


A Review on the Description, Biology, Chemistry, Insecticidal Activities and Economic Importance of Zanthoxylum armatum (Timur)

ABSTRACT
Zanthoxylum armatum Dc, also known as "Timur" or "Toothache tree," is a medicinal plant from the Rutaceae family that is native to the subtropical areas of the Himalayas and South-East Asia. It is highly valued for its cultural, economic, and medicinal significance in its native regions, particularly in India, Nepal, Bhutan, and China. This detailed review sinks into the botanical characteristics, reproductive biology, chemistry, insecticidal activities and the economic importance of its medicinal and culinary applications. This versatile plant has garnered attention due to its essential oils, alkaloids, and other bioactive compounds, which have displayed pharmacological effects, making it valuable for traditional medicine, culinary uses, and agroforestry systems. Insecticidal properties are demonstrated by the natural bioactive compounds of Zanthoxylum armatum (Rutaceae). The essential oil extracted from the twigs of this plant was discovered to have strong insecticidal properties against Lasioderma serricorne and Tribolium castaneum, two stored-product insects. The review thoroughly examines the description, biological traits, chemical makeup, insecticidal activities and economic importance of Zanthoxylum armatum, emphasizing its potential for sustainable cultivation and preservation.
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INTRODUCTION
Zanthoxylum armatum DC.is an important medicinal and aromatic plant from the family  Rutaceae and is commonly referred to as "Timur" in Nepalese language, and in other regions, it is known as "Nepalese pepper" or "Toothache tree." It is native to the subtropical and tropical regions of the Himalayan belt and can be found widely distributed across Nepal, Bhutan, northern India, Pakistan, China, and even parts of Southeast Asia.    [image: ]

 Figure 1: Zanthoxylum armatum 
 The Zanthoxylum Armatum plant grows best between altitudes of 1,000 - 2,500 m above sea level, typically in hilly regions, riverbanks, and forested slopes. It is costly for its diverse uses in traditional medicine, cooking, and various industrial uses. Its fruits, bark, seeds, and leaves have been used for centuries in indigenous medicinal systems like Ayurveda, Unani, and traditional Chinese medicine to address various health issues such as digestive disorders, respiratory problems, dental ailments, and skin diseases. In recent times, Zanthoxylum armatum has attracted significant attention in pharmacological research due to its powerful bioactive compounds, including essential oils, alkaloids, flavonoids, and terpenoids, which exhibit antimicrobial, antioxidant, anti-inflammatory, and insecticidal properties. Traditionally, Zanthoxylum armatum is mainly known for its bitter fruits, widely used as a spice and seasoning in South Asian dishes. The dried fruits, known as Timur or Nepalese pepper, are highly valued for their sharp, citrusy, and peppery taste. They are commonly included in spice mixtures, pickles, and chutneys, especially in Nepal, India, Bhutan, and Tibet. The fruit also holds economic importance in local spice markets, where it is traded as a valuable raw or primary product. The essential oils extracted from the fruits are used in aromatherapy, cosmetics, perfumes, and food industries due to their distinctive flavor profile and therapeutic benefits [1, 2].
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Figure 2: Traditional Importance of Zanthoxylum armatum
Zanthoxylum armatum plays a crucial role in local agroforestry systems from an ecological perspective due to its ability to thrive in degraded soils and withstand harsh environmental conditions. Its drought-resistant nature makes it an ideal choice for afforestation programs and erosion control. Additionally, the thorny branches of the plant serve as a natural barrier in farming process by protecting crops from animals and preventing soil erosion.  In recent years, there has been a growing interest in Zanthoxylum armatum for its potential in sustainable agriculture and eco-friendly pest management. Recent studies have focused on its bioactive compounds, such as limonene and geraniol, which have strong insecticidal and repellent properties, making the plant a good source for the development of organic pesticides and insect repellents. Zanthoxylum armatum is gaining recognition not only for its traditional significance but also for its potential in modern pharmaceuticals, food industries, and sustainable farming practices. This review aims to provide a detailed exploration of the botanical, biological, chemical, and economic significance of Zanthoxylum armatum, with a focus on recent research findings and its applications in various sectors [3, 4, 5].
