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Introduction 

Sericulture is a cottage industry of socio-economic importance, 

particularly in developing countries like India. It is a diverse 

industry with great potential for sustainable development and 

economic growth. The properties of silk, like breathability, 

temperature regulation, hypo allergenicity and durability, 

make it an ideal material for clothing, bedding, medical and 

industrial applications. Its natural lustre and softness enhance 

its appeal in luxury fashion and home textiles, making it 

important in both traditional and emerging sectors. 

Interestingly, although China and India are the world's leading 

silk producers, China accounts for 85 % of global silk 

production and India for 15 % (1). This difference is mainly due 

to the lack of automation in the sericulture process in India (2). 

In 2023, India's total raw silk production was 38913 metric 

tonnes, out of which mulberry silk contributed about 77 %, Eri 

silk (18 %), Tasar silk (5 %) and Muga silk (1 %) (3). Despite 

being the world's second-largest producer, India faces an 

annual production deficit of around 6000 metric tonnes (4). As 

the demand for silk increases in India, it becomes increasingly 

necessary to improve the growth and health of silkworms to 

increase the yield and quality of silk.  

 Silk is obtained from the Bombyx mori L. silkworm, 

which is traditionally a monophagous insect as they prefer to 

feed only on mulberry leaves (family Moraceae, genus Morus) 

(Fig. 1). Mulberry leaves are rich in essential nutritional 

stimulants such as attracting, biting and swallowing factors, 

which attract silkworm larvae and form the basis of 

productivity in sericulture (5). Besides providing appropriate 

environmental conditions during rearing, it is also crucial to 

provide the larvae with sufficient nutrition for successful overall 

growth, development and cocoon production (6). The quantity 

and quality of silk produced depends heavily on the larvae's 

ability to feed on mulberry leaves and convert them into body 

weight and ultimately silk proteins. Well-fed, healthy silkworm 

development has a direct impact on important economic traits 

such as cocoon weight, shell weight, filament length and silk 

productivity. Therefore, improving the nutritional quality of 

mulberry leaves has direct effects on larval health, cocoon 

production and overall economic characteristics of silkworms. 

Strategies to improve the nutritional quality of mulberry leaves 

have been implemented, including fortification with 

botanicals.  
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Abstract  

The quality and productivity of cocoon production remain a major concern for the Indian sericulture industry. Enhancing the nutritional 
quality of mulberry leaves can lead to improved efficiency in cocoon and seed production. Among the various approaches being 

considered, enhancing the nutritional quality of mulberry leaves by fortifying and improving the economic traits and silk productivity 

seems to be a promising strategy. In this situation, using plant extracts during silkworm rearing emerged as a viable option to achieve this 
goal. The bioactive compounds present in plant extract have been shown to have positive effects on silkworms by enhancing food intake, 

increasing biomass and thereby improving cocoon yield. Although much research has been done in this area, the strategies proposed for 

its application are often insufficient to address current productivity challenges. This review aims to collect and analyse available data and 

information on the application of plant extracts to improve the economic characteristics of the silkworm (Bombyx mori L). By integrating 
these results, this review aims to provide information to help develop more effective strategies to improve cocoon production and quality 

for commercial silkworm rearing in the future.   
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 Many plants are reported to contain bioactive 

compounds that not only improve their nutritional profile but 

also exhibit antifungal, antibacterial and antiviral properties, 

providing the dual benefit of increased productivity and 

resistance to pathogens (7-9). Some studies have also focused 

on the use of phytoecdysteroids, which have positive effects on 

larval spinning behaviour and silk production (10). In addition, 

some studies on phytojuvenoids have shown that they can 

interfere with the endocrine system of insects and mimic the 

activity of insect juvenile hormone (JH). This can disrupt 

development, especially during the larval stage, which is 

advantageous because the larvae consume more food and 

delay spinning, which increases the weight of the cocoon and 

shell (11). Therefore, using plant extracts/botanicals in 

sericulture is essential to boost cocoon and silk yield and is a 

practical and sustainable choice. 

 This review explores how bioactive plant compounds 

can improve the growth, development, disease resistance and 

pest management in the silkworm (B. mori). This consideration 

is important economically because silkworm health directly 

impacts the quality and quantity of silk production (12). The 

goal of the review is to bring together what we currently know 

about how various plant extracts affect silkworm physiology 

and silk production. By doing this, we hope to pinpoint 

effective natural methods, explore how they work and suggest 

future research paths that could have a greater impact on silk 

production. 

