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Abstract 
Common edible oils and fats (refined peanut 

oil, sesame oil, safflower oil, and butter oil, ghee) 
were exposed to direct sunlight, fluorescent light 
and Sehaal Test. Data collected on refractive 
indices (N~ ~) show an increase of the order of 
0.001 ± 0.0003 at the stage of development of 
perceptible rancid odor. The pattern of changes 
in refractive indices and peroxide values of these 
edible oils, autoxidized at 100 _+ 5 C, show that 
refractive indices indicate more precisely the 
termination of the induction periods than per- 
oxide values. 

Introduction 
The common edible oils and fats of commercial 

importance in this country include peanut oil, sesame 
oil, butter oil (ghee), safflower oil, mustard oil, coco- 
nut oil and hydrogenated vegetable oil (vanaspati). 
A minimum shelf-life of six months for these oils and 
fats under the varied operational climatic conditions, 
ranging from tropical to subarctic climates, is a pri- 
mary requirement of the Indian Defense Services. 

The most commonly used methods of assessing the 
stability of fats and oils are the active oxygen method 
(1) and Sehaal test (2). In these tests peroxide value 
is correlated with the organoleptic evaluation of 
rancidity. However it is reported (3-6) that peroxide 
value has its inherent limitations and that it does not 
precisely indicate the exact termination of the in- 
duction period. 

Refractive indices of fats and oils have been re- 
ported (4,5) to increase on autoxidation. A rapid 
refractometric method for the determination of light 
stability of fats has also been reported (7). This 
paper describes the pattern of changes in the re- 
fractive indices of fats and oils on autoxidation in 
relation to rancid odor development. 
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Experimental Procedures 
One hundred grams each of commercially refined 

samples of safflower oil, peanut oil, sesame oil and 
butter oil (ghee) were exposed to direct sunlight and 
fluorescent light (8) in uncovered pyrex glass beakers. 
The period of exposure varied from 3-36 hr depend- 
ing on development of rancidity. These were also 
similarly subjected to the Schaal test at 60C (2) 
and 70 C (9). The periods of incubation in the Schaal 
test varied from 96-696 hr at 60 C and 48-384 hr 
at 70 C. 

Both the light exposed and oven-incubated samples 
were periodically assessed, along with the unexposed 
control samples, by a panel of six judges, for the 
development of perceptible rancid odor. Every time 
at predetermined intervals one sample of each oil 
or fat was used for the determination of peroxide 
value by the AOCS method (10) and refractive 
index (N~ ~) in a Pulfrieh refractometer (11). The 
results are presented in Table I. 

One hundred grams each of commercially pure sam- 
ples of coconut oil and mustard oil in addition to 
the above oils and fats were heated in uncovered pyrex 
beakers in an air oven maintained at 100 ___ 5 C. The 
periods of exposure varied from 4-268 hr depending 
on development of rancidity. These were periodically 
assessed by the same panel of judges and similarly 
analyzed for the respective peroxide values and 
refractive indices (ND). The patterns of changes in 
peroxide values and refractive indices (N~ 5) are given 
in Figures 1 and 2, respectively. The relationship 
between peroxide value and refractive index in one 
instance (safflower oil) is shown in Figure 3. 

Results and Discussion 
Exposure to light and heat camped significant in- 

crease in the refractive indices and peroxide values 
of the oils and fats (Table I). However the patterns 

T A B L E  I 
L i g h t  Exposure Tests and Schaal Tests on Some Edible  Oils and Fats 

Condition 
of 

exposure 
Sa~ower  

oil 
Peanut 

oil 
Butter 

Sesame oil 
oil (ghee) 

"~ "~ .~ tN 

0 5.8 1.4775 0 5.6 
Sunlight 6 31,8 1,4777 6 24.2 

12 46.9 1.4778 12 35.7 
( 3 4 - 3 9  C) 18 a 74.3 1.4786 18 a 55.7 

24 120.5 1.4791 24 92.4 

Fluorescent 6 20.6 1.4776 6 15.6 
l igh t  12 25.6 1.4776 12 18.6 

L i g h t  18 36.1 1.4778 18 21.3 
xposure 24 44.3 1.4778 24 29.2 

A p p a r a t u s )  30 a 60.8 1.4785 30 32.6 
(32--37 C) 36 67.9 1.4788 36 a 55.8 

96 50.4 1.4778 96 20.4 
Sehaal Test  144 60.5 1.4779 192 46.5 
(60-----2C) 240 60.3 

192 a 131.4 1.4790 264 a 73.0 

48 59.2 1.4778 48 38.6 
S e h a ~  T e ~  96 a 113.4 1,4787 96 51.0 
(70-----2 C) 120 152.4 1.4792 120 a 99.4 

