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ABSTRACT 

Background: Spices like capsaicin, turmeric, ginger, piperine, garlic, and cinnamon have been used in cooking and folk 
medicine for centuries. Modern research shows their ergogenic, anti-inflammatory, and antioxidant properties, aiding athletic 
performance, muscle recovery, and overall health. 
Aim: This review analyzes effects of these spices on physically active individuals (mechanisms, benefits, limitations). 
Materials and methods: Studies from PubMed, MDPI, Quality in Sport, and Journal of Pharmaceutical Research International 
on ergogenic, anti-inflammatory, and antioxidant effects of capsaicin, turmeric, ginger, piperine, garlic, and cinnamon in 
physically active people. 
Results: Capsaicin shows thermogenic effects and supports fat metabolism, boosting exercise performance, but GI effects 
need study. Turmeric, via curcumin, offers anti-inflammatory and antioxidant benefits, reducing muscle damage and 
speeding recovery despite low bioavailability. Ginger modulates cellular metabolism to aid muscle recovery and ease post-
exercise pain. Piperine enhances nutrient bioavailability, improves muscle strength, and optimizes energy metabolism with 
low-risk toxicity. Garlic reduces oxidative stress and inflammation, strengthens immunity, and relieves muscle fatigue. 
Cinnamon provides hypoglycemic and antioxidant properties, improving glucose/lipid metabolism and cardiovascular health 
in athletes. 
Conclusions: These spices show promise as phytonutrients in sports medicine. Their anti-inflammatory, antioxidant, and 
metabolic effects enhance performance and recovery by increasing muscle strength, reducing DOMS, shortening recovery, 
and lowering inflammation. Synergies like piperine-curcumin amplify efficacy. Challenges like poor bioavailability (e.g., 
curcumin) and inconsistent evidence require rigorous studies for optimal dosages, formulations, and protocols. 
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Introduction 

Spices, valued for centuries for their culinary qualities, are also an important part of traditional medical 

systems around the world. Their use in folk medicine covers a wide range of ailments, indicating a historical 

belief in their therapeutic properties. [1] Contemporary scientific research is systematically deepening our 

understanding of these natural compounds, revealing their complex mechanisms of action at the molecular and 

cellular levels. [2] Among the many spices, those with documented anti-inflammatory, antioxidant, and 

ergogenic potential are of particular interest to the scientific community, making them the subject of intensive 

research in the context of human health. [3] 

Intense physical exertion, characteristic of sports training, leads to physiological adaptations, but also 

induces oxidative stress and inflammatory processes in the body. [4] Exercise-induced muscle damage, such 

as delayed onset muscle soreness (DOMS), can negatively affect performance, recovery, and adaptation to 

training loads. [5] Managing these responses through dietary interventions is key to optimizing athletic 

performance and long-term health. In this context, the phytonutrients found in spices offer promising 

opportunities to support exercise-related physiological processes. [3] 

Capsaicin, the active ingredient in chili peppers, has anti-inflammatory and antioxidant properties and may 

increase pain tolerance, which is beneficial during intense exercise. Research suggests that it may improve muscle 

strength and performance by modulating the TRPV1 channel and increasing calcium release in muscle cells. [6] 

Turmeric, which contains curcumin, has been extensively studied for its powerful antioxidant and anti-

inflammatory effects, which may reduce muscle damage after exercise. [5] Piperine, the main alkaloid in black 
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pepper, is known to improve the bioavailability of curcumin. [7] Ginger, traditionally used for pain and 

inflammation, has proven antioxidant and anti-inflammatory properties, supporting recovery and reducing 

muscle soreness. [8] Garlic, rich in organosulfur compounds, contributes to improving immune function and 

antioxidant capacity, and may also reduce physical fatigue. [4] Cinnamon has anti-inflammatory and antioxidant 

effects and may influence glucose metabolism, as well as relieve muscle soreness after exercise. [9] 

Despite the growing body of evidence on the potential health and ergogenic benefits of spice 

consumption, a comprehensive synthesis of data on their effects on athletes remains necessary. [3] Existing 

studies often focus on individual spices or specific aspects of their effects, making it difficult to fully 

understand their synergistic or individual effects in the context of exercise adaptation. [7] Therefore, this study 

aims to provide a systematic review of the available scientific literature to analyze in detail the mechanisms of 

action, benefits, and possible limitations of the use of selected spices in human systems in athletes. 

 

Aim of the study 

The purpose of this review is to comprehensively analyze the effects of selected spices: capsaicin, 

turmeric, ginger, piperine, garlic, and cinnamon – on the bodies of physically active individuals, including 

amateur and professional athletes. The review takes into account the mechanisms of action of these 

phytonutrients, such as their anti-inflammatory, antioxidant, and ergogenic properties, potential benefits for 

exercise performance, muscle recovery, and overall health, as well as limitations of use, including 

bioavailability issues, interactions with other substances, and possible side effects. The analysis aims to 

synthesize the current scientific literature, identify gaps in knowledge, and indicate directions for further 

research, which may contribute to the optimization of dietary interventions in sports medicine and support the 

body's adaptation to training loads. 

  

Material and Methods 

This article presents an overview of scientific studies from 2013–2025, available in databases such as 

PubMed, MDPI, Quality in Sport, and the Journal of Pharmaceutical Research International. The focus was on 

the ergogenic, anti-inflammatory, and antioxidant effects of selected spices (capsaicin, turmeric, ginger, 

piperine, garlic, and cinnamon) in physically active individuals and athletes. The search included peer-

reviewed articles, clinical studies, and reviews, with an emphasis on their impact on performance, recovery, 

and health. The analysis is based on a synthesis of existing evidence, without collecting new empirical data. 

  

Review 

  

Capsaicin 

Chemically known as 8-methyl-N-vanillyl-6-nonenamide, it is the main pungent bioactive component 

of chili peppers of the Capsicum genus. It is commonly described as an irritant that causes a warming sensation 

in the mouth. [6] [10] [11] The biological effects of capsaicin are the result of complex processes, the key one 

being the activation of the transient receptor potential vanilloid type 1 (TRPV1) receptor. [6] TRPV1 receptors 

are present on sensory neurons and, importantly in the context of muscle function, in the membranes of skeletal 

muscle cells, including the sarcoplasmic reticulum (SR). Capsaicin (CAP) has a natural analogue, capsiate, 

which is present in the sweet pepper variety CH-19. Although both substances have a similar molecular 

structure, the key difference is the replacement of the amino group (NH) in the alkyl chain of capsaicin with 

an ester group (O) in capsiate. This subtle structural change significantly affects the perceived spiciness, which 

distinguishes the strongly spicy capsaicin from the much milder capsiate. 

