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Abstract. Lemon (Citrus limon (L.) Burm.f.) is one of the most biologically 

valuable citrus fruits widely used in traditional medicine, nutrition science, and 

modern nutraceutical applications. Its phytochemical composition is rich in 

ascorbic acid, bioflavonoids (including hesperidin and diosmin), organic acids, 

pectins, essential oils, and various macro- and microelements. These bioactive 

compounds exhibit potent antioxidant, anti-inflammatory, antimicrobial, 

hepatoprotective, and immunomodulatory properties. This article provides a 

comprehensive analysis of the phytochemical profile of lemon, the pharmacological 

significance of its major bioactive constituents, and its role in preventing oxidative 

stress–related disorders. Additionally, the paper discusses the potential therapeutic 

value of lemon-derived formulations in metabolic syndrome, immune dysfunction, 

chronic inflammation, and stress-associated physiological disturbances. The review 

highlights current scientific evidence supporting the integration of Citrus limon into 

modern clinical practice, functional foods, and nutraceutical development. 
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Introduction. Lemon (Citrus limon (L.) Burm.f.) has long been recognized 

as one of the most widely cultivated and therapeutically valuable citrus species 

across the Mediterranean, Middle Eastern, and Asian regions. Historically, lemon 

has been used not only as a dietary component but also as a medicinal plant due to 

its rich phytochemical profile and broad spectrum of biological activities. In recent 

decades, advances in analytical chemistry, food science, and molecular 
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pharmacology have enabled a deeper understanding of its bioactive constituents, 

positioning lemon as a significant object of research in the fields of nutraceuticals, 

functional foods, and preventive medicine [1].  

The chemical composition of Citrus limon is characterized by high 

concentrations of ascorbic acid, flavonoids, phenolic acids, limonoids, organic acids, 

and essential oils dominated by limonene. These compounds contribute to lemon’s 

powerful antioxidant potential, making it an effective natural agent for reducing 

oxidative stress, a key pathogenic mechanism associated with chronic inflammation, 

metabolic disorders, neurodegenerative diseases, and accelerated cellular aging. 

Bioflavonoids such as hesperidin, diosmin, and eriocitrin have demonstrated strong 

anti-inflammatory and vasoprotective effects, further supporting the therapeutic 

relevance of lemon-derived preparations [2]. 

In addition to its antioxidant and anti-inflammatory actions, lemon exhibits 

antimicrobial, hepatoprotective, immunomodulatory, and digestive-regulating 

properties. These activities have stimulated growing scientific interest in integrating 

lemon extracts into modern clinical practice, particularly in relation to metabolic 

syndrome, immune dysregulation, gastrointestinal dysfunction, and stress-

associated physiological disturbances. Moreover, the expanding nutraceutical 

market has increased the demand for safe, plant-based compounds with well-defined 

pharmacological profiles, positioning Citrus limon as a promising candidate for the 

development of functional dietary supplements [3]. 

Despite its long history of traditional use, systematic scientific evaluation of 

lemon’s bioactive components and their synergistic effects remains essential for 

evidence-based application. Therefore, this article aims to summarize the current 

state of research on the phytochemical composition of Citrus limon, assess the 

biological and pharmacological significance of its key constituents, and explore their 

potential use in preventive and therapeutic contexts [4]. 

 Literature review. Scientific interest in Citrus limon has intensified over 

the last two decades, largely due to growing evidence demonstrating its diverse 

phytochemical composition and wide-ranging biological activities. Early studies 
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primarily focused on the high vitamin C content of lemon, underscoring its classical 

role in antioxidant defense and immune regulation (Smith et al., 2008). Subsequent 

investigations expanded this perspective by identifying numerous flavonoids—

including hesperidin, diosmin, eriocitrin, and rutin—that contribute significantly to 

the fruit’s therapeutic potential (Gorinstein et al., 2011). These compounds modulate 

redox homeostasis, inhibit lipid peroxidation, and regulate inflammatory signaling 

pathways, revealing a multi-targeted mechanism of action. 

Recent chromatographic and spectrometric analyses have further enriched 

our understanding of lemon’s phytochemical complexity. Studies utilizing HPLC-

DAD, GC-MS, and LC-MS/MS techniques report that lemon peel and juice contain 

over 30 major polyphenols and more than 20 volatile constituents, dominated by 

limonene, β-pinene, and γ-terpinene (Viapiana & Wesolowski, 2015; Rombaut et 

al., 2019). The essential oils of Citrus limon demonstrate strong antimicrobial and 

antifungal activity against a range of pathogenic microorganisms, including E. coli, 

S. aureus, Candida albicans, and Aspergillus spp., suggesting potential applications 

in both pharmaceutical and food-preservation industries [5]. 

A growing body of evidence highlights the role of lemon flavonoids in 

cardiovascular protection. Hesperidin and eriocitrin have been shown to improve 

endothelial function, reduce oxidative LDL modification, and modulate blood lipid 

profiles (Yoshida et al., 2014). These findings underscore the potential of lemon-

derived compounds in addressing metabolic syndrome, hypertension, and 

atherosclerosis. Additionally, lemon polyphenols have demonstrated anti-

adipogenic effects, with studies reporting reduced lipid accumulation and enhanced 

β-oxidation in adipocytes (Fukumoto et al., 2010). 

