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Abstract 

 This comprehensive review ventures beyond the conventional realm of insect 

research, unveiling the untapped potential of insects as catalysts for innovation in medicinal and 

industrial plant applications. Insects have evolved intricate relationships with plants, fostering the 

development of unique biomolecules and adaptations. By exploring these interactions, researchers can 

uncover novel compounds and strategies for drug discovery, crop protection, and sustainable 

production. From the antimicrobial peptides derived from beetle intestines to the vibrant pigments 

extracted from butterfly wings, insects offer a vast, uncharted territory for plant-based solutions. The 

review delves into the realm of entomophagy, where insects are consumed as a source of nutrition, 

and explores their potential in developing sustainable food systems. Furthermore, the article examines 

the role of insects in pollination, pest control, and soil health, highlighting their significance in 

maintaining ecosystem balance. The authors also discuss the challenges and opportunities in 

harnessing insect-plant interactions, including the development of insect-inspired biomimetic 

approaches and the need for conservation efforts to protect insect diversity. By bridging the gap 

between entomology, botany, and biotechnology, this review opens doors to groundbreaking 

advancements in medicine, agriculture, and industry. As the global community seeks sustainable 

solutions to pressing challenges, "Beyond Bugs" illuminates the vast potential of insects in unlocking 

innovative plant applications, inspiring future research and collaboration across disciplines." 
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Introduction 

The technique of entomotherapy, which is also known as the utilization of insects and 

products generated from insects for therapeutic reasons, is one that has been utilized all over the world 

for the treatment of a variety of health ailments[1]. There are natural substances found in insects that 

have a wide range of biological capabilities, such as antibacterial, antifungal, antiviral, anticancer, 

antioxidant, anti-inflammatory, and immunomodulatory properties. These plants can be utilized in a 

variety of ways, including live, cooked, ground, infusions, plasters, salves, ointments, and even more 

application methods[2].Communities all over the world have utilized insects as a means of treating a 

broad range of problems, including but not limited to renal disease, edema, intestinal disorders, 

fortified blood, postpartum haemorrhage, lung diseases, liver and stomach ailments, toothaches, 

rheumatism, and more[3]. Bedbugs are utilized for the treatment of pain and inflammation in the 

fingers and legs that can be the result of nail insertion or other injuries. On the other hand, mud 

extracted from termite nests is utilized for the treatment of inflammation throughout the body[4]. 



 

 

There are a number of health ailments that may be treated with honey, honeybee larvae, and honeybee 

pupae. Some of these conditions include mental anguish, gastrointestinal disorders, stomach 

difficulties, treatment of external wounds, and maggot therapy respectively[5].In the seventeenth 

century, Europeans held the belief that insects have medicinal significance, since they were believed 

to alleviate a variety of health-related difficulties, including epilepsy, earaches, scrapes, rheumatism, 

and malnutrition[6]. Recent study on the anticancer potential of the Chartergellus-CP1 peptide, which 

was discovered in the venom of the Chartergellus communis wasp, was conducted on two distinct 

breast cancer cell lines. The findings of this research were encouraging, as it was able to destroy just 

cancer cells while leaving healthy cells unaffected. The usage of blister beetles as an aphrodisiac was 

widespread throughout Europe; however, current research has demonstrated that they can also 

alleviate the discomfort associated with kidney stones, urinary tract infections, and burns[7].The 

purpose of this study is to provide a more fundamental knowledge of the numerous medical uses of 

insects and the prospective applications of insects in modern medicine. It explores the history, 

impacts, and potential involved with the usage of numerous insect species all over the world, as well 

as the influence that these insects have on human health and the necessity of industrial production in 

order to produce considerable quantities of insect-based therapy[8]. The review provides guidance to 

researchers who are interested in entomotherapy and makes suggestions for possible future avenues 

for the development of insects that may be utilized in medicine[9]. 