Studies on the effects of capsaicin on athletes show a variety of promising benefits for performance and 

recovery. In one experiment, male Brazilian jiu jitsu who took 12 mg of purified capsaicin 45 minutes before 

training reported a significant improvement in strength parameters – average power increased by 4.4% and 

peak speed by 4.3% during bench presses. In addition, capsaicin supplementation significantly reduced delayed 

onset muscle soreness (DOMS), improved the pressure pain threshold (PPT) and reduced thigh circumference 

(TCM), which contributed to an increase in vertical jump height (VJH). These results suggest that capsaicin 

may not only support improved strength training performance and power generation, but also contribute to 

faster post-workout recovery and improved motor skills in athletes. [6]. A meta-analysis suggests that acute 

capsaicin supplementation may increase muscle endurance and, in general, may elicit an ergogenic response 

in near-maximal efforts. [6] [10] 
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Scientific reports suggest that capsaicin supplementation may contribute to improved performance in 

the 1500-metre run, increased duration of exercise before exhaustion in high-intensity interval training, and 

improved performance in strength training.[10] [11] In the context of fatigue and recovery, capsaicin may 

reduce neuromuscular, mainly peripheral, signs of fatigue. This particularly applies to improving the rate of 

muscle relaxation and increasing the amplitude of contraction after exercise, which is likely related to its effect 

on maintaining calcium balance in muscles. [6] [11] 

Capsaicin also potentially counteracts fatigue caused by reactive oxygen species (ROS). The effect of 

capsaicin on perceived exertion (RPE) is variable; some studies report a reduction, while others show no 

difference. [10] [11] [12] 

The dosage and safety of capsaicin are important issues. Higher doses of capsaicinoids (above 33 mg 

per day) have been shown to cause gastrointestinal discomfort. One study reported a 6.3-fold increase in the 

severity of gastrointestinal symptoms, resulting in three participants withdrawing from the experiment. [10] 

[12] On the other hand, a dose of 12 mg is generally well tolerated, and no significant gastrointestinal 

discomfort was reported in pilot studies. For this reason, reducing digestive discomfort is an important 

consideration for both researchers and athletes. 

Capsaicin has analgesic properties – by desensitising nociceptors, it can increase pain tolerance during 

physical activity. This, in turn, can counteract a decrease in strength and promote greater volume in strength 

training. Another important aspect of capsaicin's action is its ability to alleviate inflammation. This is possible 

thanks to the reduction of pro-inflammatory cytokines such as interleukin-6 (IL-6), tumour necrosis factor-

alpha (TNF-α) and interleukin-1β (IL-1β), as well as the reduction of oxidative stress indicators, which 

translates into its antioxidant properties. [6] [10] [11] Capsaicin can also increase the release of acetylcholine, 

which translates into increased muscle contraction strength and improved endurance capacity. In addition, by 

increasing the bioavailability of nitric oxide (NO), it supports vascular function, leading to vasodilation, 

improved blood flow and more efficient oxygen delivery to active muscles, which contributes to a reduction 

in perceived fatigue. [6] 

Capsaicin, due to its multidirectional action - including pain modulation, reduction of inflammatory 

processes, reduction of oxidative stress and support for muscle function - is a promising element of a nutritional 

strategy supporting regeneration and improvement of physical performance, especially in sports disciplines 

requiring high power and resistance to fatigue. Despite the growing body of scientific evidence, further well-

designed studies are needed to accurately determine the optimal doses, timing of supplementation, and forms 

of administration that will maximise benefits while minimising the risk of adverse effects. [6] [10]  

  

Turmeric 

Extracted from the rhizomes of Curcuma longa, turmeric has been the subject of interest in traditional 

medicine for centuries due to its versatile healing properties. [2] In the era of modern sports medicine, its role 

is being intensively researched as a potential dietary supplement for athletes, which is reflected in the 

popularity of this spice as the most commonly used botanical supplement among athletes in Ireland. [13] 

Turmeric exhibits complex mechanisms of action, affecting numerous signaling molecules and cellular 

pathways. It activates nuclear factor erythroid 2-related factor 2 (Nrf2), promoting endogenous antioxidant 

activity. At the same time, it inhibits the activity of nuclear factor kappa B (NF-κB) and reduces the production 

of pro-inflammatory cytokines such as tumor necrosis factor alpha (TNF-α), interleukin-1 beta (IL-1β), 

interleukin-6 (IL-6), and interleukin-8 (IL-8) . Its action also includes modulation of C-reactive protein (CRP), 

mitogen-activated protein kinases (MAPK), and interaction with apoptosis-related proteins such as p53, 

cyclins, and Bcl-2. [2] 

Physical exercise, especially that with a predominantly eccentric component, often leads to exercise-

induced muscle damage (EIMD) and delayed onset muscle soreness (DOMS), manifested by muscle fiber 

damage, decreased strength, and pain. Studies suggest that turmeric supplementation may alleviate these 

symptoms. A reduction in muscle pain and an improvement in joint range of motion after exercise have been 

observed. [14] In a study involving men, supplementation with 200 mg of curcuminoids per day for 8 weeks 

alleviated the reduction in isokinetic extension torque after running with a decrease, in contrast to placebo and 

a dose of 50 mg. [15] In other studies, turmeric supplementation reduced pain in the lower limb after a muscle-

damaging protocol [5] and significantly reduced scores on muscle fatigue and soreness scales in athletes after 

12 weeks of supplementation. [16] With regard to muscle damage markers such as creatine kinase (CK), the 

results are inconclusive; some studies report a reduction, [14] while others have not shown significant changes. 

[16] [17] In terms of oxidative stress, turmeric supplementation (90 mg) significantly increased total plasma 
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antioxidant capacity and reduced malondialdehyde (MDA) levels while increasing glutathione (GSH) 

concentrations. [14] However, other studies have not confirmed significant changes in CRP, IL-6, IL-1ra, or 

TNF-α concentrations after turmeric supplementation at rest, despite the observed trends. [5] [17] 

The effect of turmeric on athletic performance is being studied. It may contribute to shorter recovery 

times and improved overall performance. [15] There are suggestions that turmeric may reduce perceived 

exertion (RPE). [5] In a 12-week study on teenage athletes, an improvement in reaction time was observed. 

[16] Despite these promising results, some studies have not shown significant benefits for overall athletic 

performance. [5] [14] An increase in brain-derived neurotrophic factor (BDNF) levels has also been observed 

after turmeric supplementation, [17] but this effect has not always reached statistical significance and requires 

further study. [5] 

A key challenge in the use of turmeric is its low bioavailability, resulting from low solubility, poor 

absorption in the gastrointestinal tract, and rapid metabolism and elimination. [15] Various strategies have 

been developed to overcome these limitations, including combination with piperine, which significantly 

increases bioavailability, and innovative formulations such as Meriva® and Longvida®, which are 

characterized by increased absorption. [2] [15] The timing of administration is also important, and daily, 

regular supplementation may be more effective than single doses in maintaining stable blood levels. [15] 

Turmeric is generally well tolerated; studies indicate that doses of up to 8,000–12,000 mg/day are safe 

in humans. In the pediatric population, doses ranging from 45 mg to 4,000 mg/day, administered for 2–48 

weeks, have also been found to be safe. [2] However, it is important to be aware of the risks associated with 

botanical supplements, including potential positive doping test results (most commonly reported by elite 

athletes, 69% of cases) or adverse interactions with other drugs/supplements (most commonly reported by 

amateur athletes, 47% of cases). [13] 

In summary, turmeric shows promising potential in alleviating exercise-related muscle symptoms and 

improving recovery in athletes. Its anti-inflammatory and antioxidant properties are well documented, but the 

variability of research results, particularly in terms of specific biomarkers and performance effects, highlights 

the need for further rigorous clinical studies with larger and more diverse participant groups, with a particular 

focus on bioavailability and optimal dosing strategies. [14][15] [17] 

  

Ginger 

Latin name: Zingiber officinale Roscoe, commonly recognized as a culinary spice, has also been used 

for centuries as a valued medicinal plant around the world. Its health-promoting properties result from its rich 

phytochemical composition, including compounds such as gingerols, shogaols, and zingerones, which exhibit 

anti-inflammatory and antioxidant activity. [8] [18] [19] In the context of human systems in athletes, ginger is 

the subject of scientific research due to its potential to improve physiological parameters and alleviate exercise-

related ailments. 

