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with the test. Heated oils may in- 
terfere. However, such oils are 
not likely to be present in olive oil 
sold for food purposes. 
N o t e :  

S i n c e  th i s  p a p e r  wa s  w r i t t e n  t h e r e  h a s  
b e e n  r e p o r t e d  in t h e  J u l y  i s s u e  of  F o o d  
I n d u s t r i e s ,  13 a m e t h o d  used  by t he  F e d -  
e r a l  F o o d  a n d  D r u g  A d m i n i s t r a t i o n  fo r  
t h e  l a s t  f e w  m o n t h s .  

T h i s  m e t h o d  h a s  been  t r i e d  by  t he  a u -  
t h o r s  w h o  f ind t h a t  t h e  color  r e s u l t i n g  
d o e s  n o t  l a s t  l o n g  e n o u g h  to  p e r m i t  of  
e a s y  c o m p a r i s o n  w l t h  s t a n d a r d s ,  a n d  
s e c o n d  t h a t  some  o l ive  oi ls  g i v e  a p i n k  
co lor  r e a c t i o n  w h i c h  c a n  be m i s t a k e n  as  
i n d i c a t i n g  t he  a d d i t i o n  of some  t e a  seed  
oil. 
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U. S. Department of Agr;culfure 

T H E  induction period of oils 
or fats and its significance in 

determining their keeping 
quality have long been active sub- 
jects for investigation. Usually in 
the process of refining and in han- 
dling for the market, oils are more 
or less exposed to deleterious 
agents, especially finely divided 
metals, as well as unfavorable tem- 
perature and light conditions, all of 
which play an important part in 
altering the induction period. 

Under normal conditions, an oil 
of good keeping quality is charac- 
terized by a tong induction period 
and a low peroxide value. Under 
such conditions, when the oil is not 
in contact with metals, the peroxide 
value will increase to about 30 or 
60 before the oil becomes rancid. 
This usually takes from one week 
to one month. If  an 0il is exposed 
to light of more than ordinary in- 
tensity, under certain conditions the 
induction period may be shortened 
to a few days only. In general, as 
rancidity develops the peroxide 
value increases. Consequently, 
many investigators have undertaken 
to correlate rancidity and the in- 
duction period with the peroxide 
value. Numerous observations have 
shown, however, that oils or fats 
protected from light, for example, 
by means of a green wrapper or 
container, may have a peroxide 
value equal to or even greater than 
an unprotected oil or fat that has 

* F o o d  R e s e a r c h  C o n t r i b u t i o n  No. 299. 

become rancid and still be organo- 
lepticaliy free f rom rancidity. 1 

Preliminary Experiment 

Corn oil through which moisture- 
laden air 1 had been bubbled for six 
months, during which time it had 
been protected from light with 
opaque black paper, was trans- 
ferred to two tubes, one of which 
was wrapped with protective green 
(delimited by 4,900 to 5,800 Ang- 
str6m units) paper while the other 
was unprotected. The tubes were 
then exposed to the light in an east 
window. After  such exposure for 
about seven weeks, it was found 
that, although the peroxide valu ~ . of 
the two samples was about the 
same, the unprotected sample was 
rancid while the oil protected by 
green paper was still free from ran- 
cidity. This preliminary experi- 
ment indicated that the reaction 
which gives rise to the rancid taste 
or odor may have no connection 
with the formation of peroxides.  
That the development of rancidity 
in these experiments is a photo- 
chemical change is also indicated by 
the fact that when oils are protected 
from harmful light the original mo- 
bility and color of the oil, as well 
as the taste and odor, are to a large 
extent preserved. 

11934. Coe, M a y n e  R., a n d  J.  A. L e -  
Clere .  P h o t o c h e m i c a l  S t u d i e s  of  R a n -  
c i d i t y :  P e r o x i d e  V a l u e s  of Oils  a s  A f -  
f e c t e d  by  S e l e c t i v e  L i g h t .  Ind.  E n g .  
Chem. ,  Vol. 26, P a g e  24-5. 

1A v e r y  a d v e r s e  t r e a t m e n t .  

The results noted above have 
raised the questions: (1) "What  
influence does protection from 
harmful light have on the induc- 
tion period of a fresh oil?" (2) 
"Does 'protective green,' as defined 
above, extend the keeping quality 
or induction period of an oil?" (3) 
"Does the process concerned with 
the development of rancidity begin 
when the oil is first exposed to 
light, i.e., does this mark the be- 
gmnang of the induction period?" 
(4) "Does the peroxide value of a 
protected oil modify the induction 
period of that oil when the oil is 
exposed to light ?" I t  may be pos- 
sible to answer some, if not all, of 
these questions. 

