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ABSTRACT 
The main objective of this study is to evaluate oxidative stability of some common cooking vegetable 
oils as a result of induction cook top heating. The major benefits of induction cooking are speed, 
safety feature, cleanliness and energy efficiency. Electrical cooking of any kinds also eliminates any 
volatile by products. Induction cooking is only method that directly uses cookware as a part of 
cooking  system. Induction  cooking involves no open flame or other  radiant  heat  source  that could 
ignite fumes or flammable materials. This translates to less risk within the kitchen, laboratories, 
industries and an overall safer environment for the users. Thermal reaction involving long chain fatty 
acids esters, that usually require many hours of heating or stirring at room temperature, can be 
achieved in few minutes heating by the use of induction cook top. Oxidation changes occurred during 
study were assessed by some common traditional physiochemical parameters such as acid value,  free 
fatty acid  value and  peroxide value as well as by Fourier transform infrared (FTIR) spectroscopy. 
Changes in the 3050-2800 and 1745cm-1 spectral region after heating on induction cook top are 
discussed for oxidation process monitoring. In present study, it has been found that sunflower oil 
shows maximum peroxide value after heating at induction cook top as compare to other vegetable 
oils which is due to greater degree of unsaturation in sunflower oil fatty acids composition. 

Key Words : Fourier transform infrared (FTIR) spectroscopy, Peroxide value, Free fatty acid, 
Oxidative stability, Induction cook top 

 
INTRODUCTION 

Oxidative stability of oils is the resistance to 
oxidation during processing and storage.1 
Oxidative stability is an important indicator to 
determine oil quality and shelf life2 because 
low-molecular weight off-flavor compounds 
are produced during oxidation. The off-flavor 
compounds make oil less acceptable or 
unacceptable to consumers or for industrial 
use as a food ingredient. Oxidation of oil also 
destroys essential fatty acids and produces 
toxic compounds and oxidized polymers. 
Oxidation of oil is very important in terms of 
palatability, nutritional quality, and toxicity of 
edible oils.3  
When heated repeatedly, changes in physical 
appearance of the oil will occur such as 
increased viscosity and darkening in colour, 
which may alter the fatty acid composition of 
the oil.4 Heating causes the oil to undergo a 
series of chemical reactions like oxidation, 
hydrolysis and polymerization.5 Hydrolysis 

increases the amount of free fatty acids, mono- 
and diacylglycerols, and glycerols in oils. 
Oxidation occurs at a greater rate than 
hydrolysis during deep-fat frying and high 
temperature heating. Hydrolysis is more 
preferable in oil with short and unsaturated 
fatty acids than oil with long and saturated 
fatty acids because short and unsaturated fatty 
acids are more soluble in water than long and 
saturated fatty acids. During this process, 
many oxidative products such as 
hydroperoxide and aldehydes are produced, 
which can be absorbed into the fried food.6 
Cooking oil deterioration is accelerated by 
light, heat, water, acids, enzymes and 
microorganisms. Its effects result in the 
formation off-odors and flavors, reduction or 
destruction of essential fatty acids, generating 
of glycerol, free fatty acids and toxic products. 
The primary oxidation products that develop 
in triacylglycerol are hydroperoxide which 
may later break down to produce lower 
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molecular weight compounds such as free 
fatty acids, alcohols, aldehydes and ketones 
eventually leading to a rancid product.7 
The major benefits of induction cooking is 
speed, safety feature, cleanliness and energy 
efficiency. Electrical cooking of any kinds 
also eliminates any volatile by products. 
Induction cooking is the only method  that 
directly uses   the cookware as a part of the 
cooking system. Induction cooking involves 
no open flame or other radiant heat source that 
could ignite fumes or flammable materials. 
This translates to less risk within the kitchen, 
laboratories , industries and an overall safer 
environment for the users.8 Thermal reaction9 
involving long chain fatty acids esters, that 
usually require many hours of heating or 
stirring at room temperature, can be achieved 
in few minutes heating by the use of induction 
cook top. Other   modes of heating of various 
vegetables oils  via  microwave10 -12 or thermal 
heating is very well reported. Perusal of 
literature shows that no study on induction 
cooktop   heating  is  done  so  far  thus  it  was  
decided to use induction cooktop method in  

order to evaluate oxidative study of common 
cooking oils used in Indian kitchen. 