Clinical studies have shown that ginger extract consumption may have a beneficial effect on physical 

comfort. In a randomized, double-blind, placebo-controlled study, daily intake of ginger extract for eight weeks 

significantly reduced subjective feelings of eye fatigue and shoulder stiffness in healthy individuals, especially 

in women under 51 years of age. Furthermore, these younger women showed improved blood flow in the deep 

peripheral vessels, which may be the mechanism for alleviating these symptoms. In older men (over 51 years of 

age), a beneficial change in body warmth was observed. Although no significant improvement in blood flow in 

the eye or objective changes in arm muscle stiffness were found, the study showed a reduction in axial length of 

the eyeball in the ginger group, which may be important in the prevention of myopia. The potential effect of 

ginger on improving blood flow in young women suggests the involvement of female hormones, such as estrogen, 

which may increase nitric oxide (NO) production and consequently dilate blood vessels. The complete absence 

of reported safety issues confirms that ginger is a safe and beneficial dietary supplement. [18] 

In addition, the properties of ginger play a key role in muscle recovery and inflammation management, 

which is particularly important for athletes. [8] [19] Studies on women practicing taekwondo have shown that 

daily consumption of 3 g of ginger for six weeks significantly reduced muscle soreness caused by physical 

exertion. [8] The mechanisms of this action include the documented anti-inflammatory properties of ginger 

and its components, which inhibit cyclooxygenase (COX-1 and COX-2), block leukotriene synthesis, and 

reduce the expression of pro-inflammatory cytokines such as TNF-α and IL-6. [8] [20] Furthermore, ginger 

has been shown to suppress the activity of the transcription factor NF-κB and modulate the Wnt signaling 

pathway, further confirming its anti-inflammatory and protective effects in the development of inflammatory 

conditions such as experimentally induced arthritis. [20] In in vitro studies on human myoblasts, ginger 
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influenced changes in the metabolic profile of cells during aging, promoting muscle regeneration. Upregulation 

of metabolites such as 8-shogaol, valine, niacinamide, octadecanamide, and uracil, as well as an effect on 

metabolic pathways related to glutamate metabolism, arginine biosynthesis, and the citric acid cycle (TCA). 

This suggests that ginger may support muscle protein synthesis and improve mitochondrial function, which is 

crucial in the process of muscle aging. [21] 

In the context of exercise performance, studies in rats have shown that ginger extract significantly 

increases glycogen levels in skeletal muscles and improves physical performance. This effect is attributed to 

increased fatty acid oxidation, as evidenced by higher levels of free fatty acids (FFA) in the blood after exercise. 

Ginger, by modulating fat metabolism (e.g., through activation of the PPARδ pathway), promotes glycogen 

sparing, which is beneficial for prolonged exercise and recovery between training sessions. [22] More broadly, 

Zingiber officinale also exhibits a number of other therapeutic properties relevant to the overall health of 

athletes, including antioxidant activity (reducing lipid peroxidation and restoring antioxidant enzyme activity), 

antidiabetic (increasing glucose uptake by muscle cells without the involvement of insulin, improving the lipid 

profile) and cardiovascular (antithrombotic, reducing platelet aggregation) effects. Ginger is also effective in 

relieving nausea and vomiting. [19] All these aspects emphasize that ginger, classified as a “non-nutritive 

ingredient” with targeted effects, [3] is a valuable component of nutritional strategies supporting the health 

and physical performance of athletes, contributing to better recovery and adaptation to exercise. [3][19] 

  

Piperine 

A plant alkaloid originally isolated from black pepper (Piper nigrum) as early as 1820 by Ørsted, it is a 

compound with a broad spectrum of biological activity, traditionally used in folk medicine for various ailments 

such as headaches and diabetes. [23][24] In the context of human physiology, and especially in sports and 

physical activity, piperine has gained significant interest in recent years due to its multidirectional effects on 

biological systems, beyond its historical uses. [23][24][25] 

One of the most valued properties of piperine, particularly in its standardized form BioPerine®, is its 

ability to significantly increase the bioavailability of other active compounds, including vitamins, minerals, and 

phytonutrients such as curcumin. [7][23][26] The mechanism of this action is complex and involves the 

stimulation of thermogenesis in the epithelial cells of the small intestine, which increases the absorption of 

nutrients, acting as a “thermonutrient.” In addition, piperine affects the fluidity of enterocyte cell membranes by 

modifying cholesterol concentration and enhances the activity of brush border enzymes, which facilitates ion 

transport and nutrient absorption. Ultrastructural studies have also revealed that piperine can increase the length 

of microvilli, which enlarges the intestinal absorption surface area. [23] In addition, piperine acts as an inhibitor 

of key liver and intestinal enzymes, including cytochrome P450 and UGT isoenzymes, which slows down 

metabolism and prolongs the half-life of co-administered substances, increasing their plasma concentration up to 

20-fold. [23][26] In a sports context, this is particularly important for athletes at risk of iron deficiency due to 

intense physical exertion, mechanical hemolysis, sweat loss, or gastrointestinal disorders, which can lead to 

decreased performance. Iron supplementation in combination with piperine has been shown to improve iron 

metabolism parameters in athletes without the gastrointestinal side effects typical of high doses, while reducing 

the risk of iron overload and associated oxidative stress, which can exacerbate muscle damage. [23] 

Furthermore, recent studies have shown a direct and significant effect of piperine on skeletal muscle 

function. Piperine has been observed to increase contraction strength in both slow- and fast-twitch muscles in 

a dose-dependent manner. This increase in strength was particularly pronounced at low frequencies of 

electrical stimulation, with no significant effect on the force generated at high frequencies. This effect is 

reversible and, importantly for athletes, may partially counteract the decline in force caused by muscle fatigue, 

especially at low frequencies, which are often reduced after intense exercise. The main mechanism underlying 

this phenomenon is a significant increase in the sensitivity of myofibrils to Ca2+ ions. Studies have shown that 

piperine does not affect the concentration of free Ca2+ in myoplasm during stimulation, suggesting that its 

action is based on increasing the efficiency of calcium utilization by the contractile apparatus. These 

observations are consistent with the hypothesis that piperine, by binding to myosin, reduces the fraction of its 

heads in a super-relaxed state, making more myosin heads available for binding to actin, which leads to 

increased force generation at submaximal Ca2+ levels. This is different from post-tetanic potentiation, which 

mainly occurs in fast-twitch muscles and is mediated by phosphorylation of myosin light chains, as well as 

from K+-induced potentiation, which is associated with changes in Ca2+ metabolism. [24] 