DESCRIPTION
Zanthoxylum armatum DC. is a deciduous shrub or small tree of a Rutaceae family that is commonly referred to as "Timur," "Toothache tree," or "Winged prickly ash.” The plant is indigenous to the subtropical and tropical areas of the Himalayas, such as Nepal, India, Bhutan, Pakistan, and certain regions of China.
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Figure 3: Description of Zanthoxylum armatum
The plant thrives in hilly forests, typically located at elevations ranging from 1,000 to 2,500 meters above sea level. The tree can reach a height of 3–6 meters and is famous for its spiky branches and fragrant leaves, stems, and fruits. The compound leaves are pinnate and often release a citrus-like scent when crushed. Clusters of small, yellow-green flowers bloom, followed by reddish-brown, round fruits that are highly aromatic and have a peppery taste [6, 7, 8, 9, 10]. 
The black and shiny seeds are enclosed in a tough pericarp, which opens upon ripening. 

Characteristics Size and Structure: Zanthoxylum armatum is a medium-sized shrub or small tree, reaching heights of 3 to 6 meters. It is differentiated by its woody, spiky stems and branches, which are covered in sharp, paired spines providing natural protection from herbivores. The bark of the plant is rough, gray-brown, and emits a strong, aromatic scent when crushed, making it a notable feature for identification. 
Stem and Branches: The plant has a woody, spiky structure with strong paired spines along its branches. The bark is rough, grayish-brown, and releases a strong fragrance when damaged. 
Leaves: The leaves of Zanthoxylum armatum are compound, arranged alternately, and pinnately divided. Each leaf comprises 7 to 15 small leaflets, which are lanceolate to ovate in shape, with a shiny dark green surface. The leaves emit a distinct, aromatic odor when crushed due to the presence of essential oils. These leaves are often used in traditional medicine for their therapeutic properties, such as treating digestive and respiratory ailments. 
Flowers: The plant is dioecious, meaning male and female flowers are produced on separate plants. The flowers are small, greenish-yellow, and grow in dense axillary or terminal panicles. Flowering usually occurs between March and May. Male flowers have prominent stamens, while female flowers contain a prominent ovary that later develops into fruit. 
Fruits: The fruits of Zanthoxylum armatum are small, reddish-brown, globular capsules measuring about 3–5 mm in diameter. On maturation, these capsules split open, revealing a shiny, black seed. The fruits are highly aromatic, with a pungent, peppery, and citrusy flavor. They are widely used as a spice and condiment in South Asian dishes and hold significant economic value in local spice markets. 
Seeds: The seeds are glossy, black, and highly aromatic, contributing to the plant's value in the spice and pharmaceutical industries. The seeds, along with the fruits, are rich in essential oils, which enhance their pungent flavor and medicinal properties [6, 7, 8, 9, 10].
BIOLOGICAL FEATURES OF ZANTHOXYLUM ARMATUM
Taxonomy and Classification
Kingdom: Plantae
Phylum: Magnoliophyta
Class: Magnoliopsida
Order: Sapindales
Family: Rutaceae
Genus: Zanthoxylum
Species: Zanthoxylum armatum
Zanthoxylum armatum, part of the Rutaceae family, is one of several species in the Zanthoxylum genus. The Rutaceae family is also recognized for its economically important plants such as oranges, lemons, and other citrus species. Zanthoxylum armatum is characterized within its genus by its spiny structure, fragrant properties, and rich bioactive content. In terms of reproductive biology, Zanthoxylum armatum is a dioecious plant, which means individual plants produce either male or female flowers, requiring cross-pollination for reproduction. The flowering season of the plant typically takes place from March to May, while fruiting occurs between September and November. The flowers are small and greenish-yellow, and they are arranged in axillary or terminal clusters. 
[image: ]
Figure 4: Biological Features of Zanthoxylum Armatum

· Male Flowers: Stamens are numerous in male flowers and they do not have a prominent ovary.
· Female Flowers: Female flowers are distinguished by a well-developed ovary, which eventually develops into the fruit.
Insects, such as bees, play a crucial role in pollinating the plant, although wind pollination is also possible to some extent. This pollination method is vital for supporting local pollinators and maintaining biodiversity in its natural habitat. The small, round capsules of Zanthoxylum armatum split open when they mature, releasing shiny black seeds. Birds are primarily responsible for dispersing these seeds, as they are attracted to the juicy outer layer of the capsules. The plant's widespread distribution is facilitated by birds, ensuring its propagation across diverse landscapes [11, 12, 13].
