


Review Article
A Review of the Botanical Characteristics, Phytochemistry and Biological Activities of the Fingered Citron Fruit, Citrus medica var. sarcodactylis (Noot.) Swingle

ABSTRACT
	Aims: To bring together the taxonomy, morphology, phytochemistry, molecular pharmacology and toxicology of the fingered citron fruit, Citrus medica var. sarcodactylis (Noot.) Swingle, and to identify the gaps that remain in Vietnamese research.
Methodology: The international literature on the species, drawn mainly from Chinese sources and covering both classical pharmacognostic work and recent GC-MS, HPLC-MS/MS and molecular pharmacology studies, was surveyed and organised by part of the fruit, by geographical origin, by class of constituent and by pharmacological target.
Results: The constituents show a marked tissue specificity. The exocarp is rich in essential oil (D-limonene 34.69 – 66.9 %), in coumarins and in free flavonoids (hesperidin 370.20 µg/g of dry extract), whereas the mesocarp is rich in limonoids, bound phenolics and polysaccharides. Pharmacologically, the fruit is antitussive and attenuates lung injury by suppressing NF-κB and the NLRP3 inflammasome; it protects the gastric mucosa by modulating HMGB1/TLR4/NF-κB and maintaining PGE2; it lowers blood glucose and blood lipids by activating TGR5/GLP-1, PI3K/AKT/GLUT4 and AMPK/ACC; and it is strongly antimicrobial and antioxidant. No acute toxicity has been recorded, the oral LD50 exceeding 2000 mg/kg.
Conclusion: The fingered citron fruit is safe over the range of active doses and possesses a broad spectrum of activity. The data assembled here provide a basis for standardising the herbal material and for developing fingered citron preparations in Vietnam.
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1. INTRODUCTION
The fingered citron, also known as Buddha's hand, is botanically Citrus medica var. sarcodactylis (Noot.) Swingle. In traditional medicine the fruit is pungent, sour and bitter in taste and warm in nature, and is used for abdominal distension, gastralgia, vomiting and persistent productive cough. In India a distillate of the fruit is used against headache and fever and as a sedative (Do Huy Bich et al., 2006). In East Asian countries such as Vietnam, China and Japan the fruit is at once a symbol of cultural and spiritual significance and a traditional remedy that regulates qi, resolves phlegm, relieves pain and harmonises the stomach (Do Huy Bich et al., 2006; Liu et al., 2025). Over the past two decades the rapid development of modern analytical techniques such as GC-MS, HPLC-MS and NMR, combined with cellular and molecular screening models, has given a far more complete picture of this medicinal plant. Studies carried out worldwide, and principally in China, have shown that compounds extracted from the fruit possess anti-inflammatory, antitussive, expectorant, antimicrobial, gastrointestinal immunomodulatory, hypoglycaemic and hypolipidaemic activities. Recent literature continues to strengthen the phytochemical basis for studying Citrus medica, with systematic and experimental studies documenting diverse phenolic and flavonoid constituents and their associated antioxidant properties; metabolomics work on C. medica var. sarcodactylis has further expanded the characterisation of fruit- and leaf-derived metabolites (Benedetto et al., 2023; Mateus et al., 2024; El Sayed et al., 2024). More broadly, studies of other Citrus species have also reported phytochemical-rich peel and leaf fractions with antioxidant and antimicrobial activities, providing comparative context for the evaluation and potential valorisation of fingered citron materials (Sengupta et al., 2024; Boussoussa et al., 2022).
Work published in Vietnam, however, has been confined largely to the recovery of crude essential oil by classical steam distillation or to preliminary qualitative screening (Dung et al., 1996; Loi, 2017; Loi et al., 2015; Pham et al., 2021), which leaves a considerable gap both in the systematic understanding of the mechanisms of action and in the standardisation of the herbal material. The present review was therefore undertaken with four aims: to bring together the taxonomic position and the morphological characteristics of the fingered citron fruit; to compile in detail the qualitative and quantitative data on its principal phytochemical constituents, namely the essential oil, coumarins, flavonoids, polysaccharides and limonoids; to summarise the molecular mechanisms underlying the activities that have been demonstrated experimentally; and to assess the toxicity of the fruit. The data assembled here are intended to provide the scientific basis for experimental designs that will optimise the economic and medicinal value of the fingered citron in Vietnam.
2. LITERATURE SEARCH METHODOLOGY
To ensure a transparent, systematic and reproducible literature survey, comprehensive bibliographic searches were performed across international and regional electronic databases — PubMed/MEDLINE, Web of Science, ScienceDirect (Elsevier), Scopus, Google Scholar and the China National Knowledge Infrastructure (CNKI) — covering publications from January 1990 to early 2026. The principal Boolean search strings combined taxonomic identifiers, vernacular names and discipline-specific keywords: (“Citrus medica var. sarcodactylis” OR “Citrus medica L. var. sarcodactylis” OR “Citri Sarcodactylis Fructus” OR “fingered citron” OR “Buddha’s hand” OR “Foshou”) AND (“phytochemistry” OR “essential oil” OR “flavonoids” OR “polysaccharides” OR “coumarins” OR “limonoids” OR “anti-inflammatory” OR “antioxidant” OR “gastroprotective” OR “antitussive” OR “hypoglycaemic” OR “hypolipidemic” OR “toxicity” OR “mechanisms” OR “NF-κB” OR “NLRP3” OR “TGR5”).