In terms of metabolism, studies in animal models have shown that piperine intensifies carbohydrate and 

fat metabolism in skeletal muscles during physical exercise. Increased expression of glucose transporters 
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(GLUT4) and monocarboxylate transporters (MCT1) has been observed, as well as key enzymes of fat 

metabolism such as FAT/CD36, CPT1, and CS, indicating more efficient use of energy sources. This is 

important for improving exercise performance and muscle adaptation to stress. In addition, piperine exhibits 

antioxidant properties, reducing the expression of signaling components associated with exercise-induced 

oxidative stress, such as NOX-1, Ape/Ref-1, and Mn-SOD. This is particularly important because intense 

physical exercise generates reactive oxygen species (ROS), which can lead to muscle damage. [25] Although 

the direct effect of piperine on reducing inflammatory biomarkers such as CRP and TNF-α still requires further 

research, meta-analyses have shown that, in combination with curcumin, piperine significantly reduces 

interleukin-6 (IL-6) levels, suggesting its indirect contribution to modulating the inflammatory response after 

exercise. [26] 

From a safety perspective, piperine has a low risk of toxicity and does not exhibit genotoxicity, even at 

supraphysiological doses in animal models, and human studies have not reported any serious adverse events. 

Nevertheless, due to its effect on metabolic pathways (e.g., cytochrome P450), caution should be exercised 

when used concomitantly with medications. [23] In summary, the multifaceted effects of piperine—from 

increasing the bioavailability of key nutrients, to directly enhancing muscle strength and counteracting fatigue, 

to optimizing energy metabolism and reducing oxidative stress—make it a promising candidate for an 

ergogenic supplement for athletes. However, further long-term clinical studies in various sports disciplines are 

needed to fully confirm its efficacy and safety in human applications. [23][24][25] 

  

Garlic 

Garlic (Allium sativum) is a versatile dietary and supplement ingredient, valued in integrative medicine 

for its numerous health-promoting properties. [27] It is rich in phytochemicals, containing organosulfur 

compounds such as S-allyl cysteine (SAC), allicin and ajoene, as well as flavonoids. [4] These compounds 

give garlic powerful antioxidant and anti-inflammatory properties and the ability to modulate immune system 

function. [4][27] Traditionally, garlic has been used to treat a variety of ailments, including rheumatism and 

diabetes. [28] 

The mechanism of action of garlic in the body is complex and multifaceted. Organosulfur compounds, 

such as those present in garlic, have the ability to downregulate nuclear factor kappa B (NF-κB), leading to a 

reduction in the expression of many pro-inflammatory cytokines. [27] S-allyl cysteine (SAC) specifically 

protects cells from damage caused by hydrogen peroxide, emphasising its role in cell protection. 

In the context of physical activity and athletes, garlic has a significant modulating effect on oxidative 

stress and exercise-induced inflammatory processes. Garlic supplementation significantly increases total 

antioxidant capacity (TAC) throughout the body. At the same time, it effectively attenuates malondialdehyde 

(MDA) levels, a marker of exercise-induced oxidative stress. [4] 

Garlic and its forms, such as black garlic, are also important for the overall health of athletes and the 

prevention of lifestyle diseases. Fermented black garlic contains high concentrations of polysaccharides, 

phenolic compounds, organosulfur compounds, proteins and melanoidins, which translate into numerous 

health benefits. It has strong antioxidant and hypoglycaemic effects. Consumption of aged black garlic 

significantly reduced the HOMA-IR (homeostasis model assessment for insulin resistance) index and showed 

a tendency to lower serum glucose levels while improving insulin sensitivity. [28] Aged garlic extract (Kyolic 

AGE) reduces arterial stiffness, normalises blood pressure, cholesterol and blood density, and improves the 

profile of proteomic biomarkers associated with cardiovascular risk, including the risk of heart attack and 

stroke.  Aged garlic extract (AGE) has been shown in clinical studies to have significant and multifaceted 

benefits for intermediate endurance athletes aged 40-65, significantly improving their aerobic capacity, lactate 

thresholds and accelerating recovery processes, which is crucial for optimising adaptation to exercise and long-

term maintenance of cardiovascular health, as well as reducing the risk of cardiovascular events. [29] 

In light of the latest research, metabolic regulation and energy homeostasis are key aspects for 

optimising bodily functions, including in the context of increased physical activity. Prospective analyses in 

Wistar rats with diet-induced obesity have shown that interventions in the form of aerobic exercise and 

supplementation with standardised plant extracts, such as stevia and garlic, can significantly modulate the 

signalling pathways involved in appetite control and energy metabolism. [30] 

Garlic modulates the immune response and inflammatory processes through organosulfur compounds 

that reduce the activity of nuclear factor-kappa B. [4][27] Fermented black garlic has increased antioxidant 

content and anti-inflammatory and anti-obesity properties. [27][28] Despite no improvement in performance 

in a short time trial, garlic alleviates oxidative stress and exercise-induced muscle damage. [4] 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 8 

 

The dosage of garlic supplements varies depending on the form and intended purpose. Typical doses of 

clinically tested garlic supplements range from 600 to 900 mg of powdered garlic (standardised to 1.3% alliin 

or 0.6% allicin) or 7.2 g of aged garlic extract per day. [27] For Kyolic AGE, doses ranging from 1.2 g of AGE 

powder and 1.2 mg of SAC to 2.4 g of AGE powder and 2.4 mg of SAC per day were used for 12 weeks. [29] 

In summary, garlic and its standardised extracts are promising interventions for supporting the health 

and performance of athletes through complex mechanisms of action that are antioxidant, anti-inflammatory, 

immune-modulating, and improve cardiovascular function and recovery. [29] Further research is needed to 

fully understand and optimise its use in the athletic population. [4] 

 

Cinnamon 

Cinnamon, obtained mainly from the bark of trees of the Cinnamomum genus, is a spice with a long 

history of use in cooking and traditional medicine, valued for its various health properties. [9] Its wealth of 

bioactive compounds, including cinnamaldehyde, cinnamic acid and polyphenols, forms the basis for its wide 

range of therapeutic effects on various systems of the human body. [9][31] In the context of athletes' 

physiology and overall health management, cinnamon shows promising antioxidant, anti-inflammatory and 

metabolism-regulating properties, making it a potential dietary supplement. 

