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Abstract

Silkworms' Gut are home to various microorganismes, including viruses, fungi, and bacteria. Bacteria are the most prevalent and
varied group, with more than 100 species known to exist. These bacteria are members of several phyla, such as Firmicutes,
Actinobacteria, Proteobacteria, and Bacteroidetes. A wide variety of beneficial bacteria are found in the gut of silkkworms. Probi-
otics mainly influence some aspects of the immune system and gut health by interacting with the complex community of intesti-
nal bacteria known as the gut microbiota. Certain bacteria produce essential vitamins, amino acids, and other nutrients, while
others help break down dietary fibres. Silkworms are an invaluable model organism for gut microbiota research due to their
significance in ecology and economy. The present review discusses the diversity and functions of bacteria in silkworm digestive
tracts and explores potential applications of these microbes in other sectors of the economy. The findings of this study have
highlighted the importance and potential of silkworm gut microbiota, as well as the prospective applications of these microbes in
the future to enhance silkworm health and resistance to illness. Thus, comprehending the relationships between silkworms and
the bacteria in their stomachs may offer fresh perspectives on the biology of these significant insects and open the door to the
creation of innovative methods for increasing silk production.

Keywords: Lactobacillus, Probiotics, Sericulture, Silkworm

INTRODUCTION

An agro-based sector crucial to the transformation of
the rural economy in India is sericulture. The states of
the Northeast have a climate that is ideal for sericulture
and a wealth of vegetation. Sericulture is achieving
popularity in the Northeastern Indian states, especially
in Assam, Manipur, and Nagaland. A significant primary
-producing insect species that is raised and used com-
mercially around the world to support the sericulture

sector is the silkworm. The global sericulture business
has improved people's social and economic conditions
by stimulating the textile sector, which has played a
major role in declining unemployment in emerging na-
tions (Ssemugenze et al., 2021). The silkworm holds
significant value in the sericulture industry since they
yield precious silk fibres that are utilized in manufactur-
ing fabrics, medicinal gadgets, and several other prod-
ucts. These holometabolous insects undergo the entire
metamorphosis cycle, encompassing the egg, larva,
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pupae, and adult stages. The importance of the silk-
worm gut microbiota in maintaining the health and
productivity of these insects has led to an increase in
interest in this area recently.

The gut bacteria of silkworms have a major role in the
digestion and absorption of nutrients, the host's defenc-
es against infections, and the regulation of host immuni-
ty. Furthermore, these microbes may be used in a vari-
ety of fields, such as biotechnology, medicine, and agri-
culture. Insects are among the oldest species on Earth
and represent the most diverse collection of organisms.
Since then, these insects have been connected to vari-
ous microbes (Ali et al., 2023). By generating vital sub-
stances like vitamins, breaking down and metabolizing
food, absorbing nutrients, detoxifying toxins, manufac-
turing pheromones, and boosting immunity, the resident
microbial flora in insects helps the host (Zhao et al.,
2022).This insect-microbe relationship, in part, sheds
light on a range of secondary metabolites and other
beneficial chemicals and enzymes that may be extract-
ed from these microbes and utilized for several rea-
sons, either by humans or by the insect itself (Baretto et
al., 2021). The development of insects has been aided
by their symbiotic relationships with helpful microorgan-
isms, which improve diets deficient in nutrients, aid in
the digestion of food components that are acid reflux,
provide protection from pathogens, parasites, and pred-
ators, and facilitate communications between and within
species. (Govindarajulu et al., 2020).

The gut bacteria are important metabolic resources
because they improve the digestion and absorption
processes in the insect gut, enhance the digestion and
absorption of complex plant metabolites, and supple-
ment nutrients and digestive enzymes to increase the
survival of insects (Khyade et al., 2013; Das et al.,
2024). According to Arasakumar et al. (2023), insects
like silkworms rely on gut bacteria for various benefits,
including nutrient digestion, defence against pathogens,
and growth enhancement. Certain microorganisms in
the silkworm gut produce digestive enzymes, aiding in
nutrient absorption. Studies have shown that supple-
menting silkworm diets with nutrients like cyanobacteria
can improve larval growth and cocoon quality. The
composition of gut microflora in silkworms includes both
gram-positive (such as Bacillus spp. and Enterococcus
spp.) and gram-negative bacteria (like Escherichia coli
and Klebsiella pneumonia). Gut bacteria's functional
roles in lepidopteran insects are only partially under-
stood (Zhang et al., 2022). Understanding the nutrition-
al impact of gut bacteria in insects can help control
pests and improve commercial insect rearing. Despite a
wealth of information regarding the biology of silk-
worms, not much research has been done on their gut
microbiome. As these microorganisms play crucial roles
in silkworms' overall health and development, influenc-
ing economic traits like cocoon quality and yield, we will

examine the present understanding of silkworm gut
bacteria in this review, as well as their roles, im-
portance, and potential uses in the future (Gandotra et
al., 2018; MsangoSoko et al., 2021; Liang et al., 2018
and Liu et al., 2018).

METHODOLOGIES FOR UNDERSTANDING THE
DIVERSITY OF GUT BACTERIA

Understanding the microbial communities within silk-
worms is crucial for their development and ability to
produce silk, as demonstrated by the studies on their
gut microbiota. The approaches are as follows:

Culture-dependent methods

Isolation and Culturing: This isolates bacteria from a gut
sample and grows them in a lab setting on certain me-
dia. Morphology, biochemical as well as functional
characteristics can be ascertained from the cultured
bacteria (Prashanthi and Kuntamalla, 2020)
Biochemical Assays: The functional roles of cultured
bacteria in the gut ecosystem can be ascertained by
testing them for particular enzymatic activity, such as
lipase, cellulase, amylase, and protease, among others
(Zhu et al., 2022).

Culture-independent methods

Metagenomic sequencing: Examination of the complete
microbial community, including non-cultivable bacteria,
is possible through direct DNA analysis from the silk-
worm intestines (Yuan et al., 2023)

Meta-transcriptomic sequencing: This method exam-
ines the RNA transcripts of the gut microbiota and of-
fers information on the metabolic processes and active
roles of these microorganisms in identifying the meta-
bolic pathways and active genes in a given situation. It
sheds light on the functional activities of microbial com-
munities and the expression of genes (Zhu et al.,
2022).

16S rRNA gene sequencing: This technique provides
information on microbial diversity by identifying and
categorizing bacteria based on the 16S ribosomal RNA
gene (Paoli et al., 2022)

By identifying both cultivable and non-cultivable bacte-
ria, these methods provide a more comprehensive un-
derstanding of the makeup and function of the gut mi-
crobiota. For example, investigations by Li et al. (2020)
and Yeruva et al. (2020) explored gut bacterial diversity
and identified putative probiotic strains using 16S rRNA
gene sequencing and metagenomic sequencing, re-
spectively.

Functional assays

Enzyme assays: To evaluate the functional potential of
the microbiota, particular enzyme activities can be di-
rectly measured from gut samples in addition to bio-
chemical assays. (Scardaci et al., 2021)
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Metabolomics: This method entails identifying and
measuring the metabolites that intestinal bacteria cre-
ate to provide light on their metabolic processes and
interactions with the host. Gong and Yang (2012).

Combined approaches

A more thorough understanding of the dynamics of the
gut microbiota can be obtained by combining culture-
dependent and culture-independent techniques. Chen
et al. (2020) used a combination of 16S rRNA gene
sequencing and cultured gut bacteria to examine the
role of gut microbiota in host insect resistance to pesti-
cides. Similarly, by combining the two approaches,
MsangoSoko et al. (2020) enhanced the examination of
the gut microbiota of silkworms and discovered a di-
verse range of culturable and non-culturable bacteria.
By utilizing these techniques, researchers can promote
sustainable sericulture methods and thoroughly under-
stand gut microbiota's diversity, functional capacities,
and functions in host physiology, health, and iliness by
using these techniques alone or in combination (Li et
al., 2022).

How do probiotics work to their advantageous
effects?