Inclusion criteria comprised: (a) peer-reviewed original research and authoritative reviews reporting morphological, taxonomic, phytochemical, pharmacological or toxicological data on C. medica var. sarcodactylis; (b) studies providing verifiable extraction protocols, analytical identification (e.g. GC-MS, HPLC-MS/MS, NMR) and quantified yields; and (c) preclinical in vitro, ex vivo and in vivo assays with defined dose–response relationships. Exclusion criteria comprised: (a) unverified conference abstracts, commercial trade reports and non-peer-reviewed notes; (b) studies on generic Citrus medica without explicit botanical confirmation of the variety sarcodactylis; and (c) publications lacking experimental controls or reproducible quantitative phytochemical data. After removal of duplicates and screening of titles, abstracts and full texts, 39 publications meeting these criteria were retained for detailed comparative extraction and critical synthesis.
3. TAXONOMIC POSITION, BOTANICAL CHARACTERISTICS AND DISTRIBUTION
3.1 Taxonomic position
The fingered citron is a distinctive variety of the citron, Citrus medica L. Its taxonomic position is as follows: Kingdom Plantae; Division Magnoliophyta; Class Magnoliopsida; Order Sapindales; Family Rutaceae; Genus Citrus; Species Citrus medica L.; Variety Citrus medica var. sarcodactylis (Noot.) Swingle.
3.2 Morphological characteristics
The plant is a shrub or small tree. The branchlets, leaf buds and flower buds are purple when young, and the branches bear spines about 4 cm long. The leaves are simple, or rarely with a single leaflet; the petiole is short and not winged; the blade is elliptic to oblong-elliptic, 6–12 × 3–6 cm or larger, with a serrate margin and a rounded, obtuse or rarely mucronate apex. The inflorescences are axillary and bear about twelve flowers; occasionally, the flowers are solitary. The flowers are bisexual or sometimes staminate through almost complete degeneration of the gynoecium. There are five petals 1.5–2.0 cm long and 30–50 stamens. The carpels number 10–15, are free towards the base and are curved and incurved; the ovary is cylindrical, the style long and thick and the stigma clavate. The fruit is green when young and pale yellow when mature, elliptic to almost globose, weighing up to 2 kg, with a rough surface; the mesocarp is white, thick and spongy, and the endocarp is absent or very rarely present. The fruit bears fifteen to twenty or more finger-like segments in two whorls, those of the outer whorl larger than those of the inner, sour to slightly sweet and aromatic. Seeds are usually absent or very few; when present they are small, with a smooth testa, monoembryonic to polyembryonic, and with milky white cotyledons. Flowering occurs from May to August and fruiting from October to December (Do Huy Bich et al., 2006; Zhang, 2015).
What distinguishes the variety sarcodactylis is the structure of the gynoecium. In Citrus species in general, and in C. medica in particular, the carpels are fused into a closed ovary that develops into a globose or ovoid fruit containing juicy segments. In the fingered citron, by contrast, the carpels separate and elongate independently, so that the fruit becomes deeply divided into what resemble flexed fingers. As regards the pericarp, the fruit of Citrus species comprises an exocarp, a mesocarp and an endocarp, the endocarp being divided into juicy segments. In the fingered citron the endocarp is lacking and the thick mesocarp accounts for about 95 % of the structure of the fruit (Sofiyanti et al., 2022).
3.3 Geographical distribution
The fingered citron is a light-demanding species that grows well in warm tropical and subtropical climates; it tolerates neither frost nor waterlogging. The species originated in India and was subsequently introduced and cultivated on a large scale in many Asian countries including China, Japan, Laos, Thailand, Indonesia, Malaysia and Vietnam.
In Vietnam the species was introduced long ago. It is now grown in dedicated production areas of considerable economic value in the outlying districts of Hanoi and in Bac Ninh, the fruit being harvested in autumn and winter (Do Huy Bich et al., 2006; Loi, 2017).
4. PHYTOCHEMICAL CONSTITUENTS
Analyses by gas chromatography coupled to mass spectrometry (GC-MS) and by high-performance liquid chromatography coupled to tandem mass spectrometry (HPLC-MS/MS) have identified several hundred secondary metabolites in the fingered citron fruit.
4.1 Distribution of the constituents
The amounts recovered depend on the plant material extracted. Phenolics, flavonoids and coumarins are most abundant in the exocarp, less abundant in the whole fruit and least abundant in the white spongy mesocarp, or albedo (Yang et al., 2015; Vitalini et al., 2022; Guo et al., 2026).
4.1.1 Distribution between the parts of the fruit
Guo et al. (2026) demonstrated a clear tissue specificity in the distribution of the phenolic and flavonoid compounds of the fingered citron fruit. In the free form the compounds are most abundant in the exocarp: a sample of exocarp harvested in Guangxi reached a total free phenolic content of 106.34 ± 0.23 mg GAE/100 g fresh weight, a free flavonoid content of 15.31 ± 0.11 mg CE/100 g fresh weight, six times that of the albedo, and a free flavonol content of 37.20 ± 0.84 mg RE/100 g fresh weight. The albedo, by contrast, contains very little free phenolic material, a sample from Yunnan reaching only 12.41 ± 1.94 mg GAE/100 g fresh weight (Guo et al., 2026).
