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Probiotics of Silkworm: Tiny Microbes, Big Impact
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Abstract. Probiotics are emerging as a promising and sustainable tool for improving silkworm health,
productivity, and resilience in modern sericulture. The domesticated silkworm, Bombyx mori, has
undergone long-term artificial selection, resulting in reduced genetic and microbial diversity, which
has increased its vulnerability to environmental stress, pathogens, and chemical exposure. Beneficial
gut microorganisms play essential roles in digestion, immunity, and detoxification, making the
restoration of gut microbial balance a key strategy for sustainable silkworm rearing. Probiotics,
particularly beneficial bacteria such as Lactobacillus, Pediococcus, Bacillus, Enterococcus, and
Weissella, have shown strong potential in enhancing digestion, improving nutrient absorption,
stimulating immune responses, suppressing pathogens, and maintaining gut health. Their application
has been associated with improved larval growth, reduced disease incidence, better adaptation to
artificial diets, and enhanced cocoon and silk yield. As sericulture continues to support rural
livelihoods and cottage-based economies, probiotics offer an eco-friendly alternative to antibiotics
and chemical interventions. Future research on host—microbiota—pathogen interactions, probiotic
consortia, and microbiome engineering will be crucial for developing effective probiotic-based
strategies for next-generation sustainable sericulture.
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Introduction

Sericulture plays an important role in supporting rural livelihoods by generating employment and
providing raw material for the silk industry. In many regions, it remains a key cottage-based enterprise
that contributes significantly to household income and rural economic stability. Indigenous and
locally adapted silkworm varieties represent valuable genetic resources, but many remain
insufficiently characterized at the physiological, biochemical, and molecular levels. Recent advances
in high-throughput sequencing have accelerated efforts to study silkworm diversity at the genome
level, providing important insights into domestication, artificial selection, and economically
important traits such as silk yield and stress tolerance (Tong et al., 2022). The domesticated silkworm,
Bombyx mori, has undergone long-term domestication and intensive artificial selection under
controlled rearing conditions, resulting in reduced genetic and microbial diversity (Guo et al., 2011).
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Although these changes have improved productivity, they have also made silkworms more vulnerable
to environmental stress, pathogens, and chemical exposure. A major consequence of domestication
is the loss or imbalance of beneficial gut microbiota, which are essential for digestion, immunity, and
detoxification. Reduced microbial diversity weakens the silkworm’s natural ability to cope with
external stressors (Ren et al., 2025).

In regions where sericulture is still practiced largely by small-scale farmers, probiotics offer a
promising and sustainable approach to improve silkworm health and productivity. These beneficial
microorganisms can enhance digestion, strengthen immunity, suppress pathogens, and restore gut
microbial balance (Dong et al., 2018). However, the effective use of probiotics in sericulture requires
a better understanding of the normal silkworm microbiota and its interactions with pathogens.
Therefore, deeper research on host-microbiota—pathogen interactions is essential for developing
successful probiotic strategies for sustainable sericulture.

What are Probiotics?

Probiotics are live beneficial microorganisms that, when administered in adequate amounts, improve
the health of the host. In silkworms, probiotics mainly consist of beneficial bacteria that colonize the
gut and support digestion, nutrient absorption, immune defense, and resistance against harmful
microbes. (Muhammad et al., 2026). In simple terms, probiotics are the “good bacteria” that help
silkworms stay healthier, grow better, and produce better cocoons.

Why do Silkworms Need Probiotics?

Silkworms are delicate insects. Their growth and silk production are easily affected by poor nutrition,
environmental stress, pesticide residues, and diseases caused by bacteria, fungi, and viruses.
Conventional disease management often relies on disinfectants and antibiotics, but these can disturb
the natural gut microbiota and may create resistance problems. Probiotics offer a safer and more
sustainable alternative. They help maintain a healthy gut balance, improve feed utilization, stimulate
immunity, and suppress harmful pathogens naturally (Zeng et al., 2024).

Major Probiotic Bacteria Reported in Silkworms

Several beneficial bacteria have been isolated from silkworm gut, frass, and rearing environments.
Among them, the most promising probiotic groups include:

1. Lactobacillus spp.

Species of Lactobacillus are among the most widely studied silkworm probiotics. These bacteria
produce lactic acid, improve gut pH, inhibit harmful microbes, and support digestion. A recent study
showed that supplementation with Lactobacillus acidophilus reduced mortality in Bombyx mori
larvae challenged with Bombyx mori nucleopolyhedrovirus (BmNPV), demonstrating its strong
protective role against viral disease (Suraporn et al., 2024b).

