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ABSTRACT 

 

Antioxidants are used to inhibit oxidation in foods, which causes rancidity and browning, as well as to prevent DNA damage, 

while also providing several beneficial physiological benefits in people. The concentration and absorption mechanism of 

natural antioxidants are crucial for achieving optimal therapeutic effects. The origins of antioxidants should be meticulously 

evaluated to optimize absorption and prevent the toxicity associated with elevated concentrations of synthetic compounds. 

A systematic initiative to inform consumers about foods abundant in natural antioxidants and to identify prominent synthetic 

antioxidants on food labels would be advantageous; nevertheless, more study is required to comprehensively comprehend 

their physiological impacts. Synthetic antioxidants are extensively used in the food industry to inhibit the oxidation of food 

matrices. They are used as dietary supplements for several health advantages, including cardiovascular disease prevention 

and anti-aging effects. Nonetheless, prolonged use of synthetic antioxidants has been associated with several ailments, 

including cancer. Concrete proof demonstrating their health risks is scarce. Additional research on the technical, health, and 

danger dimensions of synthetic antioxidants and their natural equivalents is necessary to enhance comprehension of these 

component categories. 
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INTRODUCTION 

The use of oxygen as the terminal electron acceptor in 

the oxidation of energy substrates derived from food 

enables aerobic organisms to generate substantial 

metabolic energy. The capacity of aerobic organisms to 

generate ATP is linked to the ongoing creation of 

radicals and other reactive oxygen species (ROS) that 

arise as byproducts of oxidative metabolism (1). The 

term antioxidant is defined, accompanied by an 

examination of the established categorization criteria: 

enzymatic and non-enzymatic, preventive or repair 

systems, endogenous and exogenous, primary and 

secondary, hydrosoluble and liposoluble, natural or 

synthetic (2). Primary antioxidants primarily function as 

chain terminators, capable of neutralizing radical species 

by hydrogen donation. Secondary antioxidants function 

as singlet oxygen quenchers, peroxide decomposers, 

metal chelators, oxidative enzyme inhibitors, or UV 

radiation absorbers (3). The precise method of action of 

the main representatives from each class of antioxidants 

(both endogenous and exogenous) in avoiding or 

mitigating certain variables that contribute to oxidative 

cellular damage (4). Mutual impacts, including 

synergistic effects, are examined and analyzed. 

Prooxidative impacts, such as those arising from the 

presence of transition metal ions, are also noted (5).  

Numerous studies have examined free radicals, oxidative 

stress, and the antioxidant activity of food, attributing a 

significant positive effect to antioxidants (6). However, 

newer writers have challenged their usefulness while 

seeking to elucidate the processes behind oxidative 
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stress. Numerous experts assert that, irrespective of the 

amount of antioxidants consumed, absorption is 

significantly limited, and that in some instances, 

prooxidants may be advantageous to human health (7). 

The assessment of antioxidant activity and particular 

antioxidant chemicals may be conducted using many 

assays, each with distinct benefits and drawbacks (8,9). 

The debate regarding the in vivo benefits of antioxidants 

has intensified over the past few decades. This review 

aims to elucidate research on both natural and synthetic 

antioxidants, as well as prooxidants, highlighting their 

potential benefits and adverse effects, along with their 

mechanisms of action and detection methodologies. It 

also delineates the constraints of antioxidants and offers 

insights into prospective future developments in this 

domain (10).  

