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Abstract 
Antioxidant is a health preventive agent given by many nutritional supplements, and by inhibiting the 

oxidation process, it also plays a significant role in food preservation. According to many studies 

performed in two decades, there are many natural antioxidants being used to decrease the oxidation 

stability in cooking oil. Spices, herbs, medicinal plant extract are used as natural antioxidant in cooking 

oil to control the rancidity level while cooking. Many studies also confirm that natural antioxidants have 

better character than synthetic antioxidants. Different extracts stabilise the natural antioxidants in 

cooking oil like corn oil, sunflower oil, rapseed oil, palm oil, soyabean oil etc. Natural antioxidants also 

have better thermal stability against synthetic antioxidants. Some synthetic antioxidants like BHA, BHT, 

tBHQ and propyl gallates also being present as standard antioxidants in cooking oil that controls the 

rancidity while cooking and also inhibits lipid oxidation. Determination of antioxidants in cooking oil has 

been done using HPLC, spectroscopic methods, mass spectroscopy, Fluorometric method etc. Toxicity 

test should also have to perform while adding natural antioxidants in cooking oil. Some later techniques 

like nano encapsulation of antioxidants in cooking oil also plays a major role to enhance the nutritional 

character in edible oil. This study mainly focusses on the current research of different source of 

antioxidants in edible cooking oil. 

 

Keywords: antioxidant, spices, cooking oil, mass spectroscopy, BHA, BHT 

 

Introduction 

Antioxidant is a health protecting factor rendered by many dietary supplements and also plays 

a major role in food preservation by inhibiting oxidation process. In antioxidants, the free 

radicals are developed in human body during oxidation process under aerobic respiration. It 

exists as numerous types like peroxyls (ROO•), superoxide (O2•-), hydroxyls (HO•), alkoxyls 

(RO•), as well as nitric oxides (NO•). Antioxidants that are present in fruits and vegetables 

also includes some phenolic compounds or natural nutritious compounds such as carotenoids; 

vitamin C and vitamin E, anthocyanin. Some synthetic antioxidants that are used in food 

products to enhance the nutrition quality include butylated hydroxyanisole, butylated 

hydroxytoluene and tertbutylhydroquinone. Antioxidants are classified into three types i) work 

done by the enzymes to prevent harm to the body by controlling initial free radical production 
[1]. The common free radicals that are formed during aerobic condition are superoxide, 

hydrogen peroxide, and hydroxyl radicals, in which catalase and dismutase enzymes has the 

ability to decrease the formation of hydroxyl radicals. Antioxidants like Glutathione 

peroxidases remove all peroxides include hydrogen peroxidase. ii) second class of antioxidant 

are termed as dietary antioxidants that are mainly found in fruits and vegetables including 

sweet potatoes that are mainly responsible for stopping the cycle of free radicals via by 

contributing protons. iii) That last classification includes the repair of lipids done by 

phospholipid enzymes that catalyses the combination of peroxidised fatty acid, where free 

radical damages the cell that results in the growth of cancerous cell [2]. 

The methods that are developed to determine the total effect of antioxidants in food is DPPH 

method in which the effect of antioxidant is calculated based on hydrogen donating ability. 

Mainly DPPH is known as a steady independent radicals as it also readily receives an electron 

or hydrogen for becoming an fixed diamagnetic particle [3]. This approach is a simple, 

affordable yet commonly applied method for measuring the quantity of free radical scavengers 

used for complex biological structure for measuring antioxidants. This method is successfully 

used for various solvent processes, including benzene, methanol, hydrophilic alcohol, and 

acetone, in foods such as cereal grains and bran, fruits, covalently linked linoleic acids, spices, 
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safe to eat vegetable oils, including wheat flour. 1ml of 

sample with various concentrations are mixed with DPPH 

solution and the solution was absorbed at 517nm. The theory 

behind this reaction is that whenever a DPPH fluid combined 

with a product gives a hydrogen atom which visualises the 

decreased shape of violet colour reduction, resulting in 

sample colour removal dependent on the captured electrons 
[4].  

The level of oxidation in fat or oil usually requires a free 

radical process which could be caused by the active oxygen 

species in illumination, enzymes, temperature, and microbes. 

The free radical is formed in unsaturated fatty acids that 

become very susceptible to adding oxygen by forming free 

peroxide radicals. Such radicals mainly act like powerful 

exponents as well as enhancers that extracts hydrogen from 

fatty acid molecules by triggering propagation. After 

oxidation process in oil the final product formed are hydro 

peroxides based on rancidity [5]. The product hydro peroxides 

that are formed in oil are unstable that can easily degrade 

small compounds like aldehyde, alcohol, ketones and acids 

that are secondary oxidation products. In in vivo studies, it is 

being confirmed that antioxidants also play a vital role in 

reducing oxidative stress in which poly unsaturated fatty acids 

in oil helps to maintain serum level in desired level, intake of 

excess linoleic acid may increase toxicity of LDL lipids to 

peroxidation that leads to harmful disease atherosclerotic 

plaques, therefore it is proved that intake of antioxidants with 

PUFA rich diet can easily overcome the oxidative stress. 

 

Mechanism of Antioxidants in Cooking Oil 

Generally, a free radical process is active in the degradation 

of fats or oils. This mechanism can be catalytically triggered 

by lighting, climatic condition, enzymes, metals, and 

microbes with a response containing free radicals either 

activated oxygen species. The resulting radicals has been 

more prone to becomes very susceptible to oxygen damage to 

create unstable cells from peroxide. By removing hydrogen 

from another fatty acid molecule that causes proliferation, 

These free radicals act like efficient oxidation initiators and 

promoters. 