According to Priyadharshini et al., 2021 probiotics pri-
marily affect several facets of gut health and immune
function by interacting with the intricate ecology of mi-
croorganisms found in the gut, also referred to as the
gut microbiota (Priyadharshini et al., 2021). One im-
portant way that the native (autochthonous) gut bacte-
ria maintain their presence and provide niche protection
against newly ingested microorganisms, including path-
ogens, is through the advantageous use of intestinal
microflora, also known as "colonization resistance" or
the "barrier effect" (Lewis et al., 2015; Pérez-Cobas et
al., 2015). Different advantageous effects of probiotics
are mentioned in Fig. 1.

Real-world applications of gut bacteria in
silkworms

According to Mwchahary et al. (2023), it is intriguing to
observe the symbiotic relationship between intestinal
bacteria and silkworms, which has many consequences
for the general development and health of the silk-
worms. Fig. 2 represents some important real-world
applications of gut microbiota in silkworms.

FUTURE POTENTIAL OF GUT BACTERIA IN
SILKWORMS

Enhancing the general well-being and output of silk-
worms through manipulating gut microbes like Lactoba-
cillus spp. and Bacillus subtilis will improve the quality
and amount of silk produced. Creating therapeutic mol-

ecules like cytokines and enzymes from gut bacteria to
generate antimicrobial chemicals that can work as nat-
ural antibiotics and cure a range of ilinesses investigat-
ing host-microbe interactions in silkworms to learn
more about immunity, metabolism, digestion, and be-
haviour, all of which will help design novel probiotics
and prebiotics. breaking down complex polysaccha-
rides in food plant leaves into simpler nutrients by us-
ing gut bacteria, particularly cellulose-degrading spe-
cies, to improve digestion and lessen environmental
pollution. Establishing the relationship between the
gu t microbiota of silkworms could help better under-
stand the biology of these intriguing insects and pave t
he way towards advancing novel silk-producing techn
igues  (Mwchahary et al, 2023). The gut
flo ra is a useful barrier to heavy metal uptake and in-
fluences heavy metal bioavailability and toxicity (Ding
et al., 2019; Richardson et al., 2018). Overexpo-
sure to heavy metals has seriously harmed the biologic

al system and the silkkworm’s gut micro
biota's regular activities. However, the
resis tant microbes that aid in detoxifica-

tion will be strengthened by the gut microbiota, lowerin
g the toxicity of heavy metals (Chen et al., 2023).

TECHNIQUES FOR IDENTIFYING THE DIFFERENT
KINDS OF GUT FLORA AND THEIR FUNCTIONS
The gut microbiome of silkworms, which are essential
to the textile industry, is necessary for their develop-
ment, well-being, and ability to produce silk (Unban et
al., 2022). The gut microbiota of lepidopteran larvae
has been studied using a variety of techniques; howev-
er, because of their difficult gut environment, which
includes things like an alkaline pH, digestive enzymes,
and unstable habitats, the larvae usually contain fewer
or no microorganisms. Despite these difficulties, some
intestinal microorganisms such as silkworms are es-
sential to the physiology of lepidopterans (Zhang et al.,
2022). Thus, the intestines of silkworms, like those of
other lepidopterans, are home to a complex variety of
symbiotic microbes.

Microbial community inhabiting the digestive sys-
tem of the silkworm feeding on mulberry leaves
Bombyx mori, a domesticated silk moth belonging to
the Lepidoptera family Bombycidae, holds significant
agricultural and economic importance (Zhou et al.,
2020). Xia et al. (2004) characterized B. mori as
"economically significant" for its pivotal role in silk pro-
duction. This species serves as a valuable model or-
ganism in life sciences due to its short reproductive
cycle, abundant genetic resources, well-mapped genet-
ic makeup, and a substantial number of genes homolo-
gous to other silkworm species, making it conducive for
diverse life science investigations (Meng et al., 2017).
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Restoring and Preserving Gut Microbial Equilibrinm:
Gut microbiota affect digestion, immunity, metabolism, and
nutrient absorption. Health risks may result from microbial

imbalances. Adding heneficial bacteria to the stomach
enhances ils ecosysiem,

Tmproving Digestive Function:

Digestive enzymes produced by probiotics improve digestion and
nutricnt absorption. By reducing diarrhea, gas, and bloating,
probiotics are beneficial, Mucous membranes and eplithelium (hat
line the gut are strengthened by probiotics.

How probiotics work to their

Boosting Immune Response:

Probiotics boost the body's immune response by interacting with
immune cells in the gut-associated lymphoid tissue (GAL'L).
Changing cytokine production alters immune function and
reduces inflammation in the gut.

advantageous effects

Producing Metaboliles That Are Benelicial to Health:
Short-chain fatty acids (SCI'As) are produced by probiotics
and have several health benefits. The gut barrier is maintained
by SCFAs, which also have anti-inflammatory properties.

Pathogen Competition:
By competing with dangerous bacterla in the gut, problotics
prevent pathogens from invading and spreading. Bacteriocins,
which inhibit bacteria growth directly, are also produced.

Changing Brain-Gut Communication: ‘The gut-brain axis
influences mood, behavior, and cognitive function,
according lo a recenl study. Probiolics may allect
neurotransmitter production and neuro inflammation in the
brain,

Fig. 1. Advantageous effects of probiotics (Li et al., 2024; Pachiappan et al., 2021; Suraporn et al., 2015).

Microbial community residing in the gut of
non-mulberry silkworm

Muga silkworm (Antheraea assamensis Helfer): The
unique golden silk known as "Muga silk" is produced by
the Muga silkworm, Antheraea assamensis Helfer,
which is mostly grown in Northeastern India (Chetia et
al.,, 2017). They feed on primary plants like Som
(Persea bombycina) and Soalu (Litsea polyantha), sec-
ondary, plants include dighloti (Litsea salcifolia) and
mejankari (Litsea citrata) and tertiary host plants, like
Cinnamomum obtusifolium (Kumar et al.,2022). Using
16S rRNA sequencing and culture-dependent methods,
Gandotra et al. (2018) investigated the diversity of bac-
teria in the muga silkworm's intestine. Their research
identified numerous bacteria, including Bacillus spe-
cies, Serratia marcescens, Stenotrophomonas malto-
philia, Pseudomonas stutzeri, Acinetobacter species,
and Alcaligenes species. Of these, the most common
genus was Bacillus, accounting for 54% of all the bac-
teria in the intestine of the Muga silkworm. Other com-
mon genera were Serratia (24%), Pseudomonas
(10%), and Alcaligenes (6%) (Tan and Bautista, 2022).
Eri Silkworm (Philosamia ricini): The polyvoltine Eri
silkworm, which is well-known for making eri silk, some-
times referred to as ahimsa silk, is mostly cultivated in

Northeastern India, specifically in the states of Assam,
Nagaland, and Meghalaya, as well as in some areas of
China and Japan. Castor (Ricinus communis) plants
are its main source of nutrition (Attathom, 2004). Msan-
goSoko et al. (2020) examined the bacterial populations
in the eri silkworms' guts. By using culture-dependent
16S rRNA gene sequencing, they identified 60 aerobic
culturable bacteria, of which 54% were Firmicutes and
46% were Proteobacteria. They also discovered 12
culturable facultative anaerobes, of which 92% were
Proteobacteria and 8% were Firmicutes. A diversified
community of culturable and unculturable gut bacteria
was also discovered by metagenomic analysis, with
Proteobacteria (60%) and Firmicutes (20%) emerging
as the two most common phyla, comprising seven or-
ders (Lugli et al., 2023).

Tasar silkworm

Tropical tasar silkworm: The tropical tasar silkworm,
scientifically known as Antheraea mylitta Drury, is a wild
variety of silkworm that is polyphagous, meaning it
feeds on a variety of plants. Its diet includes primary
food sources like Terminalia tomentosa, T. arjuna,
Shorea robusta, and numerous secondary food plants.
Research by Barsagade (2017) indicates that the gut
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Digestion and Absorption of Nutrients
A silkworm's enzymes cannot break down complex
polysaccharides, lipids, or proteins in the leaves of food plants

Real-world applications of gut
bacteria in silkworms

~ adding particular bacteria or probiotic strains to the rearing

> digestion can aid in developing an optimal silkworm diet.

they consume. It is gut bacteria that break down complex
maolecules into simpler ones, which helps silkworms absorb
nuirients.

