
https://agritechpublication.com                              ISSN: 3049-3374            Article ID: ATT20260310009 

 

                                                                             Volume 3, Issue 10 (January, 2026)   17 

Role of Microbes in Insect Nutrition 
Nivedita Choori*1, Varshamrutha D Jepi2 and Shravya Savitri K3  
1,2 Ph.D. Scholar, Department of Entomology, College of Agriculture, UAS, Dharwad-580005, Karnataka, 
India 
3 Ph.D. Scholar, Department of Entomology, College of Agriculture, GKVK, UAS, Bangalore-560065, 
Karnataka, India 
Corresponding Author: niveditachoori03@gmail.com 

Introduction 

Insects represent the most diverse and ecologically 
successful group of animals on Earth, occupying nearly every 
habitat and exploiting an exceptionally wide range of food 
sources. Their diets vary from nutrient-rich resources such as 
nectar and pollen to nutritionally imbalanced, fibrous or 
chemically complex substrates including plant sap, phloem, 
xylem, wood, detritus, keratin and vertebrate blood. Many of 
these substrates lack essential nutrients such as amino acids, 
sterols and vitamins or contain components that are 
extremely difficult to digest or toxic to the insect host. 
Despite these limitations, insects have evolved remarkable 
nutritional adaptations, many of which are made possible 
through intimate symbiotic associations with 
microorganisms. These microbes comprising bacteria, fungi, 
protozoa and yeasts, are reside in various tissues of the insect 
body, including the gut lumen, cuticular surfaces, 
Malpighian tubules and highly specialized organs such as 
bacteriomes and mycetomes. 

Microbial symbionts play indispensable roles in 
supplementing essential nutrients that insects cannot 
synthesize de novo. For instance, obligate endosymbionts in 
sap-feeding insects synthesize essential amino acids and B-
complex vitamins absent in phloem and xylem. Similarly, 
blood-feeding insects rely on microbial partners to 
compensate for vitamin deficiencies inherent in vertebrate 
blood. Beyond nutrient supplementation, microbes 
contribute significantly to digestion by producing cellulases, 
xylanases, pectinases and lignin-degrading enzymes that 
enable insects such as termites and wood-boring beetles to 
utilize lignocellulosic material as a primary food source. 
Detoxification of plant secondary metabolites, such as 
terpenoids, alkaloids, tannins and phenolics. It is another 
crucial microbial service, allowing insects to exploit 
chemically defended plants and expand their ecological 
niches.  

Microbes also enhance nitrogen availability through 
nitrogen fixation and recycling pathways, particularly in 
insects feeding on nitrogen-poor diets like wood or detritus. 
Moreover, microbial symbionts influence insect physiology, 
growth, immunity, reproductive success and behaviour, 
underscoring their importance in host survival and fitness. 
These nutritional symbioses have profound ecological and 

evolutionary implications, shaping host specialization, 
diversification and co-evolutionary trajectories. Given the 
fundamental role of microbes in insect nutrition, research in 
this area has gained significant importance in recent decades. 
Advances in molecular biology, genomics and microbiome 
analysis have unveiled the complexity of these associations, 
offering insights for sustainable pest management, biological 
control enhancement and industrial applications. This 
review synthesizes current knowledge on the nutritional roles 
of microbes in insects and highlights their functional and 
evolutionary significance. 

Types of Microbial Symbionts 

Insects maintain diverse and highly specialized associations 
with microorganisms that contribute significantly to their 
nutrition, development, immunity and ecological success. 
These microbial partners, collectively referred to as 
symbionts, inhabit specific body regions such as the gut, 
hemocoel, cuticle or specialized structures like bacteriomes 
and mycetomes. The main categories of microbial symbionts 
involved in insect nutrition include bacteria, fungi, yeasts 
and protozoa, each performing distinct but often 
complementary functions. The diversity, localization and 
degree of dependence vary across insect taxa, reflecting 
millions of years of co-evolution. 