Hydroperoxides are the main oxidation products of rancidity 

produced during the last step of fatty acid oxidation. These 

hydroperoxides are very soluble and essentially transform 

rancidity's secondary oxidation products into organic 

compounds with smaller chains. Fats and oils may be old and 

undesirable and unhealthy for food uses due to the minor 

compounds. The activation stage of lipid oxidation is not 

thoroughly clarified by triplet oxygen oxidation. Singlet 

oxygen is involved throughout the activation of triplet oxygen 

lipid oxidation, since single electron oxygen will directly 

respond against free radical development with double bonds. 

In order to produce three delocalized allylic carbon radicals, 

the usual process for free radical oxidation of unsaturated 

fatty acids requires the removal of hydrogen from allylic 

carbon. Phenolic (antioxidant) compounds functioned as 

acceptors of free radicals and at the point of initiation could 

terminate free radicals.  

Phenolics such as BHA, BHT, TBHQ and tocopherols, and 

also polyhydroxy phenolics such as propyl-gallate, that 

postpone nor prevent the activation stage through interacting 

via unstable atom lipid or through preventing the proliferation 

stage by responding with peroxy or alcoxy radicals, are 

obstructed by primary antioxidants. This is why it is important 

to trace antioxidant amounts to prevent the matter from 

oxidation [6]. 

 

Enrichment of Cooking Oil with Natural Antioxidants 

In the past two decades, a lot of experiments has been 

conducted to replace the synthetic antioxidants with natural 

antioxidants to enhance the nutritional profile in the cooking 

oil. Natural antioxidants are secondary metabolites that are 

mainly derived from plant compounds. Type of antioxidants 

present in plant are benzoic acid, phenol, carotenoids, 

flavonoids pro anthocyanidins, coumarins, stilbenes, lignin 

that plays a major role in protection against oxidative stress 
[7]. 

 

Antioxidant from plant source 

Every portion of the plant, such as leaves, base, core, seeds, 

berries, wood, etc., may be harvested by organic antioxidants. 

olives antioxidants also act as major antioxidants. The 

antioxidants are extracted from the olive waste that are in 

phenolic compounds for oxidative stabilization. Cytotoxicity 

assay are also performed which confirms that the compounds 

present in olive waste doesn’t inhibit the cell growth. 

Different concentration of olive waste are extracted using 

ethanol and then fused in sunflower oil by heating at 180 + 5 
oC for 5 consecutive days. Comparative studies has been done 

between the processed sunflower oil and the raw sunflower 

oil displayed lower oxidative strength than of treated 

sunflower oil. Compared to crude sunflower oil, the peroxide 

content, free fatty acids, TBA content, iodine value, oxidised 

fatty acids, polar compounds, but also oxidative stability of 

Rancidity were also altered [8]. It is also being found that the 

natural antioxidants extracted from plant material contains 

excessive protection factor that synthetic antioxidants. The 

olive antioxidants shows better stabilization properties, but 

some drawbacks in the olive antioxidants are it changes the 

oil colour to green and also gives unpleasant smell in oil. For 

avoiding the drawbacks, encapsulating the olive leaf extract 

with Arabica gum and malto dextrin may deliver a standard 

result as shown in Table 1.  

 
Table 1: Types of natural antioxidants extracted from plant sources in cooking oil to stabilize their nutrition quality 

 

Cooking oil Natural antioxidants (Extracted) Reference 

Olive oil Tocopherols, β-carotene, lutein, squalene, lipophilic and hydrophilic phenols [20] 

Coconut oil Tocopherols [9] 

Canola oil Apigenin, chrysin, quercetin, myricetin, morin, kaempferol, rutin, naringenin, naringin, taxifolin [11] 

Avocado oil β-carotene [1] 

Peanut oil Catechins, Epicatechins [1] 

Sesame oil Sesamol, sesamolin, and gamma-tocopherol [17] 

Sunflower oil Olive leaf extract, Spinach extract. [23] 

Soyabean oil Linolenic and oleic acid, Olive leaf extract [21] 

Palm oil Cinnamom extract, Rosemary extract [25] 

Groundnut oil Rosemary extract [24] 
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Rice bran oil Rosemary extract, Sage extract [24] 

Corn oil Histidine, ascorbic acid, rosemary, sage [16] 

Fish oil γ-tocopherol, lecithin, ascorbic acid [18] 

Castor oil Cyclopropenoid acids, Tocopherol [16] 

 

Sesame seed also contains some antioxidants named as 

Sesamol, un saponified matter from the sesame oil is mainly 

utilised like natural antioxidant for sunflower oils. The 

sesame seeds was subjected to roast at 180 oC and their 

effectiveness were optimized. Sesame cakes were also used in 

soyabean oil, safflower oil to enhance the antioxidant activity 

that decrease the anisidine value, iodine value, peroxide value 

of vegetables oil during storage. 

Some of the phenolic compounds were also extracted from 

plant materials like green tea which contains various 

medicinal and antioxidant activities. In wax blubber oil as 

well as menhaden oil, the behaviour of the dechlorophellized 

green tea plant concentrate has been tested. The green tea 

extract is an effective combination of organic antioxidants 

containing scrounging oxygen radicals in compounds such as 

polyphenolic compounds and other phytonutrients. These 

extract were also used to preserve fermented sausages. 

Another plant remedies like ajwain extract were also used for 

preventing oxidation of flaxseed which has better antioxidant 

potential than synthetic antioxidants [43].  

