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ABSTRACT
For thousands of years, fumigation has been practiced in various cultures for health, spiritual, and practical purposes. The ancient Egyptians used resins like frankincense to purify their spaces. Ayurvedic dhupana in India employs medicinal herbs like neem and turmeric. Chinese, Greek, and Mesopotamian traditions blended empirical observation and spiritual belief to refine fumigation methods used in rituals and disease prevention. Fumigation was part of the culture and spiritual practices of Native American and African communities. Scientific research has demonstrated that smoke from plants like neem, frankincense, and sage can reduce microorganisms present in the air. The review explores ancient fumigation practices across civilisations and their cultural, medicinal, and hygienic significance, correlating traditional ethnobotanical knowledge with modern microbiological evidence. 
Studies have reported that fumigation using such plant materials can reduce airborne bacterial load by up to 90–94% within one hour, with residual effects lasting up to 24 hours. Recent studies have provided evidence that old fumigation practices release active compounds, such as terpenoids and phenolics, which have strong antibacterial and antifungal effects. This review strongly supports and highlights the relevance of traditional fumigation practices in current health and environmental applications in the modern world. 
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1. INTRODUCTION
Fumigation involves burning medicinal herbs, resins, or aromatic materials to release fumes that disinfect or purify indoor environments. It has been practiced for millennia across cultures. The fumigation process has various interpretations across different fields. Traditional herbal fumigation, the practice of burning herbs to release smoke for therapeutic or preventive purposes, has a rich history and diverse applications across various civilizations. It's used for disinfection, treating various ailments, and even managing plant health.
In Hinduism, fumigation, also known as "Dhoopana," is a ritualistic practice that involves burning substances to create smoke. This practice is used in rituals, daily prayers, and homes to create a sacred environment and ward off negative influences. This practice is rooted in Ayurveda and has both spiritual and therapeutic applications. 
In Christianity, fumigation involves using aromatic substances, like storax resin, to create fragrance, particularly during ceremonies. This practice adds a sensory element to worship and ritual, enhancing the spiritual atmosphere.
In Islamic tradition, fumigation, particularly using aromatic resins like loban (frankincense), is a practice rooted in the teachings of the Prophet Muhammad and his companions. It's seen as a way to purify the environment, promote well-being, and ward off negative influences. 
In Buddhist practices, fumigation, often referred to as "Sang" in Tibetan Buddhism, is a ritual that utilises smoke or vapor to purify and cleanse, both physically and spiritually. It's a symbolic act of purification, offering protection, and inviting blessings.
Ayurveda views it as a therapeutic practice involving the burning of substances for health benefits. In scientific terms, fumigation involves using smoke or vapors, particularly from herbs, to disinfect areas and eliminate harmful organisms, including in medical settings.
2. HISTORICAL OVERVIEW OF FUMIGATION PRACTICES
Fumigation has been an important part of human history for thousands of years. It has been used for both practical and spiritual reasons. Ancient cultures, like the Egyptians, Greeks, Indians, and Chinese, used fumigation to clean their homes, control various diseases, and carry out religious ceremonies. They often burned natural substances like herbs, resins, and fragrant woods to make smoke that was thought to keep away bad spirits and disease-causing organisms. These practices were deeply rooted in traditional knowledge, blending empirical observations with cultural beliefs. Exploring the historical evolution of fumigation reveals a fascinating intersection of science and tradition that continues to influence modern practices. 
2.1 Indian civilization
Fumigation, or Dhupana in Ayurveda, was an important practice used for its health, spiritual, and ecological benefits in traditional Indian society which involved burning medicinal herbs, resins, and aromatic substances to purify living spaces prevent the transmission of diseases, and repel negative energies. Ayurvedic classical texts, Charaka Samhita (around 400-200 BCE), and Sushruta Samhita (around 6th century BCE) reference several fumigants, including neem (Azadirachta indica), turmeric (Curcuma longa), guggul (Commiphora wightii), and frankincense, all of which have been found to exhibit antimicrobial activity. This was also a part of temple worship, where incense and herbal smoke played an important role in purifying the surroundings and preparing a sanctified space. During Vedic rituals, the burning of sacred woods and herbs, or samidhas, was believed to sanctify the place and bring in divine presence, reflecting the relationship between spiritual ideas and health practice. Ayurvedic practitioners encouraged fumigation during epidemics as a tool to disinfect domestic and public spaces, aiming to prevent the transmission of diseases. 
2.2 Mesopotamian civilization
Fumigation was essential to Mesopotamian magic and medicine in the 1st millennium BC. Healers used fumigation to treat conditions such as fever, melancholy and headaches. Fumigants could be "pleasant" (like conifers) for healing purposes or "pungent" (like waste or blood) to ward off diseases or repel bad spirits. These substances were usually burned on hot coals or put directly on the body for quick relief. A Neo-Babylonian scholar, Iqisa of Uruk (late 4th century BCE), developed fumigation treatments into a "Fumigation Series." Through this cross-cultural exchange of fumigation knowledge in the Hellenistic period between Mesopotamia, Egypt, Greece, and China, the practice became a cross-cultural interaction combining traditions and ingredients from different cultures.
2.3 Egyptian civilization (3100 BCE to 30 BCE)
Egyptian culture, years ago has practiced fumigation and was a highly regarded practice that linked religious rituals to health and cleanliness. They used to burn sweet-smelling resins, herbs, and woods, which include frankincense (Boswellia species), myrrh (Commiphora species), and juniper (Juniperus species), to clean sacred places, make evil spirits flee, and pay homage to the gods during religious ceremonies. Fumigation was also used for preserving bodies during embalming; it prevented insects from infesting the body and slowed down decomposition. Smoke from healing plants was also used by Egyptians to clean their homes and fight diseases. These practices suggest an early awareness that some substances had antimicrobial properties. The mix of religion and basic science shows how fumigation connected their religious beliefs and simple health practices in ancient Egypt. 
2.4 Chinese civilization 
In ancient Chinese society, fumigation had played a part in medicine and spiritual practices; science and tradition merged into it. In Traditional Chinese Medicine, fumigation was utilized for cleaning the living environment to prevent disease outbreaks. Common herbs used included moxa, which is made from Artemisia argyi, borneol, and various scented kinds of wood, as these were commonly burnt to clean the air. The "Compendium of Materia Medica" by Li Shizhen (1518-1593) is one of the historical texts that document the use of smoke from herbs to expel "evil qi" (negative energy) and harmful pathogens. Fumigation was not only meant for health, but was also a very important feature of religious and cultural events. Incense was used to communicate with their gods and ancestors, which made a sacred space. According to the Chinese, the 'yin and yang' balance in their bodies affects how they employ fumigants to have harmony between people and their environment. Such old practices show how the Chinese used practical knowledge about antimicrobial properties, joined with spiritual beliefs. This created an early base for inclusive health practices that, even today, influence modern health methods. 
2.5 Greek civilization (1200 BCE to 323 BCE)
The Greeks used fragrant herbs, resins, and incense for healing and spiritual reasons[footnoteRef:1]. Doctors like Hippocrates (460 BCE to 370 BCE), called the "Father of Medicine," recommended fumigation to clean the air and stop the spread of diseases, especially during disease outbreaks. Substances such as sulfur, myrrh, and frankincense were burnt to purify spaces; these vaporised aromas were believed to prevent evil spirits and evil miasmas, or noxious air, the cause of illness. Most temples and homes of ancient times were regularly fumigated during religious rituals and maintain health. Fumigation can also be used to protect food and fabrics from pests. This combination of cleaning and spiritual safety demonstrates how ancient Greek fumigation techniques were based on actual experiences and cultural ideas, showing an early awareness of managing health in the environment.  [1: ( Fumigation in ancient Greece played a crucial role in daily life, combining practical and spiritual applications. See MARGARET E KENNA 2005)] 