Bacterial Symbionts 

Bacteria represent the most widespread and 
functionally diverse symbionts in insects. They may be 
classified into obligate endosymbionts, facultative symbionts 
and gut-associated bacteria, each contributing uniquely to 
insect nutrition. 
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1.1 Obligate Endosymbionts 

Obligate or primary symbionts are essential for the 
survival and reproduction of their insect hosts. These 
bacteria are often housed within specialized cells called 
bacteriocytes, which aggregate into organs known as 
bacteriomes. They have undergone extreme genome 
reduction and are transmitted vertically from mother to 
offspring. 

Common examples include: 

• Buchnera aphidicola in aphids 

• Portiera aleyrodidarum in whiteflies 

• Wigglesworthia glossinidia in tsetse flies 

• Carsonella ruddii in psyllids 

These symbionts synthesize essential amino acids, B-
complex vitamins and other nutrients lacking in their host’s 
diet. Their long-term co-evolution with hosts has resulted in 
highly integrated metabolic pathways where insects depend 
heavily on the symbiont’s biosynthetic capability. 

1.2 Facultative Symbionts 

Facultative or secondary symbionts are not essential 
for survival but provide ecological advantages. They may 
contribute to heat tolerance, pathogen resistance, 
reproductive manipulation, and enhanced utilization of 
specific food sources. Examples include Hamiltonella, Serratia, 
Rickettsia, and Wolbachia. In nutritional contexts, some 
facultative bacteria enhance the digestion of plant sap or 
detoxify plant defense chemicals, thereby expanding the 
host’s dietary breadth. 

1.3 Gut Microbiota 

The insect gut harbors a diverse community of 
bacteria that participate in digestion, fermentation and 

nutrient absorption. These microbes break down complex 
carbohydrates such as cellulose, hemicellulose and pectin, 
and produce short-chain fatty acids and vitamins. Common 
gut bacteria include Enterobacter, Lactobacillus, Pseudomonas, 
Bacillus and Acetobacter. Gut microbial composition is 
influenced by diet, life stage, environment and host species. 

Fungal Symbionts 

Fungi play a significant role in the nutrition of 
several insect groups. They may be external partners 
cultivated by insects or internal symbionts residing in the gut 
or specialized structures. 

2.1 Gut-Associated Fungi 

Insects such as termites, beetles and some 
lepidopteran larvae host fungi that produce enzymes capable 
of degrading lignocellulosic materials. These enzymes include 
cellulases, xylanases, ligninases and pectinases, enabling 
insects to utilize wood and plant debris. 

2.2 External Fungal Cultivars 

Certain insects, such as ambrosia beetles and 
fungus-growing termites, cultivate fungi on plant material. 
These fungi pre-digest the substrate, concentrating essential 
nutrients such as sterols and nitrogen, which are consumed 
by the insect. 

2.3 Mycangial Fungi 

Bark beetles transport fungi in specialized structures 
called mycangia. These fungi metabolize host tree tissues and 
supply sterols required for beetle development. Examples 
include Grosmannia and Ophiostoma species. 

Protozoan Symbionts 

Protozoa are especially important in lower termites 
and wood roaches. They reside in the hindgut, where they 
degrade wood components through the production of potent 
cellulolytic enzymes. 

3.1 Flagellate Protozoa: Flagellates such as Trichonympha, 
Pseudotrichonympha, and Holomastigotes are key 
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contributors to cellulose digestion. They phagocytose wood 
particles and break them down into fermentable sugars. 

3.2 Interaction with Bacteria 

Protozoa often harbor bacterial symbionts within 
their cytoplasm, forming multi-layered symbiotic networks. 
These bacteria complement the protozoan metabolism, 
enabling nitrogen fixation and further breakdown of 
lignocellulose. 

Yeast Symbionts 

Yeasts constitute an important but often overlooked 
group of symbionts in insects. They are found in the gut, 
digestive glands, or specialized structures called mycetangia. 

4.1 Nutrient Supplementation 

Yeasts supply sterols, vitamins (especially B-group), 
and fatty acids essential for growth and metamorphosis. 
Sterols are crucial because insects cannot synthesize them de 
novo. 

