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Abstract: Betel leaf (Piper betle L.), a perennial vine belonging to the Piperaceae family, holds significant cultural and medicinal 
value across South and Southeast Asia. The leaves contain essential vitamins including A, C, and B-complex vitamins, along with 
minerals such as calcium, iron, and potassium. Phytochemical investigations have revealed the presence of bioactive compounds 
including alkaloids, flavonoids, terpenes, and phenolic compounds, particularly eugenol, hydroxychavicol, and chavibetol. These 
compounds contribute to the leaf's diverse pharmacological properties, including antioxidant, antimicrobial, anti-inflammatory, 
and anticancer activities. Traditional medicine systems have utilized betel leaf for various therapeutic purposes, such as digestive 
disorders, respiratory ailments, and oral health maintenance. Modern scientific studies have validated many of these traditional 
applications through in vitro and in vivo experiments. However, excessive consumption, particularly when combined with areca 
nut, has been associated with adverse effects including oral irritation and potential cancer risks. The nutritional profile and 
therapeutic potential of betel leaf warrant further investigation for its applications in modern healthcare, while considering safety 
aspects and standardization of preparations.  
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1. Introduction 

Betel leaf (Piper betle L.) represents a significant medicinal plant with deep cultural roots in Asian traditions, particularly in India, 
where its cultivation dates back to 400 BC [1]. The plant belongs to the Piperaceae family and has maintained its prominence in 
traditional medicine systems, including Ayurveda, as documented in ancient texts such as Charaka and Sushruta Samhitas [2]. The 
historical significance of betel leaf is well-documented through various periods, with notable mentions in the writings of Marco Polo 
during the 13th century, who observed its widespread use among Indian nobility [3]. The plant's traditional applications have evolved 
from simple dietary practices to complex medicinal preparations, demonstrating its versatility in healthcare systems [4]. 

Botanically, P. betle is characterized as a perennial climber that can reach heights of 10-15 feet. The plant produces heart-shaped, 
glossy leaves measuring 4-7 inches in length and 2-4 inches in width [5]. It thrives in tropical and subtropical climates, requiring 
warm, humid conditions for optimal growth. The plant exhibits sexual dimorphism, producing both male and female flowers, with 
cultivation primarily concentrated in countries including India, Malaysia, Thailand, and Sri Lanka [6]. The chemical composition of 
betel leaf includes various bioactive compounds such as phenols, terpenes, and essential oils [7]. These components contribute to 
its characteristic pungent taste and aromatic properties, with variations observed among different cultivars such as Bangla, Kapoori, 
and Meetha varieties [8]. The presence of these compounds underlies the leaf's diverse pharmacological properties, including 
antimicrobial, anti-inflammatory, and antioxidant activities [9]. In contemporary research, betel leaf has garnered attention for its 
potential therapeutic applications. Scientific investigations have focused on its bioactive constituents and their mechanisms of action 
in various physiological processes [10]. The leaves contain significant amounts of vitamins, minerals, and phytochemicals that 
contribute to their nutritional and medicinal value [11]. Despite its traditional importance and potential health benefits, concerns 
exist regarding the safety of betel leaf consumption, particularly when combined with other substances like areca nut [12]. These 
concerns necessitate careful scientific evaluation to establish safe usage guidelines and explore potential therapeutic applications 
while minimizing risks. The growing interest in natural remedies and plant-based medicines has renewed focus on betel leaf research, 
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particularly in areas such as drug development and nutraceutical applications [13]. Understanding its nutritional composition, 
pharmacological properties, and potential therapeutic applications remains crucial for developing evidence-based applications in 
modern healthcare systems. 

