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Abstract
The impact of antibiotics on growth, cocoon production was assessed in addition to isolation and characterization 
of bacteria associated with silkworm gut of infected larvae. Larval rearing was maintained at recommended 
conditions of temperature and humidity. Silkworm larvae showing abnormal symptoms were collected from the 
control group and dissected for gut collection. Bacteria were isolated from the gut content by spreading on agar 
plates and incubated at 37 °C for 48 hrs. Bacterial identification and phylogenetic analysis were carried out by 
16S rRNA gene sequencing. The isolated bacteria were subjected to antimicrobial susceptibility test (disc diffusion 
methods) by using Penicillin (10 µg/mL), Tetracycline (30 µg/mL), Amoxicillin (25 µg/mL), Ampicillin (10 µg/mL), 
and Erythromycin (15 µg/mL). All isolated strains showed positive results for the catalase test. We isolated and 
identified bacterial strains (n = 06) from the gut of healthy and diseased silkworm larvae. Based on the 16S rRNA 
gene sequence, isolated bacteria showed close relation with Serratia, Bacillus, and Pseudomonas spp. Notably, 83.3% 
of strains were resistant to Penicillin, Tetracycline, Amoxicillin, Ampicillin, and Erythromycin but 16.6% showed 
antibiotic susceptibility to the above-mentioned commonly used antibiotics. Silkworm larvae fed on penicillin-
treated leaves showed significant improvement in larval weight, larval length, and cocoon production. Significantly 
higher larval weight (6.88g), larval length (5.84cm), and cocoon weight (1.33g) were recorded for larvae fed on 
leaves treated with penicillin as compared to other antibiotics. Isolated bacterial strains showed close relation 
with Serratia spp., Bacillus spp. and Pseudomonas spp.

Keywords: chinese race, silkworm gut, bacterial pathogens, B. mori, sericulture.

Resumo
O impacto dos antibióticos no crescimento e na produção do casulo foi avaliado, além do isolamento e 
caracterização das bactérias associadas ao intestino de larvas infectadas do bicho-da-seda. A criação das larvas 
foi mantida nas condições recomendadas de temperatura e umidade. As larvas do bicho-da-seda com sintomas 
anormais foram coletadas do grupo controle e dissecadas para coleta do intestino. As bactérias foram isoladas do 
conteúdo intestinal por espalhamento em placas de ágar e incubadas a 37° C durante 48 horas. A identificação 
bacteriana e a análise filogenética foram realizadas pelo sequenciamento do gene 16S rRNA. As bactérias isoladas 
foram submetidas a teste de sensibilidade antimicrobiana (métodos de difusão em disco) com penicilina (10 
µg / mL), tetraciclina (30 µg / mL), amoxicilina (25 µg / mL), ampicilina (10 µg / mL) e eritromicina (15 µg / mL). 
Todas as cepas isoladas apresentaram resultados positivos para o teste da catalase. Isolamos e identificamos 
cepas bacterianas (n = 06) do intestino de larvas de bicho-da-seda saudáveis e doentes. Com base na sequência 
do gene 16S rRNA, as bactérias isoladas mostraram estreita relação com Serratia, Bacillus e Pseudomonas spp. 
Notavelmente, 83,3% das cepas eram resistentes a penicilina, tetraciclina, amoxicilina, ampicilina e eritromicina, 
mas 16,6% mostraram suscetibilidade aos antibióticos comumente usados mencionados acima. As larvas do 
bicho-da-seda alimentadas com folhas tratadas com penicilina apresentaram melhora significativa no peso 
larval, comprimento larval e produção de casulo. Peso larval significativamente maior (6,88g), comprimento 
larval (5,84cm) e peso do casulo (1,33g) foram registrados para larvas alimentadas com folhas tratadas com 
penicilina, em comparação com outros antibióticos. Cepas bacterianas isoladas mostraram estreita relação com 
Serratia spp., Bacillus spp. e Pseudomonas spp.

Palavras-chave: raça chinesa, intestino de bicho-da-seda, patógenos bacterianos, B. mori, sericultura.
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2.2. Rearing procedure

The rearing was carried out in rearing trays and early 
larval instars (1st-3rd) were fed mulberry leaves of local 
variety at an interval of 6 hrs. Late instar larvae (4th-5th 
instars) were divided into six groups and each replicated 
thrice. Early instar larvae were raised at 28 °C and 80 ± 5% 
RH whereas late instar larvae (4th-5th instars) were reared 
at 26 ± 2 °C and 70 ± 5% RH.

2.3. Antibiotic treatment

Tetracycline (30 µg/mL), Amoxicillin (25 µg/mL), 
Ampicillin (10 µg/mL), Erythromycin (15 µg/mL) and 
Penicillin (10 µg/mL) were used in the study. The mulberry 
leaves dipped in the antibiotic solutions were fed during the 
4th and 5th instar larvae (Mahmoud et al., 2012). The silkworm 
larvae were fed on antibiotic-treated mulberry leaves during 
the 4th and 5th instars at an interval of 12 hrs.

