


Role of antioxidants in mitigating oxidative stress and improving athletic performance: A narrative review

ABSTRACT 
[bookmark: _GoBack]Oxidative stress occurs when the body's antioxidant defense mechanisms are unable to neutralize the excess production of reactive oxygen species (ROS) and reactive nitrogen species (RNS). Physical exercise is a well-established inducer of oxidative stress, primarily due to enhanced mitochondrial respiration and ROS production in cellular compartments. Persistent oxidative stress can lead to structural and functional cellular damage, contributing to endothelial dysfunction and the pathogenesis of various chronic conditions. The interplay between physical activity and oxidative stress is complex and highly dependent on exercise duration, intensity, and training status. Although the body owns a robust endogenous antioxidant defense system, excessive oxidative stress may overwhelm these intrinsic mechanisms. In such cases, the intake of exogenous antioxidants—particularly through diet—becomes critical. Adequate consumption of antioxidant-rich foods, including fruits, vegetables, whole grains, legumes, nuts, seeds, sprouts, and beans, is essential for athletes to maintain redox homeostasis. Vitamins and minerals with antioxidant properties, such as vitamins C and E, selenium, and zinc, play a pivotal role in this context.
The involvement of ROS and the antioxidant response in training-induced physiological adaptations and sports performance has been a major focus of research in recent years. So, keeping this in view this review explores the mechanisms of oxidative stress in athletes, the role of endogenous and dietary antioxidants, and evaluates recent studies on antioxidant supplementation and its effects on performance and recovery. Additionally, the findings are intended to guide athletes and sports professionals in optimizing their nutritional strategies based on individualized assessments, including blood biomarkers and physiological evaluations.
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1. INTRODUCTION 
1.1 Biological Mechanisms of Free Radical Activity 
Free radicals are highly reactive molecules characterized by the presence of one or more unpaired electrons (Lobo et al.,, 2010). Among these, reactive oxygen species (ROS) and reactive nitrogen species (RNS) are the most prominent. Key ROS include superoxide anion (O●⁻), hydrogen peroxide (H₂O₂), hydroxyl radical (●OH), and singlet oxygen (¹O₂). Reactive nitrogen species comprise nitric oxide (●NO) and peroxynitrite (ONOO⁻). The dismutation of superoxide in the presence of transition metals, such as iron, can lead to the formation of highly reactive hydroxyl radicals. Nitric oxide is endogenously produced by the enzyme nitric oxide synthase (NOS) (Fig 1). The generation of free radicals is a physiological phenomenon, primarily occurring as a by-product of mitochondrial oxidative phosphorylation, particularly within the electron transport chain (Sanderson et al.,, 2012). Extracellularly, free radicals are produced as part of the immune defense mechanisms through the action of enzymes such as NADPH oxidases (NOX), myeloperoxidase (MPO), and xanthine oxidase (XO) (Kahles and Brandes, 2012, Vergeade et al.,, 2012). External factors that trigger free radical production include pollution, UV radiation, pharmaceuticals, cosmetics, and xenobiotics.
While the regulated production of free radicals is a normal physiological process that supports metabolic functions and the immune response, The cell contains various antioxidant defence systems to counteract or eliminate ROS, including enzymes and molecules such as catalase (CAT), glutathione, superoxide dismutase (SOD), glutathione peroxidase (GPx), as well as vitamins like retinol and vitamin E (Fig 2). 
1.2 Oxidative stress
Oxidative stress arises from an imbalance between the generation of reactive species and the body's antioxidant defense mechanisms, favoring the accumulation of oxidants. These reactive species can induce structural and functional modifications in lipids, proteins, carbohydrates, and nucleic acids. The primary driver of free radical formation is the utilization of molecular oxygen, which, owing to its electronic configuration, exhibits intrinsic free radical characteristics (Shadab et al.,, 2014).[image: ]
Figure 1: Mechanism involved in free radical generation
Oxidative stress results in oxidative damage, activation of stress-sensitive signaling pathways and the onset of various diseases including cancer, cardiovascular diseases, neurological disorders such as Alzheimer’s disease, Parkinson’s disease and dementia, metabolic syndrome, AIDS, aging, arthritis, asthma, autoimmune diseases, cataracts and diabetes (Valko et al.,, 2006, Otani, 2010, Pan et al.,, 2020). It has also been shown that ROS contribute to early fatigue during exercise (Falone et al.,, 2010). 
1.3 Antioxidant
Antioxidants are compounds capable of delaying, inhibiting, or preventing the oxidation of biomolecules such as lipids, proteins, and nucleic acids. Their primary mechanism involves scavenging free radicals or disrupting the chain reactions initiated by oxidative stress, largely due to their inherent redox properties. A single antioxidant molecule can interact with one free radical, neutralizing it by donating an electron, thereby terminating the radical chain reaction. Broadly, antioxidants are classified into two types: natural and synthetic. Synthetic antioxidants, such as butylated hydroxyanisole (BHA) and butylated hydroxytoluene (BHT), have long been utilized as food preservatives. However, their application in dietary products is now limited due to studies linking them to various chronic health conditions, including dermatitis, gastrointestinal disturbances, asthma, and rhinitis (Race, 2009).These reports prompted the researchers and scientists to explore potent natural sources of antioxidants based on botanical origin including cereal crops, fruits, vegetables, oilseeds and various parts (roots, barks, leaves and fruits) of medicinal plants (Rodrigues, et al.,, 2010). Antioxidants help to reduce chronic diseases such as cancers and cardiovascular disorders (Anagnostopoulou, et al., 2006, Bagchi et al., 2014 and Jain et al., 2015). Consumption of natural compounds in the form of fruits and vegetables has been correlated with a lower incidence of major human ailments (Liu, 2013) such as dementia, obesity (Boeing et al., 2012) and cardiovascular diseases (Alissa and Ferns, 2017). Reis et al., 2018 reviewed the effect of antioxidant-based therapy on diabetic mellitus. In recent years, for chronic disease prevention, five daily portions of fruits and vegetables (approximately 400 g/day) have been recommended (WHO, 2015). 
