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Abstract

In recent years, medicinal and aromatic plants have attracted considerable attention in the field of sports
nutrition due to their diverse phytochemical constituents, including flavonoids, alkaloids, terpenoids, and
phenolics. These compounds can reduce oxidative stress induced by intense exercise, accelerate recovery, and
enhance athletic performance through their antioxidant and anti-inflammatory properties. However, the quantity
and quality of these phytochemicals in medicinal plants are highly dependent on ecological and nutritional
conditions. Factors such as soil type, light intensity, irrigation levels, and mineral nutrient availability during
plant growth play a crucial role in the synthesis and accumulation of secondary metabolites. The growing
preference for natural sources and herbal supplements in recent years is largely attributed to their ability to
mitigate oxidative stress, strengthen the immune system, and expedite recovery following intense physical
activity. The present review investigates the relationship among mineral nutrition of medicinal plants, ecological
factors influencing the quality of secondary metabolites, and the physiological effects of these plants on athletes.
Existing evidence indicates that agronomic conditions including soil type, light intensity, irrigation regime, and
nutrient availability significantly influence the synthesis and accumulation patterns of secondary metabolites.
For instance, nitrogen and sulfur play pivotal roles in the production of alkaloids and sulfur-containing
compounds, whereas nitrogen deficiency often enhances the synthesis of phenolics and flavonoids. These
variations not only affect the medicinal quality of the plants but, when used strategically, can also improve
antioxidant capacity, reduce muscle inflammation, increase endurance, and enhance aerobic performance in
athletes. Notably, plants such as grape and pomegranate have gained special recognition in sports nutrition due
to their potent antioxidant compounds and beneficial metabolic effects. Ultimately, the findings suggest that
optimal agronomic and nutritional management, combined with the targeted use of herbal supplements, can
serve as a safe and effective strategy to promote athlete health and enhance physical performance.
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Extended Abstract

Introduction

In recent years, medicinal and aromatic
plants have gained increasing attention in
sports nutrition due to their rich content of
bioactive phytochemicals such as
flavonoids, alkaloids, terpenoids, and
phenolics that exhibit antioxidant, anti-
inflammatory, and adaptogenic properties.
These compounds can mitigate oxidative
stress induced by intense physical activity,
accelerate post-exercise recovery, and
enhance athletic performance. However,
the concentration and efficacy of these
phytochemicals are not static; they are
profoundly influenced by ecological and
agronomic factors, including soil type,
light intensity, irrigation regime, and
mineral nutrient availability. Despite
significant advances in both agronomic
management and sports nutrition as
separate disciplines, the critical link
between how cultivation practices affect
the phytochemical profile of medicinal
plants and consequently their
physiological impact on athletes remains
underexplored. This review aims to bridge
this gap by examining the interplay among
mineral nutrition, environmental factors,
secondary  metabolite  synthesis in
medicinal plants, and their subsequent
effects on key physiological markers in
athletes.

Methods

This study is a comprehensive narrative
review based on a systematic literature
search conducted across major scientific
databases, including PubMed, Scopus,
Web of Science, and Google Scholar. Key
search terms included “medicinal plants,”
“athletic performance,” “phytochemical
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quality,” “ecological factors,” “secondary
metabolites,” and “nutrients.”  The
selection process followed a stepwise
approach: initial screening of titles to
remove duplicates, followed by abstract
review, and finally full-text assessment of
eligible articles. Selected studies were
thematically categorized into three main
sections: (1) the influence of ecological
and agronomic factors (soil, light, water)
on phytochemical quality; (2) the role of
macro- and micronutrients in modulating
secondary metabolism; and (3) the
physiological effects of plant-derived
compounds on athletic performance,
recovery, and oxidative stress markers.

Results and Discussion

The synthesis of secondary metabolites in
medicinal plants is highly responsive to
environmental cues. Soil pH, for instance,
significantly affects the bioavailability of
micronutrients like Fe, Mn, and Zn, which
act as cofactors in phenolic biosynthesis
pathways. Studies show that mildly acidic
to neutral pH (5.7-6.5) generally favors
higher phenolic and flavonoid content in
species like Oryza sativa and Zea mays,
whereas slightly alkaline conditions may
benefit  others  like  Macrotyloma
uniflorum. Similarly, light intensity and
spectral quality regulate key enzymes such
as phenylalanine ammonia-lyase (PAL),
with high light promoting flavonoid
accumulation in sun-loving species (e.g.,
Ginkgo biloba), while shade-tolerant
plants like Panax ginseng produce more
ginsenosides under low light. Ultraviolet-B
(UV-B) radiation  further  enhances
anthocyanin and phenolic production as a
protective response .Water availability also
plays a dual role: moderate drought stress
often increases antioxidant compounds
(e.g., 77% rise in total phenolics in lemon
balm under 50% irrigation), but severe
drought reduces biomass and may
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compromise essential oil yield. Crucially,
mineral  nutrition  directly  shapes
phytochemical profiles. Nitrogen
availability governs the carbon/nitrogen
balance: high N favors alkaloid synthesis
(e.g., in Atropa belladonna), while N
deficiency redirects carbon flux toward
phenolics and flavonoids. Sulfur is
essential for sulfur-containing compounds
like allicin in garlic and glucosinolates in
crucifers. Phosphorus and potassium
indirectly support secondary metabolism
by fueling ATP-dependent biosynthetic
reactions and facilitating sugar transport .
When consumed Dby athletes, these
phytochemicals exert multifaceted
physiological effects.  Polyphenol-rich
plants  like  pomegranate  (Punica
granatum) and grape (Vitis vinifera)
enhance endogenous antioxidant defenses
(e.g., superoxide dismutase, catalase) via
activation of the Nrf2/Keapl pathway,
reduce inflammatory markers (IL-6, TNF-
o) through NF-kB inhibition, and improve
mitochondrial efficiency. Clinical trials
confirm that pomegranate juice (500
mL/day for 2 weeks) lowers post-exercise
malondialdehyde and IL-6 in football
players, while grape extract (300 mg/day
for 6 weeks) increases antioxidant capacity
and reduces creatine kinase in endurance
runners. Curcumin and astaxanthin further
demonstrate dose-dependent anti-
inflammatory and performance-enhancing
effects, though excessive antioxidant
intake may blunt beneficial training
adaptations by interfering with redox
signaling (hormesis) .Notably, the
agronomic origin of these plants directly
influences their efficacy: for example,
sulfur-fertilized garlic yields more anti-
inflammatory organosulfur compounds,
while sun-exposed grapes accumulate
higher resveratrol levels. This underscores
a novel integrative paradigm: optimizing
cultivation conditions not only improves

115

herbal quality but also enhances their
functional value in sports nutrition.

Conclusion

This review demonstrates that the
phytochemical potency of medicinal plants
and their subsequent benefits for athletes is
not inherent but  environmentally
modulated. Strategic agronomic practices,
including tailored nutrient management,
controlled light exposure, and regulated
irrigation, can be leveraged to enhance the
concentration  of  specific  bioactive
compounds. In turn, these optimized
phytochemical profiles translate into
measurable improvements in athletic
recovery,  oxidative  balance, and
performance. Future research should adopt
interdisciplinary approaches that combine
plant physiology, phytochemistry, and
sports science to develop standardized,
evidence-based herbal supplements. Such
integration promises a safe, natural, and
effective strategy to support athlete health
and performance in alignment with anti-
doping regulations and holistic wellness
principles.
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