Mechanisms of plant extracts in enhancing silkworm 

physiology 

Nutritional fortification of mulberry leaves 

Mulberry leaves play a very important role in the life cycle of B. 

mori silkworms, as they greatly affect the quality and quantity 

of silk produced (13). The silkworms require a balanced diet 

rich in proteins and essential amino acids for growth and 

proper development, as silk is primarily composed of protein-

based fibroin and sericin. Although mulberry leaves are rich in 

protein content (7.93 % to 23.99 %) and crucial amino acids 

(glycine, alanine, serine and tyrosine), the agroclimatic 

environment can affect the number of proteins and amino 

acids contained in mulberry leaves, which limits the overall 

growth of silkworm larvae (14). The Supplementation of 

mulberry leaves with amino acids (alanine) has been shown to 

improve silkworm biological and commercial traits such as 

cocoon weight, shell ratio and fibroin content.  On adding 

amino acids such as alanine, glycine and serine to the mulberry 

leaves, the fibroin content and cocoon weight were found to be 

increased by around 2.4 g, which indicates improvement in the 

silk filament length and silk quality (15). A study on protein 

supplementation has also been done with egg albumen, which 

has been shown to improve cocoon quality and increase silk 

production (16).  

 Although these supplementation strategies, that is, by 
adding specific amino acids and proteins, have been shown to 

be effective in increasing the silk production, researchers are 

also beginning to explore the potential of plant extracts as a 

supplemental approach. These natural products are rich in 

bioactive phytochemicals such as alkaloids, terpenoids and 

phenolic compounds and provide numerous nutritional 

benefits that can further improve the health and productivity of 

silkworms (17). Using plant extracts, the content of the 

nutrients can be increased, which improves the overall health 

of the silkworm larvae and ultimately the silkworm production. 

Fortifying mulberry leaves with Psoralea coryleifolia and 

Phyllanthus niruri extracts has significantly improved the larval 

weight, cocoon yield (18.79 g/10), shell ratio (19.80 %) and 

filament length (910.95 m), attributing these gains to enhanced 

nutrient intake and metabolic efficiency (18). Amino acid 

enrichment to the silkworm larvae was successfully studied 

using Lentil seed extract (8 mg/ml), which increased the larval 

weight (59.11 g/10), cocoon yield (22.12 kg/10,000 larvae) and 

filament length (1210.66 m) in silk protein synthesis (19). 

Medicinal plants such as Withania somnifera (3 %) and Ocimum 

sanctum (3 %) were found to increase the raw silk percentage 

(17.91 %) and filament length (1241 m), likely by stimulating 

antioxidant activity and silk gland protein synthesis (20).  

 

Fig. 1. Graphical representation of the life cycle of the silkworm.  
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 Sesbania grandiflora leaf powder (2 %) fortified 

mulberry diets provided to the silkworm have led to increase in 

silk gland protein content and cocoon parameters (21). It has 

also been reported that 2.5 % Aloe vera and 2 % Echinacea 

purpurea are optimal for boosting silkworm larval growth, 

increasing antioxidant enzyme activity (peroxidase, phenol 

oxidase) and improving silk traits (22, 23). These studies 

suggest that phytochemicals which are present in several plant 

extracts help enhance disease resistance and metabolic vigor 

in the silkworm. Collectively, these studies have shown that 

nutritional supplements depend on their concentration, with 2-

3 % or 8 mg/mL doses yielding the best results. Therefore, by 

integrating these fortifying agents, we can fill the nutritional 

gaps and take advantage of bioactive compounds present in 

plant extracts to improve the yield of the cocoon and silk 

quality. Future research should focus on isolating active 

principles, standardizing application protocols and developing 

cost-effective formulations for sustainable use in sericulture. 

Metabolic and biochemical modulation 

Bioactive compounds like polyphenols, flavonoids and 

terpenoids, which are present in the plant extract and their 

interaction can influence the metabolism in the silkworm body. 

These bioactive compounds can optimize the silkworm’s 

physiological processes, including their nutrient utilization and 

detoxification pathways, to enhance silk production. Studies 

have shown that peppermint oil, which is rich in menthol and 

menthone, along with other antimicrobial agents such as 

dexatrol, can act as disinfectants and lower infection rates in 

silkworms by breaking down the bacterial cell membranes. At 

the same time, these bioactive compounds can help reduce 

oxidative stress markers, such as malondialdehyde (MDA) and 

protein carbonyl content (PCC), in silkworm larval haemolymph 

by neutralizing harmful reactive oxygen species (ROS) and 

strengthening the antioxidant defense systems in the silkworm’s 

body. Moreover, they can influence enzyme activity, particularly 

by increasing aspartate transaminase (AST) and alanine 

transaminase (ALT), which are essential for processing amino 

acids and building proteins. This boost in enzyme activity leads 

to better overall health for the larvae, nutrient conversion 

efficiency and silk gland functionality, ultimately boosting silk 

yield (24).  

 The extracts from Rhodiola rosea were reported to 

increase the lifespan of silkworms and improve the stress 

tolerance by influencing the insulin/IGF-1 signaling pathway. This 

seems to be linked to a boost in the activity of antioxidant 

enzymes like glutathione S-transferase (GST) and catalase, along 

with changes in the levels of glutathione and malondialdehyde 

(25). Enrichment of mulberry leaves with extract of aloe vera and 

Moringa oleifera in the silkworm diets was reported to increase 

larval growth by enhancing certain enzyme activities, which are 

crucial for digestion. As a result, it improved the silkworm larval 

weight, quality of cocoons and even their antioxidant defences 

(22). Morus alba, Basil (O. basilicum) and black cumin seed 

(Nigella sativa) extracts were found to increase the protein 

content in haemolymph and transaminase enzyme activity in 

the bacterial and fungal-infected silkworm larvae, thereby 

promoting larval development and silk production (26). 