Host Defense Against Pathogens and Immunological
Response:

Gut bacteria support silkworm immunity by generating
antimicrobial compounds. A host's defense against pathogenic
infections is aided by their production of antiviral factors and
antimicrobial peptides (AMPs). In addition, they compete with

dangerous bacteria [or resources and colonization sites in the gut.

Metabolic control:

The gut bacteria produce metabolites and signaling molecules
that affect the host's metabolism. Silkworms benefit from vital
vitamins like B vitamins. Furthermore, they produce metabolites
like L-tryptophan and lactate, which promote growth and
development and influence host physiology.

Improved Feed Digestibility:
Gut bacteria can improve silkworm feed digestibility. By

environment, silkworms’ ability 1o digest food is improved.
Silkworm growth rates could improve, silk production could
increase, and health could improve.

Dict Optimization for Silkworms:
A better understanding of the role gut bacteria play in nutrient

Optimizing bacteria that break down proteins or cellulose can
increase the nutritional value of silkworm feed.

Biological Control of Pathogens:
Some gul bacteria produce antimicrobial compounds that

Fig. 2. Real-world applications of gut bacteria in
Bandyopadhyay et al., 2019)

microbial community of this silkworm predominantly
comprises bacteria belonging to the Proteobacteria
phylum. Among the identified bacterial species in the
gut are Pseudomonas, Erwinia, Enterococcus, Staphy-
lococcus, Bacillus cereus, Lactobacillus, and Micrococ-
cus. Moreover, Rajan et al. (2020) conducted a study
using culture-dependent analyses and found that Fir-
micutes are abundant in the gut of the tasar silkworm.
They identified several prevalent bacterial genera, in-
cluding Turicibacter, Ruminococcus, Rhodococcus,
Prevotella, Delftia, Acinetobacter, Desulfomicrobium,
Sphingomonas, Faecalibacterium, Staphylococcus,
Ralstonia, Bacillus, Azospirillum, Candidatus, and Ko-
curia.

Oak tasar silkworm: The Indian oak tasar silkworm,
also known as Antheraea proylei Jolly, is a cultivated
silkworm species primarily found in Northeast India,
notably in Manipur (Devi et al., 2021). Pimenta et al.
(2005) have identified a previously unknown species of
ascogenous yeast from the genus Geotrichum. This

inhibit the growth of harmful bacteria and fungi. This may
allow silkworm populations to be managed without using
chemical control agents. Sustainable agriculture reduces
antibiotic resistance with this strategy.

Sustainable Silk Production:

By manipulating gut bacteria, silkworms can digest and
absorb nutrients more efficiently. Improved feed efficiency
and waste minimization can reduce sericulture’s
environmental impact.

silkworms (Mwchahary et al., 2023; Baddeley et al., 2021;

novel yeast species was discovered within the digestive
system of the oak tasar silkworm and has been formally
named Geotrichum silvicola sp. Nov (Pal et al., 2020).

The composition of microbial populations in the gut of
silkworms is influenced by various factors such as diet,
developmental stage, and gender. Differences in gut
microbiota have been observed between silkworms fed
on mulberry leaves versus artificial diets, impacting
nutrient metabolism and immune response. For in-
stance, certain bacteria like Advenella, more prevalent
in mulberry-fed silkworms, play a role in detoxifying
harmful compounds in plants (Li et al., 2022). Addition-
ally, silkworm gut microbes produce enzymes essential
for digestion, such as cellulases, amylases, and prote-
ases, with specific bacteria like Bacillus species being
particularly effective. Probiotics, like Streptomyces
noursei and Lactobacillus spp., are used to manage
diseases in silkworms by enhancing immunity, inhibit-
ing pathogens, and promoting beneficial gut microflora.
Studies have shown that specific bacteria, including
Enterococcus and Lactobacillus, contribute to silkworm
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immunity and disease resistance (Unban et al., 2022).
Moreover, the silkworm's immune system responds to
bacterial, fungal, and viral infections through pathways
like IMD, Toll, JAK/STAT, and JNK/STAT, inducing the
expression of antimicrobial peptides and enzymes. In
summary, the gut microbiota of silkworms plays crucial
roles in digestion, immunity, and disease management.
Understanding these interactions can lead to develop-
ing probiotics and other strategies to improve silkworm
health and production (Arasakumar et al., 2023).

APPLICATIONS OF THE MICROBIOTA FOUND
INSIDE SILKWORM GUT

Biotechnological applications

Silkworm stomach microbiota can be used for biotech-
nological purposes, such as controlling agricultural
pests, preventing diseases, and improving insect well-
being. Additionally, derived molecules or compounds
can be used to create biomolecules with various appli-
cations. However, recent research has mainly focused
on investigating the gut microbiota of healthy insects,
with little research on bioactive substances found in
insects' gut microflora. Less research has been done
on the guts of lepidopteran insects, with enzymes es-
sential to the industry being primarily identified from
beetles and termites. (Baretto et al., 2021). Further-
more, it is possible to manipulate the gut microbiota of
silkworms to generate key metabolites, cytokines, and
other therapeutic compounds that can be utilized to
treat a variety of illnesses (Mwchahary et al., 2023).
Wood-feeding animals and symbiotic microorganisms
successfully digest lignocellulose-rich biomass, making
the gut a perfect model for advanced lignocellulose-
degrading biorefinery. The gut's physicochemical prop-
erties and structure can guide process design and pro-

vide genetic resources (Ozbayram et al., 2020).

Utilization in bioremediation and detoxification

The silkworm intestine is home to symbiotic gut micro-
organisms that can aid in detoxification and bioremedi-
ation, particularly in breaking down toxic substances
and pesticides. Silkworms, being phytophagous in-
sects, experience oxidative stress due to phenolic sub-
stances in their diet. Their gut microbiota produces en-
zymes that break down polysaccharides in mulberry
leaves, a silkworm food source. However, the use of
pesticides can lead to insect resistance, affecting agri-
culture. The gut microbiota of silkworms can also be
used for fluorine detoxification, as fluoride-resistant
breeds have different microbial communities (Barretto
et al., 2018). Heavy metals interact with the gut micro-
biome, causing growth retardation and altering its struc-
ture. The gut microbiome detoxifies heavy metals by
altering physiological conditions and enzymes. Heavy
metal-induced dysbiosis leads to diseases by advance-
ments in developing recombinant probiotic strains, pro-
biotics are used to address this issue (Arun et al.,
2021). Silkworms, lacking an acquired immune system,
produce antimicrobial peptides (AMPs) as part of their
innate immune response, attracting interest as potential
medicinal agents amid antibiotic resistance (Miyashita
etal., 2015).

Applications on the well-being of silkworms

The probiotic potential bacterial species such as Bacil-
lus subtilis, Lactobacillus spp., Enterococcus hirae, and
Bacillus sp. can be used as probiotic to enhance and
provide overall health status silkworms, which is direct-
ly related to economic traits of the silkworms. The gut
bacteria in silkworms can be manipulated to improve
the quality and quantity of silk production. The probiotic

Table 1. An overview of the microbial species found in Bombyx mori’s gut

Microbial Species Location Reference

Bacillus subtilis,

Streptomyces noursei, Gut Subramanian et al. (2010)

Pseudomonas fluorescens

Enterobacteriaceae Gut Thangamalar et al. (2009)

Various non-pathogenic microorganisms Gut Prem Anand et al. (2010)

Cellulolytic bacteria Midgut Khyade and Marathe (2013)

Delftia, Pelomonas, Ralstonia, Staphylococcus, Qut dyrlng viral Sun et al. (2016)

Enterococcus infection

Bagterla (Prot'eobacterla, Firmicutes, Actinobac- Gut Chen et al. (2018)

teria, Bacteroidetes)

Bacillus species Gut Li et al. (2015)

Fungi (Ascomycota and Basidiomycota) Gut Chen et al. (2018)

Blastobotrys bombycis sp. Nov. Gut Barretto et al. (2018); Barretto & Vootla (2018)
Cryptococcus rajasthanensis Gut Barretto et al. (2018); Barretto & Vootla (2020)
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Table 2. List of Gut bacterial species' functional role in the physiology of the Mulberry silkworm host

Silkworm gut bacteria

Host organism

Functions

References

Proteus vulgaris, Klebsiella pneumoni-
ae, Citrobacter freundii, Pseudomonas
fluorescens, Erwinia sp., Aeromonas
sp., Serratia liquefaciens

Enterococcus casseliflavus

Staphylococcus gallinarum

Enterococcus sp. and staphylococcus
sp.