 

Current research of Natural Antioxidants in cooking oil 

Apple pomace  

Some experiments has assessed the antioxidants effectiveness 

for apple pomace within linseed and marine oils like natural 

antioxidants. The natural antioxidants mainly extracted from 

dry residual of apple were introduced in linseed oil and 

marine oils to increase its shelf life by reducing the oxidative 

stress as well as to enhance the nutrition profile in the edible 

oil. The total phenolic content present in the extract mainly 

gets involved in the physiochemical characteristics of oil like 

DPPH activity, Acid value, Iodine value and Fatty acid 

profile. As a result, the extracted natural antioxidants has the 

capability of blanking 2,2-diphenyl-1-picrylhydrazyl radicals 

and can also reduce the Fe3+ ions present in fish oil. Free 

Radical Scavenging Assay, Thiobarbituric Acid Reactive 

Substances (TBARS) Assay and Ferric Reducing Antioxidant 

Power (FRAP) Assay were also experimented to check the 

stability of natural antioxidants from apple pomace. The 

utility of apple pomace showed promising results with better 

antioxidant potential and also contains limiting acid and 

peroxide values [9, 10]. 

 

Spices and seeds 

Nagarajan, 2019 had investigated the natural antioxidants 

extracted from the spices curcumin, Cinnamomum verum, 

black pepper, Red bell pepper, watermelon seeds about its 

oxidation strength of unwanted edible oils. The quantitative 

analysis, DPPH activity were also done to check the free 

radical scavenging activity. As a result, the maximum 

scavenging activity are found in all natural extracts. The 

overall phenolic activity was also calculated by Gallic Acid 

Equivalent (GAE) values utilising Folin ciocalteu reagent, 

where the mean Gallic Acid Equivalent value of turmeric was 

236.28 mg/g and the minimum value for watermelon seed was 

101.14 mg/g. FTIR spectra was studied in all the extracts 

shows different functional groups like carboxylic group, 

aldehyde, alkyne, alcohol etc. The oxidative stability were 

also measured using Rancimat method that was mainly 

conducted in waste cooking oil [11, 13].  

 

Medicinal plants as Natural antioxidants 

Some medicinal plants or extracts like ajwain extract plays a 

major role in preventing oxidation level in cooking oil. 

Instead some cooking oil is utilized like a medium towards 

antioxidant research. Some medicinal compounds like 

dichloromethane extract from tinctoria roots contains alkannin 

esters chain that indicates a better antioxidant activity and 

also the combination of dichloromethane with caffeic acid 

shows better 

effect.The antioxidant activities of Guiera senegalensis leaves 

(GSL), Guiera senegalensis roots (GSR) and Combretum hart

mannianum leaves (CHL) extracts was assessed within sunflo

wer oil using DPPH assay as well as ß-carotene linoleic acid . 

The incorporation on Majorana syriaca ethyl acetate extract 

resulted in lipid oxidation safety of 28.8 – 43.2%. As an 

antioxidant, a heat distilled concentrate of Cinnamon as well 

as skin are used in rapeseed oil, sunflower oils, soybean oil, 

peanut oil, palm oil. During the beef frying process, the 

antioxidants actions were calculated through measuring 

Peroxide value and TBA. Their observations demonstrated 

that throughout the thermal processing, optitia was the 

antioxidant influence of cassia oil [15]. 

 

Animal source as Natural Antioxidants 

Animal source like Protein Hydrolysates Isolate (PHI) also 

contains oxidative inhibition behaviours like chickens gastro 

intestinal issue, smooth hound, sheep visceral mass and 

sardinelle by-products (29). Synthetic products obtained 

through plant and animal soybean oils were added, nor any 

antioxidant function on PHIs and d OLE samples were 

evaluated by peroxide, TBA, p-anisidine and Rancimat 

stability tests after 20 days of incubation. PHI samples were 

shown to have higher antioxidant activity over OLE and the 

highest oxidative protection response at 1000 rpm was shown 

by cow's intestinal PHI. Many experiments have also shown 

that scavenging free radicals, chelating metal ions and 

quenching oxygen is really the major factors for bio-active 

peptide oxidation prevention [12, 14]. 

 

Stabilisation of different edible oil with natural 

antioxidants 

Corn oil 

The different fusing on histidine, ascorbic acid, rosemary, 

sage, also ethanol and acetone extract of green tea leaves was 

found to be productive in corn oil. Sesamol and 0.02% 2-

acetyl-1,8-dihydroxy-3-methyl naphthalene shows better 

stabilizing agent that is mainly isolated from Rumex 

japonicus. Rosemary extract were also used to stabilize the 

oxidation process in corn oil, carnosic and rosmarisin acids 

that comes under polar antioxidants were so much responsive 

under polar condition known as “polar paradox”. Extraction 

of Nigella sativa leaves were also used in the corn oil, both 

water and ethanolic extracts were tested in which the 

ethanolic extract that induces natural bovine lactoferrin that 

inhibits the oxidation process that diminish in corn oil 

admixture [16].  
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Cottonseed oil 

Cottonseed oil is mostly utilised in producing fats and oils for 

oil fry as its contains some bioactive compound, saturated 

fatty acids with its existence based on cyclopropenoid acids. 

Antioxidants like tocopherols are found in cottonseed oil. 

Some essential oils like clove oil and thyme are also used in 

various concentrations in cotton seed oil at room temperature, 

in which clove oil has better antioxidant activity than thyme. 

Methanolic extract of oat hulls also has better oxidative effect 

when induced in the cottonseed oil. Hexane extracts from 

different species of oregano were also mixed with cotton seed 

oil to decrease the efficiency of oxidation in oil along with 

that methanolic extract of oat shows higher 

autopolymerisation activity under frying conditions [17]. 

