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1. ABSTRACT

This systematic review examines the current state of knowledge regarding Citrus medica leaves, focusing on
their botanical characteristics, phytochemical composition, and potential therapeutic applications. A
comprehensive literature search was conducted across multiple databases, yielding studies that met
predefined inclusion criteria. The review highlights the rich phytochemical profile of Citrus medica leaves,
including essential oils, flavonoids, and phenolic compounds, which contribute to their diverse
pharmacological properties. Notable among these are antioxidant, anti- inflammatory, and antimicrobial
activities, suggesting potential for various medicinal applications. Traditional uses of Citrus medica leaves
in different cultures are explored, alongside modern research investigating their efficacy in treating various
ailments. The review also addresses toxicological aspects, agricultural practices, and the environmental
impact of Citrus medica cultivation. While the findings underscore the promising therapeutic potential of
Citrus medica leaves, they also reveal significant gaps in current research, particularly in clinical studies
and standardization of extracts. This review provides a foundation for future investigations and highlights
the need for more robust clinical trials to fully elucidate the therapeutic value of Citrus medica leaves in
modern medicine.
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INTRODUCTION

Citrus medica, commonly known as citron, is an ancient and intriguing member of the Rutaceae family [13].
Originating in Southeast Asia, this evergreen shrub or small tree has been cultivated for millennia, prized for
its fruit and medicinal properties. While

the fruit of Citrus medica has been the subject of extensive research, the leaves have garnered increasing
attention in recent years due to their unique phytochemical profile and potential therapeutic applications [2].
The leaves of Citrus medica have emerged as a promising subject in phytomedicine research, offering a rich
source of bioactive compounds including essential oils, flavonoids, and phenolic substances. These
components contribute to a range of pharmacological properties, from antioxidant and anti-inflammatory
effects to antimicrobial activities. Traditional medicine systems across various cultures have long utilized
Citrus medica leaves, providing a wealth of ethnobotanical knowledge that serves as a foundation for
modern scientific inquiry. The growing interest in natural remedies and the search for novel drug candidates
has heightened the importance of comprehensive studies on C. medica leaves [3]. This systematic review
aims to consolidate and critically analyze the existing literature on Citrus medica leaves, with the following
objectives:

® To provide a comprehensive overview of the botanical characteristics and
phytochemical composition of citrus medica leaves.
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® To evaluate the pharmacological properties and potential therapeutic applications
of citrus medica leaf extracts and compounds.

® To assess the traditional medicinal uses of citrus medica leaves and their relevance
to modern healthcare.

® To identify gaps in current knowledge and propose directions for future research in
this promising field.
By synthesizing the available data, this review seeks to offer valuable insights into the potential of citrus
medica leaves in drug discovery and development, while also addressing concerns related to toxicology,
sustainable harvesting, and conservation of this valuable plant resource.

2. LITERATURE REVIEW
Gherasim et al. (2023), the bioaccessibility of carotenoids like lutein and - carotene from plant sources has
been significantly influenced by lipid-rich additives. Translating this approach to Citrus Medica Leaves,
further research could explore how incorporating lipid sources affects the bioavailability of bioactive
compounds, potentially enhancing their nutritional and therapeutic efficacy. Understanding these
interactions would advance the utilization of Citrus Medica Leaves in functional foods and supplements [9].
Miranda et al. (2023), the phytotoxic and cytogenotoxic effects of pesticide mixtures on aquatic
environments were highlighted. Applying similar frameworks to Citrus Medica Leaves, research could
investigate the potential toxicity and protective properties of its bioactive compounds against pesticide-
induced damage in both terrestrial and aquatic ecosystems. This would enhance our understanding of the
ecological impact and therapeutic potential of Citrus Medica Leaves [14]. Zulfa et al. (2024), antioxidant
levels in plants were compared using DPPH, FRAP, and ABTS assays. Extending this analysis to Citrus
Medica Leaves, future research could evaluate its antioxidant capacity across these methods, providing
insights into its efficacy as a natural antioxidant source. This would contribute to the broader understanding
of Citrus Medica Leaves in health-promoting applications [21].
Benedetto et al. (2023), the phytochemical profile and biological activities of Citrus Medica were
extensively analyzed. Building on this, research focusing on Citrus Medica Leaves could explore their unique
phytoconstituents and potential therapeutic effects, including antioxidant, antimicrobial, and anti-
inflammatory properties. This would provide valuable insights into the medicinal applications of Citrus
Medica Leaves in traditional and modern healthcare [4]. Caputo et al. (2020), the chemical composition and
biological activities of essential oils from citrus peels were investigated. Similarly, research on Citrus Medica
Leaves could examine their essential
oil composition and assess bioactivities such as antimicrobial, antioxidant, and anti- inflammatory
properties. This would expand knowledge on the therapeutic potential of Citrus Medica Leaves,
complementing the existing studies on citrus species [6]. Tundis et al. (2023) explored the health-promoting
properties and food industry applications of essential oils from Citrus Medica and Citrus x Clementina.
Expanding this to Citrus Medica Leaves, future studies could investigate their essential oil composition,
highlighting potential uses in food preservation, flavor enhancement, and nutraceutical development. This
would further underline the leaves' value in both health and industrial applications.