Cinnamon's ability to combat oxidative stress and modulate immune responses is crucial for regenerative 

processes and maintaining homeostasis, especially after intense physical exertion. [9] Studies have shown high 

antioxidant activity in cinnamon, measured by spectrophotometric and electrochemical methods, confirming 

its ability to neutralise free radicals and protect cells from damage. [31] The active ingredients of cinnamon, 

such as trans-cinnamaldehyde, contribute to the reduction of inflammation markers, which is particularly 

important in alleviating inflammation resulting from training loads. [9] 

Cinnamon plays a significant role in metabolic regulation, improving insulin sensitivity, which is 

fundamental for the body's effective use of glucose. It has been shown that cinnamon supplementation, in 

combination with training, can significantly reduce glycated haemoglobin (HbA1c) levels and affect the 

TBC1D1 and TBC1D4 proteins, which regulate glucose transport in muscles. [32] In addition, cinnamon 

supports fat metabolism, contributing to lower triglyceride and LDL cholesterol levels while raising HDL 

cholesterol levels, which promotes cardiovascular health. [9] Analysis of cinnamon's effect on appetite-

regulating hormones such as ghrelin, leptin and visfatin indicates its potential in managing body weight and 

energy balance, which may be beneficial for athletes controlling their body composition. [33] 

In terms of cardiovascular health, cinnamon has significant vasorelaxant effects, promoting blood vessel 

dilation and improving blood flow, as well as protecting against stress-induced oxidative damage. [31] In 

addition, cinnamon has been observed to have a beneficial effect on liver enzyme markers (ALT, AST, ALP), 

suggesting its role in protecting and supporting liver function, a key organ for detoxification and metabolism 

in the athlete's body. [34] Studies on animal models also indicate the neuroprotective effects of cinnamon, such 

as improved motor function and reduced anxiety, which may indirectly support overall well-being and 

neurological performance in athletes. [35] 

Importantly for athletes, studies highlight the synergistic effect of cinnamon with physical exercise, 

especially in different thermal conditions. The combination of cinnamon supplementation with cold water 

swimming training showed a significant increase in METRNL protein levels and a reduction in HDAC5 and 

fasting blood glucose, indicating improved metabolic indicators. [36] This combination may be an effective 

strategy for optimising metabolic adaptation to training and supporting recovery. [32] In terms of safety, 

comprehensive systematic reviews indicate that cinnamon, at doses used in clinical studies, does not generally 

cause significant adverse effects compared to placebo. [37] However, it is important to bear in mind the 

potential hepatotoxicity of coumarin, one of the components of cinnamon, at high doses (the tolerated daily 

intake is 0.1 mg/kg/day), and the possibility of skin irritation caused by cinnamaldehyde. Despite promising 

preclinical data and a few human studies, further large-scale clinical trials are needed to fully confirm the 

efficacy, determine the optimal doses and assess the long-term safety of cinnamon in therapeutic applications, 

including in the context of supporting athletes. [9][37] 
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Discussion 

Building on the detailed descriptions in the review section, this discussion provides a critical 

interpretation of the findings, exploring underlying mechanisms, methodological challenges, potential 

synergies, and implications for athletic performance and recovery in physically active populations. 

 

Capsaicin 

Capsaicin's activation of transient receptor potential vanilloid 1 (TRPV1) receptors facilitates enhanced 

calcium release in skeletal muscles. [10][11] This physiological mechanism is believed to explain observed 

improvements in strength parameters such as average power and peak speed during resistance exercises, 

benefits reported in human trials involving trained men and Brazilian Jiu-Jitsu athletes. [1][10] However, 

variability in endurance outcomes, such as in 1500-meter runs or high-intensity intervals, suggests that benefits 

are modulated by factors like dosage and gastrointestinal tolerance. Notably, higher doses often lead to 

discomfort, thereby indicating a need for personalized administration protocols to balance efficacy and side 

effects. [10] 

 

Turmeric (Curcumin) 

Curcumin's modulation of Nrf2 and NF-κB pathways underpins its role in mitigating exercise-induced 

muscle damage, as evidenced by reduced soreness and improved joint mobility. [14] This potent bioactive 

polyphenol from turmeric exerts anti-inflammatory and antioxidant effects by suppressing pro-inflammatory 

cytokines, inhibiting COX enzymes, and activating Nrf2 to combat oxidative stress. [1][14] Such actions 

reduce exercise-induced muscle damage, alleviate delayed onset muscle soreness, and support joint health in 

conditions like knee osteoarthritis. [14] 

Yet, inconsistent effects on biomarkers like creatine kinase highlight the influence of bioavailability 

challenges, with formulations like those combined with piperine showing promise in enhancing absorption. 

[15][26] Curcumin's poor solubility and rapid metabolism limit its systemic efficacy, but co-administration 

with piperine can significantly boost its bioavailability by inhibiting metabolic enzymes. [26] The dose-

dependent nature of outcomes, such as improved isokinetic torque at higher intakes, underscores the 

importance of optimizing delivery methods for consistent results. [15] 

 

Ginger 

Ginger's bioactive compounds, including gingerols and shogaols, inhibit COX enzymes and NF-κB, 

contributing to reduced muscle soreness in activities like taekwondo.  These pungent compounds in Zingiber 

officinale demonstrate potent anti-inflammatory and antioxidant properties by inhibiting COX enzymes and 

decreasing pro-inflammatory cytokine expression. [1][8] Clinical trials confirm that ginger supplementation 

effectively reduces muscle pain and soreness from eccentric exercise in athletes. [1][11] 

Metabolic shifts observed in myoblast studies, such as upregulated glutamate pathways, suggest 

potential for supporting muscle regeneration, particularly in aging populations. [10][21] Ginger treatment 

upregulates key metabolites like valine, leucine, glutamine, and niacinamide, crucial for muscle protein 

synthesis, differentiation, and reducing oxidative stress. [10] Sex-specific effects, like enhanced peripheral 

blood flow in women under 51, further warrant investigation into hormonal interactions to refine its application 

in diverse athletic groups. [18] 

 

Piperine 

Piperine, a major active constituent of black pepper (Piper nigrum L.), is renowned for its pungency and 

exceptional ability to enhance the bioavailability of other compounds. Its capacity to boost absorption for 

substances like curcumin (up to 2000%) is achieved by increasing intestinal blood flow, enhancing enterocyte 

permeability, and inhibiting metabolic enzymes, without adverse effects. [26] 

Beyond this, piperine directly influences skeletal muscle function and combats fatigue, significantly 

enhancing low-frequency force production in both fast- and slow-twitch muscles in a dose-dependent and 

reversible manner. This potentiation appears primarily mediated by an increase in myofibrillar calcium 

sensitivity, improving the contractile apparatus's responsiveness to sub-maximal calcium levels, and it can 

partially counteract force reductions from fatiguing eccentric contractions. [24] Piperine also supports energy 

metabolism during exercise and possesses anti-inflammatory properties by upregulating key oxidation genes 

and inhibiting COX-2 and NF-κB pathways. [1][10] 
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Garlic 

Organosulfur compounds in garlic, such as S-allyl cysteine, downregulate NF-κB and elevate 

antioxidant capacity, attenuating markers like malondialdehyde post-exercise. [1][27] These sulfur-containing 

compounds inhibit NF-κB activation, a transcription factor regulating inflammatory response genes, while S-

allyl cysteine provides protective effects against cellular damage by enhancing the body's antioxidant 

endogenous products. [1][4] 

Improvements in aerobic thresholds with aged extracts suggest cardiovascular adaptations, yet 

discrepancies in short-term performance trials indicate that benefits may accrue over longer periods. While 

aged garlic extract has significantly improved aerobic fitness measures like VO2max and lactate threshold in 

middle-aged endurance athletes over 12 weeks, acute supplementation trials have shown no significant 

improvement in 40-km cycling time trial performance, despite attenuating oxidative stress and inflammation. 