As a result of the exponential growth of the world's population, there is a growing demand for 

meat due to the issues that it presents in terms of nutrition. Strategies such as dietary diversification, 

biofortification, supplementation, and commercial food fortification are all effective ways that may be 

utilized in the fight against malnutrition[10]. Every year, thousands of different kinds of insects are 

consumed, the most of which are consumed in poor countries. In addition, there are 2.5 billion people 

throughout the world who rely on insects as a source of additional food. It is anticipated that the 

market of edible insects would be valued more than $3 billion by the year 2030[11]. Despite this, the 

majority of western nations continue to adhere to the taboo of eating insects. Consumption of edible 

insects as snacks or major sources of protein is common in a number of countries across Asia, Africa, 

Europe, and Latin America worldwide[12].Edible insects have the potential to address a variety of 

environmental and health concerns, including climate change, hunger, and environmental degradation 

brought on by the production of agricultural and industrial goods[13]. A heightened awareness of the 

difficulties that are associated with global sustainability has been brought about as a result of the 

expanding population as well as changes in lifestyle, nutritional choice, and income. It is necessary to 

do research across several disciplines on edible species in order to achieve sustainable development 

and commercialization. Additionally, the preparation procedure and medicinal properties of these 

species must be documented[14].It is necessary to gather further information on the many advantages 

involved with the cultivation, marketing, and harvesting of edible insects, despite the fact that edible 

insects have garnered attention for their ability to heal ailments in both animals and humans. The 



 

 

African coconut beetle, the Asiatic rhinoceros beetle, and the African palm weevil are all examples of 

insects that have the ability to attack and destroy economically significant crops. However, due to the 

nutritional characteristics of these insects, a significant number of people in Sub-Saharan Africa 

ingest them[15]. 

Edible insects and their impact on environment 

It is essential to have food security in order to ensure that there is adequate food that is not 

only safe but also healthy and available. At least one billion people are dependent on livestock for 

their means of subsistence, and seventy percent of the 880 million rural poor people who make less 

than one dollar per day in the United States rely on livestock for at least some of their income and 

food security[16,17]. The frequency of undernourishment, on the other hand, has climbed by 1.5% 

points in recent years, which represents a midpoint of around 720 to 811 million individuals who were 

suffering from hunger in the first year of the COVID-19 pandemic[18]. It is necessary to make 

significant dietary adjustments in order to accomplish the aim of global food security. Insects that can 

be consumed are now regarded as major food sources and have the potential to act as an alternate 

source of specific nutrients. 

There are around 5.5 million different species of insects that may be found across the globe, of which 

approximately 1 million have been described[19]. It is estimated that around 2,100 of these species 

are edible. Insects such as beetles, caterpillars, ants, bees, grasshoppers, real bugs, dragonflies, 

termites, and cockroaches are included in this category of edible insects. Lepidoptera (30.93%), 

Orthoptera (22.80%), Coleoptera (19.70%), Heteroptera (9.32%), Blattodea (7.40%), Hymenoptera 

(6.78%), Diptera (1.06%), Dictyoptera (0.85%), Odonata (0.64%), and Ephemenoptera (0.42%) are 

the orders of insects that are most important for the consumption of edible insects in Africa[20].It is 

difficult to assess the nutritional profile of edible insects because of the significant changes that may 

be found across species, countries, the composition of insect feed, the method of growing insects, and 

the developmental stage of insects. All of these factors have the potential to influence the nutritional 

profile[21, 22]. Protein is the most important component of the nutritional makeup of edible insects, 

followed by lipids as the second most important component. Insects belonging to the order Blattodea 

(termites) and Orthoptera (crickets, grasshoppers, and locusts) have a protein content that ranges from 

35.3 to 61.3%, respectively (30). Chitin, which is the primary polysaccharide component of the 

exoskeleton of insects, serves to shield them from the damaging effects of harmful environmental 

conditions[23]. 



 

 
 

Fig 1. Insects found across the globe 

 

In general, liquid insects include a relatively high concentration of copper, iron, magnesium, 

manganese, phosphorous, selenium, and zinc; nevertheless, there is a lack of information on the 

nutritional profile of vitamins and minerals [24]. The potential contribution that insects might make to 

the safety of food and nutrition is extremely important on a global scale. On the other hand, a 

substantial amount of additional information is required for the quantitative nutritional evaluation of 

insects, particularly with regard to vitamins and minerals[25].A number of ailments, including 

stomachaches, respiratory problems, and wound healing, have been treated with edible insects for a 

considerable amount of time in traditional medicine. The majority of the experiments that have been 

conducted to investigate the physiological importance of edible insects have focused on their capacity 

to serve as antioxidants in cell models or in vitro [26]. Only a small amount of study has been 

conducted on the effects of edible insects on platelet aggregation, anti-inflammatory responses, lipid 

regulation, and glucose metabolism. Recent years, on the other hand, have seen an increase in the 

number of studies that investigate the possible health advantages of edible insects from both a 

theoretical and practical perspective[27]. 