In summary, while physical exercise is essential for promoting health and enhancing athletic performance, excessive training loads or volumes can lead to increased production of ROS. In response, athletes often seek strategies to counteract the physiological impact of ROS. However, limited knowledge and inadequate scientific guidance may result in the inappropriate use of antioxidant supplements, potentially impairing beneficial molecular signaling pathways involved in critical processes such as angiogenesis and muscle hypertrophy. It is important to recognize that both ROS and reactive nitrogen species (RONS) play a vital role in training adaptation by modulating inflammation, oxidative stress, and signaling cascades. Thus, maintaining an appropriate balance between oxidative stress and antioxidant defenses is crucial. 
This narrative review offers a comprehensive exploration of the intricate relationship between ROS, antioxidant systems, and exercise. It aims to elucidate the dual effects of ROS on athletic performance, training adaptations, and recovery, while evaluating the role of antioxidants in mitigating their harmful consequences. Moreover, it considers a holistic view of performance by examining the interaction between antioxidant capacity and the gut microbiota. The review also highlights the potential advantages of an antioxidant-rich diet and targeted supplementation strategies. Lastly, it discusses practical implications for antioxidant use in athletic settings, including optimal timing, dosage, and formulation during training and competition.
2. MATERIAL AND METHODS
A comprehensive literature search was carried out for this review using secondary sources, including peer-reviewed scientific articles and reputable databases such as PubMed, Scopus, Embase, ScienceDirect, ResearchGate, and Web of Science. The search strategy employed Medical Subject Headings (MeSH)-compliant keywords such as antioxidants, effect of exercise, effect of supplementation on ROS, effect of dietary antioxidants on ROS, and focusing on publications dated from January 1, 2001, to January 1, 2025. Total 305 studies were reviewed and 123 studies were excluded if they fell outside the specified time frame, addressed topics unrelated to the review's focus, or were not published in English. 
3. EXERCISE-MEDIATED GENERATION OF OXIDATIVE STRESS IN ATHLETES
It is well stablished that intense exercise boost the generation of free radicals and ROS as well as RONS, which may impair muscle contractile function, leading to fatigue and decreased performance (McClean and Davison, 2022). During physical exercise, the increased oxygen demand required to activate skeletal muscles leads to the generation of ROS, which can damage biological macromolecules, particularly amino acids, DNA, polyunsaturated fatty acids, and proteins (Lambertucci et al., 2006; Owens et al., 2018). During exercise, the metabolic rate, temperature, and oxygen consumption by muscle fibers all increase. These factors, along with the low pH levels in muscle cells, contribute to the heightened production of ROS. D’Angelo and Rosa (2020) reported that elevated oxygen consumption and increased oxidative phosphorylation during exercise lead to enhanced free radical production. In actively contracting muscles, the main sources of ROS include the mitochondria, xanthine oxidase, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, and immune cells such as macrophages, monocytes, eosinophils, and neutrophils (Powers et al., 2010; Kinnunen et al., 2005).
Another source of ROS generation is the elevated levels of catecholamines and metmyoglobin released from damaged muscle tissue, which interact with peroxides during exercise (Powers and Jackson, 2008; Cooper et al., 2001). One more study highlighted that muscle contraction itself is an active site for the production of ROS (Powers et al., 2020). For many years, skeletal muscles were considered the sole source of ROS. However, in recent years, other sources, such as blood (including hemoglobin and myoglobin), have also been recognized as contributors to ROS production (Powers et al., 2020). A study found that an increase in serum malondialdehyde (MDA) levels following intense exercise indicates heightened oxidative stress, which can impair athletic performance by reducing muscle contraction and contributing to fatigue (Bouzid et al., 2014).  Lu et al., (2021) reviewed that oxidative stress is positively correlated with the duration and intensity of high-intensity exercise (HIE). They also noted that the extent of oxidative stress is influenced by factors such as an individual's exercise habits, fitness level, age, and gender. Physically active individuals tend to have higher antioxidant capacities. However, in contrast, older individuals have been found to be less susceptible to oxidative damage compared to younger people (Bouzid et al., 2014). According to Lu et al., (2021), males are more prone 
Table 1.   Research on Exercise-Induced Changes in Oxidative Stress Biomarkers
	‘Participants 
	Exercise 
	Duration of exercise
	Result 
	Study 