 The tormentic acid present in the Sarcopoterium 

spinosum extract was found to influence the composition of 

intestinal microbiota in silkworm larvae. Even though it does not 

significantly make changes to the bacterial diversity, it only 

increases the number of beneficial bacteria such as 

Intestinibacter and Flavonifractor. This microbial modulation 

indicates that it could promote gut health and reduce 

gastrointestinal stress in the silkworm larvae (27). The essential 

oil from the fruit of the Taxodium distichum tree has been found 

to boost silk production. It does this by increasing the activity of 

antioxidant enzymes and lowering the activity of 

acetylcholinesterase in the silkworm larvae. The main 

component in this oil, α-Pinene, helps keep the nervous system 

of the treated larvae healthy and enhances the length and weight 

of the silk filament (28). The antioxidant properties of Bacopa 

monnieri and Lactuca sativa extract are rich in polyphenols and 

flavonoids. By checking lipid peroxidation and fluorescence, the 

oxidative stress was measured and the results indicated better 

regulation of metabolic processes in silkworms, ultimately 

affecting their enzyme activity and overall metabolic health (29). 

All these biochemical approaches have made us understand the 

importance of bioactive compounds present in the plant extract, 

which are crucial in maintaining silkworm metabolism, a healthy 

balance of oxidative states and improving the processes that 

lead to better silk production. Therefore, plant extract can help 

increase the productivity in sericulture sustainably. 

Influence of botanical supplements on larval growth and 

development 

The silkworm (B. mori L.) is a monophagous insect, which is 

reared commercially solely on mulberry leaves for its diet. 

Environmental and management factors can cause fluctuations 

in the quality of mulberry leaves, which may not meet the 

minimum requirements of silkworms for proper development 

and growth. Therefore, enriching mulberry leaves with plant 

extracts represents an environmentally friendly and sustainable 

way to improve the growth, development and economic 

characteristics of the silkworm larvae (Table 1) (Fig. 2). 

Enrichment of mulberry leaves with plants such as Lens culinaris 

seed extract (8 mg/mL) has been proven to enhance larval 

weight (5.911 g), cocoon weight (2.4 g), shell weight (0.52 g) and 

filament length (1210.66 m), which may be due to increase 

content of proteins and amino acids in the lentil seeds (19). 

Silkworms fed with mulberry leaves enriched with plant extracts 

from medicinal plants like Ocimum sanctum, Azadirachta indica 

and Vitex negunda showed an increase in the silk ratio and 

filament length at the 2.5 % concentration (30).  

 The effectiveness of plant extracts depends on the 

specific concentration of bioactive compounds used. Different 

plant extracts can have various effects on silkworms’ 

physiology depending on how potent they are and how they 

work in the silkworm’s body. The active ingredients present in 

the Parthenium hysterophorus, Phyllanthus niruri and Psoralea 

corylifolia extracts helped improve the larval weight, silk gland 

development and cocoon yield, when used at higher 

concentrations of 10 % (7). Bioactive compounds like parthenin 

from P. hysterophorus, or phyllanthin and hypophyllanthin 

from P. niruri have growth-boosting and antioxidant qualities 

that help the silkworms absorb better nutrients and reduce the 

oxidative stress during their metabolism. P. corylifolia, 

commonly known as Babchi, is a traditional medicinal plant 

from the legume family (Fabaceae). This plant contains more 
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S. No. Botanicals Family Parts used 
Effective  

Concentration 
(Quantity) 

Larval 
Weight (g) 

Cocoon 
Weight (g) 

Shell 
Weight 

(g) 

Shell 
Ratio (%) 

Filament 
length (m) 

Reference 

1 
Matricaria 

chamomila Asteraceae Flowers 3% 3.080 1.294 0.240 18.547 - 

(67) 2 
Foeniculum 

vulgare 
Apiacea Seeds 5% 3.017 1.271 0.247 19.433 - 

3 
Thymus 
vulgaria 

Lamiaceae Seeds 5% 3.242 1.323 0.257 19.425 - 

4 
Oroxylum 
indicum 

Bignoniaceae Stem bark 
1:1 (with distilled 

water) 
- 1.951 0.400 20.502 989.00 (68) 

5 
Parthenium 

hysterophrus 
Asteraceae Leaf 10% 2.582 1.713 0.326 19.030 879.36 

(7) 6 
Phyllanthus 

niruri 
Phyllanthaceae Leaf 10% 2.664 1.749 0.343 19.611 883.96 

7 
Psoralea 

coryleifolia 
Leguminosae Leaf 10% 2.688 1.842 0.370 20.086 905.99 

8 
Ganoderma 

lucidum Fabaceae 
Whole 

mushroom 0.2% - 1.901 0.309 16.250 918.72 

(33) 