2.6 Roman civilization (753 BCE to 476 CE)
Fumigation was one of the crucial practices undertaken for health and spiritual reasons among the Romans. The Romans used odoriferous herbs, resins, and woods like frankincense, myrrh, rosemary, and laurel to purify houses, temples, and public areas. They burned certain materials for smoke that could supposedly wash away bad diseases and spirits from the atmosphere. Old texts, including those by Pliny the Elder (23 CE- 79 CE) in Naturalis Historia, show that fumigation was used to get rid of pests and to prevent plagues. The Romans also used fumigation in their religious ceremonies, burning incense to honour their gods, and during funerals to bless the dead. This two-part use of fumigation—mixing health practices with spiritual rituals—shows that the Romans had a deep knowledge of keeping their environment clean and believed in the magical power of smoke. 
2.7 American civilization
Ancient Americans used fumigation as a significant part of their religious, medical, and farming practices. The Maya (c. 2000 BCE – 1697 CE) burned copal resin during ceremonies to clean spaces and help talk to the gods. The Aztecs (c. 1300 CE – 1521 CE) used sweet-smelling substances such as copal (Protium copal, Bursera species) in their rituals and healing; they believed that the smoke would keep away evil spirits and sickness. The Inca (c. 1200 CE – 1533 CE) used smoke from local plants to purify spaces, especially while performing rituals, signifying how careful they were to respect nature. It is both practical and symbolic; many of the plants around them possess antimicrobial properties, so the smoke could easily kill microbes. 
2.8 African civilization
African civilizations in the early era, they used different local plants that had pleasant smells and healing qualities. The Khoisan people (Before 3000 BCE) used Aloe ferox, which is called bitter aloe, because it helps to prevent infections and reduce swelling. This plant was not only used for healing but was also shown in San rock paintings, showing how important it was to their culture. Another important plant is Helichrysum petiolare, which is often called imphepho, an herb that was traditionally burned in ceremonies to respect and remember ancestors, and it was used for both spiritual and healing purposes. The smoke was thought to boost spiritual awareness and had slight mind-altering effects. These practices show a deep understanding of nature, where fumigation connects the physical and spiritual worlds, reflecting a complete approach to health and well-being[footnoteRef:2].  [2: ( The effects of imphepho smoke include mild psychoactive properties. See STEPHANIE ROSE BIRD 2024.] 