	Athletes n=11 (males 8 female 3)
	50 km ultramarathon  
	    __
	F2-isoprostane↑
Α-tocopherol↑
Ascorbic acid↑
	Mastaloudis, Leonard, and Traber (2001)


	Male Triathletes N=18
	Swimming 3.8 km + then a 180 km bike ride, + finished with a 42.2 km marathon run
	    __
	TBARS↑
PC↑
SOD↑
CAT↑
LHP↑
	Pinho et al., (2010)


	Male athletes n=42
	3.8 km swimming +180 km cycling + 42.2 km running
	2 days pre, 1st, 5th 19th post ex
	MDA↑
Α and γ tocopherol↑, β-carotene↑
	Wagner et al., (2009)


	Male athletes N=21
	Two successive editions of ultra-marathon for 330 km, (altitude difference of 24000 m distance was divided into seven stages with 35 relax stations)
	150 hrs
	8-OH-dG↑
8-iso-PGF2α↑
Antioxidant activity↓
	Mrakic-Sposta et al., (2015)


	Runner N=24
	Double ring 50 km-long and 100 km-long competitive ultramarathon race
	4 hr 3 min and 8 hr 42 min
	PC↑
ROS↑
TAC↑
TBARS↑
8-OH-dG↑
	Vezzoli et al., (2016)


	RUNNER N=12
	103 km mountain ultra-marathons 
	72 hrs
	GSH↓
PC↔
TAC↔
CAT↔
TBARS↔
	Spanidis et al., (2016)


	Participants N=20
	marathon
	4th and 7th day after ex
	8-OH-dG↑
8-OxoGuo↑
	Larsen et al., (2020)’