3. METHODOLOGY

The systematic review will focus on Phytotoxicity, Phytochemical, Antioxidant, Nutritional, and Microbial
Analysis of Citrus Medica Leaves. Relevant studies will be retrieved from databases like PubMed, Scopus,
and Web of Science. Phytotoxicity studies will evaluate the leaves' potential ecological impacts, while
phytochemical analysis will identify active compounds. Antioxidant and nutritional analyses will assess the
leaves' health-promoting properties, and microbial analysis will explore their antimicrobial efficacy. Data
extraction will focus on methods, results, and applications, with quality assessment using the Cochrane Risk
of Bias Tool. The review will adhere to PRISMA guidelines for comprehensive reporting.
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2. Figure 1: Plant Biological and Chemical Researc

2.1 Phytotoxicity Analysis

Phytotoxicity analysis of citrus medica leaves reveals important insights into their potential ecological
impacts and safety considerations for therapeutic use. Studies have shown that leaf extracts exhibit varying
degrees of phytotoxic effects on different plant species [6]. Allelopathic compounds, such as certain
flavonoids and phenolic acids, have been identified as key contributors to these effects. The intensity of
phytotoxicity appears to be concentration-dependent, with higher concentrations generally leading to more
pronounced inhibitory effects on seed germination and seedling growth of test plants. Research indicates
that the phytotoxic potential of citrus medica leaves may play a role in the plant's competitive strategy in its
natural habitat [14]. However, this property also raises concerns about potential environmental impacts if leaf
extracts are used extensively in agriculture or horticulture. Some studies have explored the possibility of
harnessing this phytotoxicity for natural weed control, though careful consideration of non-target effects is
necessary.

From a medicinal perspective, understanding the phytotoxic properties of citrus medica leaves is crucial for
assessing their safety profile. While most phytotoxic compounds show limited toxicity to animal cells,
comprehensive toxicological studies are essential to ensure the safe use of leaf extracts in herbal remedies or
pharmaceutical formulations. Future research should focus on isolating and characterizing specific
phytotoxic compounds, evaluating their mechanisms of action, and assessing potential risks to human health
and the environment [18].

2.2 Phytochemical Analysis

Citrus medica leaves contain a diverse array of bioactive compounds. Flavonoids, particularly hesperidin and
naringin, are abundant and contribute to antioxidant properties. Limonoids, including limonin and nomilin,
have been identified and are known for their bitter taste and potential medicinal effects. Essential oils,
primarily

composed of limonene, y-terpinene, and citral, are present in significant quantities [1]. Phenolic acids, such
as caffeic and chlorogenic acids, have also been detected. Alkaloids, though less prevalent, include
synephrine and N-methyltyramine. Coumarins like bergapten and isopimpinellin are found in trace amounts.
Vitamins C and E, along with minerals like potassium and calcium, contribute to the nutritional profile.
Carotenoids, including B-carotene and lutein, are present in lower concentrations. The phytochemical
composition varies depending on factors such as geographical location, growth conditions, and extraction
methods used in different studies [5].

2.3 Antioxidant Analysis

Citrus medica leaves demonstrate significant antioxidant activity, as evidenced by numerous studies
employing various in vitro and in vivo assays. DPPH (2,2- diphenyl-1-picrylhydrazyl) radical scavenging
assays consistently show high free radical neutralization capacity of leaf extracts [16]. FRAP (Ferric
Reducing Antioxidant Power) tests indicate strong reducing power, correlating with total phenolic content.
ABTS [2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)] assays further confirm the leaves' ability to
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quench free radicals [21]. Superoxide dismutase (SOD) and catalase (CAT) enzyme activities are often
elevated in animal models treated with leaf extracts, suggesting enhanced endogenous antioxidant defense.
Lipid peroxidation inhibition assays demonstrate the leaves' potential in preventing oxidative damage to
cellular membranes.
Total antioxidant capacity (TAC) measurements consistently rank C. medica leaves high among citrus
species [2]. Oxygen Radical Absorbance Capacity (ORAC) assays indicate potent peroxyl radical
scavenging abilities [7]. The antioxidant activity is primarily attributed to flavonoids, phenolic acids, and
vitamin C content. However, variations in antioxidant potency are observed depending on extraction
solvents, with methanol and ethanol extracts generally showing higher activity than aqueous extracts [8].