The insoluble bound compounds represent a very small proportion in both parts of the fruit. The predominant bound constituent is hesperidin, which reached 1067.13 ± 37.00 µg/g in the exocarp of the Guangxi sample, together with ferulic acid, 7-hydroxycoumarin and 5,7-dimethoxycoumarin. Bound flavonoids were not detected at all in the albedo or in the whole-fruit sample collected in Zhejiang (Liu et al., 2025; Guo et al., 2026).
The fruit is green when young and turns pale yellow and then deep yellow as it ripens. The flavonoid and coumarin contents are low in the young fruit and rise progressively as the fruit yellows. During ripening the monoterpene hydrocarbons such as limonene increase while the sesquiterpenes and the oxygenated constituents decrease (Liu et al., 2025; Yang et al., 2025). Processing also alters the composition, as in distillation or in prolonged salting: in salted fingered citron, known as Lao Xiang Huang, the flavonoid glycosides are transformed and polysaccharides are released (Vitalini et al., 2022; Chen et al., 2023; Luo et al., 2022).
4.1.2 Distribution according to geographical origin
Differences in climate, altitude, rainfall and soil type between the growing areas of China produce differences in the composition and in the relative proportions of the constituents. Fingered citron from Guangxi has the highest total phenolic, flavonoid and flavonol contents. Caffeic acid occurs only in samples harvested in Zhejiang and Sichuan and is entirely absent elsewhere. Material from the Jinhua area is rich in coumarins, including limettin (5,7-dimethoxycoumarin), phellopterin, 5-prenyloxy-7-methoxycoumarin, 6-hydroxy-7-methoxycoumarin and byakangelicol (Guo et al., 2026).
4.2 Classes of constituents of the fruit
4.2.1 Essential oil
The essential oil is contained in the secretory cavities of the exocarp, at a content ranging from 0.5 % to 1.8 % of the fresh weight of the fruit according to the stage of ripeness and the method of extraction (Loi, 2017). GC-MS studies carried out in Vietnam and elsewhere have shown that the oil contains more than forty volatile compounds accounting for 93 – 96 % of the total (Sun et al., 2026), belonging to the monoterpene hydrocarbons and the monoterpenoids. Limonene is the principal constituent, representing 34.69 % to 66.9 % of the oil (Yang et al., 2015; Vitalini et al., 2022); in the fresh fruit it accounts for 75.8 % of the oil of the exocarp and 76.2 % of that of the mesocarp (Vitalini et al., 2022). γ-Terpinene represents about 20 % of the oil of the whole fruit (Yang et al., 2015), and 16.5 % and 15.0 % of the oil of the exocarp and of the mesocarp respectively in the fresh fruit (Vitalini et al., 2022). β-Bisabolene accounts for about 4.59 % (Yang et al., 2015). Minor constituents present at more than 1 %, which nevertheless contribute to the characteristic odour and to the pharmacological activity, include lauric acid (2.98 %), α-terpineol (2.63 %), caryophyllene (2.53 %), myristic acid (1.98 %), terpinen-4-ol (1.91 %), α-pinene (1.48 %), β-ocimene (1.26 %), germacrene D (1.23 %) and D-α-pinene (1.20 %) (Yang et al., 2015).
Limonene is the principal constituent of the genus Citrus as a whole, whereas D-α-pinene and α-bergamotene are responsible for the characteristic aroma of the fingered citron (Yang et al., 2015); fruit harvested in different regions accordingly differs in aroma (Xu et al., 2024). The method of extraction affects both the yield and the biological activity of the oil. The greatest amount of oil is obtained by distillation combined with extraction, followed by steam distillation and by extraction with organic solvents, cold pressing being the least productive. Although the yield of cold pressing is only about 1.0 – 1.6 %, the low temperature preserves geraniol and citronellal and gives higher DPPH and ABTS antioxidant activity, whereas steam distillation gives twice the yield, about 3.5 %, but readily hydrolyses the thermolabile constituents (Guo et al., 2026).
4.2.2 Coumarins and furanocoumarins
This class of compounds is responsible for the characteristic aroma of the fruit. Extraction with solvents of increasing polarity followed by column chromatography has allowed the isolation of limettin (5,7-dimethoxycoumarin), which is the most abundant coumarin, together with bergapten, bergaptol, xanthotoxol, oxypeucedanin, byakangelicin, heraclenin, herniarin, scopolin and 3,4,7-trimethoxycoumarin (Guo et al., 2026; Wang et al., 2023; Yang et al., 2021). In the methanol extract, 5,7-dimethoxycoumarin represents 50.6 % of the coumarin content of the exocarp but only 0.7 % of that of the mesocarp (Vitalini et al., 2022; Yang et al., 2025).
4.2.3 Flavonoids
The flavonoids of the fingered citron are diverse and comprise flavanone glycosides (hesperidin, naringin, neohesperidin, narirutin, eriocitrin), flavonol and flavone glycosides (rutin, rhoifolin, vitexin, narcissoside, diosmin), flavonoid aglycones (hesperetin, naringenin, luteolin, diosmetin, tangeretin, sinensetin) and biflavonoids. Total flavonoids are concentrated in the exocarp at about 15.31 mg catechin equivalent/100 g fresh weight, six times the content of the albedo, and the flavonoid and flavonol contents are highest in material from Guangxi when compared with Zhejiang, Yunnan, Sichuan and Guangdong (Guo et al., 2026).