to developing oxidative stress than females. However, Wiecek et al., (2018) observed that gender does not play a significant role in the development of oxidative stress. Djordjevic et al., (2012) compared pre- and post-exercise antioxidant levels in young handball players and concluded that, at rest, players exhibited high levels of SOD, GSH, NO, and CAT activity, along with lower levels of lipid peroxidation. After exercise, there was a decrease in NO and CAT activity, as well as a reduction in O2● levels. A study by Jammes et al., (2004) on athletes performing cycling found that maximal levels of thiobarbituric acid reactive substances (TBARS) were positively correlated with oxidative stress and VO2max. (maximal oxygen uptake). Ammar et al., (2020) found that aerobic, anaerobic, and combined exercises can increase oxidative stress and antioxidant activities, with the extent of these effects depending on the duration and intensity of the physical exercise. Groussard et al., (2003) concluded that short duration supramaximal anaerobic exercise could induce oxidative stress. While according to Bogdanis et al., (2013) short duration high-intensity exercise decreases oxidative stress and regulates antioxidant activity after only 9 sessions for 20 min. in the Table 1 some studied summarized the production of oxidative stress after exercise.
4. EFFECT OF EXERCISE ON THE ENDOGENOUS ANTIOXIDANT DEFENSE SYSTEM
Several studies have demonstrated that reactive oxygen species (ROS) generated during regular, moderate-intensity exercise can act through hormetic mechanisms, promoting the upregulation of the body’s endogenous antioxidant defense system. This includes the activation of key enzymatic antioxidants such as superoxide dismutase (SOD) and glutathione peroxidase (GPx) (Ji, 2002, Gomez-Cabrera and Viña, 2006, Ji et al., 2006). In contrast, acute or high-intensity exercise leads to elevated production of ROS, reactive nitrogen species (RNS), and oxidative stress, which may exert deleterious effects on skeletal muscle tissue (Belviranlı and Gökbel, 2006). However, moderate and non-exhaustive physical activity has been shown to enhance endogenous antioxidant responses, thereby offering protection against oxidative damage (Kruk et al., 2019, Reid, 2016).
Falone et al., (2010), in a study on habitual male aerobic runners, reported that long-term moderate aerobic exercise significantly improves the antioxidant defense system. This enhancement is likely due to increased plasma activities of catalase (CAT), GPx, SOD, and glutathione reductase (GR) (Berzosa et al., 2011). Similarly, Miyazaki et al., (2001) observed that high-intensity endurance training elevates antioxidant enzyme levels in erythrocytes, which may help mitigate superoxide (O₂●⁻) production and provide protection against chronic oxidative stress-related diseases (Parker et al., 2013).
Wiecek et al., (2018) conducted a study involving 10 men and 10 women who performed 20-second high-intensity cycling sprints. The researchers assessed changes in antioxidant markers, including total oxidant status (TOS), total antioxidant capacity (TAC), and specific antioxidant levels at intervals ranging from 3 minutes to 24 hours post-exercise. The results showed peak levels of TOS, TAC, vitamin A, and vitamin E at 3 minutes post-exercise, while vitamin C and uric acid peaked at 1 hour. Notably, the ratio of reduced to oxidized glutathione (GSH/GSSG) was significantly decreased at both 1 hour and 24 hours after anaerobic exercise compared to baseline levels.
5. EFFECT OF ANTIOXIDANT ON EXERCISE-INDUCED OXIDATIVE SYSTEM
Antioxidants counteract oxidative stress by interrupting free radical chain reactions through electron donation, thereby preventing cellular damage. Based on their mechanisms of action, antioxidants are broadly categorized into two types: enzymatic and non-enzymatic (Aslani and Ghobadi, 2016).
Enzymatic antioxidants (Fig. 2) function by catalyzing the conversion of reactive metabolic by-products into less harmful substances, such as converting superoxide into hydrogen peroxide and subsequently into water. This detoxification process requires metal cofactors like iron, zinc, copper, and manganese (Deponte, 2012). Several antioxidant enzymes directly neutralize reactive oxygen species (ROS), while others play supportive roles. For instance, glucose-6-phosphate dehydrogenase facilitates the regeneration of NADPH, a cofactor vital for maintaining the redox balance (Aslani and Ghobadi, 2016).
Non-enzymatic antioxidants (Fig. 2) are low-molecular-weight, non-catalytic molecules that primarily originate from dietary sources. These antioxidants are further classified as either endogenous, synthesized within eukaryotic cells, or exogenous, acquired through the diet. Endogenous non-enzymatic antioxidants play a key role in preserving cellular integrity under oxidative conditions.
The major enzymatic antioxidants include superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). In contrast, non-enzymatic antioxidants encompass a wide range of compounds, such as vitamins A, C, and E, thiol-containing molecules (e.g., glutathione, thioredoxin, lipoic acid), ubiquinone, melatonin, uric acid, carotenoids, curcumin, flavonoids, allyl sulfides, bilirubin, polyamines, and coenzyme Q10 (Mirończuk-Chodakowska et al., 2019; Nimse and Pal, 2015, Díaz-Castro et al., 2011).
When oxidative stress exceeds the buffering capacity of the endogenous antioxidant system, exogenous dietary antioxidants become essential to restore redox homeostasis. Clemente-Suárez et al., (2023) emphasized the role of dietary micronutrients—including vitamins C and E, resveratrol, coenzyme Q10, selenium, and curcumin—in mitigating oxidative stress and promoting both physical and mental health. Ideal antioxidants should possess key characteristics such as high bioavailability, the ability to neutralize various reactive species, and the capacity to chelate redox-active metals.

