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Abstract 

The objective of the present review is on Chemical Changes In the vegetable oils release harmful 

carcinogens upon deep fry or reused. Depending on what it is you're cooking, refined oils can be 

reheated the following number of times: For breaded or battered foods – three to four times. For clean 

frying, such as making chips or crisps – eight times, although you could reuse it far more than that if 

you replenish it with fresh oil after the eighth time. Vegetable oils, as used in foods, are comprised of 

complex mixtures of triacylglycerols (TAGs; usually > 95%) with some minor amounts of 

diacylglycerols (usually < 5%). Other minor components are tocopherols/tocotrienols (up to 900 mg 

kg−1) and phytosterol esters/phytosterols (up to 1%). Reusing cooking oil in food preparation, 

especially during deep-frying, is a common practice to save costs. Repeated heating of the oil 

accelerates oxidative degradation of lipids, forming hazardous reactive oxygen species and depleting 

the natural antioxidant contents of the cooking oil. Repeatedly heated cooking oils can generate 

varieties of compounds, including polycyclic aromatic hydrocarbons, some of which have been 

reported as carcinogenic. Heating for prolonged periods as well as exposure to air/oxidation are known 

to decrease the nutritive value of oils. Thermal decomposition of flavanols and poly phenols has been 

reported after heating of oil at 220 °C for 100 min and on storage at 25 °C for 2 weeks. 
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1. Introduction 

Oil’s chemical constituents dictate its fragrance, taste, and therapeutic properties, and a 

single oil can have many different uses, thanks to its complex chemical profile. 

Understanding the chemistry can therefore help you to get the most out of your essential oils 

and give you a better understanding of which oils to use and any safety concerns. A typical 

essential oil contains several hundred individual chemicals, with the great majority at levels 

of less than 1%. The chemical compounds in an essential oil typically have hydrogen, carbon 

and oxygen as their building blocks and can be divided into two main categories:-

Hydrocarbons and Oxygenated compounds. Hydrocarbons contain only carbon and 

hydrogen. This group is made up almost exclusively of terpenes - monoterpenes and 

sesquiterpenes. From hydrocarbons a plant can make the second main group – oxygenated 

compounds. A plant makes oxygenated compounds from hydrocarbons - mainly esters, 

aldehydes, ketones, alcohols, phenols, and oxides. Some oils such as Pine are dominated by 

hydrocarbons whereas others such as Clove comprise mainly of oxygenated compounds. It is 

the oxygenate constituents that typically determine the oil’s aroma and taste. They also give 

them some solubility in water and considerable solubility in alcohol. Sometimes essential 

oils obtained from botanically identical plants can have a significantly different set of 

chemical components and therapeutic actions. This can be due to different growing 

conditions, location, climate etc. [1]. 

Consumption of repeatedly heated cooking oil has been a regular practice without knowing 

the harmful effects of use. The present study is based on the hypothesis that, heating of 

edible oils to their boiling points results in the formation of free radicals that cause oxidative 

stress and induce damage at the cellular and molecular levels [2]. Polycyclic aromatic 

hydrocarbons (PAHs) are a large class of organic compounds that are produced through the 

incomplete combustion or pyrolysis of organic matter and are persistent, bio-accumulative, 

carcinogenic and mutagenic [3].  

International Journal of  Chemical Research and Development  2023; 5(2): 11-16 

 

https://www.chemicaljournal.in/
https://doi.org/10.33545/26646552.2023.v5.i2a.49


 

~ 12 ~ 

International Journal of Chemical Research and Development https://www.chemicaljournal.in/ 
 
 

Food business operators (FBOs) are supposed to discard 

vegetable oils after four times of frying or when its total 

polar compound (TPC) levels reach 25, say the Food Safety 

and Standards Authority of India (FSSAI) rules. TPCs are 

associated with diseases such as atherosclerosis, 

hypertension, liver diseases, and Alzheimer's, FSSAI says. 

The oils tend to be used repeatedly to reduce expenses. The 

heating of oils to their boiling points repeatedly results in 

the formation of free reactive oxygen (free radicals) which 

is responsible for oxidative stress causing elevated levels of 

glucose, creatinine, and cholesterol in the body, studies say. 

Repeated frying also alters Poly Unsaturated Fatty Acids 

(PUFA) molecules present in the oil resulting in the 

formation of oxidized monomers, dimmers, and polymers 

which further break down into toxic Malondialdehyde 

which is linked to coronary heart disease and cancers. The 

present review is focused on the Chemical Changes in the 

vegetable oils release harmful carcinogens upon deep fry or 

reused.  