 

Fish oil 

Fish oil are abundant of omega fatty acids, mainly 

eicosapentaenoic acid and docosahexaenoic acid along with 

some organoleptically properties with increased levels of 

unsaturation. The fish oil was stabilised with α- as well as γ-

tocopherol, lecithin and ascorbic acid which is also known as 

ternary antioxidants. δ-tocopherol, 0.1% ascorbyl palmitate 

and 0.5% lecithin exhibited better properties. Rosemary 

extract was also used in fish oil that act as a H+ molecule 

contributor by reviving α -tocopheroxyl radicals upon α-

tocopherol that inhibits lipid oxidation catalysed by 

haemoprotein. Oxidation of sardine oil also exerts better 

antioxidants activities like catechin, morin and quercetin at 60 
oC. Rosemary extract in sardine oil shows better inhibition of 

oxidation process in oil when stored. Green tea extracted 

polyphenols also shows stringer antioxidant activity in fish oil 
[18, 19].  

 

Olive oil 

Olive oil containing a rich supply for bioactive compounds as 

well as a high proportion in oleic acid is most widely found in 

the Mediterranean and Portuguese countries. Virgin olive oil 

as long shelf life due to characteristic pattern of triglycerides 

along with polar phenolic antioxidants. Natural antioxidants 

like protocatechuic acid and caffeic acids also showed better 

oxidation inhibition properties. Methanol extract of rosemary 

stabilizes combined olive oils. The extract of rosemary 

demonstrates a stronger antioxidant influence in phenolic 

compounds than BHA [20]. 

 

Peanut oil 

Peanut oil is mainly used in African and South American 

countries enriched with linoleic acid and oleic acid. Peanut oil 

mainly comprises of lignoceric, arachidic, eiosenoic, behenic 

and erucic acid. For controlling the oxidation of oil ascorbyl 

palmitate, rosemary extract, catechins are used. In some 

studies, methanolic extract of ginger and spice aframomum 

act as a better antioxidant activity in refined groundnut oil. 

Crucial Edible oils are also used in peanut oil to control the 

oxidative rancidity [1]. 

 

Soyabean Oil  

Soya oil is the world's largest producer of edible oil. Large 

polyunsaturated soybean oil fatty acids, in particular 6-10% of 

linolenic acids, will satisfy the human demand for essential 

fatty acids. The linolenic acid which has three double bound 

oxidises very quickly over the unstable linoleic acid which 

results in oxidation product of worst taste. Thus, these 

requires optimal and appropriate conditions for processing 

which is required for decreasing the adulterants like metals, 

gums and free fatty acids for achieving a better quality. The 

processing of the edible oil through plant extract increases the 

amount of copper and iron of 5ppm and 0.5 ppm respectively, 

Thus, to prevent the peroxidative effects of metals many 

compounds of polyalcohols such as glycerol, mannitol, 

sorbitol and xylitol are involved to stabilise these edible oils 

by increasing the number of hydroxyl group. However, the 

chelating agents would give a lower quality of cooking oil. 

Citric acid is the most common chelating agents that is used 

in starting and final stage of deodorisation along with refining 

step. It was also proved that the citric acid is a metal chelator 

and it fails to improve the quality of soyabean oil. Several 

researches were reported based on the oxidative stability by 

addition of various synergist and antioxidants. The activity of 

rosmanoland 7-epimethoxyrosmanol, 12-methoxycarnosic 

acid, carnosic acid, carnosol, 7-methoxyrosmanol, vs TBHQ, 

BHA and BHT were studied where the carnosic acid gives 

better result that BHA and BHT. Low levels of β-carotene had 

great effect against light that is induced for deterioration in 

soyabean oil. The extract of rosemary quinone also has good 

synergistic effect to inhibit the light induced oxidative stress 

in the soya bean oil at 25 oC . The highly purified methanol 

oat extract was reported to slow down the thermal degradation 

of soyabean oil. Xanthan gum that mainly used as an 

emulsion stabiliser inhibits peroxidation level in soyabean oil. 

It is also found that phospholipids also shows synergistic 

effect with basic antioxidants along with tocopherols that 

inhibits the peroxidation of soyabean oil. The methanolic oat 

extract gives better inhibition of oxidation process in bulk 

soya bean oil that is stores at 60oC in dark. Rather than TBHQ 

in the emulsion of soyabean oil the oat extract was much 

precise due to presence of more compounds in the oat extract 

that is mixed with the oil with different systems. The mixture 

of oat extract with oil also allows the compounds to be more 

active in both the interface, but in contrast the synthetic 

antioxidant TBHQ is more soluble in edible cooking oil [21]. 

 

Sunflower Oil 

Sunflower in mostly cultivated in Europe region to produce 

oil and it has essential fatty acids and linoleic acid which 

satisfies the nutritional requirements of the human. The uses 

of sunflower oil may include in salads, for frying and 

margarine production like other unsaturated fatty acids. The 

composition of the sun flower oil varies based on the 

temperature during the maturation. 

High amount of linoleic acid is found in sunflower oil. The 

sunflowers with high content of high linoleic acid is grown 

recently in USA and Soviet Union. Comparing the linoleic 

acid that is rich in some edible oils, thew sunflower oil has 

higher oxidation stability. Natural antioxidants that mainly 

possess phenolic groups such as fraxetin, esculetin and caffeic 

acid are more effective that stabilizes oxidation process in 

sunflower oil. Along with different concentrations the 

oxidation stability of sunflower oil was analysed with 

temperature difference between 25 oC – 100 oC, which 

indicates that the effectiveness of the compound fraxetin 

increases with increase in temperature but another compound 

named as caffeic acid remains same. The Ascorbyl palmitate 

has a potential ability to stabilise the sunflower oil. β carotene 

and the rosemary methanolic extract gradually increases the 

oxidative stability in the sunflower oil by optimizing the 

temperature at high oxygen concentration under sunlight. The 

stabilisation factor of rosemary extract was better than the 
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standard synthetic antioxidant BHT. Seven species of marine 

algae were tested to identify the antioxidants effect of 

methanol/chloroform extracts that is mainly used a s a food 

ingredient and also plays a major role in preserving sunflower 

oil at 75 oC. Some ingredients like red chillies exhibits strong 

antioxidant activity against sunflower oil at 37 oC. The 

antioxidative activities of six plant extracts such as catnip, 

hyssop, lemon balm, oregano, sage, and thyme were 

examined under dark conditions of sunflower oil at 60 °C. 