Figure 2: Enzymatic and non-enzymatic antioxidants and their targeted free radicals
6. EFFECT OF ANTIOXIDANT SUPPLEMENTATION ON EXERCISE-INDUCED OXIDATIVE STRESS 
When the endogenous antioxidant system is insufficient to regulate free radicals, an additional oral antioxidant supplement can serve as a non-invasive approach to help prevent oxidative stress following exercise. Exogenous antioxidants have gained growing interest for their potential to prevent or reduce oxidative stress, alleviate muscle soreness and physical fatigue, and improve sports performance (Wu et al., 2018). The antioxidant supplement may be defensible when an athlete exposed to severe oxidative stress during intensive training or fail to meet the dietary antioxidant requirement. A study by Ponce-Gonzalez et al., (2021) examined 3 soccer teams and discovered that the teams with higher antioxidant activity levels were more successful. The researchers concluded that monitoring antioxidant activity could be essential for improving performance, suggesting that diet, training, and ergogenic aids be tailored accordingly to enhance success. A study done on mice that were fed α-tocopherol (200 mg/kg/d) for 13 weeks, showed that supplementation reduced the rate of mitochondrial superoxide ion radical (O2● ─) generation (Lass and Sohal 2000). In another study Canals-Garzón et al., (2022) reviewed that administering antioxidant substances may help decrease muscle damage and markers of oxidative stress. Effect of antioxidant supplements (Pharmaceutical) is described in Table 2.
Table 2. Effect of the antioxidant supplement on exercise induced oxidative stress 
	Participant 
	Exercise 
	Supplementation 
	Duration of exercise
	Result 
	Study 

	Endurance athletes man (n=8)
	Cycling for 45 min at 92 % VO2max peak
	N-acetylcysteine 125mg/kg/h for 15 min and 25 mg/kg/h for 20 min 
	45 min (pre-ex and throughout exercise)
	↑Muscles glutathione and total glutathione 
	Medved et al., (2004)


	Healthy man (n=18)
	70 eccentric elbow extensions 
	Vit C 3g/d
	18 days (2 weeks pre-ex and 4 post-ex
	↓glutathione oxidation 
	Bryer and Goldfarb, (2006)


	Male young soccer player (n=10)
	I(30d) aerobic power II(30d) strength capacity II(30d) improving speed and anaerobic power
	250 mg ascorbic acid and 200 mg of α-tocopherol 4 times a day
	90 days
	↑ LDH, TBARS
	Zoppi et al., (2006)


	Male 9/n=14)
	Static bicycle on 3days/week 
	1g/d Vit C
	8 weeks
	↓SOD, GPx
	Gomez-Cabrera et al., (2008)

	Male volunteer (n=21)
	Elbow flexion and extension at an intensity of 80% VO2max for maximum repetition
	800 IU per day D-α-tocopherol
	21 (14 days pre-ex and 7 days post-ex)
	  ↑ LDH, TBARS, protein carbonyl, 
	Silva et al., (2009)


	 athletes 4 groups (n=60)
	
	500 mg quercetin and 250 mg vitamin C as pro-oxidant (Q+C), 500 mg of quercetin alone (Q), 250 mg of vitamin C alone (C) and placebo
	8 weeks
	↓inflammatory biomarkers
↓oxidative stress 
	Askari et al., (2012)


	Young male (18-39yrs) subjects (n=8)
	10 km run and aerobic exercise program of at least 90–180 minutes per week
	1000 mg/day Quercetin
	6 weeks
	↓oxidative stress
	Scholten and Sergeev, (2013)

	Athletes (n=14)
	1 h run Program 
	120 mg resveratrol and 225 mg quercetin for 6 days and 240 mg resveratrol and 450 mg quercetin on day 7 just prior to exercise)
	1 week
	↓lipid peroxidation
	McAnulty et al., (2013)