 

Oxidative stress 

Oxidative stress is characterized by an overproduction of 

reactive oxygen species that exceeds the neutralizing 

capacity of antioxidants, as well as a disruption of 

cellular redox equilibrium. Reactive oxygenated and 

nitrogenated species include superoxide anion radical, 

hydroxyl radical, alkoxyl radical, lipid peroxyl radical, 

nitric oxide, and peroxynitrite (11). This chapter 

examines the role of reactive oxygen species in causing 

oxidative damage to lipid membrane components, as 

well as the efficacy of antioxidants varying in structure, 

source, and mechanism of action—in combating 

oxidative stress (12). Oxidative stress induces structural 

alterations and functional modulation in nucleic acids, 

lipids, and proteins. Oxidative breakdown of lipids 

produces malondialdehyde, 4-hydroxynonenal, and 

isoprostanes from unsaturated fatty acids (13). Protein 

damage may arise via thiol oxidation, carbonylation, 

side-chain oxidation, fragmentation, unfolding, and 

misfolding, leading to a loss of function. 8-

hydroxydeoxyguanosine serves as a biomarker for DNA 

damage (14). The role of reactive oxygenated and 

nitrogenated species in the manifestation of diseases is 

delineated. The imbalance between oxidant species and 

the antioxidant defense system may activate specific 

factors that contribute to oxidative cellular damage: 

overexpression of oncogenes, production of mutagenic 

compounds, enhancement of atherogenic activity, 

formation of senile plaques, or inflammation (15, 16). 

This results in cancer, neurodegeneration, cardiovascular 

disorders, diabetes, and renal problems. Different abiotic 

stressors result in the excessive generation of reactive 

oxygen species (ROS) in plants and animals, which are 

extremely reactive and toxic, causing damage to 

proteins, lipids, carbohydrates, and DNA, therefore 

inducing oxidative stress. Oxidative stress induces tissue 

damage and leads to several illnesses. Antioxidants 

counteract the effects of reactive oxygen species (ROS), 

hence aiding in disease prevention. Antioxidants may be 

either natural or synthetic. Natural antioxidants may be 

ingested via dietary sources, since they are found in 

fruits, vegetables, and spices (17). Certain synthetic 

antioxidants, such as BHT and BHA, also impede 

oxidation. Nonetheless, these synthetic antioxidants 

have been shown to pose risks to human health, 

prompting an expanded quest for non-toxic alternatives 

in recent years. Reactive oxygen species (ROS), often 

regarded only as detrimental agents in living organisms, 

have also been shown to fulfill beneficial functions (18, 

19). This chapter elucidates ROS homeostasis, the ideas 

behind their examination, and the technological 

methodologies used to examine ROS-related activities. 

Particular emphasis is placed on challenges associated 

with the experimental recording of these processes, their 

variability, spatiotemporal distribution, and correlations 

with the physiological condition of the organisms (20). 

The disproportion between reactive oxygen species 

(ROS) production and removal, favoring the former, has 

been termed "oxidative stress," with specific 

implications for cellular physiology. Nearly 30 years 

have elapsed since Helmut Sies originally established the 

concept of oxidative stress; nonetheless, a recognized 

taxonomy of oxidative stress remains absent. A 

categorization of oxidative stress based on its severity is 

suggested to address this gap (21). Oxidative stress may 

be categorized into four classifications: baseline 

oxidative stress (BOS), low intensity oxidative stress 

(LOS), intermediate intensity oxidative stress (IOS), and 

high intensity oxidative stress (HOS) (22). A further 

categorization of possible relevance may distinguish 

three categories: mild oxidative stress (MOS), moderate 

oxidative stress (TOS), and severe oxidative stress 

(SOS) (23). Research directions in this domain 

encompass the advancement of intricate classifications 

of oxidative stress, precise identification of cellular 

reactive oxygen species (ROS) targets and their 

organized responses to ROS exposure, authentic in situ 

functions and mechanisms of purported “antioxidants,” 

intracellular spatiotemporal distribution and effects of 

ROS, elucidation of molecular mechanisms governing 

cellular responses to ROS assaults, and the role of ROS 

in the execution of normal cellular functions within 

cellular homeostasis (24).  