Growth and Development: Zanthoxylum armatum is well-suited for hilly areas and can grow in various soil types, although it favors well-drained soils. It flourishes at elevations between 1,000 and 2,500 meters, commonly found in forests, along riverbanks, and on open slopes. The plant can tolerate a wide range of environmental conditions, including semi-arid regions and areas with seasonal droughts. It is able to minimize water loss through its thick, glossy leaves makes it highly resistant to drought. Seed germination in Zanthoxylum armatum is slow and can take several weeks. However, once established, the plant is robust and can thrive in harsh environmental conditions. Its thorny structure protects it from herbivores, ensuring its resilience in the wild.
Ecology and Habitat: In its native habitat, particularly in the mountainous regions of the Himalayas, Zanthoxylum armatum plays a significant ecological role. It is often found growing alongside other medicinally important plants such as Aegle marmelos (Bael) and Embelia robusta. The plant's adaptability to degraded or disturbed soils makes it a valuable species for ecological restoration and afforestation projects [14, 15, 16].
· Habitat Preferences: Zanthoxylum armatum thrives in sunny or partially shaded areas and is commonly found on well-drained slopes, rocky terrains, and riverbanks. It can flourish in regions with moderate rainfall and is adaptable to both subtropical and temperate climates.
· Role in Agroforestry: Due to its ability to withstand drought and grow in degraded soils, the plant is frequently utilized in agroforestry systems. It is commonly employed as a hedge plant to prevent soil erosion and act as a natural barrier against pests and animals. Its thorny branches make it an effective component in fencing systems in rural and agricultural areas. [image: C:\Users\HP\Pictures\Screenshots\Screenshot 2025-03-06 130127.png]
    
Figure 5: Ecology and Habitat of Zanthoxylum armatum
· Symbiotic Relationships: Zanthoxylum armatum, like numerous other plants in the Rutaceae family, forms symbiotic relationships with specific microorganisms in the soil to acquire essential nutrients, enhancing its ability to meet its required nourishment in nutrient-deficient soils and challenging environments. 
· Digestive Issues: The fruits and bark of Zanthoxylum armatum are utilized as carminatives to get rid of indigestion, bloating, and flatulence. They also serve as appetite stimulants and assist in treating gastrointestinal disorders. [image: C:\Users\HP\Pictures\Screenshots\Screenshot 2025-03-06 131320.png]
    
Figure 6: Digestive benefits of Zanthoxylum armatum
· Toothache Remedy: The "Toothache tree" is a plant used traditionally to treat dental problems by chewing the bark or applying the fruit directly to relieve pain.
· Respiratory and Skin Conditions: Zanthoxylum armatum's essential oils are utilized to address bronchitis, asthma, and skin infections due to their antimicrobial properties.
           [image: ]
Figure 7: Respiratory benefits of Zanthoxylum armatum
· Flavoring: Timur is utilized to add flavor to meat, fish, and vegetable dishes, and its strong taste and aroma are essential components of numerous traditional recipes.
· Essential Oils in Beverages: Essential oils rich in limonene are also employed to create flavoring agents for beverages, carbonated drinks, and confectionery products.[image: ]
Figure 8: Essential Oils of Zanthoxylum armatum in Beverages
· Natural Pesticide: The plant's oils, specifically limonene, have been researched for their ability to repel insects and are being considered for use in organic farming as a natural pesticide and pest deterrent.
     [image: ]
Figure 9: Zanthoxylum armatum as Natural Pesticide
· Conservation and Sustainable Use: Zanthoxylum armatum is at risk of overharvesting in certain regions due to its high demand for its various purposes like medicinal and agricultural, despite being widely used. It is very important to implement sustainable harvesting practices and community-based conservation efforts to ensure the long-term availability of this valuable plant. Cultivation programs focusing on local use and commercial production can help in the conservation of the plant and contribute to economic growth in rural communities [14, 15, 16].
 Adaptations: Zanthoxylum armatum has various adaptations that enable it to thrive in challenging environments: - 
Thorns and Spines: The plant is equipped with sharp, paired spines along with its branches, serving as a defensive adaptation against herbivores and making it less suitable for grazing by animals, particularly in open or woods.
Aromatic Compounds: The leave, bark, and fruits of Zanthoxylum armatum contain essential oils and alkaloids, providing chemical defense against pests and pathogens. These aromatic compounds also make the plant useful in pest control and traditional medicine.