Experimental 

An experiment was made to de- 
termine whether rancidity develops 
at about the same time in a fresh 
oil as in an oil which, for a time, 
had been exposed to light but had 
been protected by this special green 
wrapping. Cottonseed and corn 
oils were used. The initial perox- 
ide value of the former was 1.0; 
that of the latter was 1.5. 

Two eight-ounce bottles of clear 
glass containing cottonseed oil and 
two containing corn oil were each 
provided with a two-hole cork stop- 
per. One bottle of each set was 
wrapped with protective green pa- 
per;  the remaining bottle of each 
set was not wrapped. Through one 
hole of the stopper was inserted a 
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glass tube which was connected 
with a flow meter delivering six 
liters of moist air per hour. The 
apparatus was adjusted so that, as 
nearly as possible, all four samples 
received the same amount of air. 
This experiment lasted five weeks, 
during which time the samples were 
exposed to the light of a south win- 
dow. Each week the peroxide 
values were determined, and an or- 
ganoleptic test for  rancidity was 
made. These tests were continued 
until the oil protected by the green 
wrapper had developed a peroxide 
value equal to that of the unpro- 
tected oil at the time rancidity was 
first noted. At that stage the oil 
that had been protected was ex- 
posed without wrappers to light and 
at the same time and under the 
same conditions fresh samples of 
cottonseed oil and corn oils, respec- 
tively, taken from the original cans 
which had been kept in a household 
mechanical refrigerator, were ex- 
posed to light. The initial peroxide 
value of the fresh cottonseed oil 
was 3; that of the corn oil was 11. 
The time required for each of these 
samples to become rancid was 
noted. The data in Tables I and 
I I  show the results of this experi- 
ment. 

development from the bottles which 
had been protected with green 
wrappers, and these were exposed 
to the light in an east window along 
with fresh samples of the same oils 
taken from the refrigerator. Ta- 
bles I I I  and IV show the results 
of this experiment. 

came rancid at about the same time. 
Even though moist air was bubbled 
through the oil, the green wrapper 
provided protection from photo- 
chemical action. 

A variation of this experiment 
was carried out with cottonseed oil, 
corn oil and peanut oil (Table IV) .  

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

C o t t o n s e e d  Oil  
E x p o s u r e  

r - - -  I n i t i a l  P e r o x i d e  V a l u e  ~ A f t e r  
T e s t  P r o t e c t e d  R e m o v a l  of  

No. F r e s h  Oil  Oil  W r a p p e r ,  D a y s  
1 3 14 7 
2 3 42 7 
3 5 48 7 
4 7 68 7 

Corn Oil 
1 L e s s  t h a n  . . . . . . .  1.5 18 7 
1 L e s s  t h a n  . . . . . . .  1.5 18 14 
2 L e s s  t h a n  . . . . . . .  1.5 37 6 
2 L e s s  t h a n  . . . . . . .  1.5 37 19 
3 L e s s  t h a n  . . . . . . .  1.5 72 7 
3 L e s s  t h a n  . . . . . . .  1,5 72 14 

Peanut  Oil 
1 A p p r o x i m a t e l y  . .2 9 8 
1 A p p r o x i m a t e l y  . .  2 9 13 
2 A p p r o x i m a t e l y  . .  4 28 6 
2 A p p r o x i m a t e l y  . .4 28 14 
3 A p p r o x i m a t e l y  . .5 48 6 
3 A o p r o x i m s t e l y  . .5 45 9 

R----Rancid.  

D i s c u s s i o n  
The induction period of an oil, 

as usually understood, acquires a 
new interpretation in view of the 
experiments here recorded. Our 
results show (Table I)  that when 
a sample of oil protected from light 

T A B L E  I - - P E R O X I D E  V A L U E S  O F  P R O T E C T E D  A N D  U N P R O T E C T E D  O I L S  
�9 C o t t o n s e e d  O i l - - - - ~  �9 C o r n  O i l - - - - - - ~ ,  

L e n g t h  of  T i m e  
of E x p o s u r e  C l e a r  G r e e n  C l e a r  G r e e n  

D a y s  G l a s s  W r a p p e r  G l a s s  W r a p p e r  
0 1 1 1.5 1.5 
7 36 ( S R )  9 22 12 

14 68 ( R )  19 38 19 
20 89 (R)  26 49 ( S R )  25 
35 132 (R)  48 93 ( R )  41 
42 192 (R)  60 104 ( R )  50 

S R : S l i g h t l y  r a n c i d .  
R : R a n c l d .  