Sage extracts at 0.05% and 0.12% concentration exhibited 

effective inhibition of the oxidation process and the acetone 

extract of oregano found to be more active in bulk oil than 

emulsion. The green tea with hot water extraction has shown 

effective antioxidant activity against the sunflower oil which 

is can be used for storing for about 40 days [23]. 

 

Rapeseed Oil  
In central Europe rapeseed il is frequently used. Sometimes 
rapeseed oil is found to be toxicant due to presence of alpha 
linolenic acid in low concentration. The turnip rape and old 
rape have increase content of erucic acid that is found to be 
hazardous to the human health. Thus, concerning human 
health low level erucic acid varieties that is canola were 
developed. Generally, In Canada and Europe the oils 
containing erucic acid less than 5% intake by human. The 
Rapeseed oil is mainly applied in food dishes like shortenings, 
for frying, salad dressing and margarine. Many studies were 
reported based on the oxidative stability where synergist like 
alpha tocopherol. The new antioxidant Atrovent at 
concentration of 0.05% exhibited oxidative stability of 
vegetable oils especially soyabean oil corn and rapeseed oils. 
The antioxidants has various effect that can be extracted from 
various spices. Some extracts like sage and rosemary shows 
better effect, in which hexane extract of rosemary and sage 
was used. As comparison the extracts rosemary shows better 
antioxidant effect that sunflower oil. The ethanolic extract 
from different spices was also determined at 60 oC for 
antioxidant activity, which is depicted in the decreasing order 
all spice, clove and nutmeg. As compare with BHT, the 
Chinese tea extract inhibits oxidation of canola oil at 100 oC. 
At 95 oC green tea catechins exhibits strong antioxidant 
activity. Epicatechin gallate, epigallocatechin, 
epigallocatechin gallate, are the derivatives of epicatechin 
which was demonstrated by varying antioxidant activities in 
various extract. The rosemary extract of 0.1% and ascorbyl 
palmitate of 0.02% prevented the decrease of natural 
tocopherols and also development of dimers during deep fat 
frying of rapeseed oil . Several investigations were done to 
identify the effects of acetone and ethyl acetate extracts of 
rosemary (0.05%) during frying potatoes in rapeseed oil. The 
investigation reported that the extract that are used in addition 
of oil mainly inhibits the formation of polar compounds by 
decomposing polyunsaturated triacylglycerols that improves 
the sensory evaluation of fried items. Water emulsion of 
rapeseed oil play a major role in protecting lipid peroxidation 
level with the addition of some dried leaves of summer 
savoury with propyl gallate that is stored in dark at 19 oC [24]. 

 

Enrichment of Cooking Oil with Synthetic Antioxidants 

Effectiveness of BHA and BHT in palm olein oil  

The low oxidation stability for the induction time of soyabean 

oil with ethyl ester with the effect of synthetic antioxidants 

such as TBHQ (t-butyl-hydroxyquinone), BHT (butyl-

hydroxytoluene), and BHA (butyl-hydroxyanisol) was 

assessed using the Rancimat process. The efficacy of 

butylated hydroxyanisole (BHA) and butylated 

hydroxytoluene (BHT) was measured by evaluating iodine 

value, peroxide, fatty acid content of oil and anisidine using 

spectroscopic methods at the absorbance 232 and 268 nm. in 

retarding the degradation of RBD palm olein during static 

heating (180 C) and frying operations. BHA was found to be a 

more efficient antioxidant than BHT during static heating of 

the oil, although both antioxidants were similarly ineffective 

in retarding the oxidation of the oil during the intermittent 

frying of potato chips. The depletion of BHT from the oil 

surpassed that of BHA during static heating. In the other 

hand, a huge loss of butylated hydroxyanisole was found 

when potato chips were regularly fried in oil. 

During static heating of oil, high rate of BHT (butyl-

hydroxytoluene) loss was observed with the order of 

antioxidant loss. By the interplay of the relative significance 

of losses by scavenging reactions, decomposition and 

evaporations, comparatively greater rate of BHT loss can be 

clarified. The finding that the loss of BHA during frying is 

higher than BHT can be interpreted due to better adsorption of 

BHA to fried food. Due to the improved carrying-through 

impact of this antioxidant, BHA treated oil in food fries have 

been found to have a longer shelf-life period. Rapid loss 

during heating and frying of antioxidants from RBD palm 

olein, and that of both synthetic antioxidants are ineffective 

under heating conditions [25, 26]. 

 

Effectiveness of synthetic antioxidants (BHA and BHT) in 

olive oil and corn oil 

Compared with that of equal mixture of olive oil and corn oil, 

the heating efficiency of olive oil was measured. The edible 

soils are heated equally for two hours a day for five 

consecutive days at a temperature of 175 ± 5oC. Oxidative 

and thermal composition of oils takes place under those 

conditions. Standard analysis were also taken as free fatty 

acids, peroxide value, polar compounds, viscosity and colour. 

The efficacy BHT and BHA at a rate of 200 ppm to delay the 

denaturation of oils during hight heating was studied and it 

was noted that BHA protected olive oil slightly and BHT 

protected maize oil slightly, whereas both antioxidants in the 

other oils were relatively ineffective [22]. 