The contents reported for individual flavonoids are as follows. Hesperidin accounts for a high proportion of the exocarp: 370.20 ± 8.77 µg/g of dry extract in the methanol extract, and 124.1 ± 3.5 mg/kg in the total phenolic fraction of the fresh fruit (Guo et al., 2026; El-Abd et al., 2025; Hu et al., 2026). Melitidin reaches 136.24 ± 3.98 µg/g and hesperetin 109.07 ± 5.69 µg/g of dry extract (Hu et al., 2026). Rutin reaches 68.59 ± 13.34 µg/g of dry extract and 18.40 ± 0.60 mg/kg of dry fruit (Hu et al., 2026; Li et al., 2025), and rhoifolin 51.56 ± 6.56 µg/g of dry extract (Hu et al., 2026). Naringin, a flavanone glycoside responsible for bitterness, reaches 44.17 ± 2.38 µg/g of dry extract and 82.3 ± 2.1 mg/kg of the whole fruit (Hu et al., 2026; Li et al., 2025). Neohesperidin, eriocitrin, narirutin and narcissoside reach 156.2 ± 4.8, 42.1 ± 1.5, 28.6 ± 0.9 and 12.3 ± 0.4 mg/kg respectively (Li et al., 2025).
4.2.4 Polysaccharides
The white spongy mesocarp is rich in soluble polysaccharides of high molecular weight. These are chiefly pectins built from galacturonic acid (GalA), galactose (Gal), arabinose, rhamnose (Rha), glucose (Glc) and mannose (Man), linked either in linear homogalacturonan chains or in branched rhamnogalacturonan I chains. In the exocarp the monosaccharide composition is dominated by mannose (63.62 %), rhamnose (24.16 %) and galacturonic acid (10.62 %). Fermentation of the fruit alters both the range and the proportions of the monosaccharides, the number of monosaccharide types increasing to include galacturonic acid (42.49 – 56.34 %), galactose (14.40 – 30.57 %), rhamnose (4.96 – 10.04 %), fucose (3.00 – 13.41 %), arabinose (1.04 – 3.18 %) and glucuronic acid (1.41 – 5.71 %) (Zheng et al., 2022).
Recovery of the polysaccharides from the fresh fruit with distilled water at 80 – 95 °C gives a yield of 4.26 – 4.45 %. Extraction with 80 % ethanol precipitates the macromolecular polysaccharides above 100 kDa while enriching the low molecular weight oligosaccharide fractions of about 717.77 Da, which are rich in glucose and mannose (Hu et al., 2026).
4.2.5 Limonoids and other constituents
The limonoids, such as limonin and nomilin, are modified triterpenoids and are found mainly in the mesocarp. Limonin is the most abundant of the group and is responsible for the delayed bitterness of the fruit. Part of it exists as the non-bitter precursor limonoate A-ring lactone; when the tissue is disrupted or when extraction is carried out in mildly acidic conditions this precursor cyclises to the intensely bitter D-ring lactone form of limonin. Obacunone, nomilin and nomilinic acid are also present (Deng et al., 2023; Luo et al., 2025).
5. BIOLOGICAL ACTIVITIES AND MECHANISMS OF ACTION
5.1 Activity on the respiratory system
The antitussive action of the traditional preparation of fingered citron steamed with rock sugar has been demonstrated in an in vivo model: a 70 % ethanol extract of the fruit markedly reduced coughing in mice in which cough had been induced with ammonium hydroxide solution, an effect attributed to the participation of the constituents of the extract in glycerophospholipid and sphingolipid metabolism (Deng et al., 2025; Li et al., 2024).
Modern pharmacological work indicates that bergapten and the flavonoids of the fruit reduce the release of inflammatory mediators and thereby protect lung tissue (Luo et al., 2025). Limonene in the volatile oil relieves bronchospasm and promotes expectoration. In a mouse model of lipopolysaccharide-induced acute lung injury, the fingered citron attenuated the injury by suppressing NF-κB signalling and the inflammatory response mediated by activation of the NLRP3 inflammasome (Luo et al., 2025).
5.2 Activity on the digestive system
The fingered citron enhances intestinal immunity, protects the gastric mucosa and promotes the healing of ethanol-induced gastric ulceration.
Salted fingered citron may be used in the supportive treatment of gastric disorders. An aqueous extract of the salted fruit increased the secretion of trefoil factor 2 by human gastric mucosal cells, forming a protective mucous barrier, and reduced tumour necrosis factor α. Polysaccharides isolated from the fruit achieved a scratch-healing rate of 85.8 % in cell culture. In a rat model of ethanol-induced gastric ulceration, the extract of the salted fruit lowered the ulcer index by 27.91 %, an effect comparable to that of omeprazole; protection is thought to operate through suppression of the NF-κB/caspase-1/IL-1β inflammatory axis (Chen et al., 2023).
A flavonoid-rich extract, and hesperidin in particular, markedly reduced the area and the index of ethanol-induced gastric lesions. This effect is achieved by activation of the antioxidant pathway, with increased superoxide dismutase activity and increased endogenous glutathione together with a fall in malondialdehyde. The extract also maintains the concentration of endogenous prostaglandin E2, stimulates the synthesis and secretion of mucus by the gastric epithelium and promotes bicarbonate secretion, thereby reducing the acidity of the gastric juice (El-Abd et al., 2025; Li et al., 2025). Both the water-bath-steamed fruit and the direct extract of the fruit protect the stomach against ethanol-induced injury (Zhu et al., 2020).