9 
Morinda 
citrifolia 

Rubiaceae Fruit 0.3% - 1.786 0.289 16.180 886.35 

10 Sida acuta Malvaceae. Leaves 2.0% 2.559 1.599 0.298 18.636 898.00 (69) 

11 Coix aquatica Poaceae Leaves 2.0% - 2.178 0.510 23.415 901.00 (38) 

12 

Ocimum 
basilicum L. 
and Vigna 

unguiculata 

Lamiaceae and 
Fabaceae 

Leaves 

1:15 w/w (For 
every 1 parts of 

the botanical 
powder, 15 parts 

of mulberry 
leaves are used by 

weight.) 

4.076 1.453 0.351 24.156 - (39) 

13 Aloe vera Asphodelaceae Leaves 2.5% 3.952 1.946 0.446 22.918 - 

(22) 

14 
Moringa 
oleifera 

Moringaceae Leaves 2% 3.740 1.912 0.428 22.384 - 

15 
Echinacea 
purpurea 

Asteraceae Leaves 0.5% 3.038 1.430 0.310 21.678 - (34) 

16 Clove oil Myrtaceae Leaves 10% 3.800 1.290 0.230 17.829 842.30 (37) 

17 
Ocimum 
sanctum 

Lamiaceae Leaves 2.5% 3.277 1.330 0.260 19.548 435.10 

(30) 18 
Azadirachta 

indica 
Meliaceae Leaves 2.5% 3.392 1.450 0.250 17.241 433.70 

19 Vitex negunda Lamiaceae Leaves 2.5% 3.311 1.680 0.240 14.285 332.80 

20 
Tinospora 
cordifolia 

Menispermaceae Leaves 3% 1.615 1.414 0.258 18.246 - (70) 

21 Lens culinaris Fabaceae Seed 
8 mg/ml of 

distilled water 
5.911 2.400 0.520 21.666 1210.66 (19) 

22 
Taxodium 
distichum 

Cupressaceae fruits 1% 4.657 1.432 0.296 20.68 1058.24 (28) 

23 Lepidium 
sativum 

Brassicaceae Seed 0.25% - 1.571 0.367 23.36 - (35) 

Table 1. List of plant extracts and their effect on the economic parameters of the silkworm 
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than 163 different chemical compounds, including coumarins 

and flavonoids (31). Compounds like psoralen encourage the 

silk protein production at a higher level by activating certain 

genes like fib-H when used at a higher concentration but 

compounds like bakuchiol, at a low concentration of 1.25 ppm 

when applied to 48 hr old fifth instar silkworm larvae, 

significantly increased the cocoon weight and silk filament 

length. Bakuchiol increases the protein metabolism by 

mimicking juvenile hormone effect, thereby extending the 

larval duration and delaying the pupation process, which 

impacts their growth and development for better silk 

production (32). Ganoderma lucidum extract at a low 

concentration of 0.2 % was reported to boost the immune 

system and help silkworms handle stress without 

overwhelming their metabolism because of its highly potent 

immunomodulatory polysaccharides, like β-glucans and 

triterpenoids (33). Echinacea purpurea extract with a similar 

concentration of 0.25 % contains alkylamides and cichoric acid 

that help promote phagocytosis and fight off microbes in 

silkworms and similarly, Lepidium sativum extract contains 

glucosinolates, such as glucotropaeolin, that break down into 

bioactive isothiocyanates. These compounds help increase 

detoxification enzymes, leading to better survival rates for the 

larvae, even at just 0.25 % (34, 35). 

 The difference might arise from the presence of 

bioactive compounds, their structure and their different 

mechanism of action from various plant sources on silkworm 

physiology. Studies have also found that the effects of essential 

oils on silkworm economic parameters showed mixed results. 

In one study use of plant extract as a natural oil as additive in 

silkworm food was explored. Among the jojoba oil, citronella 

oil, lemon grass oil and a mix of sunflower and soybean oils, 

citronella oil, when combined with mulberry leaves, led to the 

highest larval weight gain, while lemon grass oil resulted in the 

lowest. Interestingly, jojoba oil helped reduce the mortality 

rates among the larvae and the combination of sunflower and 

soybean oil extended the duration of the larval stage (36). While 

another study found that 10 % clove oil significantly increased 

larval weight, although the effect on shell ratio and filament 

length was negligible. This might suggest that differences in 

plant biochemical properties could be responsible for this 

effect (37). The application of phytoecdysteroids extracted 

from Coix aquatica at different stages of the fifth instar showed 

varying results, from reducing the larval duration to increasing 

the cocoon shell ratio by 23.415 %. Phytoecdysteroids were 

shown to be effective in causing silkworms to spin uniformly 

without compromising the quality of their cocoons (38). The 

recent study explores the impact of four plant powder mixes on 

silkworm larvae weight, silk gland weight, cocoon parameters 

and moth fecundity of certain local and imported hybrids. 