2.9 Central Asian Civilization
Fumigation also had its importance in Central Asian traditional medication and cultures, healing, and protection. Space cleansing with odoriferous plants or resins allowed the people of ancient times to rid themselves of diseases from life. Among fragrant herbs, Artemisia herba-alba was commonly burned for its antimicrobial properties; nomadic tribes also burned juniper (Juniperus communis) to cleanse living spaces and repel pests. It has been proved that fumigation was also part of the spiritual rituals of the Silk Road region (2nd century BCE – 14th century CE), where smoke was used for the sanctification of temples and homes. Juniper smoke was also used by nomadic tribes for cleaning their homes and protection from contagious diseases. They combined practical knowledge with spiritual beliefs. This mix of science and tradition shows how well ancient Central Asians understood natural compounds in their fumigation methods.
3. HISTORICAL MATERIALS AND PROCEDURES EMPLOYED IN FUMIGATION
Fumigation is considered an ancient health practice and ritual, along with many natural aromatic and antimicrobial materials. Customarily, communities around the globe rely on the effectiveness of plant or herb-based fumigants, resins, woods, and aromatic substances to cleanse areas, prevent diseases, and even perform spiritual rituals. 
3.1 Herbal and Plant-Based Fumigants
Many plants and herbs have been traditionally burned due to their antimicrobial properties. In Ayurveda, the plants used for environmental cleansing included Azadirachta indica (Neem) and Ocimum sanctum (Tulsi), known for their biologically effective compounds that restrict microbial growth. In ancient Egyptian and Greek traditions, Salvia officinalis and Artemisia vulgaris, commonly known as Mugwort, were used by burning to cleanse and heal the people. On the other side, Native American Indian tribes would use Salvia apiana, which is White Sage, and Juniperus communis; Juniper, in cleansing rituals against negativities and pathogens. 
3.2 Resins, Woods, and Aromatic Substances
For a long time, people have used resins extracted from trees for fumigation purposes. These resins, frankincense (Boswellia sacra) and myrrh (Commiphora myrrha), have been employed by ancient communities of the Middle East and North Africa primarily for their aroma and medicinal properties. Bioactive compounds such as terpenes and sesquiterpenes that exhibit antimicrobial and anti-inflammatory activities are released upon burning. Sandalwood (Santalum album) and agarwood (Aquilaria malaccensis) were also known for being burned in South Asia and other parts of East Asia for religious liturgies and medicinal purposes[footnoteRef:3]. The use of camphor (Cinnamomum camphora) in Hindu rituals highlights its dual role in spiritual purification and its antimicrobial action, supported by its natural monoterpenoid compound known for repelling insects and pathogens.  [3:  The historical use of sandalwood in fumigation and rituals is well documented. See RITCHIE S. A/ C. R. WILLIAMS/ B. L. MONTGOMERY 2006)] 