Polysaccharides isolated from the fingered citron are not degraded by the human digestive enzymes but act as immunostimulants (Wang et al., 2023). In hyperlipidaemic subjects the short-chain fatty acid content increased progressively on administration of the exocarp or of the fermented fruit, with a fall in isobutyric and isovaleric acids, which are detrimental to intestinal health. This change in short-chain fatty acids is attributed to a shift in the composition of the gut microbiota (Wang et al., 2023; Zheng et al., 2022).
5.3 Anti-inflammatory and immunomodulatory activity
The constituents of the fingered citron regulate several intracellular signalling pathways involved in the control of inflammation. They inhibit MAPK signalling, either alone or together with the NF-κB pathway, and thereby reduce the synthesis of inflammatory mediators and of the chemokines that attract leukocytes, namely Ccl3, Ccl4, Ccl5, Ccl7, Cxcl1, Cxcl9, Cxcl10 and Cxcl11 (Hu et al., 2026; Kim et al., 2013).
The NF-κB pathway. In RAW 264.7 macrophages stimulated with lipopolysaccharide, the compounds in the extract and the essential oil inhibit the phosphorylation of IκBα and so prevent its proteasomal degradation. The p65 subunit of NF-κB is thereby retained and held inactive in the cytoplasm, and transcription of the inflammatory genes in the nucleus does not take place. Inducible nitric oxide synthase and cyclooxygenase-2 fall in consequence, with a marked decrease in nitric oxide and in prostaglandin E2 (Hu et al., 2026; Kim et al., 2013).
The MAPK pathway. The extract and the essential oil inhibit the phosphorylation of all three kinase branches of the MAPK family. Suppression of the NF-κB and MAPK pathways together inhibits the release of the pro-inflammatory cytokines TNF-α, IL-1β and IL-6.
Assembly of the NLRP3 inflammasome and pyroptosis. At the tissue level, whether in acutely injured lung or in gastric mucosa ulcerated by ethanol, the fingered citron prevents acute inflammation by suppressing the expression of the NLRP3, ASC, NEK7 and caspase-8 genes and proteins, and so prevents the formation of the NLRP3/ASC/caspase-1 complex. Caspase-1 is not cleaved, gasdermin D is therefore not cleaved either, and the cell does not enter pyroptosis; at the same time the cleavage of pro-IL-1β and pro-IL-18 into their biologically active forms is abolished (Chen et al., 2023; Luo et al., 2025).
Inhibition of the HMGB1/TLR4 pathway. The flavonoids and coumarins of the fruit, such as hesperidin, ferulic acid and limettin, protect the mucosa by down-regulating the alarmin HMGB1 and the TLR4 receptor, thereby blocking the recognition of exogenous danger signals at the cell membrane (El-Abd et al., 2025).
Activation of the TGR5 receptor and restoration of the oxidative and inflammatory balance. In obese rats, an extract of the fingered citron activates the TGR5 receptor of the intestinal enteroendocrine cells and raises intracellular cAMP, which down-regulates NF-κB in the colonic mucosa and lowers the indices of systemic inflammation. Suppression of NF-κB at the same time relieves the inhibition of the transcription factor Nrf2 and promotes the synthesis of the endogenous antioxidant enzymes superoxide dismutase, glutathione peroxidase and catalase, lowering malondialdehyde and increasing the expression of heat shock protein 70, which protects the cell against reactive oxygen species (Yang et al., 2025; El-Abd et al., 2025; Hu et al., 2026).
5.4 Antimicrobial activity
The essential oil of the fingered citron fruit inhibits Gram-positive bacteria, Gram-negative bacteria and moulds alike.
Antibacterial activity. The essential oil inhibits the growth of Staphylococcus aureus, Bacillus subtilis and Micrococcus flavus (Li et al., 2019). Against Bacillus cereus the ethanol extract of the exocarp gave a minimum inhibitory concentration of 2.5 mg/mL and a minimum bactericidal concentration of 5.0 mg/mL, whereas the essential oil of the exocarp was more effective, with values of 0.5 and 1.0 mg/mL respectively (Vitalini et al., 2022). The monoterpene constituents, limonene and pinene, are hydrophobic and dissolve readily into the phospholipid bilayer of the bacterial membrane. This insertion disturbs the spatial organisation of the membrane and increases its permeability abnormally, so that intracellular components diffuse out, the membrane potential is lost and autolysis of the bacterial cell is triggered (Vitalini et al., 2022; Li et al., 2019).
Antifungal activity. The essential oil also strongly inhibits moulds and yeasts such as Aspergillus species, Saccharomyces cerevisiae and Candida albicans (Zhang, 2015; Lim, 2012). Constituents of the oil such as limettin and bergapten disturb the permeability of the cell membrane, disrupt the ergosterol structure and inhibit the germination of fungal spores (Lim, 2012; Demircan & Velioglu, 2024).
Inhibition of biofilm formation. Phenolics from the exocarp completely prevented the formation of the biofilm of S. aureus and inhibited that of Pseudomonas aeruginosa by 82.8 % at 2.0 mg/mL. These compounds intercalate into the bacterial DNA and prevent adhesion and the establishment of the biofilm architecture (Wang et al., 2019).
5.5 Antidiabetic and hypolipidaemic activity
The essential oil and the extracts of the exocarp and of the mesocarp lower blood glucose, improve insulin sensitivity and regulate lipid metabolism in in vitro and in vivo models (Table 1).
Table 1. Antidiabetic and hypolipidaemic activities reported for the fingered citron
	Fraction / compound
	Experimental model
	Mechanism and outcome
	Reference