MATERIAL AND METHODS 
Seven types of common edible oil rice bran, 
coconut, mustard, peanut, sesame, sunflower, 
and soybean oils were chosen for  comparative 
studies. 50 gm of each  oil samples were 
placed in stainless steel pan having diameter 
of 20 cm at 180oC frying temperature (at 
1600W) and  heated up to each oils smoke 
point. Oil samples were cooled at room 
temperature for the analysis and kept in glass 
vial till the analysis. All the reagents were AR 
grade and acid value,  peroxide value determi- 
nation were performed by use of 10 mL 
burette (grade ‘A’ with graduation intervals of 
0.05 mL) as the graduation level of the 
commonly used burette (50 mL capacity ) was 
found to insufficient to capture the reading 
accurately or precisely.    FTIR Absorption 
spectra of   non heated and heated  oils     were 
measured on a Perki Elmer spectrophoto- 
meter  at Central Drug Research Institute  
Lucknow. All spectra  were recorded from 
4000-400 cm-1. 
    

 
Fig. 1 : FFA values of induction heated vegetable cooking  oils 

Oils   
All cooking vegetable oils were purchased 
from local market.  Rice  bran oil from Saffola 
company Soybean , Mustard and sunflower   
oil were of fortune brand of Adani Wilmer 
company. Sesame oil from Pitambari Agricare 
Division, Navi Mumbai and  Filtered 

Groundnut/ Peanut  oil (PO) from Dammani 
brothers, Indore. 
Determination of Free fatty acid (FFA) and 
Acid value 
The    acid    value    and    FFA    content  was 
determined by directly titrating the heated oil 
samples in an alcoholic medium against standard 
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potassium hydroxide  solution. (Fig. 1) 
56.1×NVAcid Value =

W
 

AV  = 1.99 x FFA 
V = Volume in ml standard KOH 
N = Normality of KOH solution 
W = Weight in gm of the oil  
FFA concentration in   the heated  oils  is   
calculated as percent oleic acid. 

Determination of peroxide value 
Peroxide value determination was done 
according to AOCS standard methods. The 
values were expressed as meq of peroxide O2 / 

kg oil and mg KOH /gm oil respectively.   
(Fig. 2) 
             Peroxide Value  =   10 x V 

                             W 
V = Volume of 0.01 N Na2S2O3 solution 
W  = Weight in gm of the oil 

 
Fig. 2 : PV of induction heated vegetable cooking oil 

Table 1 : Composition of fatty acid in oils 
 

Oil type 
Saturated fatty 

acid (SFA) 
Monounsaturate          

fatty acid (MUFA) 
Polyunsaturated 

fatty acid (PUFA) 
Total 

(MUFA+PUFA) 
Rice Bran Oil 

(RBO) 
25 38 37 75 

Coconut Oil 
(CO) 

91 06 03 09 

Mustard Oil 
(MO) 

12 60 21 81 

Peanut  Oil 
(PO) 

17 46 32 78 

Sesame Oil 
(SEO) 

14 40 42 82 

Sunflower Oil 
(SUO) 

11 30 59 89 

Soybean Oil 
(SYO) 

16 23 58 81 
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RESULTS AND DISCUSSION 
FTIR  spectrum13,14 of the various oil samples 
shows absorption bands at different wave 
numbers as follows: 3009.08 cm-1 assigned to 
(=C -H) stretching of the carbon-carbon double 
bonds and its frequency depends on the oils 
composition. It has been shown that sunflower 
oil (SUO) with high proportion of linolenic 
acid or linolenic acyl groups (Table 1) show 
higher frequency data at this band than oils 
(mustard oil MO) with high proportion of oleic 
acyl group15 which shows absorbance at 3007 
cm-1. 
The frequency band near 3009 cm-1 is missing 
in coconut oil. This band can be the index of 
degree of unsaturation of edible oil and also be  

used for their characterization and 
determination of  fatty acid composition of 
cooking oils.16 Band at 2926.14 cm-1 and 
2854.77 cm-1 assigned to (C H) stretching of 
the saturated carbon-carbon bonds, 1746.62 
cm-1 assigned to (C=O) stretching of the 
carbonyl functionalities, 1650.0 cm-1  assigned 
to (C=C) stretching of the carbon-carbon 
double bonds, 1163.13 cm-1 assigned to (C -O-
C) stretching of the ester functionalities and 
722.37 cm-1 assigned to (C-H) out of the plane 
stretching of the saturated carbon-carbon 
bonds (Table 2). Consequently, all absorption 
bands observed in the IR spectrum are in 
agreement with the structure of a 
triacylglycerol bearing unsaturated fatty acids 
in its structure. 