Contribution and impact to biodiversity 

Biodiversity is the variety of life that exists within an ecosystem. It includes all of the many 

kinds of plants, animals, and microbes that are able to communicate with one another and provide 

support for one another. Traditionally, the number of species present in an ecosystem was used to 

measure the level of biodiversity, with higher numbers being seen as evidence of greater stability and 

resilience[28]. Nevertheless, biodiversity is not just based on the number of species; it also takes into 

account the specific characteristics that are supplied by different species. In the context of ecosystems, 



 

traits are defined as physical or behavioural features that develop as a result of competitive 

interactions and abiotic environments. These traits contribute to the health and resilience of the 

ecosystem being studied[29].Although species richness is frequently thought to be a straightforward 

description of community structure, this approach fails to take into account the variety and 

significance of behavioural or physical characteristics of species that play a role in the provision of 

ecosystem services[30]. When simply the number of species is taken into consideration, any variation 

in ecological interactions among species and functional variations within species that might rival 

differences between species are ignored. When considering how organisms will adapt to changes in 

the environment, functional diversity is also an important factor to consider. It is vital to take into 

account the interplay of these functions amongst various species[31].Another characteristic that plays 

a significant role in determining biodiversity is size. The size of the body is a significant component 

that plays a role in defining ecological interactions, and natural communities have size-abundance 

connections that are consistent. The size of an individual influences the variety of resources that they 

make use of, and this diversity rises as the individual grows. The research conducted by Volker and 

colleagues indicated that the identification of species and the size of the body are both significant 

factors in determining how changes in community structure affect the operation of natural 

ecosystems[32].When a species becomes extinct in a particular region, the ecosystem loses the 

distinctive characteristics that it possessed, which may have an effect on the provision of essential 

ecosystem services. When trying to determine the level of biodiversity in an ecosystem, it is essential 

to take into account not only the size and function of the organisms, but also the interactions that 

occur between the various species[33].According to estimates, insects are responsible for around 66% 

of all known species and constitute more than three quarters of the world's biodiversity at the present 

time. Insects have achieved a great deal of success in terms of both the richness and number of their 

species. There are a total of 39 orders of insects, with the beetles (Order: Coleoptera) being the most 

diverse group of insects. There are over 1.5 million different species of beetles, which accounts for 

approximately forty percent of all arthropod species that have been described[34]. 

 



 

 

Fig 2. Contribution and impact to biodiversity 

 

 

The Importance of Insects to Ecosystems 

Due to the fact that they occupy a variety of trophic niches and carry out a wide range of 

ecological tasks within their natural habitats, insects play a significant part in the provision of 

ecological functions and ecosystem services. They may be found in significant numbers in all 

terrestrial environments and exhibit a vast range of diversity across species in virtually every element 

of their ecological makeup[35]. There is a tremendous amount of functional relevance associated with 

insects, and the ecological services that they provide are quite important. Furthermore, insects have a 

significant part in the operation of ecosystem processes, making them essential components in a wide 

variety of habitats[36].There is a possibility that insect herbivores will have a significant impact on 

the cycle of ecosystems because they alter the quality, amount, and timing of plant detrital inputs. 

Through the transformation of live plant biomass into frass, greenfall, and throughfall, they play a 

vital role in the drivers of ecosystem processes. They are responsible for a large portion of the above-

ground to below-ground nitrogen and phosphorus fluxes that occur across whole ecosystems[37]. 

More than three fourth of the wild blooming plant species that are found in temperate climates require 

pollination in order to thrive, and around two thirds of all plant species are dependent on insects for 

pollination needs. Flies, bees, and butterflies are the most significant pollinators. Beetles and beetles 

are also essential[38]. 