2. Pediococcus spp.

Pediococcus 1s another lactic acid bacterium with strong probiotic potential. Among these,
Pediococcus pentosaceus strain ZZ61 has shown particularly promising results in silkworms. This
strain significantly improved larval body weight, feed efficiency, silk yield, and resistance to
pathogens by modulating gut microbial composition and metabolite production (Zeng et al., 2024).

3. Bacillus spp.

Species of Bacillus are popular probiotics because they form spores, survive harsh conditions, and
produce enzymes such as protease, amylase, and lipase. These traits help improve digestion and
inhibit pathogenic microbes. In silkworms, Bacillus spp. are valued for improving nutrient breakdown
and enhancing gut stability, especially under stressful rearing conditions (Muhammad et al., 2026).
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4. Enterococcus spp.

Enterococcus species are natural inhabitants of the silkworm gut and contribute to nutrient
metabolism and microbial balance. Some strains also produce antimicrobial compounds that suppress
opportunistic pathogens (Kumar et al., 2019).

5. Weissella spp.

Recent gut microbiome studies have identified Weissella as an important beneficial bacterium in
silkworms, particularly in dietary transition and artificial diet adaptation. These bacteria may help
larvae cope with nutritional stress and improve digestive flexibility (Lei et al., 2024).

How Probiotics Help Silkworms?

Probiotics play a vital role in improving silkworm health, growth, and silk productivity by supporting
the gut microbiome and enhancing overall physiological performance. One of their primary benefits
is improved digestion (Chen et al., 2024). Probiotic microorganisms produce digestive enzymes that
help break down complex components of mulberry leaves, allowing silkworms to absorb nutrients
more efficiently and convert feed into biomass more effectively. This improved digestion promotes
faster larval growth, better feed conversion efficiency, and ultimately superior cocoon development.
In addition to aiding digestion, probiotics enhance disease resistance in silkworms by strengthening
their immune system (Zeng et al., 2024). Beneficial gut microbes stimulate immune responses,
including the production of antimicrobial peptides, which help protect silkworms from bacterial and
viral infections. By occupying ecological niches in the gut, probiotics also prevent the colonization
and proliferation of harmful pathogens, thereby reducing disease incidence and improving larval
survival (Suraporn et al., 2024a).

Probiotics also help maintain gut health by preserving a balanced and stable intestinal microbiome.
A healthy gut microbial community acts as a natural defense barrier against harmful microorganisms.
Probiotics support this balance by competing with pathogens for nutrients and attachment sites in the
gut and by producing antimicrobial compounds such as organic acids and bacteriocins. This creates
a protective gut environment that favors beneficial microbes and suppresses disease-causing
organisms (Chen et al., 2018).

Another major advantage of probiotics is their positive effect on silk productivity. Silkworms with a
healthy gut are able to consume and digest mulberry leaves more efficiently, resulting in improved
nutrient utilization for silk protein synthesis. Consequently, probiotic-fed silkworms often exhibit
higher cocoon weight, greater shell weight, and increased silk yield, making probiotics highly
valuable for enhancing sericultural output. Probiotics are also increasingly important in helping
silkworms adapt to artificial diets, which are becoming more common in modern sericulture.
Although artificial diets offer practical advantages, they often disrupt the natural gut microbial
balance of silkworms. Probiotic strains such as Lactobacillus and Weissella can help restore gut
microbial stability, improve digestion under artificial feeding conditions, and enhance larval
adaptation to non-traditional diets (Lei et al., 2024).
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Figure 1
Role of probionts in silkworm

Future Potential in Sericulture

The future potential of probiotics in sericulture is highly promising. Probiotic formulations may soon
become standard dietary supplements in silkworm rearing, much like biofertilizers in sustainable
agriculture. Their application could reduce dependence on antibiotics, improve silkworm resilience
under environmental and pathogenic stress, and promote eco-friendly cocoon production. Current
research is actively exploring advanced applications such as probiotic consortia for disease
suppression, gut microbiome engineering, probiotics for enhancing pesticide tolerance, and probiotic-
enriched artificial diets for commercial sericulture. These developments suggest that probiotics could
become a key component of next-generation sustainable sericulture systems.
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