 

Figure 1. Overview of Betel Leaf Research and Applications 

2. Botanical description  

2.1. Morphological Characteristics 

Piper betle exhibits distinct morphological features characteristic of the Piperaceae family. The plant develops as a perennial vine with 
a robust climbing habit, utilizing specialized adventitious roots at leaf nodes for support [14]. The leaves, the most economically 
significant part, display a heart-shaped (cordate) morphology with a glossy appearance. Mature leaves measure 4-7 inches in length 
and 2-4 inches in width, characterized by their dark green upper surface and lighter underside [15]. 

The vine produces dimorphic flowers, with male flowers appearing as dense, cylindrical spikes and female flowers forming 
pendulous structures. The root system consists of a deep taproot supplemented by extensive lateral roots, enabling efficient nutrient 
absorption and structural support [16]. 

2.2. Cultivation 

Betel vine cultivation requires specific environmental conditions for optimal growth. The plant thrives in tropical and subtropical 
regions with temperatures ranging between 15-40°C and annual rainfall of 1500-2500mm [17]. Optimal soil conditions include well-
draining, fertile soil with pH levels between 5.6 and 8.2. Shade plays a crucial role in cultivation, with plants typically requiring 40-
60% shade for proper development [18]. 

Five major cultivar groups of betel vine are recognized globally, distinguished by their morphological characteristics and essential 
oil composition: 

• Bangla: Characterized by deep green leaves and strong pungency 
• Kapoori: Notable for medium-sized leaves and moderate aromatic properties 
• Meetha: Distinguished by its sweet taste and lighter green coloration 
• Sanchi: Recognized for its thick leaves and robust flavor 
• Desawari: Known for its distinctive aroma and moderate leaf size [19] 
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Traditional cultivation methods involve establishing support systems using poles or trees, known as "baroj" in India. The growing 
environment requires careful management of humidity, temperature, and light intensity [20]. Propagation primarily occurs through 
vegetative methods, using stem cuttings with 3-5 nodes. Regular irrigation, proper drainage, and systematic pruning contribute to 
optimal yield and quality [21]. 

Table 1. Major Cultivars of Piper betle and Their Characteristics 

Cultivar Leaf Characteristics Essential Oil Content Geographic Distribution 
Bangla Dark green, large leaves 1.8-2.4% Eastern India, Bangladesh 
Kapoori Medium-sized, thick leaves 1.2-1.7% Southern India 
Meetha Light green, thin leaves 0.8-1.2% Northern India 
Sanchi Broad, thick leaves 1.5-2.0% Central India 
Desawari Medium-sized, aromatic 1.3-1.8% Western India 

Common diseases affecting betel vine include leaf rot, foot rot, and bacterial leaf spot. Integrated pest management strategies, 
incorporating both cultural and chemical controls, are essential for maintaining healthy crops [22]. Prevention methods focus on 
maintaining proper air circulation, avoiding water stagnation, and implementing regular monitoring systems [23]. 

 

Figure 2. Leaves of Piper betle plant 

Leaf harvesting typically begins 6-8 months after planting, continuing throughout the year in established plantations. Proper 
harvesting techniques and post-harvest handling significantly influence leaf quality and market value. Storage conditions require 
careful control of temperature and humidity to maintain leaf freshness and prevent deterioration [24].. 

3. Phytochemical Composition 

Betel leaf contains a wide range of phytochemicals that contribute to its therapeutic properties. The primary bioactive compounds 
include alkaloids, phenols, terpenes, and essential oils. Chavibetol serves as the predominant compound in most varieties, though 
concentrations vary based on geographical location and cultivar type [25]. 