When the number of main consumers or phytophagous creatures is below a certain threshold, the 

function that predation and parasitism play in limiting the population rise is substantial. Herbivorous 

insects that have the potential to become a nuisance are often controlled by natural predators and 

parasitoids that are found in the insect kingdom[39]. Predators include insects belonging to the orders 

Odonata (dragon flies) and Neuroptera (lacewings and ant lions). On the other hand, a significant 

number of species belonging to the orders Hemiptera (bugs), Coleoptera (beetles), Diptera (flies), and 

Hymenoptera (wasps, bees, and ants) are also predators[40].Decomposition is an essential ecosystem 

activity that is mostly provided by insects, such as species of dung beetles. These insects serve a 

significant role in the preservation of the health of pastures by burying dung and recycling nutrients 

that may be utilized by plants since they recycle nutrients[41]. As a result of their ability to increase 

the amount of nitrogen, phosphorous, potassium, calcium, magnesium, or total proteins in the soil, 

dung beetles contribute to the health of the soil and reduce greenhouse gas emissions by between 7 

and 12 percent[42]. When it comes to raising the amount of mineral nitrogen in the soil, ants and 

termites, which are macrofauna that live in arid and hot climates, play a significant role.Species of 

insects that are not native to an area play an important part in ecosystems by supplying native species 

with habitats and services that are of great value. Providing native species with habitat, food, or 

trophic subsidies, acting as catalysts for the restoration of those species, and functioning as substitutes 



 

for ecosystem engineers that have been extinct are all ways in which they can contribute to the long-

term maintenance of ecosystem resilience.Due to the fact that insects are considered to be rivals in the 

battle for existence, they have been utilized in agriculture for ages[43, 44]. The interaction between 

insects and plants is the most important one, with around fifty percent of insect species being 

herbivorous. 18% of the world's agricultural productivity is harmed by herbivorous insects, which are 

mostly managed via the use of chemical techniques. Insects that are deemed to be a nuisance account 

for fewer than half of the total number of bug species that are known to exist[45].It is critical for 

human life that insects exist because they provide essential ecological services that are necessary for 

agricultural production. Insects are responsible for pollination of around 72 percent of the world's 

crop species, which results in an increase or maintenance of production for approximately 75 percent 

of all crop kinds worldwide[46]. There are hundreds of different types of insects that are called 

pollinators. Some of these insects include solitary bees, bumblebees, flies, beetles, and butterflies. 

Pollination is performed by wild bee species, which are more essential than honeybees, and they 

contribute 9.5% to the overall output of agricultural production[47].The management of pests is an 

unavoidable aspect of agricultural production. Predatory insects play a crucial role in the functioning 

of ecosystems by preventing pest insects from infesting crops that have been planted. Aphids, slugs, 

root-feeding flies, and phytophagous beetles are some of the economically significant agricultural 

pests that ground beetles are able to efficiently reduce population levels of Ground beetles are the 

major generalist predators in arable fields[48]. In addition, insects have a key role in the enhancement 

of agricultural soil. This is because the activity of insects raises the levels of nitrogen, phosphorous, 

potassium, calcium, magnesium, or total proteins in the soil. This, in turn, greatly enhances the yields 

of wheat plants in comparison to the yields of chemical fertilizers[49]. 

 
 

Fig 3. Importance of Insects to Ecosystems 

 

Different insect’s utilization in in medicinal field 

Insects, rats, and other animals that have become a nuisance to people are some of the things 

that are managed or eliminated through the process of pest control. Insects were utilized as a kind of 

medicine in ancient societies, and in the present day, researchers are investigating and attempting to 



 

rediscover a wide variety of natural compounds derived from insects[50]. Insects and items produced 

from insects have been utilized as therapeutic agents in several regions of the world since ancient 

times. Burns may be treated with honey, and a mixture of honey and beeswax is used to treat a variety 

of dermatological conditions, such as psoriasis, tinea, pityriasis versicolor, atopic dermatitis, and 

diaper dermatitis[51]. Patients with rheumatoid arthritis have seen a reduction in the number of 

swollen joints as a result of the usage of royal jelly, which is used to treat postmenopausal symptoms, 

as well as bee and ant venom[52]. The hive sealant known as propolis, which is produced by bees, has 

been used as a treatment for aphthous stomatitis. It has been demonstrated that cantharidin, which is 

derived from the bodies of blister beetles, is effective in treating warts as well as molluscum 

contagiosum. The utilization of insects in conjunction with traditional therapies could result in 

additional benefits[53].Honey venom therapy is one of the honey bee products that is used in 

medicine. It is comprised of peptides like melittin, apamin, and ado lapin, as well as the mast cell 

degranulation peptide, enzymes (phospolipase-A2), and amines like histamine and epinephrine, as 

well as nonpeptide components that have a wide range of pharmaceutical properties[54]. All types of 

cancer cells, including those found in the kidneys, lungs, liver, prostate, mammary glands, and 

leukemia, are susceptible to apoptosis when exposed to bee venom. Bee venom has been shown to 

trigger apoptosis in cancer cells, namely in human leukemic U937 cells [55]. 