 

Natural antioxidants 

The interest in natural antioxidants arises from their 

widespread efficacy in diverse redox systems, leading to 

a wide range of potential applications: antioxidative 

phytochemicals are regarded as functional components 

in pharmaceuticals, functional foods, dietary 

supplements, animal feed, cosmetics, and other products 

(25). The interest in natural antioxidants for stabilizing 

lipid-containing meals has significantly grown due to 
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rising concerns over the potential toxicity of synthetic 

antioxidants and customer preferences for natural food 

additives. Plants are fundamental to life on Earth and an 

essential resource for humanity. All human consumption 

is directly or indirectly reliant on plants (26). Plants 

manage the hydrological cycle by spreading and 

purifying water via transpiration. They sequester carbon 

and control the concentrations of carbon dioxide and 

oxygen in the atmosphere. Plants further purify the air 

that humans inhale. Plants serve as a crucial source of 

pharmaceuticals. Since ancient times, plants have been 

traditionally used to treat several ailments and enhance 

human physical power (27). Medicinal plants are used 

globally, exhibiting little side effects and cost-

effectiveness compared to other medical methods. Given 

the evolving circumstances, it is essential to augment and 

advocate for the protection and development of natural 

resources pertaining to medicinal plants (28). Alongside 

the need for conserving medicinal plants, it has also 

become imperative to safeguard and patent traditional 

and alternative medicines. Traditional medicinal systems 

based on botanical sources are widely used in many 

nations for various reasons (29, 30). The growth in 

population, adverse effects of many synthetic 

medications, insufficient drug supply, elevated treatment 

costs, and the emergence of resistance to existing 

antimicrobial agents have resulted in a heightened focus 

on the use of botanical resources. Diverse plant 

components, including as leaves, flowers, fruits, bark, 

and roots, are used to extract herbal medicines (31). 

Flowers and fruits are mostly employed in cosmetic 

items for personal care, while several essential oils, 

primarily derived from leaves, flowers, and fruits, are 

utilized in aromatherapy and other therapeutic 

applications (32). Consequently, given the 

aforementioned evidence, we deduce that plants 

constitute the essence of life on Earth today.  

Currently, research is on isolating physiologically active 

molecules from natural sources for illnesses where 

existing medications are not substantially successful. 

Herbal medicines are seeing a significant rebirth as an 

increasing number of individuals are shifting their focus 

from contemporary synthetic pharmaceuticals to ancient 

remedies, sometimes referred to as alternative medicine 

(33). Currently, several pharmaceuticals are directly 

extracted from medicinal plants and have been used 

without any structural alterations by various 

pharmaceutical companies (34). In recent years, several 

new chemicals have been extracted from plants, and 

many of these molecules have shown noteworthy 

biological functions. Secondary metabolites have been 

important in medication discovery.  

 

Table 1 Use and structure of drugs derived from medicinal plants 

 

Plant name Drug Used in ailment Structure 

Allium sativum Alliin Cardioprotective, 

antidiabetic 

S

S

O

 

Allium caepa Cepaene Reducing cholesterol 

S
+

S

O
-

S

R
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Commiphora 

mukul 

Z-guggulsterne Antiplatelet, improving 

thyroid 

O

O

 

E-guggulsterne Reduce cholesterol, 

improving the liver 

ability 

O

O

 

Curcuma longa turmerone Antifungal, Anti-

inflammatory, 

antidermatophytic  

 

Erythroxylum 

coca 

Cocaine Local anesthetics, 

cerebral 

stimulant (Narcotic 

use) 

 

Pilocarpus 

jaborandi 

Pilocarpine Treatment of glaucoma 
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Rauwolfia 

serpentina 

Reserpine Antihypertensive, 

tranquilizer 

 

 

Phenolic and polyphenolic substances have a significant 

function as natural antioxidants (35). Phenolic 

chemicals, prevalent in plants, are a vital component of 

the human diet and are of significant interest owing to 

their antioxidant characteristics and possible health 

benefits (36). These compounds exhibit a structural 

spectrum from basic phenolic molecules to intricate 

high-molecular-weight polymers (37). Growing data 

suggests that the intake of certain phenolic compounds 

found in foods may reduce the incidence of health issues 

due to their antioxidant properties (38). Antioxidants, 

when included into foods, inhibit rancidity, impede the 

generation of harmful oxidation byproducts, preserve 

nutritional integrity, and prolong product shelf-life (39). 