Drought Tolerance: Its thick, glossy leaves reduce water loss, allowing it to survive in semi-arid and drought-prone areas. Additionally, its ability to grow in rocky and degraded soils demonstrates its resilience to suboptimal growing conditions.
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Figure 10: Drought Tolerance property of Zanthoxylum armatum
Conservation and Threats: Zanthoxylum armatum is currently not on the endangered list, but its natural populations face potential threats from overharvesting and habitat destruction. The spice market's increasing demand for its fruits and the pharmaceutical and cosmetic industries' need for its essential oils have raised pressure regarding overharvesting. To ensure the plant's continued availability in the wild, it is essential to implement conservation efforts such as sustainable harvesting practices and cultivation in agroforestry systems. Moreover, its habitat may be at risk due to climate change, which could alter the ecosystems where Zanthoxylum armatum grows. However, the plant's ability to adapt to changing conditions, especially with support from conservation initiatives, suggests resilience to environmental stresses [17, 18, 19, 20].
CHEMICAL FEATURES OF ZANTHOXYLUM ARMATUM
Zanthoxylum armatum DC., also called Timur or Nepalese pepper, hold a diverse range of bioactive compounds, making it a valuable species for pharmacological, culinary, and industrial uses. Its chemical makeup consists of essential oils, alkaloids, flavonoids, lignans, and other secondary metabolites, all of which contribute to its medicinal and aromatic properties. These bioactive compounds are found in various parts of the plant, such as the fruits, seeds, bark, and leaves, and they display significant antimicrobial, antioxidant, anti-inflammatory, and insecticidal properties. 
Essential Oils: The essential oils obtained from Zanthoxylum armatum are particularly present in sufficient amount in the fruits, seeds, and bark of the plant. These oils are a complex mixture of terpenoids, including monoterpenes and sesquiterpenes, which are responsible for the plant’s different aroma and biological activity.
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Figure 11: One product of Zanthoxylum armatum from fruits
The essential oils contain several major components, including: 
• Limonene: Zanthoxylum armatum essential oil contains a significant amount of limonene, and a prominent monoterpene responsible for its citrus-like aroma. Limonene also exhibits strong antioxidant, anti-inflammatory, and insecticidal properties. 
• Geraniol: Known for its sweet, floral fragrance, geraniol is a key monoterpene with antimicrobial and antioxidant activities, making it valuable in cosmetic and pharmaceutical uses. 
• Linalool: Widely recognized for its antimicrobial, anti-anxiety properties, and sedative, linalool is a monoterpene alcohol found in essential oils derived from the fruits and leaves of Zanthoxylum armatum. 
• Citronellol: A major component contributing to the plant’s insect-repellent properties, citronellol is often used in natural insect repellents due to its effectiveness in detaining mosquitoes and other pests. 
• Other Terpenoids: Minor components such as β-caryophyllene, α-pinene, and myrcene have been identified in Zanthoxylum armatum essential oil, contributing to the plant’s biological activities, including its non-inflammatory and antimicrobial effects.
Alkaloids: Zanthoxylum armatum is abundant in alkaloids, nitrogen-containing compounds known for their pharmacological effects. Some of the primary alkaloids present in Zanthoxylum armatum are as follows:
·  Nitidine, a benzophenanthridine alkaloid, exhibits robust cytotoxic, antimicrobial, and anti-inflammatory properties, and has demonstrated potential as an anticancer drug candidate by restricting cancer cell growth. 
• Skimmianine, another bioactive alkaloid found in the seeds and bark of Zanthoxylum armatum, hold antifungal, antibacterial, and antimalarial properties, showing premise as a therapeutic agent. 
• Chelerythrine, a protoberberine alkaloid, is recognized for its antimicrobial and anti-inflammatory effects, and has been studied for its ability to influence signalling pathways related to inflammation and cellular stress responses.
Flavonoids: Flavonoids, a diverse group of polyphenolic compounds with antioxidant properties, are also present in Zanthoxylum armatum and contribute to numerous health benefits and medicinal uses.
· Quercetin: Quercetin, a well-known flavonoid, exhibits strong antioxidant, anti-inflammatory, and antiviral properties, supporting immune function, reducing oxidative stress, and clarification of free radicals to prevent chronic diseases.