3.1. Essential Oils 

The essential oil composition of betel leaf represents a complex mixture of compounds: 

• Eugenol and chavibetol derivatives constitute 30-55% of the total oil content 
• Safrole appears predominantly in certain chemotypes 
• Terpenes including caryophyllene and germacene D form significant components 
• Hydroxychavicol and allylpyrocatechol contribute to antimicrobial properties [26, 27] 

3.2. Phenolic Compounds 
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Phenolic constituents in betel leaf demonstrate significant antioxidant properties: 

• Polyphenols including catechins and tannins 
• Flavonoids such as quercetin derivatives 
• Phenylpropanoids and their derivatives 
• Hydroxychavicol acetate and related compounds [28, 29] 

Table 2. Major Bioactive Compounds and Their Therapeutic Effects 

Compound Class Primary Therapeutic Effects 
Eugenol Phenylpropanoid Antimicrobial, Analgesic 
Chavibetol Phenolic Antioxidant, Anti-inflammatory 
Hydroxychavicol Phenolic Anticancer, Antimicrobial 
Allylpyrocatechol Phenolic Anti-inflammatory, Antioxidant 
Caryophyllene Terpene Anti-inflammatory, Analgesic 

3.3. Nutritional Components 

The nutritional profile of betel leaf is characterized by a wide range of essential micronutrients, making it a significant source of 
vitamins and minerals. The leaves contain substantial amounts of Vitamin A (1900-2560 IU/100g), Vitamin C (0.005-1.4%), and 
various B-complex vitamins including thiamine, riboflavin, and niacin. The mineral content comprises of calcium ranging from 230-
450 mg/100g, iron from 7-18 mg/100g, potassium at 1.1-4.6%, and magnesium at 200-340 mg/100g. Betel leaf contains various 
macronutrients like amino acids, though notably lacking lysine, histidine, and arginine, with a protein content varying between 3-
5% depending on growing conditions and variety. A total content of 6-9% is made up of carbohydrates, which includes dietary fiber 
components, contributing to an energy value of approximately 44 kcal/100g of fresh leaves. Additionally, the leaves contain 
significant amounts of enzymatic components, particularly catalase and diastase enzymes, which play crucial roles in their biological 
activities. 

3.4. Geographical and Seasonal Variations 

Chemical composition varies significantly based on: 

• Geographical location and soil conditions 
• Seasonal changes affecting growth patterns 
• Cultivation practices and harvest timing 
• Storage conditions and processing methods [35, 36] 

 

Figure 2. Chemical structures of major bioactive compounds in betel leaf 
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4. Pharmacological activities 

4.1. Antioxidant Properties 

Betel leaf extracts demonstrate significant antioxidant activity through multiple mechanisms. The phenolic compounds and 
flavonoids present in the leaves effectively scavenge free radicals and reduce oxidative stress. Studies utilizing DPPH and ABTS 
assays have revealed potent radical scavenging capabilities, with hydroxychavicol and eugenol serving as primary contributors to 
these effects [37, 38]. 

4.2. Antimicrobial Effects 

The antimicrobial properties of betel leaf extend across a broad spectrum of pathogenic organisms. Essential oils and phenolic 
components exhibit strong inhibitory effects against both gram-positive and gram-negative bacteria. Research has demonstrated 
particular efficacy against oral pathogens, including Streptococcus mutans and Candida albicans. The leaf extracts also show 
significant antifungal activity, attributable to the presence of chavibetol and allylpyrocatechol [39, 40]. 

4.3. Anti-inflammatory Activity 

Studies have established the anti-inflammatory potential of betel leaf through various mechanisms. The active compounds suppress 
pro-inflammatory cytokine production and modulate inflammatory mediators. Experimental models have shown reduced 
inflammation markers and decreased inflammatory cell infiltration following betel leaf extract administration [41, 42]. 

4.4. Anticancer Properties 

Research on the anticancer potential of betel leaf has revealed promising results against various cancer cell lines. The leaf extracts 
demonstrate antiproliferative effects and induce apoptosis in cancer cells while showing minimal toxicity to normal cells. Particularly 
noteworthy are the effects observed in oral and colorectal cancer studies, where specific compounds show selective cytotoxicity [43, 
44]. 

4.5. Analgesic Effects 

The analgesic properties of betel leaf manifest through both central and peripheral pain-modulating mechanisms. Clinical studies 
have demonstrated pain-relieving effects comparable to conventional analgesics in certain conditions. The presence of eugenol 
contributes significantly to these pain-management properties [45, 46]. 