	Free phenolics of the exocarp
	In vitro (α-glucosidase)
	Up to 76.10 % enzyme inhibition at 80 mg/mL, comparable to the acarbose reference solution
	(Guo et al., 2026)

	Exocarp, Guangxi origin
	In vitro (α-amylase)
	56.77 % inhibition at 400 mg/mL
	(Guo et al., 2026)

	Exocarp, Guangxi origin
	Glucose consumption by insulin-resistant IR-HepG2 cells
	5.48 mmol/L, higher than the metformin control (3.40 mmol/L)
	(Guo et al., 2026)

	Exocarp essential oil
	In vivo (hamsters with diet-induced hyperlipidaemia)
	Lowered triglycerides, total cholesterol and LDL-cholesterol; reduced the LDL-C/HDL-C ratio from 80.27 % to 39.02 %; increased faecal sterol excretion; attenuated hepatic steatosis
	(Yang et al., 2025)

	Soluble dietary fibre of the mesocarp
	In vivo (diabetic rats)
	Adsorption of glucose and cholesterol; lowered fasting blood glucose, total cholesterol, triglycerides and LDL-cholesterol; improved glucose tolerance
	(Liu et al., 2025)

	Polysaccharide FCP-N2
	In vivo (obese, hyperlipidaemic mice)
	Activation of AMPK/ACC and PPARα/LXRα; decreased fatty acid synthase and acetyl-CoA carboxylase; increased lipoprotein lipase and hepatic lipase; lowered total cholesterol, triglycerides, ALT and AST
	(Ma et al., 2026)

	Hesperidin-rich fraction and aqueous extract
	In vivo (obese and diabetic rats)
	Activation of TGR5/GLP-1; increased endogenous insulin secretion; activation of PI3K/AKT/GLUT4; lowered fasting blood glucose and HOMA-IR
	(Yang et al., 2021; Peng et al., 2009)



The improvement in insulin sensitivity and the regulation of lipid metabolism operate through specific molecular pathways. The extract stimulates the TGR5 receptor, the G-protein-coupled bile acid receptor 5, on the surface of the enteroendocrine L cells of the intestinal mucosa. Activation of TGR5 raises the concentration of the second messenger cAMP and promotes the secretion of glucagon-like peptide 1, which enters the circulation, stimulates insulin secretion by the pancreas and at the same time inhibits the release of glucagon (Yang et al., 2021). Hesperidin and the polysaccharides activate the phosphorylation of PI3K and AKT, thereby promoting the translocation of the glucose transporters GLUT4 and GLUT2 to the cell membrane; uptake and consumption of glucose by muscle and liver increase and the HOMA-IR index of insulin resistance falls (Liu et al., 2025; Yang et al., 2021). Disturbance of lipid metabolism and hepatic steatosis are closely bound up with insulin resistance in diabetes. The polysaccharides act on the AMPK/ACC pathway, reducing lipid synthesis while down-regulating the formation of lipoprotein lipase and hepatic lipase (Ma et al., 2026). The polysaccharides and coumarins together stimulate mitochondrial β-oxidation of fatty acids and so reduce the triglycerides and total cholesterol accumulating in the hepatocytes (Ma et al., 2026; Li et al., 2026). The dietary fibre and polyphenols of the fruit increase the hepatic expression of CYP7A1, promoting the conversion of cholesterol into bile acids and increasing the faecal excretion of neutral sterols (Liu et al., 2025; Yang et al., 2025).
5.6 Antioxidant activity
Oxidative stress arises from an imbalance between the accumulation of reactive oxygen species and the capacity of the endogenous antioxidant system, and is a principal cause of cellular injury, chronic inflammation, ageing and metabolic disease (Xu et al., 2024; Luo et al., 2020; Ozturk et al., 2024). The essential oil, phenolics, flavonoids, coumarins and polysaccharides of the fingered citron all show marked antioxidant activity in biochemical, cellular and animal models alike (Vitalini et al., 2022; Guo et al., 2026; Luo et al., 2025; Chen et al., 2020) (Table 2).
Table 2. Assays of the antioxidant activity of the fingered citron
	Fraction / compound
	Experimental model
	Mechanism and outcome
	Reference

	Exocarp essential oil
	In vitro and in vivo (obese hamsters)
	Scavenging of DPPH and ABTS radicals; reduced lipid peroxidation of hepatocyte membranes
	(Vitalini et al., 2022; Yang et al., 2025)

	Free phenolics of the exocarp
	In vitro (FRAP, DPPH, ABTS)
	Highest ferric reducing antioxidant power and highest DPPH/ABTS scavenging capacity of all fruit parts
	(Guo et al., 2026)

	Bound phenolics of the exocarp and of the albedo
	In vitro (hydroxyl radical)
	Neutralisation of the hydroxyl radical with IC50 = 0.24 ± 0.01 mg fresh weight/mL
	(Guo et al., 2026)

	Phosphorylated polysaccharides
	In vitro (DPPH, ABTS)
	Stronger hydrogen atom and electron donation than the native polysaccharides, attributed to the grafted phosphate groups
	(Wang et al., 2024)

	Aqueous and ethanol extracts
	In vivo (LPS-induced acute lung injury and gastric injury in mice)
	Increased endogenous SOD and GSH; lowered MDA; suppressed the ROS-driven NF-κB/NLRP3 cascade
	(Luo et al., 2025; Luo et al., 2020)

	Flavonoid fraction
	In vivo (Caenorhabditis elegans)
	Scavenging of intracellular ROS; increased tolerance of oxidative stress; mean lifespan of C. elegans extended by 31.26 %
	(Luo et al., 2020; Chen et al., 2020)