 

2. Heating Process of Vegetable Oil 

Lipid peroxidation is thought to be an important factor in the 

pathophysiology of a number of diseases and in the process 

of ageing, but its measurement in vivo has been difficult. 

The aim of this thesis was to evaluate methods for 

measurement of lipid peroxidation in vivo that are suitable 

for clinical investigations, and to apply these methods in 

animal and human studies investigating basal conditions and 

situations associated with increased lipid peroxidation. 

Cooking oil is exposed to an extremely high temperature in 

the presence of air and moisture during the frying process, 

under such conditions, a complex series of chemical 

reactions takes place, resulting in loss of both quality and 

nutritional values of the cooking oil. Repeatedly heating the 

cooking oils initiates a series of chemical reactions, 

modifying the fat constituents of cooking oil through 

oxidation, hydrolysis, polymerization, and isomerization, 

eventually resulting in lipid peroxidation [4]. Lipid 

peroxidation generates a wide spectrum of volatile or non-

volatile components, including free fatty acids, alcohols, 

aldehydes, ketones, hydrocarbons, trans-isomers, cyclic and 

epoxy compounds [5-6]. As a result, when the same cooking 

oil is reused excessively, the chemical reactions enhance 

foaming, darkening of oil color, increased viscosity, and off-

flavor. Hence, repeated heating of the oil can lead to 

degradation of the cooking oil, both chemically and 

physically. 

Although the chemical reactions provoked by thermal 

treatment are complex, they interact with and affect each 

other. Exposure to oxygen at high temperatures leads to 

oxidation of triacylglycerides, which generates 

hydroperoxides. Hydroperoxides are unstable intermediates 

and rapidly break down into reactive free radicals to initiate 

autoxidation, generally through a three-phase process 

(initiation, propagation and termination). Autoxidation is 

therefore suggested to be a principal mechanism of lipid 

peroxidation. The extreme heat during frying is the main 

initiator for autoxidation, in addition to other factors such as 

photonic agents, ionizing radiation, free radicals and 

chemical impacts. The initiation phase involves homolytic 

cleavage of hydrogen bonds, particularly those in the a-

position relative to the double bond of the fatty acid chain, 

to form alkyl radicals (L1·; Reaction 1). 

[L1·H → L1·· + H·] (1) 
 
L1·· radicals are highly unstable intermediates. They 
stabilize themselves by reacting with oxygen to generate 
peroxyradicals (L1·OO·; Reaction 2). 
 
[L1· + ³O2 → L1OO·] (2) 
 
The resulting peroxyradical then abstracts a hydrogen from 
other unsaturated fatty acid (L2H) to form a hydroperoxide 
(L1OOH) and another alkyl radical (L2·; reaction 3), thus 
replenishing the reaction (1). This phase is called 
propagation. It propagates sustainably at a high rate. 
 
[L1OO· + L2H → L1OOH + L2·] (3) 
 
The propagation phases continue until a maximum 
concentration of hydroperoxide is reached, at which time 
point the collision between the individual moieties becomes 
more frequent. This stage marks the onset of the termination 
phase, in which the double bond adjacent to the 
hydroperoxyl group is broken down to yield hydrocarbons, 
aldehydes, alcohols and ketones (reaction 4). 
 
[L2OO· + L3OO· 1 Non-radical compounds] (4) 
 
Hydrolysis, another key pathway of lipid peroxidation, is 
initiated by water vapor found in food and the atmosphere. 
Activated water molecules break down the esterified bonds 
of triacylglycerides to generate glycerol, free fatty acids, 
monoacylglycerides and diacylglycerides. The breakdown 
products in turn accelerate the hydrolysis rate. At the same 
time, high temperatures induce polymerization of the 
hydrolysis products to form high-molecular weight cyclic 
fatty acid monomers, dimers or oligomers, which 
subsequently speeds up the hydrolytic reaction.  
Superoxide radicals (O2

•−), hydrogen peroxide (H2O2), 
hydroxyl radicals (•OH), and singlet oxygen (1O2) are 
commonly defined reactive oxygen species (ROS); they are 
generated as metabolic by-products by biological systems. 
Processes, like protein phosphorylation, activation of several 
transcriptional factors, apoptosis, immunity, and 
differentiation, are all dependent on a proper ROS 
production and presence inside cells that need to be kept at a 
low level [7]. When ROS production increases, they start 
showing harmful effects on important cellular structures like 
proteins, lipids, and nucleic acids [8]. A large body of 
evidences shows that oxidative stress can be responsible, 
with different degrees of importance, in the onset and/or 
progression of several diseases (i.e., cancer, diabetes, 
metabolic disorders, atherosclerosis, and cardiovascular 
diseases) [9]. 
ROS are mainly produced by mitochondria, during both 
physiological and pathological conditions, that is, O2