3.3 Smoke generation tools and techniques
The methods of smoke production were different from culture to culture, but were highly designed to maximise the emission of bioactive compounds. Early periods used earthenware censers, brass burners, and incense sticks. In Indian customs, Dhupa was burning medicinal herbs on charcoal in copper or clay vessels for the purification of the living space. In the Middle East, the burning of frankincense and myrrh was done through an ornamental incense burner. In Native American cultures, the smudging stick was made from bundling dried herbs and would facilitate slow and controlled combustion. African traditions would often burn plant materials over open flames or hot stones, producing heavy, aromatic smoke. These approaches facilitated the release and distribution of bioactive volatile compounds in the environment. Modern research continues to confirm that the combustion of various plant materials is accompanied by the emission of volatile antimicrobial compounds such as phenols, terpenoids, and flavonoids that may suppress airborne microbial loads significantly. As such, traditional methods of fumigation find themselves as proof of a connection between traditional knowledge and modern science. A variety of plant parts have historically been used in fumigation rituals for their antimicrobial potential. The materials used by them, their sources, bioactive compounds, and reported biological activities are summarized in Table 1.
	No.
	Fumigation Agent / Material
	Source / Botanical Name
	Principal Antimicrobial Compounds
	Reported Biological / Microbial Activity
	Key References

	1
	Neem
	Azadirachta indica (Leaves, bark)
	Azadirachtin, Nimbin, Nimbidin
	Broad-spectrum antibacterial and antifungal effects
	Biswas et al., 2002; Subapriya & Nagini, 2005

	2
	Tulsi / Holy Basil
	Ocimum sanctum (Leaves)
	Eugenol, Linalool, Caryophyllene
	Antibacterial, antifungal, antiviral
	Prakash & Gupta, 2005; Mondal et al., 2009

	3
	Frankincense / Olibanum
	Boswellia serrata (Resin)
	Boswellic acids, Terpenes
	Antimicrobial, anti-inflammatory
	Sharma et al., 2020; Singh et al., 2023

	4
	Myrrh
	Commiphora myrrha (Resin)
	Furanoeudesma-1,3-diene, Curzerene
	Antibacterial, antifungal
	Dolara et al., 2000

	5
	Turmeric
	Curcuma longa (Rhizome)
	Curcumin, Turmerone
	Antimicrobial, antioxidant
	Praditya et al., 2019

	6
	Sage
	Salvia officinalis (Leaves)
	Thujone, Camphor, 1,8-Cineole
	Antibacterial, antifungal
	Bozin et al., 2007

	7
	Sandalwood
	Santalum album (Wood, oil)
	Santalol, β-Santalene
	Antimicrobial, aromatic
	Dwivedi & Naik, 2021

	8
	Guggul
	Commiphora wightii (Resin)
	Guggulsterones, Myrrhanol A
	Antibacterial, anti-inflammatory
	Bhatt et al., 2016

	9
	Dhoop (Camphor resin mix)
	Cinnamomum camphora (Resin)
	Camphor, Borneol
	Air disinfectant, insecticidal
	Tripathi et al., 2009

	10
	Juniper
	Juniperus communis (Leaves, berries)
	α-Pinene, Sabinene, Myrcene
	Antimicrobial, insect-repellent
	Pepeljnjak et al., 2005


Table 1:- Traditional fumigation agents, their sources, principal antimicrobial compounds, and supporting references.
4. CULTURAL AND RELIGIOUS SIGNIFICANCE OF FUMIGATION
Fumigation is deeply embedded in the rituals and ceremonies of old cultures around the world, holding both practical and symbolic functions. Ancient Egyptians considered the burning of incense a very important ritual of temple activities in which they would burn frankincense and myrrh resins as offerings to the gods and purifications of sacred space. Similarly, in ancient India, Dhupa or fumigation was performed in Vedic rituals using herbs, resins, and ghee to cleanse the environment and invoke divine presence. In Hindu temples, sandalwood and camphor are often used daily in worship, as it is believed that the smoke purifies the physical and spiritual surroundings. In Native American traditions, burning sage, cedar, and sweetgrass is a ritual to purify human beings as well as the environment by eliminating the presence of bad energies. Even the Catholic Church continues to use incense during religious rituals[footnoteRef:4]; in fact, they represent prayers floating up into the heavens to make the people in the congregation holy. These rituals express a universal understanding of fumigation as a medium to bridge the material and spiritual realms, thereby creating a sense of sanctity and protection.   [4: (The use of incense in Catholic rituals symbolizes purification and spiritual elevation. See YADAV et al., 2020)] 