4.6. Antidiabetic Activity 

Betel leaf extracts show promising antidiabetic effects through multiple pathways. Research indicates improved glucose tolerance 
and enhanced insulin sensitivity in experimental models. The compounds present in the leaves help regulate blood glucose levels 
and protect pancreatic β-cells from oxidative damage [47, 48]. 

4.7. Cardiovascular Protection 

The cardioprotective effects of betel leaf involve multiple mechanisms, including antihypertensive and lipid-lowering properties. 
Studies have shown improved cardiovascular parameters and reduced atherosclerotic progression in experimental models. The 
antioxidant components play a crucial role in protecting cardiac tissue from oxidative stress [49, 50]. 

4.8. Hepatoprotective Function 

Research demonstrates significant hepatoprotective activity of betel leaf extracts against various hepatotoxic agents. The compounds 
present in the leaves help maintain liver function through enhanced detoxification mechanisms and protection against oxidative 
damage. Studies indicate improved liver enzyme profiles and reduced hepatic inflammation following betel leaf administration [51, 
52]. 

4.9. Neuroprotective Effects 

The neuroprotective properties of betel leaf manifest through enhanced cognitive function and protection against neurodegenerative 
processes. Research indicates potential benefits in conditions affecting neural function, with mechanisms involving reduced 
oxidative stress and improved neurotransmitter regulation in the central nervous system [53, 54] 
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5. Traditional and therapeutic applications 

5.1. Gastrointestinal disorders 

Betel leaf has served as a traditional remedy for various digestive disorders. The leaves stimulate digestive enzyme secretion and 
enhance gastric mucosal defense mechanisms. Traditional practitioners recommend betel leaf consumption for alleviating symptoms 
of flatulence, constipation, and indigestion. The carminative properties help reduce gastrointestinal discomfort and improve overall 
digestive function [55, 56]. 

5.2. Respiratory disorders 

Traditional medicine systems employ betel leaf preparations for treating respiratory conditions. The expectorant properties facilitate 
mucus clearance from respiratory passages. The essential oils present in the leaves demonstrate bronchodilatory effects, providing 
relief in conditions such as bronchitis and asthma. Regular consumption has shown benefits in managing common cold symptoms 
and throat infections [57, 58]. 

5.3. Oral health applications 

Betel leaf plays a significant role in maintaining oral hygiene through its antimicrobial and antiseptic properties. Traditional practices 
include using betel leaf extracts for treating halitosis, gingivitis, and dental caries. The presence of phenolic compounds contributes 
to the reduction of oral pathogens and promotes gum health [59, 60]. 

5.4. Dermatological uses 

Traditional applications include the topical use of betel leaf preparations for various skin conditions. The antimicrobial and anti-
inflammatory properties make it effective in treating minor cuts, wounds, and skin infections. Leaf extracts show promise in 
managing acne and other inflammatory skin conditions [61, 62]. 

5.5. Immunomodulatory effects 

Traditional wisdom regarding betel leaf's immune-enhancing properties finds support in modern research. Regular consumption 
may strengthen immune response through enhanced production of immune cells and modulation of inflammatory mediators. The 
antioxidant components contribute to overall immune system function [63, 64]. 

5.6. Modern therapeutic applications 

Current medical research explores novel applications of betel leaf compounds in contemporary healthcare. Standardized extracts 
show potential in developing new pharmaceutical formulations. Research focuses on incorporating betel leaf components in modern 
drug delivery systems and nutraceutical products [65, 66]. 