In light of safety concerns and restrictions on synthetic 

antioxidants, there is growing interest in natural 

antioxidants derived from consumable materials, by-

products, and residual sources. This work delineates both 

synthetic and natural phenolic antioxidants, highlighting 

their mechanisms of action, health implications, 

degradation products, and toxicological profiles. The 

table below lists some phenolic natural antioxidant 

compounds. 

 

Table 2 Phenolic compounds as a natural antioxidant 

Plant name Drug Used in ailment Structure 

Atropa 

belladonna 

 

Atropine Mydriatic, anhydrotic, anti 

spasmodic 

O

O

OH

N

 

Capsicum 

annuum 

Capsaicin  HO

H3CO

H
N

O  
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Catharanthus 

roseus 

 

Vinblastine Hodgkin’s lymphoma, 

choriocarcinoma 

 

Cinchona 

officinalis 

 

Quinine Analgesic, antipyretic, 

antimalarial 

 

 Curcumin Antianxiety, antioxidant, treatment of obesity  

 

O OH

HO

OCH3 OCH3

OH

 

Digitalis lanata Digoxin Cardiotonic 

 

Glycyrrhiza 

glabra 

Glycyrrhetica 

acid 

Anti- inflammatory, peptic ulcer 

treatment 

HO

O

OH

O
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Mentha arvensis, 

Mentha piperita 

Menthol Local anaesthetic, counterirritant, Antipruritic, 

counterirritnt, 

stimulant 

 

Ocimum sanctum Eugenol Reduction in total cholesterol, antioxidant H3CO

OH  

Papver 

somniferum 

Morphine Narcotic analgesic 

 

Rosemarinus 

officinalis 

Carnosol Antioxidant, antidiabetic, anticancerous OH

HO

O

O
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Carnosinic 

acid 

Antioxidant, antidiabetic, neuroprotective 

COOH

OH

HO

 

Rosmarinic 

acid 

Antioxidant, antipertensive effect 

O

COOH

O

HO

HO

HO

HO  

Trigonella 

foenum 

graecum 

Diosgenin Reduce cholesterol, antioxidant 

O

O

HO

OH  

Gitogenin Antioxidant 

O

O

OH  

 

 

Synthetic antioxidants 

Synthetic antioxidants are artificially produced 

chemicals that do not exist in nature and are included into 

food as preservatives to inhibit lipid oxidation (40, 41). 

Synthetic antioxidants, in contrast to natural ones, are 

extensively used in the food business because to their 

varied raw material sources, established technology, 

cost-effectiveness, minimal side effects, effective 

scavenging action, and simplicity of acquisition (42, 43). 

Owing to the intrinsic volatility of natural antioxidants, 

several synthetic antioxidants have been used to stabilize 

fats and oils. Currently, the predominant synthetic 

antioxidants utilized in food are phenolic antioxidants, 

such as butylated hydroxyanisole (BHA, E-number 320), 

butylated hydroxytoluene (BHT, E-number 321), tertiary 

butylhydroquinone (TBHQ, E-number 319), and propyl 

gallate (PG, E-number 310), which serve to preserve 

dietary fats and oils. Butylated hydroxytoluene (BHT) 

and butylated hydroxyanisole (BHA) were first 

formulated to safeguard petroleum from oxidative 

gumming (44, 45). These chemicals have served as 

antioxidants in human food since 1954 and are perhaps 

the most prevalent antioxidants used in such meals 

today. BHT and BHA possess similar nomenclature, 

structural characteristics, and antioxidant efficacy, and 

are often used in conjunction within fats and oils. 
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Although both BHT and BHA are classified as 