From the results, it is very clearly seen that the application of 

mulberry leaves treated with a mixture of Ocimum basilicum L. 

and Vigna unguiculata (M2) to local silkworm hybrids 

significantly increased the weight of larvae by 8.93 % and that 

of silk glands by 37.45 %. The weight of the cocoon shell 

increased by 39.84 % and the number of eggs increased by 

28.93 % (39). This enriches nutrient quality in the mulberry 

leaves, which ultimately affects the important economic 

parameters and the amount of silk produced. This shows that 

some mixtures of plant extracts or compounds might have a 

synergistic effect, but how this works remains unclear and 

needs further research. Future studies should focus on 

exploring ways in which plant extracts may be combined to 

obtain the most benefit rather than focusing on individual 

herbal extracts. 

Fig. 2. Graphical representation of influence of plant extract on silkworm.  
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Disease management strategies 

Anti-viral activity  

Researchers are studying and exploring plant extracts for their 

antimicrobial properties against viruses, bacteria and fungi to 

improve silkworm growth. (Table 2). Bombyx mori 

Nucleopolyhedrovirus (BmNPV) or Grasserie disease has been 

one of the greatest tragedies for the sericulture business, 

causing serious economic losses. This disease is most evident 

in the 4th and 5th instar stages of larvae, making early detection 

challenging (40). Bael, or Aegle marmelos, is a tree species 

indigenous to the Indian subcontinent and parts of Southeast 

Asia (41). It has been identified as capable of providing antiviral 

protection to the silkworms against BmNPV. The hexane 

extract of A. marmelos leaves has been shown to provide more 

than 95 % larval survivability at a concentration of 1000 μg. It 

has been reported that larvicidal substances contained in A. 

marmelos, especially marmelide, reduce the virus-induced 

multiplication in larvae, making them more resistant to viral 

diseases (42).  

 Methanolic extracts of Phyllanthus amarus, Lantana 
camara, as well as marine seaweeds such as Sargassum wightii 

have been found to possess a promising antiviral activity 

against BmNPV. The methanolic extracts of P. amarus at a 

concentration of 1000 µg increased the survival rate up to 89 % 

in BmNPV infected larvae, which suggests a high degree of 

antiviral activity. It is assumed that these extracts can achieve 

their effects because of the presence of important bioactive 

components, such as phenolics and flavonoids, which affect 

the process of viral replication. Similar effects were noticed 

with the methanolic extract of S. wightii, which resulted in 

enhanced cocoon weight and silk parameters (43). 

Interestingly, research on hexane extracts from a medicinal 

plant such as Psoralea corylifolia and Plectranthus amboinicus, 

which are used traditionally for various medicinal purposes, 

was administered to the silkworm larvae at a concentration of 

1000 ppm. The combination of these specific plants increases 

the alkaline phosphatase content in the white Tamil Nadu (TN) 

variety to 5.25 µg/100 µL and 5.23 µg/100 µL, respectively, 

improving the amylase activity, thereby promoting digestion 

and reducing infection (44). The ethanolic extracts from plants 

like Eupatorium odoratum and Hyptis suaveolens have shown 

strong antiviral activity against the silkworm larvae. When 

tested at concentrations of 3000, 5000 and 8000 ppm, the study 

found that the highest concentration increased neurosecretory 

cell activity and reduced the infection rates by 40 %. The 

bioactive compounds in these plants, such as terpenoids and 

flavonoids, play a significant role in promoting hormone release, 

which aids in recovery and fights off the BmNPV infection (45). 

Anti-bacterial activity  

Bacterial diseases in silkworms, including flacherie and 

septicemia, lead to a decrease in silk production and result in 

economic losses in commercial silkworm rearing. Several 

bacterial pathogens, such as Bacillus, Streptococcus, 

Staphylococcus, Pseudomonas, Klebsiella granulomatis and 

Klebsiella pneumoniae have been identified as some of the 

pathogens that can cause bacterial disease, such as flacherie in 

silkworms (46, 47). Certain plant extracts have proven to have 

antibacterial properties and are used in the production of 

environmentally friendly bed disinfectants to combat bacterial 

pathogens. The incorporation of alkaloids and polyphenols 

present in Tridax trilobata demonstrated a considerable 

antibacterial activity against pathogens responsible for 

Flacherie and Sappe diseases in silkworms. Phytochemical-

functionalized AgNPs, prepared through the flower extracts of 

T. trilobata, show improved anti-biofilm properties, with 

pathogen activity reduced significantly for bacterial strains 

such as Bacillus subtilis, Staphylococcus aureus, Escherichia coli 

and Salmonella typhi. It significantly enhances larval feeding 

efficiency, thus improving survival rate, body weight and 

cocoon yield, although the effect is concentration dependent 

at 10-50 µg/mL (48). Aqueous extract of garlic was reported to 

be effective against Pseudomonas spp. particularly pathogenic 

strain AC-3, which is a major bacterium responsible for flacherie 

disease in the muga silkworms (Antheraea assamensis). The 

bioactive compound allicin and its related compounds, which 

form disulfide bonds with bacterial enzymes, disrupt the 

bacteria's membrane and affects its metabolic functions, 

thereby preventing the flacherie disease and potentially 

enhancing larval health and reducing mortality (49). 