Lactobacillus and Bacillus

Bacillus aryabhattai and Bacillus sp.

Streptomyces noursei

Enterobacter aerogenes, pneumoniae
ssp. Pneumonia, Yersinia enterocolitica

Enterococcus mundtii

Bacillus megaterium

Enterococcus faecalis

Bacillus pumilus

Bacillus sp., Brevibacterium sp.,
Corynebacterium sp., Staphylococcus
sp., Klebsiella sp., and Stenotrophomo-
nas sp.

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori L.

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Bombyx mori

Digestive enzymes produc-
tion

Growth and development
by producing L-Tryptophan

Defence mechanism

Immune response against
infection.

Improvement of economic
parameters

Cellulolytic activity

Antimicrobial activity and
disease management

Growth and development,
host defence, insecticide
degradation and antago-
nism to entomopathogens.

Metabolism (Lactic acid
and metabolites produc-
tion) of host

Liquefaction of starch

Protection against infection

Digestive and defence
against antiviral factors
BmNPV

Digestive activity by pro-
ducing lipase enzyme

Prem Anand et al. (2010)

Liang et al. (2022)

Gibson et al. (2010)

Sun et al. (2016)

Yeruva et al. (2020)

Pandiarajan et al. (2020)

Subramanian et al.
(2010);
Mohanraj et al. (2014)

Ramesh et al. (2010)

Liang et al. (2018)

Prasanna et al. (2014)
Zhang et al. (2022)

Liu et al. (2018)

Feng et al. (2011)

Table 3. List of gut bacterial species' functional role in the physiology of the Muga silkworm host

Silkworm gut bacteria

Host organism

Functions

References

Bacillus spp, S. marcescens, S. maltophil-
ia, P. stutzeri, Acinetobacter sp. and Alcal-

Bacillus pumilus

Bacillus sp. Escherichia coli, Proteus sp

Pseudomonas aeruginosa,Achromobacter

xylosoxidans, Staphylococcuc aureus

Digestive (cellulolytic,

Antheraea assamensis

Antheraea assamensis

Helfer

amylolytic, and lipolyt-

Disease resistance.

Antheraea assamensi

Helfer

Antheraea assamensi

Helfer

Digestion process

activity

Have antimicrobial

Gandotra et al.
(2018)

Cellulase activity, and

Bhuyan et al. (2018)

Bhuyan et al. (2014)

Haloi et al. (2016);
Menetrey et al.
(2021)
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Table 4. List of Gut bacterial species' functional role in the physiology of the Eri silkworm host

Silkworm gut bacteria

Host organism

Functions References

Enterococcus hirae Samia ricini

Acinetobacter sp., Enterobacter sp. Bacillus,
spp., Citrobacter sp., Enterobacter sp.,
Pseudomonas spp.

Samia ricini

Acinobacter sp., Pseudomonas sp., Lysino-
bacillus contaminans, klebsiella pneumonia,
Bacillus pumilus, Bacillus sp., Paenibacillus
sp., Staphylococcus sp., Brachybacteriumr

hamnosum, Pantoea sp.

Bacillus spp., Citrobacter sp., Enterobacter
sp., Pseudomonas spp

Samia ricini

Samia ricini

Bacillus sp. and pseudomonas sp. Samia ricini

Tannin tolerance and

production of cellulolytic Unban et al. (2022)

enzymes
MsangoSoko et al.
o N (2022)
Digestion and nutrition MsangoSoko et al.
(2020)

Lignocellulose degrada-

tion Gogoi et al. (2023)

. . MsangoSoko et al.
Digestive process

(2020)
Digestion and nutrition by MsangoSoko et al.
producing cellulase (2021)

potential bacterial species such as Bacillus subtilis,
Lactobacillus sp., Enterococcus hirae, and Bacillus sp.
can be used as probiotic to enhance and provide over-
all health status silkworm, which is directly related to
economic traits of the silkworms. The gut bacteria in
silkworms can be manipulated to improve the quality and
quantity of silk production (Mwchahary et al., 2023).

Manufacture of enzymes vital for industrial
applications

Microorganisms present in the silkworm gut are in-
volved in the different enzyme production for digestion.
They secrete the cellulose, starch, protein, pectin, xy-
lan, lipids and fatty acids degrading enzymes
(Arasakumar et al., 2023). Enzymes like amylases,
cellulases, pectinases, and laccases are essential in
various sectors like medicines, food, bioremediation,
fuel, detergents, paper, and textiles. Microbial en-

zymes, particularly those from insects' gut microbiota,
are crucial for breaking down lignocellulosic materials,
which are the main building block of plant cell walls.
Bacillus megaterium and B. mori's intestines produce
amylase, which is most active at 40°C and pH 8.0. The
gut microflora of B. mori larvae produces various en-
zymes, including pectinase, xylanase, cellulase, and
starch. Bacillus sp., Proteus sp., and E. coli have been
found to produce enzymes, with B. pumilus MGB05
showing antibacterial characteristics against E. coli and
P. aeruginosa. (Vermelho et al., 2013; Prasanna et al.,
2014; Prem Anand et al., 2010). According to Gandotra
et al. (2018), there are a lot of bacterial isolates in the
stomach of the Muga silkworm, A. assamensis, and
they have a lot more lipase, cellulase, and amylase
activity.Bacillus pumilus MGB05 was isolated by
Bhuyan et al. (2018) from the gut larvae of A. assamen-
sis. The isolate exhibited antibacterial characteristics

Table 5. List of Gut bacterial species' functional role in the physiology of the Tasar silkworm host

Silkworm gut bacteria Host organism

Functions References

Bacillus toyonensis and Bacillus Antheraea proylei J.

thuringiensis

Turicibacter spp. Antheraea mylitta
Bacillus  pacificus,Bacillus  my- Antheraea proylei
coides,Bacillus  mycoides,Bacillus

toyonensis,

Bacillus thuringiensis

Bacillus aryabhattai,Bacillus zan-
thoxyli,Bacillus

megaterium, Bacillus flexus and
Bacillus simplex

Pseudomo-
nas,Erwinia,Enterococcus, Staphylo
coccus,Bacillus cere-
us,Lactobacillus and Micrococcus

Antheraea proylei

Antheraea mylitta

Promoting healthy health Devi et al. (2022)

Lactate production
Promoting healthy health

Rajan et al. (2020)
Devi et al. (2022)

Found in diseased condition,
toxicity-ameliorating and
have growth-promoting abili-
ties

Have antimicrobials activity

Devi et al. (2022);
Pishchik et al. (2021)

Singh et al. (2021);
Rajan et al. (2020);
Amaning et al. (2022)

1438



Borah, P. et al. / J. Appl. & Nat. Sci. 16(4), 1431 - 1443 (2024)

Table 6. Differences in silkworms raised on fresh mulberry leaves compared to those raised on artificial diets (Dong et

al., 2018)

Sl Silkworms Raised on Fresh Mulberry
Aspect

No. Leaves

Silkworms Raised on Artificial Diet

1.

Gut Microbiota Compo-
sition
Functional Predictions

Dominated by Cyanobacteria, Firmicutes,
and Proteobacteria

Dominated by Firmicutes or Proteobac-
teria

Varied functional predictions

Altered immune response; susceptibility
to infections and environmental stress-
es

Altered nutrient metabolism; significant

2. of Intestinal Bacteria Stable functional predictions
Enhanced immunity with specific bacteria
3. Immune Response abundance (e.g., Enterococcus, Lactoba-
cillus)
Efficient digestion aided by specific bacte-
4. Nutrient Metabolism ria (e.g., Bacillus circulans, Proteus vulgar-
is, E. coli, Citrobacter freundii)
5 Co-evolution of Micro- Stable microbiota composition observed

organisms

differences in lipase-producing bacteria
abundance

The shift in microbiota composition re-

sembles that seen in other animals fed
artificial diets

across different silkworm strains

against E. coli and P. aeruginosa, as well as cellulase
and B-glucosidase activities.