T A B L E  I I - - P E B O X I D E  V A L U E S  I N  R E L A T I O N  T O  I N D U C T I O N  P E R I O D S  
~ - - C o t t o n s e e d  Oil  ~ t-----Corn Oil----~ 

L e n g t h  of  T i m e  ( P r e v i o u s l y  p r o -  ( P r e v i o u s l y  p r o -  
of  F, x p o s u r e  t e c t e d  w i t h  t e c t e d  w i t h  

D a y s  F r e s h  g r e e n )  F r e s h  g r e e n )  
0 3 60 ( a )  11 50 ( a )  

10 31 60 23 52 
17 51 (R)  81 (R)  33 52 
24 . . . .  44 65 
31 . . . .  54 ( R )  78" (R)  

( a )  T h e s e  s a m p l e s  h a d  b e e n  p r o t e c t e d  w i t h  a g r e e n  w r a p p e r  fo r  42 d a y s  p r e v i o u s l y .  
R~--~Raneid. 

had developed a peroxide value 
equal to that of an unprotected 
sample of the same oil when ran- 
cidity was first noted, and this pro- 
tected oil was afterward exposed 
to clear daylight along with a fresh 
sample of the same oil, the two be- 

A variation of this experiment 
was conducted with new lots of 
cottonseed and corn oils and also 
with peanut oil. Air  was not bub- 
bled through these oils. This time, 
samples of the respective oils were 
taken at various stages of peroxide 

�9 P e r o x i d e  V a l u e  �9 
F r e s h  P r o t e c t e d  

Oil  Oil  
28 (R)  46 (R)  
26 (R)  61 (R)  
29 ( R )  86 ( R )  
34 (R) 99 (R) 

N o t  R a n c i d  N o t  R a n c i d  
79 ( R )  102 ( R )  

N o t  R a n c i d  N o t  R a n c i d  
85 (R)  136 (R)  

N o t  R a n c i d  N o t  R a n c i d  
86 (R)  152 (R)  

N o t  R a n c i d  N o t  R a n c i d  
80 ( R )  103 (R)  

N o t  R a n c i d  N o t  R a n c i d  
149 ( R )  205 (R)  

N o t  R a n c i d  N o t  R a n c i d  
50 ( R )  116 ( R )  

Samples of these oils were protect- 
ed with green wrappers until they 
had acquired certain peroxide 
values and were then exposed to 
daylight along with fresh samples 
of the same oils. In each instance, 
the fresh and the previously pro- 
tected samples became rancid after 
approximately the same length of 
time. 

One sample of cottonseed oil pro- 
tected from light had acquired a 
peroxide value of 14 (Table IV) ,  
another similarly protected had de- 
veloped a peroxide value of 68. 
Both these samples were exposed 
to light beside fresh samples of cot- 
tonseed oil taken from the original 
can kept in the refrigerator. In 
seven days' exposure all four sam- 
ples had become rancid, indicating 
that oils which have been protected 
from light, even though they have 
acquired a relatively high peroxide 
value, become rancid in approxi- 
mately the same time as do fresh 
samples of oil when both are ex- 
posed to light. This is very signifi- 
cant, because if the peroxide value 
were a measure of the susceptibil- 
ity of the oil to rancidity, the cot- 
tonseed oil which had a peroxide 
value of 14 would have taken ap- 
preciably longer to develop rancid- 

T A B L E  I I I - - P E R O X I D E  V A L U E S  O F  P R O T E C T E D  A N D  U N P R O T E C T E D  O I L S  
L e n g t h  of  T i m e  f - - - - C o t t o n s e e d  Oil----~ �9 C o r n  Oil  L e n g t h  of  T i m e  P e a n u t  Oi l  

of E x p o s u r e  C l e a r  G r e e n  C l e a r  G r e e n  of E x p o s u r e  r C l e a r  G r e e n  
D a y s  G l a s s  W r a p p e r  G l a s s  W r a p p e r  D a y s  G l a s s  W r a p p e r  

0 2.5 .9,.5 0.25 0.25 0 0.0 0.0 
17 23 ( R )  14" 24 5 
24 37 (R) 22 .~5 7 "~ "~ ' i  
41 67 (R~ a2* 59 18" 31 62 (R)  9* 
48 78 (R)  48* 66 ( R )  23 46 . .  16 
62 . .  68* �9 - 37* 74 . .  28* 
91 . . . . . .  72* 117 . .  48* 

R - - R a n c i d .  
�9 : P e r o x i d e  v a l u e  w h e n  s a m p I e  w a s  t a k e n  f o r  e x p o s u r e  w i t h  f r e s h  s a m p l e s  f r o m  t h e  r e f r i g e r a t o r .  
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ity when exposed to light than the 
one having a peroxide value of 68. 

The data given in Table IV  show 
further that the four samples fresh 
from the refrigerator exposed to 
�9 light at different times acquired 
nearly the same peroxide value be- 
fore they became rancid. Also, the 
difference between the peroxide 
value of the previously protected 
samples at the time they were ex- 
posed to light and the peroxide 
Value at the time they became rancid 
is strikingly near the peroxide value 
of the fresh refrigerator samples 
when they had become rancid. 