•− can 
be formed by cellular respiration, by lipoxygenases (LOX) 
and cyclooxygenases (COX) during the arachidonic acid 
metabolism, and by endothelial and inflammatory cells [6]. 
Despite the fact that these organelles have an intrinsic ROS 
scavenging capacity [27], it is worth to note that this is not 
enough to address the cellular need to clear the amount of 
ROS produced by mitochondria [11]. 
Cells deploy an antioxidant defensive system based mainly 
on enzymatic components, such as superoxide dismutase 
(SOD), catalase (CAT), and glutathione peroxidase (GPx), 
to protect themselves from ROS-induced cellular damage 
[12]. 
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3. Non-enzymatic lipid peroxidation 

Reusing cooking oil in food preparation, especially during 

deep-frying, is a common practice to save costs. Repeated 

heating of the oil accelerates oxidative degradation of 

Lipids, forming hazardous reactive oxygen species and 

depleting the natural antioxidant contents of the cooking oil. 

Lipid peroxidation – a free radical fingerprinting method. 

Lipid peroxidation is probably the most extensively 

investigated free radical- induced process [13]. One of the 

earliest descriptions of the different stages of lipid 

peroxidation was given in the late 1820s by de Saussure, 

who used a simple mercury manometer to study the uptake 

of oxygen by a layer of walnut oil on water (reviewed in [14]. 

Polyunsaturated fatty acids (PUFAs) are particularly 

susceptible to peroxidation and once the process is initiated, 

it proceeds as a free radical-mediated chain reaction 

involving initiation, propagation and termination [15]. The 

lipid peroxidation chain reaction Initiation of lipid 

peroxidation is caused by attack of any species that has 

sufficient reactivity to abstract a hydrogen atom from a 

methylene group upon a PUFA [16-19]. (Fig. 1). Since a 

hydrogen atom in principle is a free radical with a single 

unpaired electron, its removal leaves behind an unpaired 

electron on the carbon atom to which it was originally 

attached. The carbon-centred radical isstabilised by a 

molecular rearrangement to form a conjugated diene, 

followed by reaction with oxygen to give a peroxyl radical. 

Peroxyl radicals are capable of abstracting a hydrogen atom 

from another adjacent fatty acid side-chain to form a lipid 

hydroperoxide, but can also combine with each other or 

attack membrane proteins. When the peroxyl radical 

abstracts a hydrogen atom from a fatty acid, the new carbon-

centred radical can react with oxygen to form another 

peroxyl radical, and so the propagation of the chain reaction 

of lipid peroxidation can continue. Hence, a single substrate 

radical may result in conversion of multiple fatty acid side 

chains into lipid hydroperoxides. The length of the 

propagation chain before termination depends on several 

factors e.g. the oxygen concentration and the amount of 

chain-breaking antioxidants present. Hydroperoxides are 

fairly stable molecules, but their decomposition can be 

stimulated by high temperatures or by exposure to transition 

metal ions (iron andcopper ions). Decomposition of 

hydroperoxides generates a complex mixture of secondary 

lipid peroxidation products such as hydrocarbon gases (e.g. 

ethane and penthane) and aldehydes (e.g. malondialdehyde 

(MDA) and 4-hydroxynonenal [20]. 

 

 
 

Fig 1: Mechanism of non-enzymatic lipid peroxidation 
 

4. Types of Chemical Reactions  

When vegetable oil is heated for a long time in the open air 

at high temperature, various chemical reactions (hydrolysis, 

oxidation and polymerization) occurs. As a result of 

reactions, cooking oil produce volatile components which 

result into degradation the oil. 

5. Hydrolysis 
Hydrolysis of vegetable oils and fats is an endothermic 

reaction (Fig 2). The extent of hydrolysis increases with an 

increase in temperature. Additionally, the miscibility of 

water in lipid increases at high temperatures and pressures, 

thereby enhancing the rate of the hydrolysis reaction [21]. 
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Fig 2: Hydrolysis of vegetable oil 

 

6. Oxidation 

When cooking oil is exposed to heat, light and oxygen, it 

can oxidize. Oxidized oils can produce harmful compounds 

and toxic by-products and make your food taste bad (Fig 3). 