 
Fig 4. Different insect’s utilization in in medicinal field 

 

 

 

 



 

 
 

Fig 5. Pollination  

Maggot treatment is a sort of biotherapy that involves the injection of live, disinfected 

maggots (fly larvae) into the no healing skin and soft tissue wound(s) of a human or animal for the 

aim of clearing out the necrotic (dead) tissue that is contained inside a wound. Maggots are flying 

larvae that are able to feed on dead tissue[56]. There is evidence to suggest that maggot treatment may 

assist in the healing process of wounds. The treatment of wounds using maggots is comprised of three 

distinct processes: debridement of wounds, wound healing, and disinfection of wounds[57].There is a 

species of insect known as the fruit fly that is capable of detecting cancer, which is one of the risky 

diseases. Cancer cells have a metabolism that is fundamentally different from that of normal cells. 

This difference in metabolism leads to alterations in the microenvironment of the tumour, lipid 

peroxidation activity, and putative cancer-specific indicators that are found both inside and outside of 

the tumour [58]. Certain species of ants, such as the South American tree ant Pseudomyrmex sp., 

which is more generally referred to as the samsum ant, produce venom that possesses several 

pharmacological benefits. These effects include the reduction of inflammation, the alleviation of pain, 

the suppression of tumour growth, the treatment of hepatitis, and the protection of the liver[59]. It has 

been demonstrated that the medicinal ant known as Polyrachisla melliden, which is utilized in Chinese 

medicine, possesses powerful analgesic and anti-inflammatory properties.Termites are insects that are 

frequently utilized in traditional and popular medicine. There are 45 species of termites belonging to 

four families that are utilized by human civilizations[60]. Asthma, bronchitis, influenza, whooping 

cough, influenza, and nasalitis are only some of the disorders that may be treated with termites. Other 

diseases that can be treated with termites include whooping cough, influenza, and nasalitis. There is a 

possibility that combining insects with conventional therapies will result in additional advantages[61]. 

Insect utilization for nutrition gain and biological indicators 

Population expansion and urbanization have both contributed to an increase in the demand for 

food across the world, particularly supplies of protein derived from animals. Honey is the only food 

that has been consumed by people in Western countries, despite the fact that insects have been 

consumed for a very long time in a number of countries throughout the world. When it comes to 

animal hunting, insects have been seen as a crucial element. They have the potential to be a viable 



 

solution to meet global concerns like as climate change, population expansion, sustainability, and 

growing zoonosis[62]. Because of the high nutritional content of insects and the fact that their 

production is environmentally friendly, there has been an increasing interest in using insects as a 

source of food in recent decades.It is possible that insects might be a beneficial alternative to meat and 

fish in terms of fulfilling the rising demand for food due to the fact that they have a high nutritional 

content and can be produced in a sustainable manner[63]. The conventional production of animal 

feed, which includes fishmeal, soy, and grains, has to be further increased in terms of resource 

efficiency and expanded by making use of alternate sources. More than nine billion humans will 

require food by the year 2030, in addition to the billions of animals that are farmed annually for the 

purpose of providing food, for recreational reasons, and as pets. It is theoretically possible to utilize 

insects as a feed element on a big scale, and it is anticipated that the use of insects as feedstock for 

aquaculture and poultry feed will become more widespread over the next ten years[64]. 

 
Fig 6. Economic importance of insects 

There are a number of microbiological and chemical risks that have been linked to insects, 

and these hazards need to be addressed in accordance with the particulars of the supply chain for 

insects[65]. The generation of naturally occurring poisons by the insects themselves and the 

consumption of pollutants from farming substrates are the two primary channels through which 

chemically dangerous chemicals are introduced into the insect population[66]. The presence of 

mycotoxins, heavy metals, polychlorinated biphenyls (PCBs), dioxins, pesticides, persistent organic 

pollutants, plasticizers, and flame retardants has been the subject of research that has been conducted 

in recent times[67]. In spite of this, the levels of contamination that were discovered for pesticides, 