	Trained (Moderately) males (n=22)
	downhill (40 min) running at 65-70% VO2max
	Vit C 1000mg
	2 weeks
	↑antioxidant capacity
	He, Hockemeyer, and Sedlock, (2015)

	Resistance trained male (N=9)
	Two RE bouts pre and post intervention using dynamometer
	250 mg/12 hr vit C
	28 days
	↓oxidative stress, MDA,
	Evans, Zhang and Omaye, (2017)

	Recreational active athletes (n=20)
	4x30-s bouts of cycling
	Two 500mg perfload® polyphenol-based food supplement
	60 min
	↑SOD, GPx, CAT, LDH
	Cases et al., (2017)


	Males (different glutathione level) (n=100)
	Aerobic exercise till exhaustion
	600 mg twice daily
	30 days
	↑glutathione concentration
	Paschalis et al., (2017)


	Healthy man (physically active) (n=9)
	Treadmill test (till exhaustion) under anaerobic and aerobic condition
	Vit E 250 mg
	One hr pre-ex
	↓lactate dehydrogenase
	Santos et al., (2016)


	Football players 9n=21)
	Plyometric jumping and strength resistance tests to exhaustion
	Vitamin C 500 mg/d and E 400 UI/d
	15 d (7 days pre- ex 8 days post-ex)
	↓oxidative stress, MDA, total lipid peroxidation, glutathione/oxidized glutathione   
	De Oliveira et al., (2019)


	Male soccer players (n=13)
	Running exercise until exhaustion
	6 mg melatonin
	48 hrs
	↓Oxidation protein product, biomarkers of muscles, liver, and renal damage 
↑antioxidant enzyme activity
	Farjallah et al., (2021)


	Male soccer players (n=20)
	6 days exhaustive training schedule
	5 mg melatonin
	6 days
	↓Oxidation protein product, biomarkers of muscles, liver, and renal damage 
↑antioxidant enzyme activity
	Farjallah et al., (2022)


Table 2 shows that supplementation of antioxidant reduced the oxidative stress in sports personnels while it also well known that excessive antioxidant supplementation can have negative effects on both health and performance. Therefore, the most effective way to maintain optimal antioxidant levels is through a balanced diet. Antioxidants are naturally present in a wide range of food sources, including fruits, vegetables, and meats (Butnariu, 2012). Various plant parts such as nuts, seeds, leaves, bark, and roots also serve as rich sources of antioxidants (Akbarirad et al., 2016). Several studies have demonstrated the beneficial effects of naturally derived antioxidants in mitigating oxidative stress (Table 3). For instance, Fagan et al., (2020) compared the efficacy of synthetic versus natural α-tocopherol (4000 IU/day) and found that the natural form was significantly more effective in reducing lipid peroxidation. Similarly, Robertsii et al., (2007) reported that supplementation with natural RRR-d-α-tocopherol acetate (3200 IU/day) led to a reduction in F2-isoprostanes, a well-established biomarker of oxidative stress. Additionally, a study by Urquiaga et al., (2010) demonstrated that daily consumption of red wine (240 mL/day) significantly decreased levels of 8-hydroxy-2'-deoxyguanosine (8-OHdG) and plasma nitrotyrosine, both of which are indicative of oxidative damage (Table 3). 
Table 3: Effect of dietary antioxidant on exercise induced oxidative stress 
	‘Participant
	Exercise
	Supplementation
	Duration of exercise
	Result
	Study

	Moderate training cyclist (n=30)
Placebo (n=30)
	Submaximal 90 min aerobic exercise on bicycle
	Beverage (81 ml g/l black grapes, 36 g/l red current, 93 g/l raspberry) 2.3g polyphenol/trial
	After 45 min of exercise
	↓lipid peroxidation, carbonyl groups (CO)
	Morillas-Ruiz et al., (2006)


	Physical education students (n=14)
	Swimming test 6 repeats of 50 m
	3 capsules of 390mg/d red grape skin extract 
	6 weeks
	↑GSH, uric acid, TAS
	Sadowska-Krępa et al., (2008)

	Recreational marathon runner (n=20)
	Marathon race
	Tart cherry juice
	5 days
	↑TAC
↓ TBARS level
	Howatson et al., (2009)