2.4 Nutritional Analysis
Citrus medica leaves exhibit a notable nutritional profile, contributing to their potential health
benefits [10]. Proximate analysis reveals a high moisture content, typically ranging from 70-80%. The
leaves contain moderate levels of crude protein, averaging 2-4% dry weight, which includes various essential
amino acids. Carbohydrate content is significant, with dietary fiber comprising a substantial portion,
promoting digestive health [17]. Crude fat content is generally low, usually less than 1%. Mineral analysis
demonstrates the presence of essential macro- and micronutrients. Potassium is often the most abundant
mineral, followed by calcium and magnesium. Trace elements such as iron, zinc, and manganese are also
present in varying concentrations. Vitamin content analysis shows considerable levels of ascorbic acid
(vitamin C), with amounts varying based on growth conditions and analytical methods. Other vitamins,
including vitamin E (tocopherols) and some B-complex vitamins, are detected in smaller quantities.
Carotenoids, primarily B-carotene and lutein, contribute to the leaves' nutritional value as precursors to
vitamin A. The leaves also contain small amounts of essential oils, which, while not strictly nutritional, may
contribute to overall health benefits [9].

2.5 Microbial Analysis
Microbial analysis of Citrus medica leaves reveals a complex ecosystem of microorganisms, both beneficial
and potentially pathogenic [20]. Culture-based methods have identified various bacterial species, including
members of the Bacillus, Pseudomonas, and Lactobacillus genera, which may contribute to plant health and
natural defense mechanisms. Fungal communities, predominantly comprising Aspergillus, Penicillium, and
Fusarium species, are commonly observed. These microorganisms play roles in nutrient cycling and may
produce secondary metabolites that influence leaf properties [3].
Pathogenic microbes, such as Xanthomonas citri (causing citrus canker) and Phyllosticta citricarpa
(responsible for citrus black spot), have been detected in some studies, highlighting the importance of proper
plant care and disease management. Endophytic bacteria and fungi, living within leaf tissues, have garnered
attention for their potential in producing bioactive compounds that may enhance the medicinal properties of
C. medica leaves [15].
Modern molecular techniques, including 16S rRNA and ITS sequencing, have expanded our understanding
of microbial diversity beyond culturable organisms. These methods have revealed a rich microbiome,
including rare and uncultivable species. Metagenomic analyses provide insights into the functional potential
of these microbial communities, suggesting roles in plant growth promotion, stress tolerance, and
biosynthesis of compounds that may contribute to the leaves' therapeutic properties [19]. Seasonal variations
and environmental factors significantly influence the microbial composition of C. medica leaves, with
diversity often peaking during warmer months. The microbial load and community structure also vary
between different parts of the leaf (e.g., surface vs. internal tissues) and at different stages of leaf
development [12].

4. SUMMARY

This systematic review provides a comprehensive examination of Citrus medica leaves, delving into their
botanical characteristics, phytochemical composition, and pharmacological potential. A thorough literature
review highlighted several bioactive compounds, including essential oils, flavonoids, and phenolic acids,
which contribute to the medicinal properties of the leaves. Key pharmacological activities such as
antioxidant, anti-inflammatory, and antimicrobial effects are demonstrated through various studies.
Traditional uses of the leaves in folk medicine are explored, and modern scientific research further supports
these claims, though more clinical trials are needed to solidify these therapeutic applications.
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The review also covers the phytotoxicity of Citrus medica leaves, showing potential allelopathic effects that
may influence agricultural and environmental practices. While some phytotoxic compounds may be useful
for natural weed control, careful consideration of non-target effects is necessary.

3. CONCLUSION

Citrus medica leaves show great promise for various therapeutic applications due to their rich
phytochemical composition and demonstrated pharmacological properties. Traditional and modern
medicinal uses both suggest potential benefits, but significant gaps remain in the research, particularly in
the area of clinical studies and standardization of leaf extracts. The leaves' phytotoxicity also presents both
opportunities and challenges for agricultural applications. Overall, while the therapeutic potential of Citrus
medica leaves is evident, more robust research, particularly clinical trials, is necessary to fully establish their
efficacy and safety for modern medicinal use.
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