"generally recognized as safe" chemicals (46). Some 

chronic toxicity investigations have identified BHT as a 

possible tumor promoter when administered at elevated 

doses. Conversely, BHA and BHT may serve as 

significant inhibitors of carcinogenesis, likely via their 

antioxidant properties. Consequently, efforts have been 

made to eliminate these antioxidants; TBHQ (tert-

butylhydroxyquinone) is a prevalent synthetic 

antioxidant used in the feed business. Similar to BHT 

and BHA, TBHQ has a benzene ring or phenolic 

structure (47). Additional instances of synthetic 

antioxidants include propyl gallate (PG), dodecyl gallate 

(DG), octyl gallate (OG), and ethylene 

diaminetetraacetic acid (EDTA) (48).  

Synthetic phenolic antioxidants (SPAs) may interact 

with peroxides produced in food under certain 

circumstances to inhibit the degradation process, so 

significantly enhancing food stability and prolonging 

shelf life (49). Consequently, the appropriate use of 

antioxidants may provide significant economic 

advantages for producers while simultaneously ensuring 

safer food for consumers (50). The toxicity of BHA, 

BHT, and TBHQ has been thoroughly examined under 

many experimental settings. Research indicates that the 

acute toxicity of BHA is minimal, with a lethal dosage 

50 (LD50) value in mice and rats exceeding 2000 mg/kg 

body weight. Studies indicate that BHA has a significant 

cytotoxic impact on human astrocytes (51, 52) and 

developmental toxicity in zebrafish embryos/larvae (53). 

The results of the zebrafish embryo toxicity test (ZFET) 

indicated that BHT exhibited cardiotoxicity and may 

serve as a possible teratogen for aquatic creatures (54). 

The in vivo investigation indicated that PG may promote 

testicular toxicity by impairing mitochondrial or 

endoplasmic reticulum function and suppressing genes 

associated with testicular development (55).

  

 

 

Structure of some synthetic antioxidants 

OH

OH

C(CH3)

                               

OH

OCH3

C(CH3)

 

Tertiary butylhydroquinone (TBHQ)        Butylated hydroxyanisole (BHA) 

 

OH

CH3

C(CH3)(H3C)C

                   

OH

COOCH2CH2CH3

OHHO

 

Butylated hydroxytoluene (BHT)                     Propyl gallate 
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HO

HO

OH

O

O

( )
10

        

HO

HO

OH

O

O

( )
5

 

Dodecyl gallate                                                              Octylgallate 

 

N
N

O

OH

O

O OH

O

HO
OH

 

Ethylene diaminetetraacetic acid 

 

Future consideration 

Antioxidants are a crucial element of the ROS-dependent 

signaling network and serve as a defense against the 

overproduction of ROS. Recent investigations raise 

questions about the advantages of prolonged antioxidant 

supplementation, partially due to the organism's 

propensity to maintain redox equilibrium; yet, the 

detrimental consequences of antioxidant shortage are 

evident (56). Numerous instances demonstrate the 

effective use of antioxidants to mitigate the pathological 

consequences of oxidative stress. Innovative methods for 

antioxidant administration, such as the incorporation of 

nanoparticles, have been suggested, and novel 

antioxidants especially aimed at mitochondria, the 

primary biological generator of reactive oxygen species 

(ROS), have been produced and are undergoing testing. 

An alternative method may include the activation of gene 

expression for antioxidant proteins or the 

implementation of antioxidant gene therapy (57). 

Meticulous examinations of their effectiveness and 

adverse effects are requisite. The widespread preference 

for naturally derived chemicals is significant and drives 

the quest for more effective antioxidants in nature. 