Table 2 : Evalution of FTIR spectrum 
(Different frequencies and related functional  groups) 

3633 cm-1 secondary oxidized products  
3009 cm-1 C-H stretching vibration of the linoleic acyl group  
3007 cm-1 C-H stretching vibration of the oleic acyl group 
2925 cm-1 C-H symmetric stretching vibration aliphatic CH2 
2854 cm-1 C-H asymmetric stretching vibration aliphatic CH2 
1745. cm-1 C=O ester carbonyl double bond stretching of triglycerides  
1654- 1659 cm-1 C=C stretching vibration of the cis olefins 
1460–1462 cm-1 deformations and bending of –C- H the CH2 and CH3 aliphatic groups 

1373.2–1377 cm-1 C-H bending vibrations of CH2 group 
1163.0–1236.3 cm-1 stretching vibration of C-O 

723.3 cm-1 (-CH2),-CH=CH- overlapping of the CH2 rocking and the out of 
plane vibration of cis disubstituted olefins  

The peroxide index is the most common 
parameter used to characterize oils and fats. An 
oil  with  peroxide value 1-5 meq/kg is 
classified at low oxidation state,  that between 
5-10 meq/kg at moderate oxidation and more 
than 10 meq/kg is  classified at high oxidation 
state.17 The number of peroxides present in 
vegetable oils reflects its oxidative level and 
thus its tendency to become rancid. 
Unsaturated fatty acids easily react with 
oxygen to form peroxides. Oils with high 
peroxide values are unstable and easily become 
rancid. The formation rate of   hydroperoxides   
outweighs their rate of decomposition during 
the initial stage of oxidation,  and this becomes  

reversed at later stages. Therefore, the peroxide 
value (PV) is an indicator of the initial stages 
of oxidative change. However, one can assess 
whether a lipid is in the growth or decay 
portion of the hydroperoxide concentration by 
monitoring the amount of hydroperoxides as a 
function of time. Accordingly it seems that the 
rate of peroxide formation i.e. primary 
oxidized product in the tested oils are arranged 
in following increasing order MO < RBO ~ 
CO < SEO < SYO < PO < SUO. Sunflower oil 
shows maximum peroxide formation  as 
compared to other oils under analysis .There is 
decrease in percentage of transmittance and 
increase in absorption value for SUO and PO 
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Table 3 :  FTIR data of vegetable cooking oils 

Code Oil Wave no in Cm-1 (% Transmittance) 

RBO -------- 2924 
(0.422) 

2854 
(0.445) 

1746 
(0.498) 

1644 
(0.534) 

1464 
(0.531) 

1384 
(0.523) ------- 1156 

(0.514) 
1069 
(0.496) 

757 
(0.589) 

CO -------- 2924 
(0.342) 

2856 
(0.376) 

1745 
(0.414) 

1640 
(0.463) 

1458 
(0.460) 

1384 
(0.457) ----- 1156 

(0.443) 
1067 
(0.426) 

754 
(0..523) 

MO 3007 
(0.438) 

2923 
(0.382) 

2853 
(0.406) 

1744 
(0.452) 

1645 
(0.496) 

1464 
(0.484) 

1384 
(0.479) 

1219 
(0.451) 

1156 
(0.468) 

1068 
(0.456) 

772 
(0.288) 

PO -------- 2923 
(0.438) 

2853 
(0.458) 

1744 
(0.516) 

1644 
(0.524) 

1402 
(0.518)  

1219 
(0.512) 

1156 
(0.519) 

1068 
(0.487) 

771 
(0.383) 

SEO ------- 2925 
(0.353) 

2856 
(0.378) 

1744 
(0.420) 

1643 
(0.445) ------- 1399 

(0.437) ---- ------ 1068 
(0.411) 

768 
(0.455) 

SUO 3009 
(0.468) 

2924 
(0.439) 

2854 
(0.457) 

1746 
(0.510) 

1645 
(0.536) -------- 1384 

(0.524) ---- 1156 
(0.516) 

1069 
(0.496) 

760 
(0.580) 

SYO 3009 
(0.194) 

2924 
(0.105) 

2853 
(0.125) 

1744 
(0.132) 

1651 
(0.424) 

1463 
(0.219) 

1377 
(0.275) 

1238 
(0.248) 

1161 
(0.184) 

1098 
(0.239) 

723 
(0.319) 

RBOH ------ 2923 
(0.448) ------ 1743 

(0.516) 
1645 
(0.532) -------- 1384 

(0.517) ----- 1156 
(0.514) 