[10][29] This suggests that the benefits on overall endurance performance might require longer intervention 

periods to manifest. [29] 

Variability in allicin stability across preparations emphasizes the need for standardized extracts to ensure 

reproducible effects. [10] Allicin, an unstable compound in garlic, undergoes conversion to more stable 

compounds during aging processes, such as in black garlic, which leads to enhanced and more consistent 

antioxidant content. [10][28] The effective dose and therapeutic benefits of garlic therefore vary depending on 

the specific formulation and its stability. [27] 

 

Cinnamon 

Cinnamon's cinnamaldehyde and polyphenols modulate inflammation via iNOS and NF-κB inhibition, 

alongside metabolic regulation through proteins like TBC1D4. [1][10] Cinnamaldehyde directly inhibits 

inducible nitric oxide synthase (iNOS) and nuclear factor-kappa B (NF-κB) pathways, reducing 

neuroinflammation, while cinnamon polyphenols can suppress inflammatory processes by regulating gene 

expression. [8] Concurrently, cinnamon influences metabolic regulation, with studies showing a decrease in 

proteins like TBC1D4, which is associated with improved glucose handling and insulin sensitivity. [1][10] 

Synergies with environmental stressors, such as cold exposure, enhance glucose homeostasis, but 

coumarin-related risks at high doses highlight the preference for safer species like Cinnamomum verum. 

[10][37] For instance, combining cold-water swimming with cinnamon consumption has been shown to 

notably increase serum METRNL and reduce fasting blood sugar in animal models, indicating an enhanced 

metabolic response under specific conditions. [36] However, the presence of coumarin, particularly in species 

like Cinnamomum cassia, carries hepatotoxic and carcinogenic risks at high doses, making species such as 

Cinnamomum verum a safer alternative due to its lower coumarin content. [37] 

These interactions suggest context-specific applications, particularly in training under variable 

conditions. [10] The observed benefits of cinnamon in modulating glucose homeostasis and inflammation, 

especially when combined with environmental factors like cold exposure, indicate that its use could be 

optimized for athletes training in diverse and challenging conditions. [10][36] This personalized approach 

would consider the specific demands of the event and the athlete's environment to maximize efficacy and 

minimize potential side effects. [10] 

 

Integrative Considerations and Limitations 

Across these spices, overlapping pathways like cytokine suppression and redox modulation imply 

potential for combined use, though direct evidence of interactions remains limited. Methodological 

heterogeneity, including small sample sizes and variable dosing, constrains generalizability. Future research 

should focus on standardized protocols, long-term safety assessments, and stratification by athlete 

demographics to address these gaps, enhancing translational applicability in sports nutrition. 
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Conclusions 

Phytonutrients are an important category of compounds with therapeutic and ergogenic potential in 

sports medicine. [6] [7] Capsaicin has been shown to increase average power output and peak speed in 

resistance exercises. [6] In addition, capsaicin can modulate the perception of fatigue and reduce selected 

markers of inflammation, such as interleukin-6, after physical exercise. [11] 

Cinnamon, rich in cinnamaldehyde, has documented anti-inflammatory and antioxidant properties that 

can alleviate muscle damage. [9] Studies in animal models indicate that cinnamaldehyde reduces the 

expression of iNOS, NF-κB p65 and TNF-α mRNA. Cinnamon supplementation may also improve liver 

enzyme levels in patients with type 2 diabetes. [35] 

Aged garlic extract (AGE) significantly improves aerobic capacity and shortens post-workout recovery 

time, especially in older athletes. [29] In addition, AGE reduces markers of inflammation and exercise-induced 

oxidative stress. [4] 

Curcumin works by activating nuclear factor erythroid 2-related factor 2 (Nrf2) and inhibiting the 

activity of nuclear factor kappa B (NF-κB), leading to powerful antioxidant and anti-inflammatory effects. [2] 

Curcumin supplementation relieves pain and improves range of motion after exercise-induced muscle damage. 

[5] Despite its naturally low bioavailability, curcumin is generally well tolerated, even at high doses of up to 

12,000 mg/day. [2] 

Ginger, containing gingerols and shogaols, has anti-inflammatory effects by inhibiting pro-

inflammatory pathways such as COX-1/COX-2 and NF-κB.[20] In experimental models, ginger affected 

metabolites that promote muscle regeneration and prevent muscle loss in ageing tissues. [21] 

Piperine, an alkaloid found in black pepper, is known to increase the bioavailability of other active 

compounds, particularly curcumin. It directly enhances skeletal muscle contraction strength by increasing their 

sensitivity to Ca2+ ions.[24] In addition, piperine optimises carbohydrate and fat metabolism during exercise 

by influencing the expression of glucose transporters. [25] The synergistic effect of curcumin and piperine 

significantly reduces interleukin-6 concentrations. [26] The evidence presented suggests that these 

phytonutrients have significant potential to improve physical performance and support regenerative processes 

in sports medicine. [9] 

  

Abbreviations List: 

AGE: Aged Garlic Extract 

ALP: Alkaline Phosphatase 

ALT: Alanine Aminotransferase 

AST: Aspartate Aminotransferase 

BDNF: Brain-Derived Neurotrophic Factor 

CAP: Capsaicin 

CK: Creatine Kinase 

COX-1/COX-2: Cyclooxygenase-1/Cyclooxygenase-2 

CRP: C-Reactive Protein 

CS: Citrate Synthase 

DOMS: Delayed Onset Muscle Soreness 

EIMD: Exercise-Induced Muscle Damage 

FAT/CD36: Fatty Acid Translocase/CD36 

FFA: Free Fatty Acids 

GFAP: Glial Fibrillary Acidic Protein 

GI: Gastrointestinal 

GLUT4: Glucose Transporter Type 4 

GSH: Glutathione 

HbA1c: Glycated Hemoglobin 

HDAC5: Histone Deacetylase 5 

HDL: High-Density Lipoprotein 

HOMA-IR: Homeostasis Model Assessment for Insulin Resistance 

IBA1: Ionized Calcium-Binding Adapter Molecule 1 

IL-1β: Interleukin-1 Beta 

IL-6: Interleukin-6 

IL-8: Interleukin-8 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 12 

 

iNOS: Inducible Nitric Oxide Synthase 

LDL: Low-Density Lipoprotein 

MAPK: Mitogen-Activated Protein Kinases 

MCT1: Monocarboxylate Transporter 1 

MDA: Malondialdehyde 

METRNL: Meteorin-Like Protein 

Mn-SOD: Manganese Superoxide Dismutase 

MPTP: 1-Methyl-4-Phenyl-1,2,3,6-Tetrahydropyridine 

NF-κB: Nuclear Factor Kappa B 

NO: Nitric Oxide 

NOX-1: NADPH Oxidase 1 

Nrf2: Nuclear Factor Erythroid 2-Related Factor 2 

PPARδ: Peroxisome Proliferator-Activated Receptor Delta 

PPT: Pressure Pain Threshold 

ROS: Reactive Oxygen Species 

RPE: Rating of Perceived Exertion 

SAC: S-Allyl Cysteine 

SR: Sarcoplasmic Reticulum 

TAC: Total Antioxidant Capacity 

TBC1D1/TBC1D4: TBC1 Domain Family Member 1/4 

TCA: Tricarboxylic Acid Cycle 

TCM: Thigh Circumference Measurement 

TNF-α: Tumor Necrosis Factor Alpha 

TRPV1: Transient Receptor Potential Vanilloid 1 

UGT: UDP-Glucuronosyltransferase 

VJH: Vertical Jump Height 

 