	Trained male rowers (n=22)
	Repeated cycle sprint test on rowing till 90% VO2max
	3 times/d penance vid 2000® made with black wine grapes extract 
	6 weeks
	↑TAC,
↓GPx, lipid peroxidation product
	Skarpańska-Stejnborn et al., (2010)

	Physically active man (n=20)
	Cycling for 90 min up to exhaustion at 90% VO2max
	Dark   chocolate twice daily 1 pre-ex 
	2 weeks
	↓blood F2-isoprestance, oxidized LDL, FFA
	Allgrove et al., (2011)


	Male sprinters (n=16)
	Two repeat cycle tests 4 consecutive 15-s bout test 4 weeks of strength training
	980mg/d polyphenol through green tea extract
	4 weeks
	↑ total polyphenol, TAC
↓ (SQ), and MDA

	Jówko et al., (2011)


	Recreationally active male (n=20)
	30 min treadmill exercise 50% (Wmax)
	500ml/d Pomegranate juice
	1 week pre-ex
	↓ TBARS level
	Tsang, Wood, and Al-Dujaili, (2011)

	Healthy men (n=14)
	Cycled for 2.5 hr at 60% maximal oxygen uptake
	100 mg dark chocolate
	2hr pre-ex
	↑TAC
↓oxidative stress
↓ F2-isoprestance
	Davison et al., (2011)


	Endurance athlete males (n=28)
	Treadmill, runs (max HR 70%)
	240 ml/d Pomegranate juice
	15 days pre-ex
	↑TAC level, SOD, GPx
↓MDA level and matrix matelloproteinases (MMP)
	Mazani et al., (2014)


	Recreationally active male (n=45)
	Ten sets downhill running and 40 bilateral eccentric elbow flexion
	1*or 2* 500ml/d Pomegranate juice
	8 d (4 pre-ex and 4 post-ex)
	Strength recovery  (both leg and arm)
	Machin et al., (2014)


	Male healthy volunteer (n=14)
	Endurance and resistance exercise sessions
	Pomegranate juice
	15 days
	↑GSH, TAC, GSH
↓MDA, CARB, CAT
	Matthaiou et al., (2014)


	Male endurance athlete (n=28)
	Severe based endurance activity
	240 ml/d of Pomegranate juice
	2 weeks pre-ex
	↑SOD, GPx, TAC
↓MDA
	Naghizadeh-Baghi et al., (2015)

	Male sprinters (n=16)
	Two repeat cycle tests 4 consecutive 15-s bout test
	980mg/d polyphenol through green tea extract
	4 weeks
	↓ superoxide dismutase (SOD), and MDA
↑ total polyphenol, TAC
	Jówko et al., (2014)


	Recreational male runner (n=28)
	Two running test to exhaustion at 80% VO2max
	10ml/kg/d purple grape juice
	28 days
	↑TAC, vitamin A

	Toscano et al., (2015)


	Endurance trained runner 9n=27)
	Half marathon 21.1 km in 2 hr
	Capsule containing 480mg tart cherry
	10 d (2d post ex)
	↑TAC
↓inflammatory markers
 
	Levers et al., (2016)


	Female volleyball player (n=40)
	
	300 mg twice daily Grape seed extract
	8 weeks
	↓MDA
↑GSH
	Taghizadeh et al., (2016)


	Male soccer player I 9/n=18) II (n==18)
III (n=18)

	HIIT programme for 2 weeks (total 10 sessions)
	I 450mg/d green tea extract (GTE)
II 450mg/d sour tea extract (STE)
III 450mg/d maltodextrin 
	6 weeks
	↓malondialdehyde (MDA) level
↑total antioxidant capacity (TAC) level after having STE
	Hadi et al., (2016)


	Endurance trained males (n=22)
	1h/d based- endurance training 3 session/week
	200ml/d for Ist group and 100ml/d for IInd group Pomegranate juice
	21 d pre- ex
	↑lactate
↓MDA level and CO
	Fuster-Muñoz et al., (2015)


	Elite weightlifter (n=9)
	Intense weightlifting training session
	 3*250ml/d 8 hr interval Pomegranate juice
	pre-ex (1 h ) and 2 d post-ex 
	↓LDH
↓aspartate aminotransferase (ASAT)
 ↑TAC level
↓MDA level
	Ammar et al., (2016) and Ammar et al., (2017)