Production of vitamins and ethanol

The benefits of vitamin supplied by insect gut bacteria
for insect growth and health are becoming more widely
recognized. The discovery of vitamin B12 in silkworms
by Sridhara and Bhat (1966) was ascribed to intestinal
microbes (Serrato-Salas and Gendrim, 2023). Human-
beneficial B-group vitamins like folate, riboflavin, and
vitamin B12 are produced by lactic acid bacteria from
the intestines of silkworms, notably those from the ge-
nus Lactobacillus sp. (LeBlanc et al., 2011). Actinomy-
cetes that produced vitamin B12 were found in the in-
testinal lumen of silkworm larvae (Unban et al., 2022).
These actinomycetes improved the synthesis of pro-
teins and nucleic acids in the silk gland. In terms of
producing ethanol, enzymatic processes that employ
microbes to transform lignocellulosic waste from mul-
berries into bioethanol present a viable, environmental-
ly beneficial substitute for fossil fuels. According to a
study, the gut microbiome of B. mori (race
CSR2xCSR4, Bivoltine hybrid) included the yeast spe-
cies Blastobotrys bombycis sp. Nov., which can pro-
duce ethanol. As the second most prevalent sugar in
lignocellulosic biomass, 5% D-xylose may be ferment-
ed by this yeast strain to produce 1.5 g/L of ethanol
(Barretto et al., 2018).

Conclusion

Much research has looked into the variables influencing
the economic feasibility of silkworms and the amount of
silk they produce to improve sericulture industrial sus-
tainability. The gut microbiome is one such element
affecting silkworm immunity, disease resistance, and
nutritional absorption. The microbiome's main job in the
silkworm's digestive system is to facilitate the process-

es of absorption and digestion. It generates the en-
zymes needed to break down starch, cellulose, Xylan,
and pectin. The digestive juices' pH levels impact these
enzymes' efficiency, allowing them to optimize their
activity accordingly. These helpful bacteria mainly cre-
ate enzymes that facilitate plant digestion and antimi-
crobial peptides that strengthen the host's defences
against infections. Moreover, the host's immune sys-
tem's response to a range of infectious illnesses is reg-
ulated by the gut microbiota of the silkworm. It produc-
es antimicrobial peptides in response to certain infec-
tions and triggers immunological signalling pathways.
High throughput 16S rRNA gene amplicon sequencing
is one example of an advanced genetic sequencing
approach that provides information about the digestive
tract microbiomes of various local silkworm strains by
revealing details about their bacterial populations. It is
hypothesized that along the course of evolution, silk-
worms and the microbes in their stomachs have forged
an advantageous alliance that makes life and reproduc-
tion easier. This is analogous to the wider acknowl-
edgement of microorganisms' symbiotic roles in diverse
settings, referred to as the "microbiome," which impacts
immunity and lifestyle. Though much is known about
the biology and physiology of silkworms, less is known
about their gut microbiome. Thus, the silkworm gut mi-
crobiota presents tremendous potential because of its
ease of use, cost, and ethical ease of rearing.

Conflict of interest
The authors declare that they have no conflict of
interest.

REFERENCES

1. Ali, S, Khan, S. A,, Hamayun, M. & Lee, I. J. (2023). The
recent advances in the utility of microbial lipases: A re-
view. Microorganisms, 11(2), 510. DOI:10.3390/
microorganisms11020510

1439


http://dx.doi.org/10.3390/microorganisms11020510
http://dx.doi.org/10.3390/microorganisms11020510

Borah, P. et al. / J. Appl. & Nat. Sci.

16(4), 1431 - 1443 (2024)

10.

1.

12.

13.

14.

15.

Amaning Danquah, C., Minkah, P. A. B., Osei Duah Jun-
ior, ., Amankwah, K. B. & Somuah, S. O. (2022). Antimi-
crobial compounds from microorganisms. Antibiotics, 11
(3), 285 https://doi.org/10.3390/antibiotics11030285
Arasakumar, E & Vasanth, V & S., Vijay & Ganesan,
Swathiga. (2023). Role of microorganisms in the gut of
silkworms. The Pharma Innovation. 12. 2691-2696.

Arun, K. B., Madhavan, A., Sindhu, R., Emmanual, S.,
Binod, P., Pugazhendhi, A. & Pandey, A. (2021). Probiotics
and gut microbiome Prospects and challenges in remedi-
ating heavy metal toxicity. Journal of Hazardous Materi-
als, 420, 126676. DOI: 10.1016/j.jhazmat.2021.126676
Attathom, T. (2004). Eri Silkworm, Philosamia ricini
(Lepidoptera: Saturniidae). Encyclopedia of entomology,
800-802.

Baddeley, H. J. & Isalan, M. (2021). The application of
CRISPR/Cas systems for antiviral therapy. Frontiers in
Genome Editing, 3, 745559. DOI: 10.3389/
fgeed.2021.745559

Bandyopadhyay, A., Chowdhury, S. K., Dey, S., Moses, J.
C. & Mandal, B. B. (2019). Silk: a promising biomaterial
opening new vistas towards affordable healthcare solu-
tions. Journal of the Indian Institute of Science, 99(3), 445
-487.d0i:10.1007/s41745-019-00114-y

Barretto, D. A. & Vootla, S. K. (2018). Gc-Ms Analysis of
bioactive compounds and antimicrobial activity of Crypto-
coccus rajasthanensis Ky627764 isolated from Bombyx
mori gut microflora. International Journal of Advanced
Research, 6(3), 525-538. DOI:10.21474/1IJAR01/6700
Barretto, D. A. & Vootla, S. K. (2018). In vitro anticancer
activity of Staphyloxanthin pigment extracted from Staphy-
lococcus gallinarum KX912244, a gut microbe of Bombyx
mori. Indian journal of microbiology, 58(2), 146-158.
DOI:10.1007/s12088-018-0718-0

Barretto, D. A., Gadwala, M. & Vootla, S. K. (2021). The
silkworm gut microbiota: A potential source for biotechno-
logical applications. In Methods in Microbiology (Vol. 49,
pp. 1-26). Academic Press. DOI:10.1016/
bs.mim.2021.04.001

Barsagade, D. D. (2017). Tropical tasar sericulture. Indus-
trial entomology, 291-319. DOI:10.1007/978-981-10-3304-
9_10

Bhuyan, P. M., Gogoi, D. K., Neog, K. & Subramanian, S.
(2014). Isolation and characterization of gut-bacteria of
Muga silkworm (Antheraea assamensis Helfer) collected
from different localities of Assam. Sericologia, 54(1), 28-
35. doi: 10.1111/imb.12495

Bhuyan, P. M., Sandilya, S. P., Nath, P. K., Gandotra, S.,
Subramanian, S., Kardong, D. & Gogoi, D. K. (2018). Op-
timization and characterization of extracellular cellulase
produced by Bacillus pumilus MGBO05 isolated from mid-
gut of muga silkworm (Antheraea assamensis
Helfer). Journal of Asia-Pacific Entomology, 21(4), 1171-
1181. https://doi.org/10.1016/j.aspen.2018.08.004

Chen, B., Du, K., Sun, C., Vimalanathan, A., Liang, X., Li,
Y. & Shao, Y. (2018). Gut bacterial and fungal communi-
ties of the domesticated silkworm (Bombyx mori) and wild
mulberry-feeding relatives. The ISME journal, 12(9), 2252-
2262. doi: 10.1038/s41396-018-0174-1.

Chen, B., Zhang, N., Xie, S., Zhang, X., He, J., Muham-
mad, A. & Shao, Y. (2020). Gut bacteria of the silkworm
Bombyx mori facilitate host resistance against the toxic

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

insecticides. Environment
doi: 10.1016/

effects of organophosphate
International, 143, 105886.
j-envint.2020.105886.