PCBs, flame retardants, plasticizers, and dioxins were rather low. The concentration values displayed 

were comparable to or lower than those that were detected in meat, fish, and eggs, and they did not 

surpass the legal limits that are now in place for items that are extremely similar[68].When it comes to 

heavy metals, the level of possible bioaccumulation along the food chain from polluted soil, plants, or 

water varies substantially depending on the insect species and the heavy metal that is being 

researched[69]. This was discovered viathe collection of data by research studies that involved a 

variety of insect species. It is essential to keep in mind that the chemical safety of the final product 

can be significantly impacted by the type of insects, the habitat in which they are bred, and the 

modification that occurs throughout the processing and packing stages[70].There is a danger 



 

 

associated with the possibility of allergic responses being generated by the intake of insects, despite 

the fact that there are several benefits associated with utilizing insects as food owing to the fact that 

they contain a number of bioactive substances. Individuals who are allergic to seafood may be at 

danger while ingesting insects due to the possibility of cross-reactivity with the tropomyosin and 

arginine kinase of the insects. Several proteins found in insects have been identified as allergens[71]. 

Despite the fact that insects are not included on the list of allergenic substances in the EU's current 

legislation, rules that authorize the use of some insect-based products as food require manufacturers to 

include labels that contain particular warnings for consumers regarding the potential for allergic 

reactions[72].The authorities in charge of public health should play a significant part in ensuring that 

the commercial production of insects for food and feed is carried out in a hygienic and sustainable 

manner. The process by which they enter the food systems necessitates regulatory risk assessment, 

which enables competent national or international authorities to evaluate the safety of these 

substances and implement particular rules that ensure public health[73]. The producers and the 

consumers need to be provided with clear guidelines, and the experts who are involved in activities 

related to food safety need to be provided with information and expertise. This applies to both the 

commercial and public sectors[74].These specialists in the field of public health, particularly those 

who are involved in the regulation of the food chain, find insects to be an extremely useful source of 

food and feed. Taxonomical distance, variances in upbringing, dimensions, and poikilothermy are 

some of the distinctive qualities that set them apart from goods derived from animals that are typically 

consumed[75]. Public health specialists who are involved in the management of food and feed have 

issues due to the absence of a true slaughtering phase and the potential of relatively simple and small 

facilities controlling production from the farm to the final goods. 

Due to the fact that insects are used as both food and feed, further research efforts are required in 

order to evaluate the possible dangers that might arise from this supply chain and to provide solutions 

for the management of these risks[76]. The dangers posed by probable zoonosis, infections, poisons, 

and heavy metals (via bio-waste streams) should be the primary emphasis of these. In addition, the 

function that insects play in giving bioactive chemicals to human nutrition ought to be a study 

objective due to the fact that they contribute to human nutrition[77].The scientific evaluation of 

environmental and human exposure to natural or manmade pollutants is referred to as biomonitoring. 

This evaluation is based on the sampling and chemical analysis of live organisms within the 

environment. The use of insects as bioindicators for the purpose of evaluating pollution levels in both 

aquatic and terrestrial environments has been demonstrated to be an effective method for determining 

the overall health of ecosystems[78]. Honeybees are an example of insects that are capable of acting 

as active samplers and detectors of environmental pollution. This is because honeybees are able to fly 

up to 10 to 12 kilometres away from their hive, acquire electric charge as a result of friction with the 

air, and trap chemicals that are suspended in the air, including toxins[79].When it comes to honeybees 

and their products, biomonitoring programs that evaluate the presence of pesticides and other 



 

 

dangerous compounds might be of great assistance in gaining a better knowledge of the possible 

hazards that are induced by direct and indirect exposure to certain pollutants[80]. These programs 

could also serve as an early warning system for public health measures. The use of honeybees as a 

natural and cost-effective monitoring system that is able to identify potentially hazardous 

circumstances for public health is an excellent example of the usage of insects as a monitoring 

system[81].As a result of their widespread distribution and the relevance they hold for the 

environment, as well as the fact that they have preserved their signalling pathways, energy 

metabolism, and structural components, insects have also been utilized as model organisms in a 

number of different fields of study within the fields of life science and medicine[82]. There is a 

significant degree of structural and functional homology between the innate immune system of insects 

and the innate immune system of mammals. As a result, insects are good bioindicators for a variety of 

contaminants because of this similarity[83].In addition, insects have been utilized as in vivo 

alternative models for the purpose of analyzing the processes involved in the development of diseases, 