The flavonoids, among them hesperidin, quercetin and diosmin, and the coumarins quench free radicals directly: their phenolic hydroxyl groups donate a hydrogen atom or an electron to reactive oxygen and nitrogen species and convert them into stable neutral molecules (Luo et al., 2020; Chen et al., 2020). This interception terminates the chain reaction of membrane lipid peroxidation and so reduces the formation of malondialdehyde, the toxic end product of lipid oxidation (Luo et al., 2025; Ozturk et al., 2024).
Chen et al. (2020) and Luo et al. (2020) found that the flavonoids of the fingered citron increased resistance to heat stress and to oxidative stress induced by hydrogen peroxide in Caenorhabditis elegans, extending the mean lifespan of C. elegans by as much as 31.26 % through a reduction in the accumulation of intracellular ROS and in the deposition of lipofuscin (Luo et al., 2020; Chen et al., 2020).
5.7. Critical appraisal of the literature: discrepancies, extraction artefacts and translational challenges
Despite the extensive biological properties documented for C. medica var. sarcodactylis, a rigorous examination of the literature reveals notable experimental discrepancies, methodological limitations and translational barriers.
In vitro versus in vivo translational disconnect and high-dosage artefacts. A central point of contention concerns the concentration thresholds used in cell-free and enzymatic assays. Guo et al. (2026), for example, reported that the free phenolic fraction of Guangxi fingered citron peel inhibited α-glucosidase by 76.10 % at 80 mg/mL and α-amylase by 56.77 % at 400 mg/mL. Although these concentrations appear high at first sight, and might otherwise raise concern about non-specific protein denaturation or optical interference in conventional in vitro assays, the authors expressed both figures in terms of fresh-weight tissue equivalents rather than isolated dry-substance concentrations; converted to acarbose equivalents, the activity corresponds to only 0.08 mg AE/100 g fresh weight, confirming that the active phytochemicals act at sub-milligram physiological concentrations. By contrast, in animal models of metabolic dysfunction and acute tissue injury, whole-extract doses have ranged from 50 mg/kg to 2.2 g/kg per day, yet few studies have related these effective rodent doses to the circulating plasma concentrations of the parent aglycones or their conjugates.
Extraction technology and chemical alteration. The extraction platform chosen markedly affects both chemical yield and the bioactivity demonstrated. Classical steam distillation, although it gives a crude volatile oil yield of up to 3.5 %, causes thermal degradation and hydrolysis of heat-sensitive monoterpenoids such as geraniol and citronellal. Cold pressing (yield 1.0–1.6 %) and the more modern subcritical or continuous phase-transition extraction methods, in contrast, preserve the labile terpene and flavonoid constituents and give markedly higher DPPH/ABTS radical-scavenging activity despite the lower crude mass recovered (Chen et al., 2020; Guo et al., 2026; Sun et al., 2026). Traditional secondary processing, and long-term salt-curing (Lao Xiang Huang) in particular, breaks down the pectic networks of the cell wall, releasing low-molecular-weight oligosaccharides while converting flavonoid glycosides into more bioavailable aglycones; this explains why the pickled product shows stronger gastroprotective and anti-inflammatory activity than the crude aqueous distillate (Chen et al., 2023; Zheng et al., 2022).
Tissue-specific compartmentalisation versus whole-fruit use. The flavedo (exocarp) and the spongy albedo (mesocarp) differ profoundly in their phytochemistry. Monoterpene volatiles (D-limonene up to 66.9 %), coumarins (limettin) and free flavonoids (hesperidin, 370.20 µg/g of dry extract) are concentrated in the secretory cavities of the exocarp, whereas the mesocarp, which makes up about 95 % of the mass of the fruit, is almost devoid of free phenolics but rich in the bitter limonoids (limonin) and in immunostimulatory macromolecular pectins (Guo et al., 2026; Sofiyanti et al., 2022; Vitalini et al., 2022). Many commercial preparations process the whole fruit without separating the flavedo from the albedo, which leads to batch-to-batch inconsistency, variable therapeutic efficacy and an unpalatable delayed bitterness arising from the cyclisation of limonoate A-ring lactone to the D-ring lactone of limonin (Deng et al., 2023; Liu et al., 2025).
Geographical chemotypes and microclimatic variation. Comparative profiling across the growing provinces of China shows that environmental factors and terroir markedly alter the secondary metabolome. Fingered citron from Guangxi has the highest cumulative content of free phenolics and flavonoids (106.34 mg GAE/100 g and 15.31 mg CE/100 g fresh weight respectively), whereas material from Jinhua, in Zhejiang, is distinguished by a high content of bioactive coumarins such as limettin, phellopterin and byakangelicol. Caffeic acid shows a strict regional distribution, being detected only in accessions from Zhejiang and Sichuan and remaining undetectable in the southern samples (Guo et al., 2026; Xu et al., 2024). This geographical divergence makes clear that no single chemical marker can serve as a standardisation criterion across all regional accessions without taking chemotypic variation into account.
6. TOXICITY
The fingered citron has long been used in the traditional medicine of China. The published in vitro and in vivo studies of the essential oil, of the extracts of the exocarp and of the mesocarp and of the isolated polysaccharides have all found no acute toxicity over the range of active doses (Luo et al., 2022; Hu et al., 2026; Kim et al., 2013) (Table 3).
Table 3. Toxicity studies of the fingered citron fruit
	Fraction / compound
	Experimental model
	Outcome
	Reference

	Essential oil
	In vitro (RAW 264.7 cells)
	No cytotoxicity at 0.005 %, 0.01 % and 0.02 %; no release of lactate dehydrogenase; more than 95 % of cells viable
	(Vitalini et al., 2022; Kim et al., 2013)

	Exocarp and whole-fruit extracts
	In vivo (oral administration to mice)
	A single dose of 2000 mg/kg caused no mortality and no clinical sign of toxicity; LD50 > 2000 mg/kg
	(Peng et al., 2009)

	Methanol extract of the whole fruit
	In vitro (RAW 264.7 cells)
	Cell viability maintained at 111.2 – 127 % over 150 – 750 µg/mL
	(Hu et al., 2026)

	Isolated polysaccharides
	In vitro (RAW 264.7 cells)
	No cytotoxicity over 10 – 400 µg/mL; more than 95 % of cells viable
	(Luo et al., 2022)

	Ethanol 70 % and aqueous extracts of the exocarp
	In vivo (C57BL/6 and Sprague-Dawley rats)
	Doses of 50 – 100 mg/kg and 2.2 g/kg/day did not raise ALT or AST and caused no hepatic or pulmonary injury
	(Yang et al., 2021; Luo et al., 2025)