Chen, Y., Liu, G., Ali, M. R., Zhang, M., Zhou, G., Sun, Q.
& Shirin, J. (2023). Regulation of gut bacteria in silkworm
(Bombyx mori) after exposure to endogenous cadmium-
polluted mulberry leaves. Ecotoxicology and Environmen-
tal Safety, 256, 114853. DOI: 10.1016/
j-ecoenv.2023.114853

Chetia, H., Kabiraj, D., Singh, D., Mosahari, P. V., Das, S.,
Sharma, P. & Bora, U. (2017). De novo transcriptome of
the muga silkworm, Antheraea assamensis
(Helfer). Gene, 611, 54-65. doi: 10.1016/
j-gene.2017.02.021.

Das, P., Borah, P., Bordoloi, R., Pegu, A., Dutta, R. &
Baruah, C. (2024). Probiotic bacteria as a healthy alterna-
tive for fish and biological control agents in aquacul-
ture. Journal of Applied and Natural Science, 16(2), 674-
689. DOI:10.31018/jans. v16i2.5543

Devi, B S., Chutia, M. & Bhattacharyya, N. (2021). Food
plant diversity, distribution, and nutritional aspects of the
endemic golden silk producing silkworm,Antheraea as-
samensis— a review. Wiley, 169(3), 237-248. https://
doi.org/10.1111/eea.13021

Devi, Y. R., Lourembam, D. S., Modak, R., Shantibala, T.,
Subharani, S. & Rajashekar, Y. (2022). Comparison of
Gut Microbiota between Midgut of Healthy and Tiger Band
Disease Infected Oak Tasar Silkworm, Antheraea proylei
J. Entomology and Applied Science Letters, 9(3-2022), 1-
11. DOI:10.51847/FbSE88zKEz

Ding, R. X., Goh, W. R., Wu, R. N., Yue, X. Q., Luo, X.,
Khine, W. W. T. & Lee, Y. K. (2019). Revisit gut microbio-
ta and its impact on human health and disease. Journal
of food and drug analysis, 27(3), 623-
631. DOI: 10.1016/j.jfda.2018.12.012

Dong, H. L., Zhang, S. X., Chen, Z. H., Tao, H., Li, X.,
Qiu, J. F. & Xu, S. Q. (2018). Differences in gut microbiota
between silkworms (Bombyx mori) reared on fresh mul-
berry (Morus alba var. multicaulis) leaves or an artificial
diet. RSC advances, 8(46), 26188-26200. doi: 10.1039/
c8ra04627a.

Feng, W., Wang, X. Q., Zhou, W., Liu, G. Y. & Wan, Y. J.
(2011). Isolation and characterization of lipase-producing
bacteria in the intestine of the silkworm, Bombyx mori,
reared on different forage. Journal of Insect Science, 11
(1), 135. DOI: 10.1673/031.011.13501

Gandotra, S., Kumar, A., Naga, K., Bhuyan, P. M., Gogoi,
D. K., Sharma, K. & Subramanian, S. (2018). Bacterial
community structure and diversity in the gut of the muga
silkworm, Antheraea assamensis (Lepidoptera: Saturni-
idae), from India. Insect molecular biology, 27(5), 603-
619. DOI:10.1111/imb.12495

Gibson, C. M. & Hunter, M. S. (2010). Extraordinarily
widespread and fantastically complex: comparative biolo-
gy of endosymbiotic bacterial and fungal mutualists of
insects. Ecology letters, 13(2), 223-234.DOI:10.1111/
j-1461-0248.2009.01416.x.

Gogoi, P., Boruah, J. L. H., Yadav, A., Debnath, R. &
Saikia, R. (2023). Comparative seasonal analysis of Eri
silkworm (Samia ricini Donovan) gut composition: implica-
tions for lignocellulose degradation. Environmental Sci-
ence and Pollution Research, 30(50), 109198-109213.

1440


https://doi.org/10.3390/antibiotics11030285
https://doi.org/10.1016/j.jhazmat.2021.126676
https://doi.org/10.3389/fgeed.2021.745559
https://doi.org/10.3389/fgeed.2021.745559
https://doi.org/10.21474/IJAR01%2F6700
https://doi.org/10.1007/s12088-018-0718-0
https://doi.org/10.1016/bs.mim.2021.04.001
https://doi.org/10.1016/bs.mim.2021.04.001
http://dx.doi.org/10.1007/978-981-10-3304-9_10
https://doi.org/10.1016/j.aspen.2018.08.004
https://doi.org/10.1016/j.ecoenv.2023.114853
https://doi.org/10.1016/j.ecoenv.2023.114853
http://dx.doi.org/10.31018/jans.v16i2.5543
https://doi.org/10.1111/eea.13021
https://doi.org/10.1111/eea.13021
http://dx.doi.org/10.51847/FbSE88zKEz
https://doi.org/10.1016/j.jfda.2018.12.012
https://doi.org/10.1673/031.011.13501
http://dx.doi.org/10.1111/imb.12495

Borah, P. et al. / J. Appl. & Nat. Sci. 16(4), 1431 - 1443 (2024)

27.

28.

20.

30.

31.

32.

33.

34.

35.

36.

37.

38.

doi: 10.1007/s11356-023-29893-9.

Gong, J. & Yang, C. (2012). Advances in the methods for
studying gut microbiota and their relevance to the re-
search of dietary fiber functions. Food Research Interna-
tional, 48(2), 916-929. https://doi.org/10.1016/
j-foodres.2011.12.027

Govindarajulu, S N., Varier, K M., Jayamurali, D., Liu,
W., Juan, C., Manoharan, N., Li, Y. & Gajendran, B.
(2020). Insect gut microbiome and its applications. Else-
vier BV, 379-395. https://doi.org/10.1016/b978-0-12-
821265-3.00016-5

Haloi, K., Kalita, M. K., Nath, R. & Devi, D. (2016). Char-
acterization and pathogenicity assessment of gut-
associated microbes of muga silkworm Antheraea as-
samensis Helfer (Lepidoptera: Saturniidae). Journal of
invertebrate  pathology, 138, 73-85. doi: 10.1016/
j-iip.2016.06.006.

Khyade, V. B. & Marathe, R. J. (2013). Withdrawn: Diver-
sity of bacterial flora in the mid gut of fifth instar larvae of
silk worm Bombyx mori (L)(race: PM X CSR2). Journal of
Insect Science, 13(1). https://doi.org/10.1673/03
1.013.16301

Kumar, V. I. K. R. A. M., Singh, A. B. H. I. S. H. E. K,
Indirakumar, K., Majumdar, M. & Guha, L. O. P. A. M. U.
D. R. A. (2022). Effect of different host plants on rearing
and grainage activity on muga silkworm (Antheraea as-
samensis). International Journal of Agriculture Scienc-
es, 14(8), 11559-11562.

LeBlanc, J. G., Laifo, J. E., Del Valle, M. J., Vannini, V.
V., van Sinderen, D., Taranto, M. P. & Sesma, F. (2011).
B[IGroup vitamin production by lactic acid bacteria—
current knowledge and potential applications. Journal of
applied microbiology, 111(6), 1297-1309. doi: 10.1111/
j-1365-2672.2011.05157 .x.

Lewis, B. B., Buffie, C. G., Carter, R. A., Leiner, I., Tous-
saint, N. C., Miller, L. C. & Pamer, E. G. (2015). Loss of
microbiota-mediated colonization resistance to Clostridium
difficile infection with oral vancomycin compared with met-
ronidazole. The Journal of infectious diseases, 212(10),
1656-1665. doi: 10.1093/infdis/jiv256

Li S, Zhang J, Liu L, Su J, Song Y, Xu Y. (2020). The
composition of gut microbiota in two strains of silkworms
with different susceptibilities to bacterial diseases. BMC
Microbiol, 20(1):1-12.

Li, C., Xu, S., Xiang, C., Xu, S., Zhou, Q. & Zhang, J.
(2022). The gut microbiota of silkworm are altered by anti-
biotic exposure. FEBS Open bio, 12(12), 2203-2212. doi:
10.1002/2211-5463.13502.

Li, G., Xiao, Y., Leng, J., Lou, Q. & Zhao, T. (2024). Bene-
ficial efficacy and mode of action of probiotic Bacillus sub-
tilis SWL- 19 on the silkworm (Bombyx mori
L.). Symbiosis, 1-11.