Considering that oxidative stress is contingent upon both 

the production of reactive oxygen species (ROS) and 

their elimination by antioxidants, inhibitors of ROS-

generating enzymes are also evaluated and may have 

potential applications for mitigating the effects of 

oxidative stress; such compounds may also be regarded 

as antioxidants in a broader biomedical context. Given 

these factors, it is reasonable to anticipate that 

antioxidant research will continue to be very busy in the 

next years (58). Growing data suggests that the intake of 

various phenolic compounds found in natural foods may 

reduce the incidence of severe health conditions due to 

their antioxidant properties, among other processes. The 

mechanisms of action of various phenolic compounds in 

certain organs must be elucidated. Given the safety and 

various constraints associated with synthetic 

antioxidants, natural antioxidants derived from 
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consumable sources, by-products, and co-products 

provide alternate sources of interest (59). Additional 

research on the extraction of phenolic compounds by 

complementary techniques and their impact on 

antioxidant levels in animal models and human 

participants is necessary to assess their potential 

advantages. Furthermore, it is essential to validate the 

absence of toxicity and the bioavailability of the natural 

phenolic extract. The provision of isolated phenolics as 

dietary supplements or functional food components for 

health enhancement and illness risk mitigation may 

further enhance the effectiveness of these substances 

(60).  

 

In foods susceptible to oxidation, antioxidants serve as 

inhibitors of oxidation events via many ways. However, 

several foods lack natural antioxidants and are prone to 

degradation during processing or storage, requiring the 

use of synthetic antioxidants. Nevertheless, the majority 

of synthetic antioxidants exhibit efficacy at modest 

doses, whereas the incorporation of elevated quantities 

may induce a pro-oxidant impact (61). Moreover, 

substantial quantities of synthetic antioxidants have been 

shown to pose safety concerns. Consequently, prudence 

is essential while choosing and incorporating 

antioxidants into dietary systems. Simultaneously, the 

safety of natural antioxidants should not be overlooked, 

since those derived from natural sources are garnering 

increasing attention. To get a diverse array of 

antioxidants in the diet, one should consume foods that 

include all hues of the rainbow (62). Each hue has 

distinct antioxidant properties. Vivid orange and rich 

yellow fruits and vegetables, such as carrots, sweet 

potatoes, and apricots, provide a specific category of 

antioxidants. Red foods, such as tomatoes, provide an 

additional benefit. Green veggies, like broccoli and 

cabbage, together with blue or purple foods, such as 

blueberries, possess distinct antioxidant profiles.  

 

Conclusion 

Antioxidants, whether derived from natural or synthetic 

sources, are essential in alleviating oxidative stress, 

therefore improving general health and perhaps 

prolonging lifetime. A healthy diet should include 

natural antioxidants derived from plants, fruits, 

vegetables, and herbs, owing to their superior 

absorption, negligible side effects, and synergistic 

benefits. Synthetic antioxidants exhibit effectiveness and 

cost-effectiveness; yet, apprehensions about their safety, 

toxicity, and long-term health consequences 

remain. Natural compounds, in contrast to synthetic 

antioxidants, have superior safety and environmental 

compatibility; yet, they exhibit diminished stability and 

efficacy. Innovative extraction techniques, structural 

modifications, and breakthroughs in nanotechnology 

may improve their therapeutic effectiveness. 

Antioxidants are used in medications, food preservation, 

cosmetic formulations, and biological research 

techniques. Scientific advancements suggest that 

incorporating antioxidants into innovative formulations 

and delivery systems is anticipated to improve their 

effectiveness and expand their uses. A holistic strategy 

that integrates both natural and synthetic antioxidants 

will be crucial in the future. Continuous research is 

essential for improving the stability, efficacy, and safety 

of natural antioxidants, as well as for creating safer 

synthetic replacements. The extraction and production of 

sustainable antioxidants will aid in environmental 

conservation initiatives. Antioxidant research has 

considerable promise for improving human health and 

mitigating oxidative damage. An interdisciplinary 

strategy that amalgamates chemistry, biology, 

pharmacology, and technology is vital to augment their 

application.  
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