 A significant antibacterial activity against Bacillus 

cereus, Escherichia coli and Staphylococcus aureus, pathogens 

of silkworms, were demonstrated by propolis extract and 

cinnamon oil. The ethanolic extracts of propolis (EEP) and 

cinnamon oil controlled bacterial flacherie and enhanced the 

biological parameters of silkworms such as larval weight, 

cocoon weight and silk weight. Among the EEP tested 

concentrations, 100 µL EEP was more effective in controlling 

gram-positive bacteria than gram-negative bacteria due to 

differences in the permeability of Gram's cell wall. Propolis also 

improved the larval development and increased the cocoon 

weight with EEP at 7–14 µL/mL being the best concentration to 

inhibit bacterial growth and enhance silk yield (50). Bioactive 

extracts from the Phyllanthus niruri plant, including alkaloids 

and phenols, significantly enhance immune response from 

flacherie caused by Escherichia coli, including an increase in 

haemocyte activity, as well as the activities of the enzymes 

such as phenoloxidase and esterase which strengthened larval 

defense systems. Significant enhancement in the economic 

parameters, including the weight of cocoon, weight of cocoon 

shell and the shell ratio, was also observed after treatment with 

P. niruri, with optimum results achieved with the application of 

5 µL (51).  

Antifungal and some antimicrobial activity  

Diseases caused by fungi are regarded as a serious threat to the 

B. mori during the silkworm rearing process. Among two of the 

principal pathogens Aspergillus and Beauveria bassiana, B. 

bassiana is the most dangerous and causes the muscardine 

disease, which negatively affects larval development and the 

quality of cocoons (52, 53). A study evaluating the antifungal 

effectiveness of Ficus carica, Datura stramonium and Vitis 

vinifera showed that F. carica was the most effective, achieving 

a maximum larval survival rate of 79.9 % (54). The methanolic 

extract of Curcuma longa rhizome showed its antifungal 

activity when applied as a 10 % foliar spray to the muga 

silkworm, Antheraea assamensis Helfer larvae infected with B. 

bassiana. The treatment significantly improved the cocoon 

parameters such as weight of cocoon, weight of cocoon shell, 

filament length and raw silk content and improved the tensile 
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 Table 2. List of plant extracts and their effect on disease management  

S. No. Botanicals Type of 
extract 

Effective  
Concentration 

Pathogen Targeted Mode of Action Effect Observed Reference 

1 Aegle marmelos 
n-hexane 

extract 1000 μg BmNPV 
Interferes with viral 

replication 
>95% larval survival, increased 

cocoon weight 
(42) 

2 
Phyllanthus 

amarus 
Methanolic 

extract 
1000 µg BmNPV 

Antiviral, inhibits viral 
replication 

89% survival of infected larvae 

(43) 
3 Lantana camara Methanolic 

extract 
1000 µg BmNPV Antiviral via bioactive 

phenolics 

63% larval survival and 
Moderate increase in cocoon 

weight 

4 Sargassum 
wightii 

Methanolic 
extract 

1000 µg BmNPV 
Antiviral, enhances 

larval immune 
response 

67% larval survival and 
Improved cocoon weight and 

shell parameters 

5 Psoralea 
corylifolia 

n-hexane 
extract 

1000 ppm BmNPV 
Boosts enzyme 

activity, enhances 
digestion 

Increased alkaline phosphatase 
and amylase activity, improved 

resilience 
(44) 

6 
Plectranthus 
amboinicus 

n-hexane 
extract 

1000 ppm BmNPV 

Enhances 
physiological and 

biochemical 
parameters 

Increased lipid content and 
enzyme activity 

7 Hyptis 
suaveolens 

Ethanolic 
extract 

3000, 5000,                  
8000 ppm 

BmNPV 

Promotes 
neurosecretory 

activity, regulates 
physiological 

processes 

Normal feeding behaviour and 
recovery from infection 

(45) 

8 
Eupatorium 
odoratum 

Ethanolic 
extract 

3000, 5000,                  
8000 ppm 

BmNPV 

Stimulates secretion 
of NSC granules, aids 

in physiological 
recovery 

Nearly normal body weight and 
cocoon production 

9 Tridax trilobata crude extract 10-50 µg/mL 
Bacillus subtilis,           
S. aureus, E. coli,               

S. typhi 

Antibacterial, anti-
biofilm, feeding 

efficiency 
enhancement 

Improved larval survival, 
increased body weight and 

higher weight of cocoon and 
cocoon shell 

(48) 