Liang, X., He, J., Zhang, N., Muhammad, A., Lu, X. &
Shao, Y. (2022). Probiotic potentials of the silkworm gut
symbiont Enterococcus casseliflavus ECB140, a promis-
ing L-tryptophan producer living inside the host. Journal of
Applied Microbiology, 133(3), 1620-1635. DOI: 10.1111/
jam.15675

Liang, X., Sun, C., Chen, B., Du, K., Yu, T., Luang-In, V. &
Shao, Y. (2018). Insect symbionts as valuable grist for the
biotechnological mill: an alkaliphilic silkworm gut bacte-
rium for efficient lactic acid production. Applied Microbiolo-

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

gy and Biotechnology, 102, 4951-4962. doi: 10.1007/
s00253-018-8953-1.

Liu, R., Wang, W., Liu, X., Lu, Y., Xiang, T., Zhou, W. &
Wan, Y. (2018). Characterization of a lipase from the silk-
worm intestinal bacterium Bacillus pumilus with antiviral
activity against Bombyx mori (Lepidoptera: Bombycidae)
nucleopolyhedrovirus in vitro. Journal of Insect Sci-
ence, 18(6), 3. doi: 10.1093/jisesaliey111.

Lugli, G. A., Mancabelli, L., Milani, C., Fontana, F., Tarrac-
chini, C., Alessandri, G. & Ventura, M. (2023). Compre-
hensive insights from composition to functional microbe-
based biodiversity of the infant human gut microbiota. npj
Biofilms and Microbiomes, 9(1), 25. doi: 10.1038/s41522-
023-00392-6.

Menetrey, Q., Sorlin, P., Jumas-Bilak, E., Chiron, R,
Dupont, C. & Marchandin, H. (2021). Achromobacter xy-
losoxidans and Stenotrophomonas maltophilia: emerging
pathogens well-armed for life in the cystic fibrosis patients’
lung. Genes, 12(5), 610. doi: 10.3390/genes12050610.
Meng, L., Li, H., Bao, M. & Sun, P. (2017). Metabolic path-
way for a new strain Pseudomonas synxantha LSH-7"
from chemotaxis to uptake of n-hexadecane. Scientific
reports, 7(1), 39068. doi: 10.1038/srep39068.

Miyashita, A., Takahashi, S., Ishii, K., Sekimizu, K. & Kai-
to, C. (2015). Primed immune responses triggered by
ingested bacteria lead to systemic infection tolerance in
silkworms. PLoS One, 10(6), e0130486. doi: 10.1371/
journal.pone.0130486.

Mohanraj, P. & Subramanian, S. (2014). Antibacterial
activity of gut flora isolates from mulberry silkworm
Bombyx mori. International Journal of Environmental Sci-
ence, 1, 267-270.

MsangoSoko, K., Bhattacharya, R., Ramakrishnan, B.,
Sharma, K. & Subramanian, S. (2021). Cellulolytic activity
of gut bacteria isolated from the eri silkworm larvae, Sa-
mia ricini,(Lepidoptera: Saturniidae). International Journal
of Tropical Insect Science, 41, 2785-2794. https://
doi.org/10.1007/s42690-021-00459-x

MsangoSoko, K., Chandel, R., Gandotra, S., Yadav, K.,
Gambhir, S. & Subramanian, K. S. S. (2020). Diversity of
microbial groups associated with the gut of the eri silk-
worm, Samia ricini, (Lepidoptera: Saturniidae) and white
grub, Anomala dimidiata,(Coleoptera: Scarabaeidae) lar-
vae as revealed by phospholipid fatty acids. J. Entomol.
Zool. Stud, 8(2), 1679-1683.

MsangoSoko, K., Gandotra, S., Bhattacharya, R., Rama-
krishnan, B., Sharma, K. & Subramanian, S. (2022).
Screening and characterization of lipase producing bacte-
ria isolated from the gut of a lepidopteran larvae, Samia
ricini. Journal of Asia-Pacific Entomology, 25(1), 101856.
https://doi.org/10.1016/j.aspen.2021.101856

Mwchahary, H. & Brahma, D. (2023) Microbial partner-
ships in sericulture: A review on the gut bacteria of silk-
worms. https://www.researchgate.net/publication/37
1968664_

Ozbayram, E. G., Kleinsteuber, S. & Nikolausz, M. (2020).
Biotechnological utilization of animal gut microbiota for
valoriz of lignocellulosic biomass. Applied Microbiology
and Biotechnology, 104(2), 489-508. doi: 10.1007/s00253-
019-10239-w.

Pachiappan, P. & Alagesan, S. G. T. (2021). Impact of
probiotics on enzymatic activity and economic traits of

1441


https://doi.org/10.1016/j.foodres.2011.12.027
https://doi.org/10.1016/j.foodres.2011.12.027
https://doi.org/10.1673/031.013.16301
https://doi.org/10.1673/031.013.16301
https://doi.org/10.1111/jam.15675
https://doi.org/10.1111/jam.15675
https://doi.org/10.1016/j.aspen.2021.101856

Borah, P. et al. / J. Appl. & Nat. Sci.

16(4), 1431 - 1443 (2024)

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

double hybrid silkworm, Bombyx mori L.Pharm. In-
nov, 10, 1022-1026.

Pal, S. (2020). YEAST IN SOUTHWEST MONSOON
RAINWATER., 3(3), 4-8. https://doi.org/10.36547/
t.2020.3.3.4-8 DOI:10.36547/ft.2020.3.3.4-8
Pandiarajan, J. & Revathy, K. (2020). Cellulolytic potential
of gut bacterial biomass in silkworm Bombyx mori.
L. Ecological Genetics and Genomics, 14, 100045.
https://doi.org/10.1016/j.egg.2019.100045

Paoli, L., Ruscheweyh, H. J., Forneris, C. C., Hubrich, F.,
Kautsar, S., Bhushan, A. & Sunagawa, S. (2022). Biosyn-
thetic potential of the global ocean microbi-
ome. Nature, 607(7917), 111-118. doi: 10.1038/s41586-
022-04862-3.

Pérez-Cobas, A. E., Moya, A., Gosalbes, M. J. & Latorre,
A. (2015). Colonization resistance of the gut microbiota
against Clostridium difficile. Antibiotics, 4(3), 337-357. doi:
10.3390/antibiotics4030337.

Pimenta, R. S., Alves, P. D., Corre™a Jr, A., Lachance, M.
A., Prasad, G. S., Rajaram, & Rosa, C. A. (2005). Ge-
otrichum silvicola sp. nov., a novel asexual arthroconidial
yeast species related to the genus Galactomy-
ces. International journal of systematic and evolutionary
microbiology, 55(1), 497-501. doi: 10.1099/ijs.0.63187-0.
Pishchik, V. N., Filippova, P. S., Mirskaya, G. V., Khom-
yakov, Y. V., Vertebny, V. E., Dubovitskaya, V. I. &
Chebotar, V. K. (2021). Epiphytic PGPB Bacillus mega-
terium AFI1 and Paenibacillus nicotianae AFI2 improve

wheat growth and antioxidant status under Ni
stress. Plants, 10(11), 2334. doi: 10.3390/
plants10112334.

Prasanna, V. A., Kayalvizhi, N., Rameshkumar, N.,

Suganya, T. & Krishnan, M. (2014). Characterization of
amylase producing Bacillus megaterium from the gut mi-
crobiota of Silkworm Bombyx mori. Res J Chem Envi-
ron, 18(7), 38-45.