1068 
(0.493) 

757 
(0.571) 

COH ------ 2923 
(0.459) 

2854 
(0.474) 

1744 
(0.528) 

1639 
(0.546) -------- 1384 

(0.531) ------ 1155 
(0.526) 

1069 
(0.504) 

757 
(0..595) 

MOH ------ 2922 
(0.451) ------- 1744 

(0.525) 
1644 
(0.535) 

1402 
(0.526) ------- 1218 

(0.550) 
1156 
(0.527) 

1068 
(0.498) 

771 
(0.540) 

POH 3007 
(0.461) 

2923 
(0.421) 

2853 
(0.439) 

1745 
(0.494) 

1645 
(0.530) 

1402 
(0.518) 

1384 
(0.513) ------ 1156 

(0.502) 
1069 
(0.484) 

759 
(0.576) 

SEOH 3009 
(0.464) 

2924 
(0.426) 

2854 
(0.446) 

1746 
(0.497) 

1644 
(0.526)  

1384 
(0.516) ------- 1156 

(0.509) 
1069 
(0.488) 

758 
(0.578) 

SUOHs ----- 2924 
(0.421) 

2344 
(0.481) 

1742 
(0.489) 

1645 
(0.489) 

1402 
(0.481) -------- -------- 1155 

(0.484) 
1069 
(0.452) 

757 
(0.540) 

SYOH 3008 
(0.279) 

2924 
(0..211) 

2853 
(0..235) 

1744 
(0. 265) 

1651 
(0.438) 

1463 
(0.327) 

1378 
(0.349) 

1238 
(0.354) 

1158 
(0.316) 

1097 
(0.338) 

723 
(0.431) 
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Symbol : RBO-Ricebran  oil, CO-Coconut oil, MO-Mustard Oil, PO-Peanut Oil,  SEO-Sesame Oil, SOU-Sunflower Oil, SYO-Soybean oil,  
              : H-Heated  



ISSN  0973 – 6921 ; E – ISSN 2319 – 5983                                                     J. Environ. Res. Develop. 
Journal of Environmental Research And Development     Vol.11 No. 02, October-December 2016 

337 
 

due to greater amount of peroxide 
concentration while in rest  of the  oils   there  
is  increase in percentage of transmittance and 
vica versa (Table 3). 
PV obtained for SUO indicates that it is highly 
susceptible to oxidation and showed slow rate 
of hydrolysis while MO is  least susceptible to 
oxidation and  rest are moderate. Cooking oil 
can undergo either hydrolytic or oxidative 
rancidity. A free fatty acid is released by the 
effect of both hydrolytic and oxidative 
reactions of oil. Oxidation occurs at a greater 
rate than hydrolysis in sunflower oil.  Other 
side hydrolysis rate or maximum free  fatty 
acids  formation  is shown  by RBO compared 
to all tested  oils. This result supported by 
Nikovska18 a decrease in the oxidative 
stability of oils results from an increase of the 
degree of unsaturation, due to greater    
availability   of PUFA’s.  In  IR  spectrum  of 
all cooking19-22    oil a spurious band 
corresponding to 3400    cm-1 is observed 
which is due to hydrogen bonding   in water 
usually in KBr disc. FTIR spectra also reveals 
that  no secondary oxidized products like 
aldehydes ,ketones and alcohols  and trans 
products are formed during  induction cooktop   
heating    in   the   all analyzed oils for single 
induction cooktop heating upto respective 
vegetable oils smoke point.23-26  

CONCLUSION 
The result of this study indicates that FTIR 
spectroscopy may be able to substitute classic 
chemical methods being a simple, rapid, and 
highly precise valuable and low cost tool to 
evaluate the oxidative stability and fatty acids 
composition of common cooking oils used in 
Indian kitchen. Sunflower oil due to its fatty 
acids composition (high PUFA content Table 
1) shows maximum peroxide value as 
compare to other cooking oils used during  
study and found to not exposed up to its 
smoke point via induction cooktop heating or 
high temperature heating  while other oils are 
less susceptible to oxidation. On the other 
hand Mustard oil shows least peroxide 
formation which could be  related to its high 
MUFA content. It can be suggested to public 
awareness that care should be taken while 
working with induction cooktop as it is very 
fast method of heating and cooking oil (SUO 

only heating at max time 115 sec) should not 
exposed to its smoke point. All the essential 
cooking preparations must be completed 
before in advance especially when cooking is 
done via induction cook top.  
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