The absence of cytotoxicity rests on the maintenance and reinforcement of membrane stability. The phenolics and polysaccharides of the fruit do not alter membrane permeability and do not cause the release of lactate dehydrogenase, while hesperidin, naringin and rutin increase the stability of the lipid membrane through their capacity to scavenge peroxyl radicals (Hu et al., 2026; Luo et al., 2025; Kim et al., 2013). The constituents maintain a balanced concentration of reactive oxygen species and prevent mitochondrial injury, so that cytochrome c is not released and the caspase-9/caspase-3 apoptotic pathway is not activated (Hu et al., 2026; Luo et al., 2025). Extracts from the various parts of the fruit likewise had no effect on the liver or the kidneys of the experimental animals (Yang et al., 2021; Luo et al., 2025).
7. RESEARCH GAPS AND FUTURE DIRECTIONS
Although the multi-target pharmacological actions of C. medica var. sarcodactylis are well substantiated in acute preclinical models, several critical gaps remain to be resolved before clinical translation is possible.
Absence of chronic toxicity, subchronic safety and genotoxicity data. The existing safety data are confined to acute oral exposure (LD50 > 2000 mg/kg in rodents) and to short-term, 14-day rodent administration showing stable hepatic transaminases (ALT, AST) (Luo et al., 2025; Peng et al., 2009; Yang et al., 2021). Formal OECD-compliant 90-day subchronic toxicity studies, reproductive and teratogenicity studies, and Ames genotoxicity testing are entirely lacking. Given the abundance of furanocoumarins, such as bergapten and oxypeucedanin, which are known to be phototoxic and to inhibit CYP3A4, long-term toxicological characterisation is essential.
Bioavailability, pharmacokinetics and metabolic fate. The high-molecular-weight polysaccharides (>100 kDa) and the flavonoid rutinosides (hesperidin, naringin) of the fruit are known to have poor intestinal permeability and low oral bioavailability. Deng et al. (2023) have mapped the circulating metabolites in a preliminary in vivo study, but systematic human pharmacokinetic and pharmacodynamic parameters — peak plasma concentration (Cmax), half-life (t1/2), area under the curve (AUC), enterohepatic recycling and colonic catabolism to small phenolic acids — remain largely uncharacterised. Novel delivery systems, such as the nano-emulsion tested by El-Abd et al. (2025), offer a promising means of overcoming the barriers of solubility and mucosal absorption.
Mechanistic validation by genetic methods. Most of the claims made for the anti-inflammatory and metabolic activity of the fruit rest on Western blotting and RT-qPCR quantification of pathway nodes, such as phosphorylation of the p65 subunit of NF-κB, down-regulation of the p38/ERK/JNK branches of MAPK, suppression of NLRP3 and activation of TGR5/GLP-1, in chemically induced models (Hu et al., 2026; Kim et al., 2013; Luo et al., 2025; Yang et al., 2021). Establishing causality with confidence will require validation in target-specific gene knockdown or knockout models — NLRP3−/−, TGR5−/− or Nrf2−/− rodents, for example — together with selective pharmacological antagonists and cellular thermal shift assays (CETSA) to confirm direct ligand–receptor binding.
Standardisation of Vietnamese germplasm. Vietnamese research remains confined to the basic steam distillation of the essential oil (Dung et al., 1996; Loi, 2017; Loi et al., 2015; Pham et al., 2021). There is an urgent need to fingerprint domestic cultivars grown in Hanoi and Bac Ninh chemically, by LC-MS/MS and GC-MS, and to compare them with the Chinese monographs so as to establish quality-control standards proper to the Vietnamese Pharmacopoeia.
8. LIMITATIONS OF THE REVIEW
Several methodological and structural limitations of this review should be acknowledged.
Geographical and language bias in the primary literature: the great majority of rigorous molecular and phytochemical studies on C. medica var. sarcodactylis originate from Chinese research institutions and regional Asian databases. Although the principal databases were searched comprehensively, relevant studies published in non-indexed Vietnamese or regional Asian journals that lack digital archiving may have been missed.
Absence of clinical trials: all of the therapeutic mechanisms synthesised here derive from in vitro cell models, ex vivo tissue preparations or preclinical rodent models — mice, rats, Syrian hamsters and Caenorhabditis elegans (Chen et al., 2020; Luo et al., 2025; Yang et al., 2025). No randomised controlled trial or human pharmacokinetic study has yet been conducted, which limits any direct extrapolation to clinical efficacy or safety in humans.
Heterogeneity of experimental methods: the literature shows wide variation in solvent systems (crude aqueous decoction, 70–95 % ethanol, pure methanol, petroleum ether), in the part of the fruit and the stage of ripeness examined, and in the units used to express quantitative results (from mg/g of dry extract to mg/100 g fresh weight, or acarbose equivalents) (Guo et al., 2026; Hu et al., 2026; Vitalini et al., 2022). This heterogeneity precluded a quantitative meta-analysis and required a qualitative, narrative synthesis instead.
9. CONCLUSION
This review has outlined the taxonomic position and the morphological characteristics of the fingered citron and has set out in detail the contents and the composition of the flavonoids, coumarins and polysaccharides of the several parts of the fruit and of material from different geographical origins, together with its antioxidant, anti-inflammatory, gastroprotective, hypolipidaemic and glucose-regulating activities. By bringing together the work published on Citrus medica var. sarcodactylis worldwide, and principally in China, it provides the scientific basis for standardising the herbal material, for optimising the extraction process and for developing high-quality preparations to support the treatment of digestive, respiratory and metabolic disorders. Given the gaps that remain in Vietnamese research, the fingered citron fruit may become a strategic domestic raw material and contribute substantially to the pharmaceutical industry and to high-technology agriculture in Vietnam.
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