfactory for  a co- 
operative study of this kind. 

The method suggested for Ex-  
peller and Hydraul ic  oils did not 
appear to give the most satisfac- 
tory results on Extrac ted  oil. A 
longer per iod of slow agitation, 
however, led to considerably im- 
proved results, but  the study of this 
type of oil was not considered to 
be of sufficient extent  to permit  
definite conclusions. 

Recommendations 
The committee recommends ( t )  

that the method for  refining Ex-  
peller and Hydraul ic  soya bean oil 
as outlined above be suggested as 
a tentative method to replace the 
one now given in the American Oil 
Chemists'  Society Methods;  (2)  
that the work on Extracted soya 
bean oil be continued next year. 

H. S. MITCHELL, Chairman. 
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