· Rutin: Rutin, a major flavonoid and glycoside of quercetin, is known for strengthening blood vessels, improving circulation, and displaying antioxidant and anti-inflammatory activities.
· Kaempferol: Kaempferol, found in both the leaves and fruits of Zanthoxylum armatum, is recognized for its protective effects against oxidative damage, cancer prevention, and cardiovascular health [21, 22, 23, 24].
Lignans and Other Polyphenols: Polyphenolic substances with antioxidant and antibacterial qualities, lignans are found in Zanthoxylum armatum. The plant's capacity to halt oxidative stress and stop the spread of harmful bacteria is enhanced by lignans. 
     • Sesamin: One noticeable lignan that can be discovered in Zanthoxylum armatum seeds is sesamin. It has been researched to lower cholesterol and to prevent liver damage because of its great antioxidant activity and capability.
     • Pinoresinol: This additional lignan exhibits antibacterial, anti-inflammatory, and neuroprotective properties. It has been found in Zanthoxylum armatum seeds as well as bark.
Other Secondary Metabolites: Zanthoxylum armatum includes various secondary metabolites, such as tannins, phenolic acids, and saponins, in addition to the principal classes of chemicals. These metabolites help to explain the plant's wide range of bioactivities. 
      • Saponins: Saponins have anti-inflammatory and antibacterial qualities in addition to boost the immune system. The bark and roots of the plant, among other components, contain these chemicals.
      • Tannins: Among the plant's medicinal qualities are its astringent taste and its tannins, which are polyphenolic components, have been shown to help with digestive problems.
Biological Processes Associated with Chemical Components: The numerous biological actions of Zanthoxylum armatum are caused by its wide range of chemical ingredients, which include:
• Antioxidant Activity: The plant can degrade free radicals and lessen oxidative stress because to the presence of flavonoids (quercetin, rutin), lignans (sesamin, pinoresinol), and essential oils (limonene, linalool). 
• Antimicrobial and Antifungal Properties: The plant is useful in treating infections and as a natural preservative since alkaloids like nitidine and skimmianine, as well as terpenoids like citronellol and linalool, are excellent in preventing the growth of bacteria and fungi. 
• Insecticidal and Repellent Effects: Zanthoxylum armatum is a natural substitute for synthetic pesticides due to the strong insecticidal and repellent properties of terpenoids, particularly limonene and citronellol [25, 26, 27].
ECONOMIC IMPORTANCE OF ZANTHOXYLUM ARMATUM
Zanthoxylum armatum, often known as Timur or Nepalese pepper, has a substantial economic worth because of its many uses in agroforestry, traditional medicine, cooking, pest control, and other industries. The food, cosmetic, and pharmaceutical industries are highly interested in using the plant because of its bioactive ingredients, particularly its alkaloids and essential oils. An overview of Zanthoxylum armatum's economic importance across a range of industries, including how it supports sustainable practices and strengthens regional economies, is given in this section. 
The pharmaceutical industry and its medicinal value: Traditional medical practices have used Zanthoxylum armatum, especially in Chinese, Unani, and Ayurvedic systems. The plant's antibacterial, antifungal, anti-inflammatory, antioxidant, and analgesic qualities are used to treat a variety of diseases in its fruits, seeds, bark, and leaves, among other parts.
· Pharmaceutical Applications: The pharmacological potential of the bioactive substances found in Zanthoxylum armatum, including flavonoids (quercetin, rutin), alkaloids (nitidine, skimmianine), and essential oils (limonene, linalool), is being investigated. There is now a greater need in the pharmaceutical sector for formulations containing Zanthoxylum armatum due to the potential benefits of these chemicals in treating a range of diseases, including cancer, inflammatory diseases, infections, and digestive disorders.
· Herbal Medicines and Supplements: The demand for Zanthoxylum armatum has increased dramatically due to the growing global trend towards natural and herbal remedies. It is frequently present in herbal products that promote gut health, the immune system, and managing pains. Plants such as Zanthoxylum armatum contribute to the continuously growing global market for herbal medicines.
Culinary and Spice Industry: Zanthoxylum armatum is most commonly used as a spice in a variety of culinary cultures. The fruits and seeds have a distinct flavor akin to Sichuan pepper, with citrusy freshness and a numbing effect. They are also very aromatic.