Author’s contribution: Michalina Chodór; 

Conceptualisation: Maciej Kokoszka, Agata Andrzejczyk; 

Methodology: Joanna Gadzinowska, Aleksandra Tomaszewska; 

Software: Natalia Nafalska, Maciej Kokoszka; 

Check: Angelika Lewandowska, Małgorzata Stopyra; 

Formal: Michalina Chodór, Krzysztof Feret; 

Investigation: Michalina Chodór, Joanna Gadzinowska, Gabriela Szpila; 

Resources: Agata Andrzejczyk, Angelika Lewandowska; 

Data curation: Małgorzata Stopyra, Natalia Nafalska; 

Writing – Rough Preparation: Maciej Kokoszka, Michalina Chodór; 

Writing – Review and Editing: Joanna Gadzinowska, Angelika Lewandowska, Natalia Nafalska; 

Visualisation: Krzysztof Feret, Agata Andrzejczyk; 

Supervision: Małgorzata Stopyra, Gabriela Szpila; 

Project Administration: Aleksandra Tomaszewska, Maciej Kokoszka. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 13 

 

REFERENCES 

 
1. Jiang, T. A. (2019). Health benefits of culinary herbs and spices. Journal of AOAC International, 102(2), 395–411. 

https://doi.org/10.5740/jaoacint.18-0418 

2. Kumar, A., Harsha, C., Parama, D., Girisa, S., Daimary, U. D., Mao, X., & Kunnumakkara, A. B. (2021). Current 

clinical developments in curcumin-based therapeutics for cancer and chronic diseases. Phytotherapy Research, 

35(12), 6768–6801. https://doi.org/10.1002/ptr.7264 

3. Wang, L., Meng, Q., & Su, C. H. (2024). From food supplements to functional foods: Emerging perspectives on 

post-exercise recovery nutrition. Nutrients, 16(23), 4081. https://doi.org/10.3390/nu16234081 

4. Tsao, J. P., Bernard, J. R., Tu, T. H., Hsu, H. C., Chang, C. C., Liao, S. F., & Cheng, I. S. (2023). Garlic 

supplementation attenuates cycling exercise-induced oxidative inflammation but fails to improve time trial 

performance in healthy adults. Journal of the International Society of Sports Nutrition, 20(1), 2206809. 

https://doi.org/10.1080/15502783.2023.2206809 

5. Kisiolek, J. N., Kheredia, N., Flores, V., Ramani, A., Lisano, J., Johnston, N., & Stewart, L. K. (2022). Short term, 

oral supplementation with optimized curcumin does not impair performance improvements associated with high 

intensity interval training. Journal of Dietary Supplements, 19(6), 733–746. 

https://doi.org/10.1080/19390211.2021.1936335 

6. da Silva, B. V. C., Mota, G. R., Marocolo, M., Martin, J. S., & Prado, L. S. (2022). Acute supplementation with 

capsaicin enhances upper-limb performance in male jiu-jitsu athletes. Sports, 10(8), 120. 

https://doi.org/10.3390/sports10080120 

7. Delecroix, B., Abaïdia, A. E., Leduc, C., Dawson, B., & Dupont, G. (2017). Curcumin and piperine supplementation 

and recovery following exercise induced muscle damage: A randomized controlled trial. Journal of Sports Science 

and Medicine, 16(1), 147–153. 

8. Mashhadi, N. S., Ghiasvand, R., Askari, G., Feizi, A., Hariri, M., Darvishi, L., et al. (2013). Influence of ginger and 

cinnamon intake on inflammation and muscle soreness endued by exercise in Iranian female athletes. International 

Journal of Preventive Medicine, 4(Suppl 1), S11–S15. 

9. Kulicka, J., Bychowski, M., Kwaśna, J., Załęska, A., Kaźmierczyk, I., Lenart, K., et al. (2024). Unlocking the power 

of cinnamon: A detailed review of cinnamon therapeutic effects in chronic disease management. Quality in Sport, 

28, 56834. https://doi.org/10.12775/QS.2024.28.56834 

10. Best, R., McDonald, K., Hurst, P., & Pickering, C. (2021). Can taste be ergogenic? European Journal of Nutrition, 

60(1), 45–54. https://doi.org/10.1007/s00394-020-02274-5 

11. Giuriato, G., Venturelli, M., Matias, A., Soares, E. M. K. V. K., Gaetgens, J., Frederick, K. A., & Ives, S. J. (2022). 

Capsaicin and its effect on exercise performance, fatigue and inflammation after exercise. Nutrients, 14(2), 232. 

https://doi.org/10.3390/nu14020232 

12. von Ah Morano, A. E., Padilha, C. S., Soares, V. A. M., Andrade Machado, F., Hofmann, P., Rossi, F. E., & Lira, 

F. S. (2020). Capsaicin analogue supplementation does not improve 10 km running time-trial performance in male 

amateur athletes: A randomized, crossover, double-blind and placebo-controlled study. Nutrients, 13(1), 34. 

https://doi.org/10.3390/nu13010034 

13. McDaid, B., Wardenaar, F. C., Woodside, J. V., Neville, C. E., Tobin, D., Madigan, S., & Nugent, A. P. (2023). 

Athletes perceived level of risk associated with botanical food supplement use and their sources of information. 

International Journal of Environmental Research and Public Health, 20(13), 6244. 

https://doi.org/10.3390/ijerph20136244 

14. Daniel Vasile, P. R., Patricia, M. L., Marta, M. S., & Laura, E. (2024). Evaluation of curcumin intake in reducing 

exercise-induced muscle damage in athletes: A systematic review. Journal of the International Society of Sports 

Nutrition, 21(1), 2434217. https://doi.org/10.1080/15502783.2024.2434217 

15. Jäger, R., Purpura, M., & Kerksick, C. M. (2019). Eight weeks of a high dose of curcumin supplementation may 

attenuate performance decrements following muscle-damaging exercise. Nutrients, 11(7), 1692. 

https://doi.org/10.3390/nu11071692 

16. Bai, K. Y., Liu, G. H., Fan, C. H., Kuo, L. T., Hsu, W. H., Yu, P. A., & Chen, C. L. (2023). 12-week curcumin 

supplementation may relieve postexercise muscle fatigue in adolescent athletes. Frontiers in Nutrition, 9, 1078108. 

https://doi.org/10.3389/fnut.2022.1078108 

17. Bańkowski, S., Wójcik, Z. B., Grabara, M., Ozner, D., Pałka, T., Stanek, A., & Sadowska-Krępa, E. (2025). Does 

curcumin supplementation affect inflammation, blood count and serum brain-derived neurotropic factor 

concentration in amateur long-distance runners? PLOS ONE, 20(1), e0317446. 

https://doi.org/10.1371/journal.pone.0317446 

18. Higashikawa, F., Nakaniida, Y., Li, H., Liang, L., Kanno, K., Ogawa-Ochiai, K., & Kiuchi, Y. (2024). Beneficial 

effects of ginger extract on eye fatigue and shoulder stiffness: A randomized, double-blind, and placebo-controlled 

parallel study. Nutrients, 16(16), 2715. https://doi.org/10.3390/nu16162715 



3(47) (2025): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 14 

 

19. Kausar, T., Anwar, S., Hanan, E., Yaseen, M., Aboelnaga, S. M. H., & Azad, Z. R. A. A. (2021). Therapeutic role 

of ginger (Zingiber officinale): A review. Journal of Pharmaceutical Research International, 33(29B), 9–16. 

https://doi.org/10.9734/jpri/2021/v33i29B31584 

20. Öz, B., Orhan, C., Tuzcu, M., Şahin, N., Özercan, İ. H., Demirel Öner, P., Koca, S. S., Juturu, V., & Şahin, K. (2021). 