216 322.7 1.4802 216 180.4 

1.4708 0 5.2 1.4732 0 2.2 1.4600 
1.4708 6 18.5 1.4732 3 6.5 1.4601 
1.4710 12 27.8 1.4734 9 8.7 1.4601 
1.4718 18 a 50.1 1.4741 15 a 13.8 1.4607 
1.4726 24 80.7 1.4749 21 25.6 1.4613 

1.4708 6 11.5 1.4732 6 4,3 1.4600 
1.4708 12 14.3 1.4732 12 5,1 1.4600 
1.4709 18 19.2 1.4733 18 7.5 1.4601 
1.4709 24 25.7 1.4734 24 a 12.9 1.4607 
1.4710 30 28.3 1.4734 30 18.4 1.4611 
1.4718 36 a 47.6 1.4741 36 34.4 1.4616 

1.4708 96 8.0 1.4732 96 3 . 8  1.4600 
1.4710 264 35.2 1.4734 480 5.7 1.4601 
1.4712 432 51.3 1.4735 600 9.8 1.4602 
1.4719 528 a 68.1 1.4744 696 a 16.9 1.4610 

1.4709 96 16.2 1.4732 96 4.2 1.4600 
1.4712 216 47.4 1.4734 216 6.5 1.4601 
1 .4721 264  a 71.6 1.4743 360 ~ 15.4 1.4808 
1.4729 312 95.8 1.4750 384 23.6 1.4613 

a Stage of perceptible rancid odor development reported by the panel of judges. 
b p y _ - - P e r o x i d e  value (milli equivalents of o x y g e n / k g ) .  
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FIG. 1. Peroxide value of oils and fats stored at 100 ~ 5 C. 

of changes in refractive indices and peroxide values 
were different. Peroxide values increased at a steady 
rate over the primary induction period and, after 
the onset of rancidity, the rate was slightly higher. 

Comparatively changes in refractive indices (N~ ~) 
were not significant (not more than +0.0004) during 
the induction periods. Thereafter in all the samples 
there was a sharp increase, of the order of 0.001 --+-_ 
0.0003, which invariably coincided with the detection 
of perceptible rancid odor. It  is observed (Table I) 
that the sharp increase in refractive indices precisely 
indicate the termination of the respective induction 
periods. The application of "t" test to the increase 
in refractive indices of the oils and fats before and 
after the perception of rancid odor (termination of 
induction periods) show that these results are 
statistically significant. 

Direct sunlight had more deleterious effect than 
fluorescent light or Schaal test. Butter oil (ghee) 
had the least light stability and the most heat 
stability. 

Peroxide values in the samples stored at 100 ± 5 C 
increased steadily in the early heating periods, reached 
a maximum, and then registered a gradual drop 
(Fig. 1). Howe,'or, peroxide value curves did not 
indicate the exact end of the induction periods under 
these conditions of storage. Safflower oil showed the 
maximum peroxide development, while mustard oil 
bad the least. 

, The pattern of changes in refractive indices (Fig. 
2) was similar to that of light exposure and Schaal 
tests. Refractive indices remained unchanged dur- 
ing the primary induction period, registered a sharp 
increase at the termination of the induction periods 
and then continued to increase gradually. In all the 
cases the sharp inflection in the refractive index curve 
invariably coincided with the termination of the in- 
duction period and the onset of perceptible rancid 
odor. 

The refractive index curve, based on the above 
data, indicates the end of the induction period more 
precisely than the peroxide value curve. Besides, 
determination of refractive index is subject to less 
error than peroxide value. 
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FIG. 2. Refractive indices of oils and fats autoxidized at 
I00 ___ 5 O. 

However, there appears to be some relationship be- 
tween the pattern of peroxide development and 
changes in refractive indices of the autoxidized oils 
or fats, safflower oil (Fig. 3) being an example. Re- 
fractive index changes according to the three known 
stages of autoxidation of fats and oils (4). Over the 
primary induction period, when peroxide formation 
is less, refractive index remained constant; thereafter 
during the secondary stage of relatively more 
peroxide formation refractive index registers a sharp 
increase until the peroxide value reaches the maxi- 
mum; in the tertiary stage of peroxide decomposition, 
however, when the peroxide value curve registers a 
drop, the refractive index continues to increase fur- 
ther, at a steady rate, the curve being less sharp than 
in the secondary stage. This pattern is observed in 
other cases as well (Fig. 1 and 2). 

The increase in refractive index with autoxidation 
is possibly attributable to conjugation known to pre- 
cede hydroperoxide formation in the secondary stage, 
and polymerization of partially oxidized fats in the 
tertiary state of autoxidation, since both conjugation 
and polymerization are reported to result in increased 
refractive indices of oils and fats (12,13). 

Our work on the correlation of peroxide values and 
refractive indices of autoxidized oils and fats, c o n -  
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Relation between peroxide value and refractive 
index (safflower oil autoxidized at 1O0 ~ 5 C). 
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firms the results reported previously by Czeehosla- 
vakian workers (4,5). 
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