The more an oil can resist reacting with oxygen and 

breaking down, the better for cooking. Oxidation is an 

undesirable series of chemical reactions in oil that degrades 

its quality and value. Some oils naturally oxidize faster than 

others due to their composition of fatty acids and 

antioxidant. When cooking oil is exposed to heat, light and 

oxygen, it can oxidize. Oxidized oils can produce harmful 

compounds and toxic by-products and make your food taste 

bad. The more an oil can resist reacting with oxygen and 

breaking down, the better for cooking. This quality is 

measured as oxidative stability and is considered by many 

oil experts as the best predictor of how an oil performs 

during cooking. Oxidative stability is measured via 

induction time. This is the point when an oil breaks down 

and potentially produces harmful compounds. A greater 

induction time indicates an oil is more resistant to oxidation, 

a shorter induction time means the oil will oxidize easily [22]. 

 

 
 

Fig 3: Mechanisms and Factors for Edible Oil Oxidation 
 

7. Influences Oxidative Stability of an Oil 

There are three major factors that determine an Oil’s 

stability. 

 

A). Number of Antioxidants 

As the name suggests, antioxidants protect against 

oxidation, which is the undesirable process that occurs
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quicker when an oil is exposed to high heat for extended 

periods. Therefore, antioxidants play a key role in an oil's 

oxidative stability and health benefits. It’s important to 

consider which oils contain and retain their naturally high 

antioxidant levels. 

 

B). Type and Ratio of Fats 

A fat is more resistant to heat if it contains fewer double 

bonds between its molecules. Double bonds oxidize and 

break down easier when exposed to heat. 

 Saturated fats (SFA): These do not contain any double 

bonds and are solid at room temperature.  

 Monounsaturated fats (MUFA): These contain only 

one double bond but are also stable at high 

temperatures.  

 Polyunsaturated fats (PUFA): These have two or 

more double bonds, which makes them prone to 

oxidation [23].  

C). Polymerization of used oils 

Polymerization occurs during frying, producing a wide 

variety of chemical reactions that result in the formation of 

compounds with high molecular weight and polarity (Fig 5). 

Polymers can form from free radicals or triglycerides by the 

Diels–Alder reaction. Viscous gel-like species form in 

vegetable oils during frying. After fatty acid formation, 

thermal oxidation of unsaturated chains causes 

polymerization. Heat treatment of oleic acid was employed 

to produce and identify the initial polymerization products. 

Spectroscopic studies revealed that heating oleic acid (210 

°C, open to air) causes the formation of oligomers cross-

linked by ester groups. The absence of esters, before thermal 

treatment, facilitated observation of cross-links (ester 

groups) that propagate to produce heavier insoluble products 
[24-25]. 

 

 
 

Fig 5: Viscous gel-like species form in vegetable oils during frying 
 

Effect of polymerization on quality of oil decreases the 

unsaturated fatty acids of oil as well as increases foaming, 

color, viscosity, density, specific heat, as well as contents of 

free fatty acids, polar materials, and polymeric compounds 
[26]. 

 

8. Conclusions 

1. Long-term intake of diet comprising reheated vegetable 

oil leads to endothelial dysfunction. Repeatedly heated 

dietary vegetable oil promotes oxidative stress, 

resulting in NO inactivation and reduced 

bioavailability. Moreover, antioxidant effect of fresh 

vegetable oil against free radicals may be reduced 

gradually as the oil is repeatedly heated. Production of 

free radicals and reduction of antioxidant and vitamin 

levels eventually lead to oxidative stress. Oxidative 

stress and endothelial dysfunction play pivotal roles in 

the pathogenesis of cardiovascular diseases, which may 

be controlled by diet modification. Ingestion of 

repeatedly heated vegetable oil should be restricted due 

to the detrimental consequences on health 

2. Oxidative stress and free radicals are generally known 

to be detrimental to human health. A large amount of 

studies demonstrates that in fact free radicals contribute 

to initiation and progression of several pathologies, 

ranging from CVD to cancer. We can reach to the 

conclusion that oxidative stress, as phenomenon, 

although being one of the major harms to individuals’ 

wellness and health, it can also be exploited as a 

treatment tool when and if we will be able to operate a 

fine tuning of this process inside human organism. 

3. We can reach to the conclusion that oxidative stress, as 

phenomenon, although being one of the major harms to 

individuals’ wellness and health, it can also be 

exploited as a treatment tool when and if we will be 

able to operate a fine tuning of this process inside 

human organism. 

4. Policy Loopholes, the FSSAI rules apply to FBOs that 

consume 50 liters or more vegetable oil per day for 

frying. Hotels often record less than 50 liters of being 

consumed to bypass the rules. Consumers are unaware 

of health risks and authorities are ignorant. Hence, 

hotels are using the same oil 10-14 times. Public health 

sector is suffering due to a lack of political will.”  
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