The iodine value, free fatty acid values, peroxide value in 

both the oils shows different variations in frying process in 

the presence of BHA, BHT. The smoke point, cloud point and 

the viscosity were also added in oil during heating process. 

After heating for 10 hours, the monounsaturated fatty acid 

content remained virtually unchanged. It was noted that the 

depletion of linoleic acid was lowest in olive oil and higher in 

corn oil. The HPLC of tocopherols were also analysed which 

illustrates after 10 hours of heating, the relative 

decomposition rates were delta > gamma > alpha [26].  

 

Effectiveness of BHA and BHT in sunflower oil 

The industrial antioxidants that are using butylated 

hydroxytoluene (BHT), Butylated hydroxyanisole (BHA), 

propylene hydroxytoluene (BHA), Tertiary-butyhydroquinone 

(TBHQ) and gallate (PG). Additional antioxidants, such as 

monoacylglycerol citrate (MGC), Ascorbyl palmitate (AP), 

and mixed tocopherols (TOCO) were also used. Using 

Rancimat procedure, the potency of these antioxidants and 

their combinations was measured after heating at 180 o C of 

sunflower oil by calculating the induction time of oxidation 

level in oil and also studied with the oxidation kinetics of the 

oil without the addition of antioxidants. Comparison of 

synthetic antioxidants (BHT, BHA, PG and TBHQ) the 
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relative heat stability of natural antioxidants (MGC, AP and 

TOCO) at 180 o C for 1 h was comparable. To improve the 

thermal stability of sunflower oil, TBHQ was the best 

antioxidant. However during high-temperature therapy, some 

antioxidants become less efficient and others may be lost due 

to volatilization.  

There was better thermal and oxidative stability of processed 

oils with antioxidant mixtures relative to the treated targeted 

antioxidants. MGC had little antioxidant function of its own 

but artificial phenolic antioxidants such as BHT and BHA 

increased safety BHT [27]. 

 

Enrichment of Cooking Oil with Nano Synthesized 

Antioxidants 

In human diet, oils play an essential role. They mainly act as a 

transporter for fat solubilizing vitamins such as A, D, E and 

K, in addition to supplying calories. Oils also include some 

source of essential fatty acids which contribute to food 

palatability, such as arachidonic and linolenic acids. About 

90% of the production of oil comes from vegetables derived 

from the harvesting of seeds and is intended for human 

intaking. Nanotechnology has been proposed to have a 

positive effect on the food science sector by improving the 

age of food items, allowing better methods of monitoring and 

tracing pathogens, designing advanced food incubation 

techniques, and introducing healthy supplements or 

antimicrobial agents. To revolutionise mainstream food 

science and the food industry, nanotechnology has become 

one of the most exciting innovations. Oil encapsulation play a 

major role to prevent slow oxidation reactions against pre 

oxidant element such as ultraviolet radiation, free radical or 

oxygen. Bioactive oil encapsulation improves food quality 

like it’s antioxidant activity, shelf-life, extends shelf life [28]. 

 

Nanoencapsulation of colloidal nanoparticles 

In recent years, significant attention has been paid for 

designing nanostructure and synthesis of nanoparticles, 

because their properties, such as chemical properties, optical, 

and mechanical, depend heavily on their dimensions, 

geometric structures, that differ some bulky materials. Due to 

their stability to transcend the shortcomings in both micro 

sized capsules and previously described nano sized colloidal 

transporter structures, solid lipid nanoparticles (SLNs) have 

received expanded interest in the food industries and 

pharmaceutical sciences. By replacing liquid lipid (oil) with 

lipid nanoparticles, solid lipid that contains solid matrix 

obtained from emulsions. These fats are normally 

(biocompatible) physiological lipids containing low toxicity. 

Lipids that turns into solid at body and room temperature are 

made of SLNs. Rice bran oil with nano sized capsules were 

extracted with poly(ε-caprolactone) (PCL) as wall material to 

test their defensive function against ultra violet radiation-that 

induce skin injury in rat, and the authors noted edoema was 

also induced by ultra violet radiation at 60% and it was 

blocked by rice bran nano sized capsules [29, 30]. 

 

Nano sized particles as antioxidants in cotton seed oil 

blending with palm olean 

The citrate precursor process has been used to prepare 

nanocrystalline ZO. Citric acid and zinc nitrate aqueous 

solutions were prepared separately. The blended solution was 

then dehydrated at 105 ° C before the self-combustion process 

began inside the gel and transformed into ash. The powder 

was mixed with tiny material and sintered for couple of hours 

at 650 o C by increasing the heat at 5 o C and then was 

allowed to cool at normal temperature. The coarse fine 

powder has to undergo phase identification using X ray 

diffraction with certain wavelength. 

Creation of extremely pure ZnO nano- particles is clearly 

shown by XRD, IR analysis, and TEM images. The efficiency 

of synthesised zinc nitrate plays a major role to control the 

oxidation process in cotton seed oil and the parameters were 

checked by blending it by heat stress. Toxicological test of 

silver mediated nanoparticle in edible oil need to be studied in 

further studies [31]. 

 

Characterisation studies of Nano synthesized material 

X Ray diffraction 

ZONPs-X-ray powder's diffraction pattern shows a definite 

line extension by showing XRD peaks which suggests that the 

substance prepared mainly consists of nano-range particles. 

Nearly 7 layers of diffraction peaks that can be assigned to 

diffraction from planes, respectively, at 31.4, 34.2, 36.2, 47.4, 

56.3, 62.4 and 68.5 regions. The ZnO NPs structure's single-

phase hexagonal quartzite phase shows diffraction lines and 

the lack of all different phases. The maximum particle size of 

the sample was 35nm, resulting the more extreme peak 

FWHM corresponding to 101 plane using Scherrer's formula 

located at 36.2 ° [31]. 