Table 3. Traditional Applications and Modern Scientific Evidence 

Traditional Use Scientific Evidence Active Compounds Level of Evidence* 
Digestive disorders Improved enzyme secretion Eugenol, Terpenes Strong 
Respiratory ailments Bronchodilation Essential oils Moderate 
Oral health Antimicrobial activity Hydroxychavicol Strong 
Wound healing Enhanced tissue repair Allylpyrocatechol Moderate 
Pain management Analgesic effects Eugenol, Caryophyllene Strong 

*Level of Evidence: Strong (multiple clinical trials), Moderate (limited clinical trials or strong preclinical evidence), Weak 
(traditional use only or limited preclinical evidence) 

5.7. Contraindications 

5.7.1. Raw Leaf Consumption 

Prolonged exposure to raw betel leaf may cause oral irritation and mucosal sensitivity in susceptible individuals. Proper preparation 
methods help minimize these effects while maintaining therapeutic benefits [67]. 

5.7.2. Pregnancy and Lactation 

Limited data exists regarding safety during pregnancy and lactation. Healthcare providers generally advise cautious use during these 
periods due to potential effects on fetal development [68]. 
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5.7.3. Drug Interactions 

Betel leaf compounds may interact with certain medications, particularly: 

• Blood glucose-lowering agents 
• Anticoagulants 
• Anti-inflammatory medications 
• Regular monitoring is essential when combining betel leaf consumption with conventional medications [69, 70] 

6. Adverse effects 

6.1. Acute Effects 

Direct consumption of raw betel leaf can cause immediate responses in sensitive individuals. Common manifestations include 
tongue and pharyngeal irritation, accompanied by a burning sensation. The intensity varies among individuals and depends on the 
quantity consumed. These effects typically subside without intervention, though persistent irritation may require symptomatic 
treatment [71, 72]. 

6.2. Chronic Effects 

Long-term consumption patterns require careful consideration due to potential cumulative effects. Regular users may experience 
altered oral mucosa sensitivity and changes in taste perception. Chronic exposure, particularly when combined with other substances, 
demands periodic oral health monitoring. Research indicates possible associations with oral submucous fibrosis in susceptible 
individuals [73]. 

Excessive consumption frequently leads to gastrointestinal disturbances. Common manifestations include nausea, abdominal 
discomfort, and altered digestive patterns. These effects become more pronounced when betel leaf is consumed with areca nut or 
on an empty stomach. Individuals with pre-existing digestive conditions require particular caution [74, 75]. 

6.2.1. Carcinogenicity 

Scientific investigations reveal complex relationships between betel leaf consumption and cancer risk. The independent use of betel 
leaf shows minimal carcinogenic potential. However, its combination with areca nut and tobacco significantly increases oral cancer 
risk. Environmental factors and genetic predisposition may influence individual susceptibility to adverse effects [76, 77]. 

6.2.2. Reproductive problems 

Limited research exists regarding effects on reproductive health. Pregnant women should exercise caution due to insufficient safety 
data. Animal studies suggest potential impacts on fetal development, necessitating careful consideration during pregnancy and 
lactation periods [78]. 

6.3. Drug-Herb Interactions 

Betel leaf components may alter the metabolism of various medications. Significant interactions occur with anticoagulants, affecting 
blood clotting mechanisms. Antidiabetic medications may require dose adjustments when combined with betel leaf consumption. 
Healthcare providers should monitor patients taking multiple medications alongside betel leaf preparations [79, 80]. 

7. Conclusion 

Betel leaf (Piper betle L.) represents a significant medicinal plant with established nutritional and therapeutic properties. The extensive 
phytochemical profile, including essential oils, phenolic compounds, and alkaloids, contributes to its diverse pharmacological 
activities. Modern scientific investigations validate many traditional applications while revealing new therapeutic potentials. The 
antioxidant, antimicrobial, and anti-inflammatory properties documented through research support its role in contemporary 
healthcare applications. The nutritional composition of betel leaf, rich in vitamins, minerals, and bioactive compounds, enhances its 
value as a functional food ingredient. However, the documented adverse effects and potential drug interactions necessitate careful 
consideration in therapeutic applications. The development of standardized preparations and quality control measures remains 
crucial for ensuring safe and effective use. 
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