Prashanthi Gudimalla, D. S. A. & Kuntamalla, S.
(2020).Isolation, identification, and characterisation of
pathogenic bacteria from the gut tissue of silkworm
(bombyx mori, 1) and its management using Phyto es-
sential oils. Internation Journal of Entomology Research,
5 (2), 67069

Prem Anand, A. A., Vennison, S. J., Sankar, S. G., Gilwax
Prabhu, D. I, Vasan, P. T., Raghuraman, T. & Vendan, S.
E. (2010). Isolation and characterization of bacteria from
the gut of Bombyx mori that degrade cellulose, xylan,
pectin and starch and their impact on digestion. Journal of
Insect Science, 10(1), 107. doi: 10.1673/031.010.10701.
Priyadharshini, P., Swathiga, G., Maria Joncy, A. &
Thangamalar, A. (2021). Probiotics and its role in silk-
worm growth and development, JUST Agriculture. 2(2).
www. just agriculture.in

Rajan, R., Chanda, S. D., Rani, A., Gattu, R., Vodithala,
S. & Mamillapalli, A. (2020). Bacterial gut symbionts of
Antheraea mylitta (Lepidoptera: Saturniidae). Journal of
Entomological Science, 55(1), 137-140. https://
doi.org/10.18474/0749-8004-55.1.137

Ramesh, G. K., Thangamalar, A., Muthuswami, M. &
Subramanian, S. (2010). Characterisation of gram-
negative bacterial isolates from guts of few multivoltine
silkworm breeds. Karnataka Journal of Agricultural Sci-
ences, 22(3).

63

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

. Richardson, J. B., Dancy, B. C., Horton, C. L., Lee, Y. S,
Madejczyk, M. S., Xu, Z. Z. & Lewis, J. A. (2018). Expo-
sure to toxic metals triggers unique responses from the
rat gut microbiota. Scientific Reports, 8(1), 6578. doi:
10.1038/s41598-018-24931-w.

Scardaci, R., Varese, F., Manfredi, M., Marengo, E.,
Mazzoli, R. & Pessione, E. (2021). Enterococcus faeci-
um NCIMB10415 responds to norepinephrine by altering
protein profiles and phenotypic characters. Elsevier BV,
231, 104003-104003. https://doi.org/10.1016/
j-jprot.2020.104003

Serrato-Salas, J. & Gendrin, M. (2023). Involvement of
Microbiota in Insect Physiology: Focus on B Vitamins.
American Society for Microbiology, 14(1). https://
doi.org/10.1128/mbio.02225-22

Singh, G. P., Baig, M. M. & Bajpayi, C. M. (2021). Recent
trends in tasar silkworm Antheraea mylitta Drury disease
management. In Methods in Microbiology (Vol. 49, pp.
175-200). Academic Press. DOI:10.1016/
bs.mim.2021.05.001

Ssemugenze, B., Esimu, J., Nagasha, J. & Wandui Masi-
ga, C. (2021). Sericulture: Agro-based industry for sus-
tainable socio-economic  development: A  review.
DOI:10.29322/IJSRP.11.09.2021.p11756

Subramanian, S., Mohanraj, P. & Muthuswamy, M.
(2010). Newparadigm in silkworm disease management
using probiotic application of Streptomyces nour-
sei. Karnataka Journal of Agricultural Sciences, 22(3).
Sun, Z., Lu, Y., Zhang, H., Kumar, D., Liu, B., Gong, Y. &
Gong, C. (2016). Effects of BmCPV infection on silkworm
Bombyx mori intestinal bacteria. PLoS One, 11(1),
€0146313. doi: 10.1371/journal.pone.0146313.

Suraporn, S., Sangsuk, W., Chanhan, P. & Promma, S.
(2015). Effects of probiotic bacteria on the growth param-
eters of the Thai silkworm, Bombyx mori.

Tan, 1 Y D. & Bautista, M A M. (2022). Bacterial Survey
in the Guts of Domestic Silkworms, Bombyx mori L. Mul-
tidisciplinary Digital Publishing Institute, 13(1), 100-100.
https://doi.org/10.3390/insects13010100

Thangamalar, A., Ramesh, G. K., Subramanian, S. &
Mahalingam, C. A. (2009). Use of biochemical kits for
characterization of Enterobacteriaceae from the gut of
silkworm, Bombyx mori L.

Unban, K., Klongklaew, A., Kodchasee, P,
Pamueangmun, P., Shetty, K. & Khanongnuch, C.
(2022). Enterococci as dominant xylose utilizing lactic
acid bacteria in Eri silkkworm midgut and the potential
use of enterococcus hirae as probiotic for Eri culture.
Multidisciplinary Digital Publishing Institute, 13(2), 136-
136. https://doi.org/10.3390/insects 13020136

Vermelho, A. B., Noronha Filho, E. F., EDXF, F. M., Bon,
E. P. S., Rosenberg, D. E., Lory, S. & Thompson, F.
(2013). Prokaryotic enzymes: diversity and biotechnologi-
cal applications. The Prokaryotes-applied Bacteriology
and Biotechnology, 2123-240.

Xia, Q., Zhou, Z., Lu, C., Cheng, D., Dai, F. & Yang, H.
(2004). A draft sequence for the genome of the domesti-
cated silkworm (Bombyx mori). Science, 306(5703), 1937
-1940. doi: 10.1126/science.1102210.

Yeruva, T., Vankadara, S., Ramasamy, S. & Lingaiah, K.
(2020). Identification of potential probiotics in the midgut

1442


http://dx.doi.org/10.36547/ft.2020.3.3.4-8
https://doi.org/10.1016/j.egg.2019.100045
https://doi.org/10.18474/0749-8004-55.1.137
https://doi.org/10.1016/j.jprot.2020.104003
https://doi.org/10.1016/j.jprot.2020.104003
http://dx.doi.org/10.1016/bs.mim.2021.05.001
http://dx.doi.org/10.1016/bs.mim.2021.05.001
http://dx.doi.org/10.29322/IJSRP.11.09.2021.p11756
https://doi.org/10.3390/insects13010100
https://doi.org/10.3390/insects13020136

Borah, P. et al. / J. Appl. & Nat. Sci. 16(4), 1431 - 1443 (2024)

77.

78.

79.

of mulberry silkworm, Bombyx mori through metagenomic
approach. Probiotics and Antimicrobial Proteins, 12, 635-
640. DOI:10.1007/s12602-019-09580-3

Yuan, S., Sun, Y., Chang, W., Zhang, J., Sang, J., Zhao,
J. & Lou, H. (2023). The silkworm (Bombyx mori) gut
microbiota is involved in metabolic detoxification
by glucosylation of plant toxins. Communications Biolo-
gy, 6(1), 790. https://doi.org/10.1038/s42003-023-05
150-0

Zhang, X., Feng, H., He, J., Liang, X., Zhang, N., Shao, Y.
& Lu, X. (2022). The gut commensal bacterium Enterococ-
cus faecalis LX10 contributes to defending against Nose-
ma bombycis infection in Bombyx mori. Pest Management
Science, 78(6), 2215-2227. doi: 10.1002/ps.6846

Zhang, X., Zhang, F. & Lu, X. (2022). Diversity and func-
tional roles of the gut microbiota in lepidopteran insects.

80.

81.

82.

Multidisciplinary Digital Publishing Institute, 10(6), 1234-
1234. https://doi.org/10.3390/microorganisms10061234
Zhao, M., Lin, X. & Guo, X. (2022). The role of insect
symbiotic bacteria in metabolizing phytochemicals and
agrochemicals. Multidisciplinary Digital Publishing Insti-
tute, 13(7), 583-583. https://doi.org/10.3390/
insects13070583

Zhou, Q., Fu, P, Li, S., Zhang, C., Yu, Q., Qiu, C,,
Zhang, H. & Zhang, Z. (2020,). A comparison of co-
expression networks in silk gland reveals the causes of
silk yield increase during silkworm domestication. Fron-
tiers Media, 11. https://doi.org/10.3389/fgene.202 0.0022 5
Zhu, M., Liu, X., Ye, Y., Yan, X., Cheng, Y., Zhao, N.,
Chen, F. & Ling, Z. (2022). Gut Microbiota: A novel ther-
apeutic target for Parkinson’s disease. Frontiers Media,
13. https://doi.org/10.3389/fimmu.2022.937555

1443


http://dx.doi.org/10.1007/s12602-019-09580-3
https://doi.org/10.1038/s42003-023-05150-0
https://doi.org/10.1038/s42003-023-05150-0
https://doi.org/10.3390/microorganisms10061234
https://doi.org/10.3389/fgene.2020.00225
https://doi.org/10.3389/fimmu.2022.937555