10 
Propolis extract 

(EEP) 
ethanol 
extracts 

7–14 µl/ml 
Bacillus cereus,           
E. coli, S. aureus 

Disrupts bacterial cell 
membranes and 
inhibits enzymes 

Improved larval weight (25.53 g), 
cocoon weight (12.53 g)                

and silk production 

(50) 

11 Cinnamon oil 
ethanol 
extracts 

50–100 µl 
B. cereus, E. coli,  S. 

aureus 

Inhibits bacterial 
growth via essential 
oil compounds (e.g., 

cinnamaldehyde) 

Enhanced cocoon weight              
(10.47 g) and larval health 

12 Phyllanthus 
niruri 

  5-10 µL Escherichia coli 
Immune 

enhancement, 
antimicrobial activity 

Increased haemocyte count, 
cocoon weight and shell ratio; 

reduced mortality 
(51) 

13 Ficus carica 
Aqueous 
extract 

20% Beauveria bassiana Antifungal activity Maximum larval survival (84.2%) (54) 

14 Curcuma longa Methanolic 
extract 

10% Beauveria bassiana 

Antifungal activity; 
inhibition of spore 

germination; 
enhanced silk protein 

synthesis 

Improved weight of cocoon, 
weight of cocoon shell, filament 
length, tensile strength and raw 

silk ratio 

(55) 

15 
Nigella sativa 
(Black Seed) 

Petroleum-
ether extract 

1%, 2%, 3% 
Bacillus thuringiensis 

and Beauveria 
bassiana 

Thymoquinone-based 
antimicrobial activity 

Enhanced silk ratio (25.56%), 
reduced larval mortality                  

(10-12%) 
(56) 

16 
Ocimum 

basilicum (Basil) 
Petroleum-

ether extract 
1%, 2%, 3% 

Bacillus thuringiensis 
and Beauveria 

bassiana 

Phenolic compounds 
and essential oils with 

antimicrobial 
properties 

Increased larval weight (4.032g), 
decreased mortality (10%), 

improved cocoon weight 
(1.642g) 

(56) 

17 Eugenia 
caryophyllaea 

Methanolic 
extract 

1:10 Bacillus cereus, 
Proteus vulgaris 

Antimicrobial activity 
through essential oils 
(acetyl eugenol, beta-

caryophyllene) 

Increased larval weight 
(38.00g/10 worms), Improved 
shell ratio (21.49%), Enhanced 

filament length (842.30m), 
Higher cocoon weight (1.29g) 

and Improved shell weight 
(0.23g) 

(37) 

18 Adhatoda vasica 

aqueous 
extract and 
methanolic 

extract 

1:3 BmNPV and                         
S. sciuri 

Antimicrobial action 
via secondary 

metabolites (e.g., 
alkaloids, flavonoids) 

Enhanced cocoon weight (1.89 g, 
1.78 g) and shell ratio (17.47%) 

(57) 

19 Phyllanthus 
niruri 

Aqueous and 
methanolic 

extracts 
1:3 BmNPV and                        

S. sciuri 

Antimicrobial and 
antiviral action via 

secondary 
metabolites 

Improved cocoon weight (1.94 g, 
1.81 g) and shell ratio (17.65%) 

20 
Sesbania 

grandiflora 

n-hexane, 
chloroform 
and ethyl 
acetate 
extract 

0.4 - 6.2 mg/mL 

methicillin-resistant 
Staphylococcus 

aureus (MRSA) and 
vancomycin-resistant 

Enterococcus (VRE) 

Inhibition of bacterial 
growth 

Enhanced larval growth and 
survival 

(9) 
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properties of the silk fibers. These benefits are attributed 

because of the presence of bioactive compounds of C. Longa, 

like curcumin and tormelon, that inhibits the germination of 

the fungal spores and strengthen the defense mechanisms of 

the larvae (55).  

 According to some of the study revealed, the petroleum 

ether extracts of O. basilicum (basil) and Nigella sativa (black 

cumin) had antibacterial and antifungal properties against 

Bacillus thuringiensis and Beauveria bassiana. Treatment of 

artificially infected B. mori silkworm larvae with O. basilicum 

leaves and N. sativa seed extract significantly increased the larval 

weight and reduced the larval mortality. These extracts also 

increased the weight of the pupa and the cocoon. The maximum 

filament length of silk was recorded at a concentration of 3 % 

(56). The Clove oil contains the bioactive compounds acetyl 

eugenol, beta-caryophyllene and triterpenoids, therefore, it 

stimulates protein synthesis and nutrient bioavailability. The β-

sitosterol and terpenes found in clove oil attract the silkworms, 

which ultimately increases the metabolic rates and controls the 

microbial pathogens (37). Adhatoda vasica and Phyllanthus 

niruri leaves were reported to have strong antimicrobial 

properties and their extracts have shown impressive results on 

fourth and fifth instar silkworm larvae when inoculated with 

BmNPV and S. sciuri. The extracts gave better result of cocoon 

weight, shell weight, pupal weight and shell ratio in the 

PM×CSR2 silkworm compared to the control (57).  