T h i s  seems to suggest that the 
"compound" capable of becoming 
rancid remained unchanged during 
the time the oil was protected from 
harmful wavelengths of light, re- 
gardless of peroxide formation. On 
exposure of the oil to light the 
"compound" became susceptible to 
photochemical action leading to the 
development of rancidity. 

It  appears, therefore, that the 
normal induction period of an oil 
is influenced largely by the length 
of  exposure and intensity of the 
light to which the oil has been sub- 
jected. The results obtained also 
indicate strikingly that the "com- 
pound" capable of becoming rancid 
is not so much affected by the de- 
velopment of peroxide as by ex- 
posure to light. 

I t  is quite likely that different 
samples of the same kind of oil 
vary in their induction period be- 
cause during the process of manu- 

facture and marketing they have 
been exposed to different intensi- 
ties of light for different lengths of 
time. Lea 1 has shown that once an 
oil or fat has been exposed to light 
for even a short period, placing it 
afterwards in the dark will not stop 
the development of rancidity. I f  
an oil has had adequate protection 
from light the peroxide value de- 
veloped at room temperature should 
not be given too great weight in es- 
timating its induction period, for it 
is apparent that the induction pe- 
riod really begins when the oil is 
first exposed to light, irrespective 
of its peroxide value, and ends 
when the oil gives an organoleptic 
test for rancidity. The length of 
the induction period is also depend- 
ent to a greater degree than has 
been recognized heretofore upon the 
amount of light previously ab- 
sorbed. Consequently protection 
from light is a potent means for ex- 
tending the usual period during 
which an oil remains fresh. 

Conclusions 

1. The induction period of an 
oil is appreciably lengthened when 
the oil is kept in the dark, and it 
is likewise lengthened when oils are 
protected from light by a green 
wrapper delimited by 4,900 to 5,800 
Angstr6m units. 

2. An oil which has been pro- 

1Ef fec t  o f  l i g h t  on  O x i d a t i o n  of  F a t s .  
L e a ,  Col in  H.  P r o c .  Roy .  Soc.  ( L o n d o n ) .  
B 108, p a g e  175-89 (1931). 
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tected from light for a certain pe- 
riod and then exposed to light will 
develop rancidity in about the same 
time as will a fresh sample of the 
same oil exposed to light under the 
same conditions. 

3. The development of peroxides 
in oils protected from light by 
means of a green wrapper is no in- 
dication of the rate at which ran- 
cidity will develop in unprotected 
oils. The idea heretofore held that 
the time required for rancidity to 
develop is associated with the per- 
oxide value is no longer tenable, 
except in the case of accelerated 
tests. 

4. The results indicate that ran- 
cidity of an oil has no necessary 
correlation with the development of 
peroxides. 

5. A high peroxide value in an  
oil does not mean that the induc- 
tion period will be short. This is 
especially true if the oil has been 
adequately protected from light. 

6. The time required for an oil 
which has been protected from light 
to become rancid is, under like con- 
ditions, the same regardless of the 
acquired peroxide value. 

7. There is apparently a rela- 
tionship (see Table IV)  between 
the numerical increase in the per- 
oxide value of  an oil previously 
protected from the time it is ex- 
posed to light until it becomes ran- 
cid and the peroxide value of a 
fresh sample of the same oil when 
it becomes rancid. 

C,t  I Es,s AN  IP e Ec.w C Al,ses 
By HAROLD A. LEVEY 

Consulting Chemisf and Industrial Engineer 
New Orleans, La. 

I N the storing and packaging of 
fats and oils there has long been 
a desire to procure an effective 

coating composition which would 
resist the penetration and be proof 
against the action of these sub- 
stances. There are of course a num- 
ber  of  products which are more or 
less suitable for this purpose, but 
nearly all of these possess one or 
more shortcomings. Relatively short 
useful life and high cost are the 
more prominent ones. 

There are a number of substances, 
both inorganic and organic which 
have been used for this purpose; a 
variety of conditions dominating the 
choice as to when and where to use 
them. In this presentation we are 
particularly concerned with those 
types of products which will form a 
continuous non-porous or impervi- 
ous adherent film on the container 
surface. The primary role played 
by these compositions is as a pro- 
tector of the fat or oil, or the prod- 

ucts containing same. If  the mate- 
rial from which the container is 
made is metal Or similar impervious 
substance, then the coating compo- 
sition serves only to prevent any 
possible reaction which may take 
place between oil and the container 
material. However, if the material 
from which the container is made is 
more or less porous, includes non- 
liquid tight joints and is of rela- 
tively low mechanical strength, then 
there is required of  the coating corn- 
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