Ginger extract suppresses the activations of NF-κB and Wnt pathways and protects inflammatory arthritis. European 

Journal of Rheumatology, 8(4), 196–201. https://doi.org/10.5152/eujrheum.2020.20192 

21. Mohd Sahardi, N. F. N., Jaafar, F., Tan, J. K., Mad Nordin, M. F., & Makpol, S. (2023). Elucidating the 

pharmacological properties of Zingiber officinale Roscoe (ginger) on muscle ageing by untargeted metabolomic 

profiling of human myoblasts. Nutrients, 15(21), 4520. https://doi.org/10.3390/nu15214520 

22. Hattori, S., Omi, N., Yang, Z., Nakamura, M., & Ikemoto, M. (2021). Effect of ginger extract ingestion on skeletal 

muscle glycogen contents and endurance exercise in male rats. Physical Activity and Nutrition, 25(2), 15–19. 

https://doi.org/10.20463/pan.2021.0010 

23. Fernández-Lázaro, D., Mielgo-Ayuso, J., Córdova Martínez, A., & Seco-Calvo, J. (2020). Iron and physical activity: 

Bioavailability enhancers, properties of black pepper (Bioperine®) and potential applications. Nutrients, 12(6), 1886. 

https://doi.org/10.3390/nu12061886 

24. Herskind, J., Ørtenblad, N., Cheng, A. J., Pedersen, P., & Overgaard, K. (2024). Piperine enhances contractile force 

in slow- and fast-twitch muscle. The Journal of Physiology, 602(12), 2807–2822. https://doi.org/10.1113/JP285995 

25. Kim, J., Lee, K. P., Lee, D. W., & Lim, K. (2017). Piperine enhances carbohydrate/fat metabolism in skeletal muscle 

during acute exercise in mice. Nutrition & Metabolism, 14, 43. https://doi.org/10.1186/s12986-017-0194-2 

26. Karimi, M., Javadi, M., Sharifi, M., Valizadeh, F., Karimi, M. A., & Asbaghi, O. (2025). Effects of curcuminoids 

plus piperine co-supplementation on liver enzymes and inflammation in adults: A GRADE-assessed systematic 

review and meta-analysis. Food Science & Nutrition, 13(7), e70588. https://doi.org/10.1002/fsn3.70588 

27. Alschuler, L., Chiasson, A. M., Horwitz, R., Sternberg, E., Crocker, R., Weil, A., & Maizes, V. (2022). Integrative 

medicine considerations for convalescence from mild-to-moderate COVID-19 disease. Explore, 18(2), 140–148. 

https://doi.org/10.1016/j.explore.2020.12.005 

28. Alam, A. S., Samiasih, A., Mubin, M. F., Pranata, S., & Dhamanik, R. (2024). Types of nursing intervention on 

improving quality of life among patients with diabetes mellitus: A systematic review. Current Diabetes Reviews, 

20(3), e290823220467. https://doi.org/10.2174/1573399820666230829103016 

29. Ried, K., Paye, Y., Beale, D., & Sali, A. (2025). Kyolic aged garlic extract improves aerobic fitness in middle-aged 

recreational endurance athletes: A randomized double-blind placebo-controlled 3 month trial. Experimental and 

Therapeutic Medicine, 29(4), 86. https://doi.org/10.3892/etm.2025.12836 

30. Amirkhani, Z., Gholi, A. M., Asghari, S., Hakak, D., Pouryousef, M., Yahyaei, B., & Ziaolhagh, S. J. (2025). The 

effect of garlic and stevia extract with aerobic exercise on hypothalamic leptin and ghrelin receptor mRNA 

expression and insulin resistance in obese rats. BMC Complementary Medicine and Therapies, 25(1), 104. 

https://doi.org/10.1186/s12906-025-04756-7 

31. Moreno, E. K. G., de Macêdo, I. Y. L., Batista, E. A., Machado, F. B., Santos, G. R., Andrade, D. M. L., et al. (2022). 

Evaluation of antioxidant potential of commercial cinnamon samples and its vasculature effects. Oxidative Medicine 

and Cellular Longevity, 2022, 1992039. https://doi.org/10.1155/2022/1992039 

32. Tayebi, S. M., Nouri, A. H., Tartibian, B., Ahmadabadi, S., Basereh, A., & Jamhiri, I. (2024). Effects of swimming 

training in hot and cold temperatures combined with cinnamon supplementation on HbA1C levels, TBC1D1, and 

TBC1D4 in diabetic rats. Nutrition & Diabetes, 14(1), 1. https://doi.org/10.1038/s41387-023-00256-0 

33. Gheflati, A., Pahlavani, N., Nattagh-Eshtivani, E., Namkhah, Z., Ghazvinikor, M., Ranjbar, G., et al. (2023). The 

effects of cinnamon supplementation on adipokines and appetite-regulating hormones: A systematic review of 

randomized clinical trials. Avicenna Journal of Phytomedicine, 13(5), 463–474. 

https://doi.org/10.22038/AJP.2022.21538 

34. Arammi, S., Sahragard, M., Seyed, A., Salehi, O., Hosseini, S. A., & Mosallanezhad, Z. (2024). The effects of 

swimming training at different temperatures along with cinnamon supplementation on liver enzymes and thyroid 

hormones in diabetic rats. Avicenna Journal of Phytomedicine, 14(1), 126–137. 

https://doi.org/10.22038/AJP.2023.23248 

35. Jiao, P., An, Y., Wu, S., Li, H., & Li, G. (2024). Cinnamaldehyde attenuates the expression of IBA1 and GFAP to 

inhibit glial cell activation and inflammation in the MPTP-induced acute Parkinson’s disease model. Parkinson’s 

Disease, 2024, 9973140. https://doi.org/10.1155/padi/9973140 

36. Tayebi, S. M., Motaghinasab, S., Eslami, R., Ahmadabadi, S., Basereh, A., & Jamhiri, I. (2024). Impact of 8-week 

cold- and warm-water swimming training combined with cinnamon consumption on serum METRNL, HDAC5, and 

insulin resistance levels in diabetic male rats. Heliyon, 10(8), e29742. https://doi.org/10.1016/j.heliyon.2024.e29742 

37. Gu, D. T., Tung, T. H., Jiesisibieke, Z. L., Chien, C. W., & Liu, W. Y. (2022). Safety of cinnamon: An umbrella 

review of meta-analyses and systematic reviews of randomized clinical trials. Frontiers in Pharmacology, 12, 790901. 

https://doi.org/10.3389/fphar.2021.790901 

 