· Spice Trade: In Nepal, India, Bhutan, and other Himalayan nations, the dried fruits of Zanthoxylum armatum, sometimes known as Timur, are extensively used as spices. It's a major in many local spice blends and used widely in the preparation of pickles, chutneys, and marinades. For the rural populations in these regions, the Timur spice trade has grown to be a significant source of revenue.
· Export Markets: Zanthoxylum armatum is beginning to gain interest from foreign exporters as a result of its rising demand in international food items, particularly in exotic spice markets. Due to its major use in cooking, this spice is becoming more and more popular in countries like Japan, the USA, and some regions of Europe [28, 29, 30].
Cosmetic Industry: Because Zanthoxylum armatum produces high concentrations of limonene, geraniol, and linalool, its essential oils are valued in the personal care and cosmetic sectors. These oil’s aromatic and antibacterial qualities are used in the creation of lotions, soaps, fragrances, and other skincare items.
· Fragrance and Aromatherapy: In the perfume industry, Zanthoxylum armatum essential oil is highly valued for its unique aroma, which includes notes of citrus and flowers. Aromatherapy also uses it because of its calming and elevating properties.
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Figure 12:  Fragrance and Aromatherapy products of Zanthoxylum armatum 
· Natural Skincare Products: Due to its antimicrobial and anti-inflammatory properties, Zanthoxylum armatum extracts are incorporated into skincare formulations to treat acne, skin irritations, and infections. The rising demand for natural and organic skincare products has increased the economic value of the plant in this sector.
                          [image: ]
Figure 13:  Natural skincare products of Zanthoxylum armatum 
In cosmetics formulations, Zanthoxylum armatum extracts are used to treat infections, skin irritations, and acne because of their antibacterial and anti-inflammatory qualities. The plant's economic importance in this industry has been driven by the growing demand for organic and natural skincare products.
Agroforestry and Sustainable Land Management:
Soil Erosion Control and Reforestation: Especially in hilly and mountainous areas, the plant's dense growth pattern and nature make it perfect for preventing soil erosion. Through the application of sustainable farming methods, it supports the local economy by reforesting degraded areas, maintaining soil fertility, and preventing landslides.
Livelihood Support for Rural Communities: For farmers in Nepal, India, and Bhutan, growing Zanthoxylum armatum in agroforestry systems has meant a fixed source of revenue. For rural farmers looking to diversify their revenue streams, the plant's high market value and low maintenance needs make it financially stable and effective choice. The bark and leaves are used for commercial and therapeutic reasons, and the fruits are harvested for spices.
Pest Management and Biopesticides: Zanthoxylum armatum is being used commercially in the production of natural insect repellents and pesticides. Strong insecticidal and repellent qualities are shown by the plant's essential oils, especially those that contain chemicals like limonene and citronellol.
· Natural Pesticides: As worries about the effects of synthetic pesticides on the environment and human health grow, there is a growing interest in the creation of biopesticides made from plants such as Zanthoxylum armatum. Research has indicated that the plant's essential oil can efficiently manage a range of agricultural pests, such as aphids and beetles, providing a sustainable substitute for chemical pesticides.
·  Products for Insect Repellent: Natural insect repellents are also made by using the essential oils of the plant. These goods are becoming more and more common in domestic and foreign markets because they are safer and better for the environment than chemical based repellent. This offers a chance for Zanthoxylum armatum to be grown commercially for use in the pest management sector [31, 32].
Cultural and Ethnobotanical Significance: Apart from its commercial applications, Zanthoxylum armatum holds significant cultural and ethnobotanical significance. It is a protection plant for fields and homes, and it is employed for many traditional uses and treatments. The plant is frequently included into community-based conservation initiatives, where local awareness of its applications supports biodiversity and cultural traditions.
· Traditional Medicine: The plant is highly valuable in the Himalayan traditional medical systems, where it is applied to a variety of illnesses. Through the gathering and sale of its therapeutic components, the knowledge and application of Zanthoxylum armatum have been passed down through the years, to strong local economy.
· Cultural and Religious Use: Zanthoxylum armatum is utilized as a protection plant or in religious rites in certain communities where it is thought to stay off from the evil spirits and bring good fortune. These cultural customs support the plant's ongoing significance in regional economies, particularly in areas where traditional knowledge is essential to day-to-day existence [33, 34].