 

Fourier Transform Infrared spectroscopy 

ZnO NPs' FTIR spectrum plays a major role in defining the 

position of ions through their vibration-al modes that shape 

the crystal lattice. From 200 to 3000 cm-1, the spectrum of 

FTIR was examined, in which the peak 2924 cm-1 band was 

noted along with corresponding peaks to CH3 elongation, the 

peak 2854 and 2924 Cm -1 bands corresponds to symmetric 

and anti-symmetric elongation of C-H; the 1505 cm-1 band 

corresponds to the Zn-O stretching and -C H2 deformation; 

and a peak at 1044 cm-1 corresponds to carboxyl stretching 

peak and a band at 834 cm-1 corresponds the deformation of 

C-H bending [32]. 

 

Determination of Antioxidants in Cooking Oil 

HPLC method  

High Performance Liquid Chromatography mainly utilizes 

different solvent system for the analysis of antioxidant 

activity in cooking oil with different stationary and mobile 

phase along with the analyte by using the detector (diode 

array detector). HPLC method with fluorescence detection 

plays a major role to determine tert-butylhydroquinone, 

butylated hydroxyanisole, propyl gallate, 

nordihydroguaiaretic acid and octyl gallate in edible cooking 

oil. The High Performance Liquid Chromatography in the 

mixture of 5% acetic acid acetonitrile methanol as mobile 

phase and analysed using fluorescence detector will be 

performed. Njies pedjie experimented the determination of 

antioxidants in cooking by preparing the stock solution 

containing 0.5mg/mL of 2 (or 3)-tert-butyl-4-hydroxyanisole, 

nordihydroguaiaretic acid, dodecyl gallate, octyl gallate, 

propyl gallate, butylated hydroxy- toluene, 6-di-ter-butyl-4-

hydroxymethylphenol in methanol along with 2,4,5-

trihydroxybutyrophenone, t-butylhydroquinone, ascorbyl 

palmitate using methanol of 0.5 mg/ml with stock solutions 

up to fourth respectively with citric acid and isoascorbic acid 

at 1 mg/ml. As a result, the spectral analysis of each 

antioxidant were analysed over a range of 190nm and 700nm. 

It confirms the presence of tBHQ, BHA, BHT, AP< PG, 
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NDGA and OG [33]. 

Yuan Fang researched the determination of antioxidants in 

vegetable cooking oil, by taking 0.50mg of oil sample with 

methanol by removing the lipid layer. The oxidation stability 

of the oil was tested in the vegetable oils with effluent air 

circulation. The conductivity of the deionized water was also 

absorbed. PG ranges from 100% to 106%, BHA ranges from 

102% to 109% and 102 – 108% for BHT in soybean oil, and 

relative normal repeatability deviations (RSDs) are less than 

3.8%. Findings show that the method's accuracy will reach the 

market research benchmark In the oxidation of soybean 

insulating, the BHA content is reduced. The first three hours 

are defined as the stage of induction of oxidation, in which 

conductivity Shift and the reduction of BHA content are 

sluggish. The conductivity in the 3 h to 5 h level Changes and 

the removal of BHA material are marginally smoother. The 

oxidation stability of rapeseed oil is slightly equal to that of 

soybean soil. Around hour 5 to hour 6, the induction cycle 

lasts. The BHA content also declines steadily, then it falls 

steadily from hour 3 to hour 5 in the first 3 hours, gradually 

increasing from hour 5 to hour 6, Until hour 8, and then starts 

to fall. Although the sharp decrease in peroxyl radical and 

lipid radical that results in sharp decrease in lipid radical and 

peroxyl radical content [34]. 

 

Solid Core LC Columns 

To stop the production of rancidity, phenolic antioxidants are 

widely used as preservatives in foods containing edible oils 

and fats. In finished food products, AOAC Process 983.15 is 

used to assay the levels of these compounds. The procedure 

uses a column of C18 but can suffer from the effects of matrix 

interference. In this study, we show the suitability for this use 

of both Thermo ScientificTM AccucoreTM C18 and Thermo 

ScientificTM AccucoreTM Polar Premium columns. There was 

an unspecified portion in the margarine and butter which was 

coeluted with propyl gallate from the C18 column. This is not 

an ingredient declared for either sample. The UV spectrum of 

the peaks and the samples in the standard did not align. The 

intrusion was extracted from the propyl gallate using the 

Accucore Polar Premium column. In its components, the 

margarine reported TBHQ; for both columns it was resolved 

at 180 μg/g of oil from the matrix and assays [35]. 

 

Ferric ion spectroscopic methods 

To evaluate the antioxidant potential of vegetable oils, a new 

ferric-ion spectrophotometric method has been introduced. In 

order to determine the antioxidant potential of edible 

vegetable oils, the proposed Phen approach is precise, simple 

and convenient. The suggested Phen approach would not 

require the rotation of orange red solutions using centrifugal 

force until spectroscopic tests, in comparison to the FRAP 

method. For Antioxidant capacity determination, the 

spectrophotometric FRAP process was used for Of Benzie 

and Strain oils with minor oils alterations.  

`The AC findings from the analysed oils were collected, 

suggesting that acetone was A solvent that is more effective 

than methanol for antioxidant extraction Olive, rapeseed, rice 

and sunflower oils (except for SOF1 and SOF1). The acetone 

extracts of blended mixture of oil i.e. sunflower with olive oil, 

sunflower with vegetable oil, olive oil with vegetable oil 

shows less antioxidant capacity than standard oils. 