4.1 Symbolism and Spiritual Beliefs across Cultures
The practice of fumigation across various cultures is highly symbolic. In most cases, the rising smoke symbolizes the rise of prayers and intentions to higher powers, therefore representing a very concrete means of connection between human beings and their deities. In Chinese culture, incense is burned in ancestor worship, representing respect, and communicating with ancestors in guiding spirits toward the offerings. The specific herbs in fumigation rituals within African tribal practices ward off evil spirits and attract good energies. The smoke becomes the means to transform, purify, and renew. Within the Islamic tradition, the use of incense is a tradition for purifying houses and mosques. In so doing, this indicates that homes are clean and inviting, as they supposedly attract angels and blessings. Additionally, most pagan and Wiccan traditions employ fumigation with herbs like rosemary and lavender to ward off, heal, and spiritually awaken. Such cross-cultural symbolism of smoke as a purifier, protector, and spiritual communicator underlines the universal human desire to harmonize with unseen forces and maintain a sacred balance in life.
5. ETHNOBOTANICAL AND MICROBIOLOGICAL PERSPECTIVES
People in the world, especially indigenous communities, have selected plants for fumigation using their deep knowledge of local plants. This is traditional knowledge passed from generation to generation and based on careful observations of nature, trying different methods, and knowing the properties of plants. In ancient India, people burnt Neem, Tulsi, and Turmeric to make their homes cleaner since these plants eliminate microbes and keep insects away. Native American tribes used sage and cedar during rituals to purify their living spaces both spiritually and physically. Studies on plants and their uses show strong evidence of these practices. Studies have indicated that ancient Egyptians utilised aromatic plants such as frankincense (Boswellia spp.) and myrrh (Commiphora spp.) for health and spiritual purposes in their rituals. In Traditional Chinese Medicine, moxibustion is a treatment where moxa (Artemisia argyi) is burned to improve blood flow and fight off sickness. These examples show how indigenous knowledge carefully identifies plants with bioactive compounds. It shows they knew their health benefits long before modern science confirmed it. 
5.1 Microbial Studies Supporting Traditional Use
Recently, studies in microbiology have proven that most traditional fumigants are highly lethal to microbes. For instance, a study published in the Journal of Ethnopharmacology revealed that smoke from medicinal herbs such as Neem and Tulsi dramatically reduced the amount of bacteria in the air. One study reported that burning Mangifera indica wood and Ocimum sanctum leaves reduced airborne microbial counts by up to 94% within one hour, with effects persisting for up to 24 hours[footnoteRef:5]. More research was conducted on other resins, such as frankincense and myrrh, identifying active compounds that are terpenoids and phenolics. These exhibit antibacterial and antifungal properties. Frankincense smoke has been reported to inhibit Staphylococcus aureus and Escherichia coli, common human pathogens. The same research done by the University of California found that burning white sage releases certain substances that could reduce airborne bacteria by up to 94%. These microbiological results give scientific proof to the traditional method of fumigation, which is applied for cleaning and stopping diseases. At the same time, it supports the old practice of linking traditional knowledge with modern science, especially in using plants to make natural antimicrobial solutions. [5: NAUTIYAL C. S/ P. S. CHAUHAN/Y. L. NENE 2007 documented the antimicrobial effects of burning mango and Ocimum sanctum leaves on airborne microorganisms.] 

6. ADVANTAGES AND DISADVANTAGES OF TRADITIONAL FUMIGATION
Effectiveness in stopping diseases and cleaning the environment, traditional fumigation techniques usually involve burning natural things like herbs, resins, and fragrant woods. People have used these techniques for a long time because they can eradicate microbes and clean the air. Scientific research has shown that these methods work well to lower microbial load in closed spaces. A study from the Journal of Ethnopharmacology illustrated that smoke released from medicinal plants, such as neem (Azadirachta indica) and turmeric (Curcuma longa), resulted in a decrease of bacterial and fungal contaminants present in the air[footnoteRef:6]. Frankincense (Boswellia serrata) and myrrh (Commiphora myrrha) have also been established to have marked antimicrobial and anti-inflammatory effects[footnoteRef:7]. Another use of herbal smoke is for fumigation against disease-carrying insects. According to Indian traditional ways of dealing with diseases, neem's dried leaves are often lit, or camphor is burned to keep the mosquitoes at bay, which are associated with diseases such as malaria and dengue. In traditional Japanese societies, the incense used within shosoin, during epidemics, reduced infection spread, making it evident that its air-purifying attribute.  [6: NAGAVENI/M. K/ S. R. SREE/A. RAVIKUMAR 2021 demonstrated the air-purifying effects of medicinal plant smoke in reducing bacterial and fungal contamination.]  [7: VAN VUUREN/ VILJOEN 2007 discussed the antimicrobial and anti-inflammatory effects of frankincense and myrrh.] 