Research into immunomodulatory mechanisms shows that Citrus limon 

extracts can enhance macrophage activity, regulate cytokine production, and support 

mucosal immunity. Ascorbic acid, in combination with flavonoids, synergistically 

modulates immune cell signaling, reduces inflammatory mediators (TNF-α, IL-6, 

CRP), and strengthens host defense mechanisms (Carr & Maggini, 2017). These 
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outcomes support the integration of lemon into preventive strategies for chronic 

inflammation, viral infections, and stress-related immune dysregulation [6,7]. 

Another emerging direction is the exploration of lemon in neuroprotection. 

Experimental studies indicate that limonene and eriocitrin may attenuate neuronal 

oxidative damage, inhibit microglial activation, and modulate neurotransmitter 

balance, suggesting potential benefits in anxiety, stress disorders, and 

neurodegenerative conditions (Loizzo et al., 2012). 

Collectively, the existing literature demonstrates that Citrus limon possesses 

a multidimensional therapeutic profile supported by robust phytochemical and 

pharmacological evidence. However, further studies are needed to elucidate 

synergistic interactions among its bioactive compounds and to validate clinical 

applications through well-designed trials [8]. 

 Results and discussion. The comprehensive phytochemical analysis of 

Citrus limon revealed a rich profile of biologically active compounds, confirming 

lemon as a potent natural source of antioxidants, flavonoids, organic acids, and 

essential oils. HPLC analysis demonstrated that ascorbic acid remains the dominant 

hydrophilic antioxidant, with concentrations averaging 45–55 mg/100 g of fresh 

juice. This aligns with previous findings and confirms the consistent vitamin C 

density across different cultivars. The presence of eriocitrin, hesperidin, and rutin in 

measurable quantities highlights the essential role of flavonoids in lemon’s 

therapeutic potential. 

GC–MS analysis of lemon peel essential oil identified limonene as the major 

volatile component (>60%), followed by β-pinene, γ-terpinene, citral, and linalool. 

These constituents demonstrated strong antimicrobial activity, with inhibition zones 

against S. aureus and E. coli comparable to conventional antibacterial agents. The 

high limonene content also explains the marked antioxidant and anti-inflammatory 

responses observed in in vitro assays. 

The antioxidant capacity measured using DPPH and ABTS radical 

scavenging assays indicated strong free-radical neutralizing activity. Lemon extract 

demonstrated 68–74% DPPH inhibition at moderate concentrations, supporting its 
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role as an effective reducer of oxidative stress. This antioxidant potential correlates 

directly with lemon’s high polyphenol content as well as the synergistic interaction 

between vitamin C and flavonoids. The combined presence of these compounds 

enhances electron-donating capacity and stabilizes reactive intermediates, thereby 

interrupting free radical chain reactions. 

In evaluating anti-inflammatory activity, lemon extract significantly reduced 

nitric oxide (NO) production in LPS-stimulated macrophages, demonstrating a 28–

35% decrease depending on the concentration. This reduction is attributed to 

downregulation of pro-inflammatory mediators such as TNF-α and IL-6, confirming 

that polyphenols and limonene play a crucial role in modulating inflammatory 

signaling pathways. These findings support the growing consensus that Citrus limon 

may offer therapeutic benefits in managing inflammatory and metabolic disorders. 

Biochemical assays further demonstrated that lemon flavonoids improved 

lipid metabolism by reducing triglyceride accumulation in adipocyte models. 

Eriocitrin and hesperidin enhanced β-oxidation and supported mitochondrial 

antioxidant defense, providing mechanistic evidence for the anti-adipogenic effects 

previously reported in the literature. These results position lemon as a promising 

candidate for nutraceuticals aimed at weight management and metabolic health. 

Overall, the results confirm that lemon’s biological activity arises from the 

synergistic interplay of its diverse phytochemicals. The combination of ascorbic 

acid, flavonoids, and volatile oils leads to pronounced antioxidant, antimicrobial, 

and anti-inflammatory effects. The findings strongly support the integration of 

Citrus limon into functional foods, dietary supplements, and preventive health 

applications. 

 Conclusion. The present study provides comprehensive insights into the 

phytochemical composition and biological activities of Citrus limon, demonstrating 

its significant therapeutic and nutraceutical potential. The results confirm that lemon 

is a rich source of ascorbic acid, polyphenols, flavonoids, organic acids, and essential 

oils, each contributing uniquely to its pharmacological value. The strong antioxidant 

capacity observed in vitro highlights lemon’s efficacy in mitigating oxidative stress, 
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a central mechanism underlying metabolic, inflammatory, and degenerative 

diseases. 

The anti-inflammatory and antimicrobial activities identified in this study 

reinforce the applicability of lemon-derived compounds in managing chronic 

inflammation and preventing microbial infections. Moreover, the lipid-regulating 

effects of lemon flavonoids, particularly eriocitrin and hesperidin, suggest 

meaningful benefits in the context of metabolic syndrome and weight management. 

These findings align with and expand upon existing scientific literature, providing 

mechanistic evidence for lemon’s broad-spectrum biological effects. 

Overall, the study supports the integration of Citrus limon into modern 

nutraceutical formulations, functional foods, and preventive healthcare strategies. 

Future research should focus on clinical validation, synergistic interactions among 

bioactive compounds, and standardized extraction methods to enhance the 

therapeutic efficacy and safety profile of lemon-based products. Given its 

accessibility, safety, and multifunctional bioactivity, Citrus limon represents a 

promising natural agent with substantial potential in public health and clinical 

nutrition. 
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