determining the virulence of microorganisms, determining the level of host resistance, and 

determining the effectiveness and toxicity of antibiotics, fungicides, and other biologically active 

chemicals[84]. The term "maggot debridement therapy" (MDT) refers to a treatment that involves the 

administration of cultured sterile maggot larvae in a controlled manner to an infected chronic wound 

that is not healing. This treatment is particularly effective for patients who have poor healing owing to 

a multi-drug resistant bacterial infection, cardiovascular disturbances, or metabolic 

abnormalities[85].Insects are capable of producing a wide range of antimicrobial peptides and 

proteins (AMPs), which are substances that have the ability to work against cancer cells, bacteria, 

fungus, parasites, and viruses[86]. The mechanism of action of these AMPs is one of a kind, and they 

serve as great templates for the creation of novel antimicrobial medications. Additionally, they may 

be added to food and feed as preservatives and additives when they are used. It is necessary to do 

more research in order to examine the structure-activity connections, activity mechanisms, 

bioavailability, and synergistic effects with antibiotics[87, 88, 89]. 

Insect farming and there implication in human health 

For the sake of the insects' continued existence, the production systems for insects need to put 

the health and wellbeing of the insects first. Agricultural insects have the potential to house a wide 

range of bacteria, which can be classified as either non-pathogenic, pathogenic, or harmful to 

vertebrates of the animal kingdom[90]. The introduction of these microorganisms can occur through 

the consumption of contaminated food, the disposal of waste and debris, the dispersion of aerosols, 

the presence of workers or visitors, as well as the entrance of newly fished specimens or undesired 

animal species. Insect health and agricultural productivity can be negatively impacted by hidden 

infection, which can be triggered by stress circumstances or other causes[91].Insect farmers must 

design and maintain a health management strategy in order to prevent disease outbreaks and lower 

yields. This plan must be implemented by continual monitoring of insects in order to recognize 



 

 

indicators of disease and to take prompt action to prevent the spread of infections. In order to design 

recommendations for the prevention and control of illnesses on farms, including surveillance, 

sanitation methods, and effective diagnostic screening protocols, it is vital to have a greater 

understanding of the vulnerability of insects and the biology of pathogens[92].For the purpose of 

defining and operating health management systems in insect farms, controlling live insect markets, 

and preventing the spread of infections, professionals who have knowledge in insect health are 

required[93]. The significance of these operations will grow in tandem with the expansion of the 

number of insect farms and the market share of feed and food. When it comes to monitoring the health 

condition of farms and certifying live insects during commercial exchanges, standardization and the 

availability of diagnostic procedures that are able to identify insect infections are also key 

components[94].When it comes to farmed vertebrates, animal welfare is described in terms of the 

"Five Freedoms," which include freedom from hunger, thirst, discomfort, pain, injury, fear, distress, 

and the ability to express natural behaviour[95]. Within the context of a unified legislative framework, 

the European Commission has set basic criteria for animal welfare in cattle; however, the scope of 

applicability does not include invertebrates. A type of invertebrates known as cephalopods is included 

in the European Union Directive on the protection of animals used for scientific reasons[96]. In the 

future, animal experiments might serve as a starting point for further examination of the welfare needs 

of all invertebrates, including insects. It is possible that the ethical issues of utilizing invertebrates in 

scientific study might extend to other elements of relationships with these species, notably with regard 

to the methods of pest control and intensive insect farming[97]. 

The consumption of edible insects is becoming increasingly significant for people as a novel source of 

food and feed for animals that are raised in intensive systems. Concerns have been raised by agencies 

in charge of veterinary public health over the identification of welfare criteria and recommended 

husbandry techniques[98]. Insects have been shown to have complex reactions, which suggests that 

they should be regarded as "precautionary as sentient beings." Recent research on pain perception, 

cognitive ability, and pessimistic bias has revealed these responses[99]. Because of the significant 

evolutionary distance between species and the heterogeneity that exists between them, there is a lack 

of information about the practical welfare needs of farmed insects. These requirements may be 

different from those for vertebrates[100].For reasons related to trade secrets, prominent insect farmers 

have provided an outline of acceptable agricultural methods for their specific niche markets. These 

practices have not been made available to the general public. By applying the Five Freedoms to insect 

farming, the Finnish Food Safety Authority (Evira) and the International Pesticide Innovation Forum 