4.2 Fermentation and Food Processing 

Fruit-feeding insects like Drosophila rely on yeasts to 
ferment sugars, making the substrate more palatable and 
nutritionally enriched. 

4.3 Detoxification 

Some yeasts help degrade alcohols and plant toxins 
encountered in fermenting fruits or decaying plant material. 

Nutritional Role of Microbes in Insects  

Microbial symbionts are central to the nutritional 
biology of insects, enabling them to exploit diverse and often 
nutrient-deficient diets. Many insects feed on substrates such 
as plant sap, wood, detritus, keratin, or vertebrate blood, 
resources that lack essential nutrients or contain complex 
polymers difficult to digest. Microbial partners compensate 
for these limitations by supplying vital nutrients, enhancing 
digestive processes, and improving metabolic efficiency. A 
key role of microbial symbionts is the production of essential 
nutrients that insects cannot synthesize. Sap-feeders such as 
aphids and whiteflies depend on bacterial endosymbionts 
like Buchnera and Portiera to synthesize essential amino acids 
and vitamins absent in phloem sap. Blood-feeding insects rely 
on microbes like Wigglesworthia for B-vitamins, while termites 
and cockroaches obtain sterols and vitamins from gut 
protozoa and bacteria. 

Microbes also facilitate digestion of complex 
structural polymers. Wood-feeding insects depend on gut-
associated bacteria, fungi, and protozoa that secrete 
cellulases, xylanases, and lignin-degrading enzymes, enabling 
them to utilize lignocellulosic materials. These microbial 

enzymes allow termites, beetles, and various detritivores to 
extract energy from otherwise indigestible substrates. 
Another vital function is nitrogen fixation and recycling. 
Insects feeding on nitrogen-poor diets benefit from 
symbionts capable of fixing atmospheric nitrogen or 
converting uric acid into usable nitrogenous compounds. 
This process supports protein synthesis and improves 
nutrient balance. 

Microbes also assist in the detoxification of plant 
secondary metabolites. Herbivorous insects frequently 
encounter defensive chemicals such as terpenoids, phenolics, 
and alkaloids. Gut microbes metabolize these compounds, 
reducing toxicity and enabling insects to feed on chemically 
defended plants. Additionally, microbial fermentation 
produces short-chain fatty acids that contribute significantly 
to host energy metabolism, particularly in termites and ants. 
Overall, microbial symbionts greatly enhance the nutritional 
capabilities of insects, shaping their ecological roles, dietary 
specialization, and evolutionary success. 

Conclusion 

Microbial symbionts play a fundamental and 
irreplaceable role in insect nutrition, enabling insects to 
utilize a wide range of nutrient-poor, chemically defended, or 
structurally complex food sources. By providing essential 
nutrients, facilitating digestion of lignocellulosic materials, 
fixing atmospheric nitrogen, and detoxifying harmful plant 
secondary metabolites, these microbes significantly enhance 
the metabolic capabilities and ecological adaptability of their 
insect hosts. Such nutritional support allows insects—
including sap-feeders, wood-borers, detritivores, and blood-
feeders—to thrive in habitats where independent survival 
would be impossible. Advances in molecular tools and 
microbiome research have highlighted the complexity of 
these partnerships, revealing co-evolved interactions that 
deeply influence insect physiology, behavior, and 
evolutionary trajectories. Beyond basic biology, 
understanding the nutritional roles of symbiotic microbes 
holds significant applied value. It offers opportunities for 
developing symbiont-targeted pest management strategies, 
improving insect mass-rearing systems, strengthening 
pollinator health, and harnessing microbial enzymes for 
industrial and environmental applications. Overall, 
microbial symbioses are central to insect success and 
represent a powerful frontier for future scientific exploration. 
Continued research will not only expand our understanding 
of insect nutrition but also contribute to sustainable 
agriculture, biodiversity conservation, and biotechnological 
innovation. 

* * * * * * * * *   
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