6.1 Possible Risks and Safety Concerns
There are risks inherent in traditional forms of fumigation. Fumes from burnt organic materials form dangerous byproducts such as particles (PM), carbon monoxide (CO), and volatile organic compounds (VOCs). Long-term exposure to these materials causes respiratory problems, especially among vulnerable people. According to a study in Environmental Science & Technology, indoor air pollution caused by biomass burning leads to respiratory infections and COPD. Some fumigants, if burned, emit toxic chemicals. For instance, overexposure to camphor smoke results in dizziness, nausea, and, in extreme cases, neurotoxicity. The allergic factor also poses a threat; incense made from resins like frankincense and myrrh may cause asthma attacks in susceptible individuals. Moreover, using some plant species without adequate knowledge is hazardous. Oleander leaves (Nerium oleander) produce poisonous smoke when they are burned because of the cardiac glycoside content[footnoteRef:8]. Fire hazard is another severe safety concern. In case the fumigation is not monitored or controlled in crowded or under-ventilated places, it may lead to accidental fires. It has even been reported on various occasions that fires have spread in buildings in small temples and homes due to burning incense.  [8: LANGFORD/P. J. BOOR 1996 reported that burning oleander leaves releases toxic cardiac glycosides.] 

7. CONCLUSION
The joining of traditional fumigation practices and modern scientific validation underscores the deep wisdom in place in health practices through centuries of human history. Traditionally, people from different cultures utilized the practice of fumigation utilizing natural products in the purification of settings and prevention of disease transmission. Recent scientific explorations have generated valid empirical evidence for these traditional approaches within the contemporary context. The traditional Ayurvedic fumigation practices have environmental disinfection efficiency[footnoteRef:9]. The researchers used natural plant product extracts, for example, Allium sativum peel from garlic, powder of Curcuma longa from turmeric, Trachyspermum ammi from carom, and loban, which is a resin derived from Styrax benzoin and Boswellia species, to find out their impact on air and surface microbial quality. The reduction in airborne bacterial colony-forming units (CFU) per cubic meter post-fumigation with these agents was found to be highly significant. Further, scanning electron microscopy showed reduced bacterial loads on the surface of the garlic peel fumigated surfaces. This study validates the antimicrobial activity of traditional Ayurvedic fumigation, and hence it can be considered as a means of reducing nosocomial infections.  [9: BHATWALKAR et al., 2019 investigated the effects of Ayurvedic fumigation on air and surface microbial quality using plant-derived extracts.] 

The researchers used herbal discs of Curcuma longa, Acorus calamus, and Embelia ribes, which were burnt to create fumes in a controlled environment. Petri plates exposed to the air before fumigation had aerobic spore-forming bacilli growth, while those exposed after fumigation had no microbial growth. This marked decrease in airborne microorganisms makes these herbal fumigants a good means of maintaining sterile environments, especially in laboratories. These studies collectively show that traditional fumigation practices, based on cultural rituals, have scientifically proven antimicrobial properties. The use of natural plant products for fumigation is a cost-effective, eco-friendly, and sustainable alternative to chemical disinfectants, which is in line with the current global health and environmental priorities. By integrating these traditional methods with modern disinfection strategies, we can enhance public health measures, especially in settings where access to conventional disinfectants is limited. This synthesis of tradition and science not only keeps the cultural heritage but also contributes to the development of effective health practices. Future research should further characterize the volatile summaries and synergistic effects of traditional fumigants (see Table 1) using advanced analytical and microbiological tools. 
8. Future Perspectives
Such traditional fumigation practices have huge potential for modern biotechnological applications, rooted as they were in empirical observations and spiritual beliefs. Herbal smokes and resins from plants like Boswellia serrata, Ocimum sanctum, and Azadirachta indica possess antimicrobial action that can influence the design of new generation eco-friendly disinfectants and air-purification systems. Analysis of herbal fumigation substances using GC–MS, metagenomics, and metabolomics can be used to identify the volatile bioactive compounds responsible for antimicrobial activity. Combining ancient knowledge with the biotechnological approaches of nanoformulation of natural volatiles, controlled-release herbal fumigants, and bioaerosol monitoring could lead to the development of safer, sustainable alternatives to chemical fumigation methods. Further interdisciplinary research that links ethnobotany, microbiology, and green chemistry will be required to validate traditional practices and promote their application in public health, agriculture, and environmental management.
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