(IPIFF) have worked to improve the welfare of insects[101]. These freedoms include taking into 

account the physiological and ethological requirements of individual species, providing an adequate 

environment, preventing injuries and cannibalism, and ensuring a speedy death through the use of 

euthanasia that is both effective and appropriate. In recent times, several techniques of death have 

been documented, including the use of boiling vapour, freezing, mincing, and hot water[102].The 



 

welfare of animals, economic productivity, the safety of food and feed, and public health in the event 

of zoonotic infections are all significant reasons why biosecurity is so important. Within the context 

of an insect farm, prevention encompasses all elements of preventing dangerous agents from entering 

and spreading within the farm as well as insects from fleeing from the farm[103]. Important factors 

that contribute to the long-term viability and health of insect farming include the provision of assured 

feed, water, and raising substrates, as well as the maintenance of an acceptable environment and 

sanitary parameters, as well as cleaning operations, binding access procedures, and quarantine as 

considered necessary[104]. 

At the moment, there are no special biosecurity instructions for insect farming; rather, the 

International Platform of Insects for Food and Feed (IPIFF) has only issued general guidance on 

proper hygiene standards for insect farmers. Other than that, there are no specific instructions for 

insect farming[105]. Public health authorities continue to face difficulties in putting into practice and 

continuously improving biosecurity policies for insects that are raised in an agricultural setting. The 

installation of dedicated management systems should be a prerequisite for a successful biosecurity 

system. These management systems should include excellent breeding techniques, good hygiene 

standards, good farming practices, and effective pest management and pest control programs[106]. 

 
 

Fig 7. Effect of temperature on insect pests  

 

 

Biosecurity measures for this new industry need to be developed as quickly as possible by 

public health authorities. These measures need to be novel, particular, comprehensive, and adaptive 

(that is, regarding insect species and infrastructural capabilities). For the purpose of maintaining the 

raising process, insect farming necessitates a high degree of insect health status, which is determined 

by daily inspections[107]. This need is accompanied by an adequate set of analyses, which includes 

both visual inspection and molecular testing. It is important to determine and achieve the appropriate 

level of biosecurity in an insect farming system based on the purpose for which the insects are 

intended to be used. There is a significant number of allergens that are found in insects, and it is 



 

 

possible for people to be exposed to insect particles in both indoor and outdoor environments during 

the course of their daily lives, both in non-occupational and occupational settings[108]. Having to 

handle edible insects on a daily basis can be a contributing factor in the development of allergies; 

thus, public health authorities should prescribe certain behaviours and insect farmers should follow 

them[109]. 

 

 

Conclusion 

In conclusion, the exploration of insects in medicinal and industrial plant applications reveals 

a wealth of untapped potential that could revolutionize various sectors. Insects, often overlooked, play 

crucial roles in enhancing the medicinal properties of plants. For instance, their interactions with 

plants, such as pollination and the secretion of bioactive compounds, can boost the production of 

essential medicinal metabolites. These metabolites have significant therapeutic potential, ranging 

from anti-inflammatory and antimicrobial to anticancer properties. By understanding and harnessing 

these interactions, we can develop more effective natural remedies and pharmaceuticals. On the 

industrial front, insects contribute to sustainable practices through bioconversion and waste 

management. Insects such as black soldier flies are efficient decomposers, capable of converting 

organic waste into valuable by-products like high-quality protein and bio-fertilizers. This not only 

reduces waste but also provides a sustainable source of animal feed and soil enhancers, aligning with 

circular economy principles. Additionally, insects' ability to degrade and recycle plant materials can 

lead to the development of innovative bioprocessing technologies, further enhancing industrial 

efficiency and reducing environmental impact. The integration of insects into agricultural and 

industrial systems offers multifaceted benefits. It promotes biodiversity, enhances ecosystem 

resilience, and supports sustainable agriculture practices. Furthermore, the study of insect-plant 

interactions can lead to breakthroughs in pest management, reducing reliance on chemical pesticides 

and fostering organic farming practices. Overall, the synergy between insects and plants opens new 

frontiers in both medicinal and industrial applications. By embracing this synergy, we can create a 

future where biological resources are utilized more efficiently and sustainably. This holistic approach 

not only addresses contemporary challenges such as food security and environmental sustainability 

but also paves the way for innovative solutions that harness the full potential of nature’s ingenuity. 
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