Effect of plant extract on pest management 

Plant extracts are derived from various plant sources and are 

considered safer for pest control because of their natural origin. It 

is effective against a wide range of pests and has low toxicity to 

non-target organisms such as beneficial insects and soil 

microorganisms (58). The threat of Uzi fly, especially Exorista 

sorbillans and Exorista bombycis, is enormous and causes 

significant losses in sericulture (59, 60). The impact is an 

economic loss which includes mortalities from 8 % to 80 % in 

sericultural states like Karnataka, experiencing up to 80 % 

infestation and Tamil Nadu and Andhra Pradesh, ranging from 

30-40 % (61). Conventional insecticides are ineffective and 

harmful to silkworms; effective management strategies are 

therefore essential. Some botanicals proved to be useful in 

controlling this pest by inhibiting metamorphosis and 

reproduction, which cause death when applied. 

 The impact of plant oils was assessed on Uzi fly at 

different concentrations: 0.2, 0.4 and 0.8 %. The results showed 

that at 0.8 % per cent concentration of the neem oil extract 

significantly reduced the egg laying capacity, hatchability and 

maggot recovery, while karanj oil significantly reduced maggot 

mortality. Spraying plant oil from neem and karanj also 

significantly reduced the pupation rate, adult emergence, adult 

longevity and fecundity (62). In another study, the efficacy of 

the plant essential oils and solvent extracts regarding 

adulticidal activity was highlighted, with essential oils showing 

a higher activity than the other extract forms such as petroleum 

ether extract, chloroform extract, butanol extract and aqueous 

extract. Based on the Gas Chromatography Mass Spectrometry 

(GC-MS) analysis, the major compounds responsible for the 

biological activity were identified as thymol and carvacrol, 

which inhibit the acetylcholinesterase of the pest and disrupt 

its nervous system. Thymol, the main component of this oil, 

along with other compounds such as γ-terpinene and O-

cymene, contribute to its powerful insecticidal properties. The 

rapid action of this oil, resulting in high pest mortality, suggests 

its potential as a sustainable and environmentally friendly 

alternative to chemical insecticides to protect the silkworms 

from E. sorbillans infestation (63). 

Challenges and limitations  

Although plant extracts are administered to the silkworm, 

showing better results in boosting the economic traits and 

tackling the pests and diseases, there lies several factors that 

make it difficult to effectively use them on a larger scale (56). 

Even though there are plenty of studies showing the benefits of 

plant extracts, the methods for using them aren’t clearly 

defined or standardized. This inconsistency makes it hard to 

get reliable results and makes it difficult for commercial 

silkworm rearing. Another challenge is that many plant extracts 

may degrade quickly and lack ready-to-use formulations (64). 

This instability and inconvenience can limit their practical 

application at the field level during commercial rearing. 

Improving the shelf-life of these plant extracts with the right 

additives could help boost their effectiveness (65).  

 While most plant extracts have beneficial effects on 
silkworms, others can have a negative effect on silkworms like 

Neem, chrysanthemum and Cudrania tricuspidata extracts, with 

neem having the most immediate and serious impact, especially 

on young instar silkworm larvae (66). Therefore, the importance 

of carefully choosing the plant extracts is crucial, along with 

identifying the active components present in the selected plants 

and standardizing them to ensure that the desired effects on 

silkworms are consistent. Lastly, calculating a thorough cost-

benefit analysis for using plant extracts commercially is key to 

figuring out whether they’re economically viable for sericulture. 

Future perspectives and research directions 

To enhance the quality and yield of silkworm cocoon, future 

strategies should focus on a few important areas. Future studies 

could be done to identify plants that have beneficial compounds 

like alkaloids, glycosides, sterols, ecdysones and phenolics, 

which could be used commercially. It’s also crucial to choose 

plant extracts that are not harmful to silkworms. Certain 

challenges, such as photo-degradability and lack of ready-to-use 

formulations for the plant extracts, should be taken care of for 

proper silkworm growth and development. The shelf-life of plant 

extract can be improved by using the right additives for their 

better effectiveness. The study should also explore combining 

the plant extracts with effective chemicals for better disease 

management and enhanced cocoon quality. Disinfectants made 

of plant extracts can also be explored for commercial use. Large-

scale field trials can be conducted to finalize the effective 

formulations and assess their cost-effectiveness. By focusing on 

these areas, Plant extracts can be used sustainably to improve 

the quality and yield of silkworm cocoon.  

Conclusion  

The results of this review demonstrate how plant extracts can 

improve silkworm productivity, growth and disease control. 

Mulberry leaves are enriched with plant bioactive chemicals 

and can significantly improve the cocoon production and silk 
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quality. Furthermore, incorporating plant-based technologies 

promotes the sustainability of sericulture by reducing reliance 

on chemical additives or disinfectants. To maximize the use of 

plant extracts in sericulture practices, future research should 

focus on standardizing extract concentrations and elucidating 

the biochemical processes underlying these benefits.   
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