Antioxidant capacity of rapeseed oil is highest a mong the 

examined oils, oil. Gorinsteinstein Higher total radical-

trapping antioxidant antioxidants have also been reported. 

Potential of rapeseed oil is good relative to sunflower oil and 

grapeseed respectively. Sunflower oils, Olive oil (OO), maize, 

corn, and two blended vegetable oils have identical 

antioxidant capacities ranging from 22.8-105.8 to 23.5-101.3 

mol Fe/100 g for methanolic extracts calculated by the 

methods of Phen and FRAP. In addition, when compared to 

those FRAP values collected, AC findings for discussed oils 

showed slightly higher [36].  

Greater concentration range (0.010–0.080 mol/mL) than the 

FRAP method (0.005–0.040 mol/mL), the Phen method 

resulted in the determination of AC. The antioxidant ability of 

vegetable oils has been greatly impaired by the properties of 

the extraction solvents. For the production of antioxidants 

from sunflower oil, olive oil and rapeseed oil, acetone tends to 

be a stronger medium than methanol. For the examined oils, 

the Phen and FRAP outcomes correlate strongly with overall 

phenolic content [37]. 

 

Fluorimetric method 

Fluorescence is the light absorption of a material that has 

absorbed a certain wavelength of light or other 

electromagnetic radiation. In certain situations, the released 

radiation had prolonged wavelength unlike that of absorption 

of light and thus less vitality. Fluorescence emission happens 

when a molecule's orbital electron gets eased to its ground 

state through generating photons of illumination since getting 

moved by some form of energy to a higher quantum state. 

This method is also used to determine the total antioxidant 

activity in cooking oil and to determine the phenylic 

components in oil, fluorescence spectroscopy was used. To 

quantify BHA antioxidants and TBHQ antioxidants 

concentration in biofuel derived by sunflower and soybean 

oils, a fluorescence-based method is suggested [38]. 

 

Gas chromatography method 

A central systematic method which possess a wide spectrum 

of applications is GC-MS. The detection of components by 

utilising either the holding times and the spatial disturbance 

relative of the signature different molecules is a major use in 

GC-MS, thereby increasing precision and producing accurate 

performance. Antioxidants were extracted with ethanol in 

edible vegetable oil and then injected directly without clean-

up or preconcentration into the HP-5MS capillary column, 

and then the ions were assessed easily and constructively.  

Eleven research samples were purchased from local 

supermarkets in Nanchang, PR China. Approximately 1 gram 

of consumable oil samples was measured using an Adventurer 

electronic balance followed by adding 3 mL of anhydrous 

ethanol has been applied (39). 

The calibration curves were all very linear, with correlation 

coefficients in the range 0.9958–0.9998. The capacity over 

methanol, ethanol, and acetonitrile to remove antioxidants 

from oils has been checked. For the five antioxidants derived 

by methanol, ethanol and acetonitrile, the average recoveries 

were recorded. Methanol and acetonitrile are considered as 

atmosphere’s disagreeable as it led to face more risks to the 

user, but both of the solvents worked well and hence it is 

considered for the usage in solvent extraction. A part of the 

normal mixture solution was applied. In the rap oil batch. By 

this way, 9 samples were developed as well as collected based 

on their configuration of the orthographic data. Since 

antioxidants are readily oxidised themselves, standard 

mixtures strength been researched. Samples of Standard fluid, 

individually of which contains antioxidants, there were 
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concentrations of 1.00, 10.0 and 100 mg/L, respectively. The 

5 antioxidants available in multiple stages are of BHT, BHA, 

EQ, Ionox, and TBHQ [40, 41].  

 

Conclusion 

Antioxidants that are present in fruits and vegetables also 

includes some phenolic compounds or natural nutritious 

compounds such as carotenoids; vitamin C and vitamin E, 

anthocyanin. Some synthetic antioxidants that are used in 

food products to enhance the nutrition quality include 

butylated hydroxyanisole, butylated hydroxytoluene and tert-

butylhydroquinone. Hydroperoxides are the main oxidation 

products of rancidity produced in end of the process the 

degradation of saturated fats takes place. These 

hydroperoxides are very soluble and essentially transform 

rancidity's secondary oxidation products into organic 

compounds with smaller chains such as aldehydes, ketones, 

alcohols and acids. Natural antioxidants such as leaves, stem, 

core, seed, berries, bark, etc. may be derived from any portion 

of the plant. Olive antioxidants also function as important 

antioxidants. The antioxidants are derived for oxidative 

stabilisation from olive waste contained in phenolic 

compounds. In linseed oil and fish oil, natural antioxidants 

primarily derived from apple pomace were applied to improve 

its shelf life by reducing oxidative stress and improving the 

nutritional profile of edible oil. Natural antioxidants derived 

from turmeric spices, cinnamon, black pepper, capsicum, and 

watermelon seeds are used for preserving the oxidation 

resistance of waste cooking oil. In order to avoid oxidation 

levels in cooking oil, some medicinal plants or extracts such 

as ajwain extract play a major role. Oxidative inhibition 

activities such as chicken intestinal mucosa, smooth hound, 

sheep visceral mass and sardinelle by-products are also found 

in animal supplies such as Protein Hydrolysates Extract 

(PHI). Natural antioxidants have been used for the 

stabilisation of various edible oils. Various determination 

techniques like mass spectroscopy, HPLC etc are used to 

evaluate the amount and type of phenolic compounds present 

in the oil sample. Some advance techniques like nano 

encapsulation of carrier molecules into the oil also plays a 

major role in decreasing the oxidation stability in cooking oil. 

The whole article explains the types of extract and antioxidant 

levels present in cooking oil and its determination techniques. 
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