	Trained amateur male athletes (n=16)
	Submaximal cycling at 60% of peak power output
	500mg/d GTE
	15 days
	↑↓Oxidative stress, 
	Machado et al., (2018)


	Judo athletes (n=20)
	3 rounds of 7 min combats
	400 ml/d grape juice
	14 days
	↓SOD, DNA damage, lipid damage
	Goulart et al., (2020)

	Recreational male runner (n=14)
	Two running test to exhaustion at 80% VO2max
	10ml/kg/d grape juice
	Pre-ex
	↑TAC, 
	 De Lima Tavares Toscano et al., (2019)

	Trained triathletes (n = 6)
	100 km of cycling, 6 km of running and 1.5 km of swimming
	300 ml (2 doses) at breakfast and immediately after exercise
	Fastin blood sample before, immediately after and 1 h after exercise. 
	↓ TBARS level
↓CAT,
↑GSH
	Silvestre et al., (2022)’



Pomegranate is rich in polyphenolic compounds, especially punicalagins and ellagic acid, which exhibit strong antioxidant properties. Studies have shown that pomegranate juice consumption before and after exercise can significantly reduce oxidative stress markers This suggests improved protection against lipid peroxidation and muscle damage. Grape juice, particularly from red or purple grapes, contains resveratrol, quercetin, and anthocyanins, which are potent antioxidants. Supplementation with grape juice has been shown to reduce biomarkers. These compounds help scavenge free radicals, decrease inflammation, and improve overall oxidative status in physically active individuals. Green tea is a rich source of catechins, particularly epigallocatechin gallate (EGCG), which are known for their strong free radical-scavenging activity. Regular consumption of green tea has been associated with reductions in oxidative stress and improvements in total antioxidant capacity (TAC). Additionally, green tea enhances mitochondrial function and reduces muscle fatigue and inflammation after exercise.
Overall, antioxidants such as vitamin C, vitamin E, resveratrol, coenzyme Q10, selenium, and curcumin found in natural source have demonstrated beneficial effects on both general health and exercise performance. These compounds can help reduce inflammation, protect against oxidative cellular damage, and support muscle recovery following intense physical activity. However, their specific impact may vary based on factors such as the type of exercise performed, the dosage and duration of supplementation, and individual physiological characteristics. It is essential to emphasize that antioxidant supplementation should complement not replace a well-balanced diet and proper hydration. Furthermore, supplementation strategies should be tailored to the individual's needs and guided by a qualified healthcare professional, particularly in those with chronic conditions or those taking concurrent medications.
CONCLUSION   
ROS are naturally produced as a result of normal cellular activity, cellular signaling, and oxygen metabolism. The body's endogenous antioxidant defence system functions as a comprehensive network to maintain redox balance. While moderate exercise typically stays within the capacity of this defence system, intense exercise can overwhelm it, leading to increased oxidative stress in athletes. When the endogenous system is unable to neutralize the excess ROS, oral antioxidant supplementation becomes necessary. While there is strong evidence supporting the beneficial effects of vitamin supplements, a diet rich in vitamins has been shown to improve oxidative stress and help maintain the balance of the antioxidant defence system. It also improves the performance of athlete. Therefore, it is important to obtain antioxidants through food to safely sustain optimal levels in the body.
The best approach to antioxidant supplementation is to obtain them from natural sources through a balanced diet rich in antioxidants. For athletes, regularly consuming whole grains, millet, legumes, beans, fruits, vegetables, nuts, seeds, green tea, and dark chocolate provides an effective and safe way to meet their nutritional needs. However, a nuanced approach involving balanced diet, personalized nutrition, and cautious supplementation is essential. Future research should aim to clarify optimal antioxidant strategies tailored to specific sports and individual needs.
PRACTICAL APPLICATIONS
This review offers valuable insights into the practical application of sports performance enhancement and the mechanisms by which supplements may modulate the effects of reactive oxygen species (ROS). Furthermore, it highlights the potential benefits of an antioxidant-rich diet and targeted supplementation in supporting athletic performance. These findings may inform the development of innovative training strategies and dietary protocols within sports teams aiming to optimize performance outcomes.
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