INSECTICIDAL ACTIVITIES OF ZANTHOXYLUM ARMATUM
Essential Oil from Twigs, According to research, the essential oil extracted from Z. armatum twigs has insecticidal properties against stored-product insects like Tribolium castaneum and Lasioderma serricorne. This essential oil's main components are piperitone, limonene, 1,8-cineole, 2-tridecanone, and (E)-anethole. n-Hexane Extract: An investigation on the n-hexane fraction of Z. armatum, which was published in the Journal of Nepal Chemical Society, revealed notable insecticidal activity against Sitophilus oryzae, Rhyzopertha dominica, and Tribolium castaneum. The insecticidal efficacy was similar to that of permethrin, a common pesticide. Alternative Study on n-Hexane Extract: According to a different study, the n-hexane extract of Z. armatum demonstrated insecticidal properties against Tuta absoluta and Spodoptera frugiperda larvae, with median lethal concentrations (LC50) at 96 hours after treatment being 4.41 and 4.42 mL/L, respectively [35, 36, 37, 38].
Chemical Constituents for the insecticidal properties:
Alkaloids: Z. armatum contains alkaloids, which are known for their wide range of biological activities and help to produce its insecticidal properties [35, 36, 37]. 
Essential Oils: Compounds including (E)-anethole, 1,8-cineole, and limonene, which have been shown to have insecticidal effects, are found in essential oils, especially those made from twigs [35, 36, 37]. 
Fatty Acids: Fatty acids like trans-13-octadecenoic acid and cis-9-hexadecenoic acid are present in the n-hexane extract and may be responsible for some of its insecticidal properties [35, 36, 37].
In 2025, Cheng et al. demonstrated that GC and GC-MS analysis identified 32 constituents of the essential oil, with (E)-anethole (20.5%), 1,8-cineole (14.0%), 2-tridecanone (12.5%), limonene (9.0%), and piperitone (8.0%) identified as major components. These were followed by β-phellandrene (6.3%), β-pinene (5.1%), and 4-terpineol (4.4%). Five constituents were extracted from the essential oil and determined to be (E)-anethole, 1,8-cineole, 2-tridecanone, limonene, and piperitone. According to the results of insecticidal bioassays, Z. armatum's essential oil had contact toxicity against two insect species with LD50 values of 18.74 and 32.16 μg/adult, respectively, and strong fumigant toxicity against L. serricorne and T. castaneum with LC50 values of 13.83 and 4.28 mg/L air, respectively. Piperitone had the strongest contact toxicity against T. castaneum (LD50 = 3.16 μg/adult) and fumigant toxicity against L. serricorne (LC50 = 1.21 mg/L air) among the active compounds. The fumigant toxicity of 1,8-cineole, limonene, and piperitone against T. castaneum was comparable, with LC50 values of 5.47, 6.21, and 7.12 mg/L air, respectively. As the contact toxicity test proceeded, L. serricorne showed the highest sensitivity to 2-tridecanone (LD50 = 5.74 μg/adult) [39].
CONCLUSION
In summary, Zanthoxylum armatum is a plant of significant ecological, chemical, and commercial value. It is a valuable plant for both traditional and modern usage due to its many applications in medicine, agriculture, cosmetics, and the culinary arts, as well as its environmental adaptability. Zanthoxylum armatum is a very adaptable plant having important uses in industry, medicine, and food. Its bioactive components, which include flavonoids, alkaloids, and essential oils, make it useful in traditional medicine. As a spice, it enhances the flavor of a variety of foods. The plant has garnered more attention in recent years because of its possible applications as a natural insecticide and in agroforestry. To guarantee this significant species conservation and ongoing availability, sustainable harvesting and growing methods are crucial. Its economic potential will likely be further increased by additional study into its chemical characteristics and biological activities, which is expected to uncover even more applications. Sustainable Zanthoxylum armatum farming and harvesting could support biodiversity and environmental protection while yielding substantial economic benefits for regional economies and the world market. Zanthoxylum armatum has a broad range of applications in the economy, including the pharmaceutical, cosmetic, food, and agroforestry sectors. It is a valuable asset in domestic and foreign markets due to its many uses as a spice, medicinal plant, biopesticide, and industrial raw material. Its support for rural livelihoods and promotion of sustainable agriculture further underscores its potential as a crucial species for ecological and economic development. Its numerous benefits to business, agriculture, and health confirm its standing as a plant of outstanding significance throughout a range of global industries.
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