2.4. Bacterial strains isolation antimicrobial susceptibility 
test

In the 4th and 5th instar, silkworm larvae with symptoms 
of infection (loss of appetite, sluggish larvae, evacuation 
of loose bowel and motionless, discolored, and flaccid) 
were collected from control groups and dissected for gut 
collection. All such larvae were immediately removed from 
other stock and maintained separately. It was processed 
for gut content collection and bacterial isolation followed 
by grinding in 10mL sterile saline water, spreading on agar 
plates, and incubation at 37 °C for 48 hrs for culture growth.

2.5. Collection of diseased larvae and isolation of bacteria

Bacteria were isolated from randomly selected diseased 
larvae (n=06). The bacterial strains were isolated from the 
gut of larvae. The larvae were disinfected in 2% Sodium 
hypochlorite for 3 to 5 min and afterward, gut material 
was collected from dissected larvae and suspended in 
sterile saline water and spread on agar medium incubating 
at 37 °C overnight for bacterial culture. The bacterial 
cultures were purified through the streak plate method 
and bacterial strains isolated from healthy larvae (HG) 
from the treated groups were designated as HG1, HG2, 
and HG3 whereas those collected from diseased larvae 
(DG) were designated as DG1, DG2, and DG3. The purified 
colonies of each sample were further cultured in the 
nutrient broth at 37°C overnight in a shaking incubator 
for different biochemical tests i.e. catalase, mannitol, and 
citrate test. The isolated bacterial strains were permanently 
stored in 15% glycerol.

2.6. Biochemical characterization and antimicrobial 
susceptibility test

The isolated bacterial strains were subjected to multiple 
metabolic and biochemical tests including catalase, citrate 
utilization, and mannitol utilization test. The antimicrobial 
susceptibility was carried out using the Kirby-Bauer 
disc diffusion method (Ayoade et al., 2014; Bauer et al., 
1966) for commonly used antibiotics including Penicillin 
(10 µg/mL), Tetracycline (30 µg/mL), Amoxicillin (25 µg/
mL), Ampicillin (10 µg/mL) and Erythromycin (15 µg/mL). 

1. Introduction

Sericulture is rearing domesticated silkworms and the 
cultivation of mulberry for raw silk production. Sericulture 
industry has great potential to increase the quantity and 
improve the quality of silk fiber (Hussain et al., 2011a). 
Silkworm domestication resulting in inbreeding depression, 
and variations in climatic conditions and diseases pose great 
menace to the sericulture industry (Kanwal et al., 2018). This 
requires improving the rearing conditions, improved silk 
seed, vigorous management practices, disease management, 
and availability of separate rearing rooms (Islam et al., 2004; 
Hussain et al., 2011b; Sharma & Kedar, 2013; Todmal et al., 
2013). The pathogenic microbial infections of Bombyx 
mori induce a shift in the metabolic profiles and affect the 
activities of enzymes amylase, invertase, trehalase, and 
protease (Sidhu & Singh, 1968) resulting in the spoilage 
of cocoon and silk quality (Venkatesh & Kumaran, 2015).

Pseudomonas spp., Staphylococcus spp., Streptococcus 
bombycis, Serratia marcescens, Micrococcus spp., Bacillus spp. 
and Bacillus thuringiensis have been reported associated with 
significant cocoon crop losses by weakening the immunity 
of silkworm (Choudhury et al., 2002; Rajendra et al., 2011). 
Haemolymph plays a key role in the innate immune response 
triggered by bacterial action (Hou et al., 2010). Antibiotics 
exhibit therapeutic and healing effects in B. mori larvae septic 
with bacterial pathogens (Mohanta et al., 2013). Antibiotics 
used for the treatment of mammals exhibited therapeutic and 
healing effects in B. mori larvae septic with bacterial pathogens 
(Nayak et al., 2006). Antibiotics have been used in silkworm 
rearing for the management of diseases, promotion of growth, 
and improve feed consumption (Mohanta et al., 2013).

The impact of various antibiotics on silkworm growth, 
disease management, and study of gut bacteria during 
larval rearing has been explored in various parts of the 
world in the recent past (Liang et al., 2015; Liang et al., 2014; 
Sun et al., 2016). Bacteria play a crucial role in the digestion of 
mulberry leaf constituents by producing digestive enzymes 
in the midguts (Dillon & Dillon, 2004). Thus, the study of 
bacterial communities associated with silkworm gut needs 
to be conducted concerning different feeding environments, 
silkworm strains, and mulberry varieties. The current study 
was conducted to evaluate the impact of antibiotic-treated 
larval feeding on growth, cocoon production, and bacteria 
associated with the silkworm gut.

2. Materials and Methods

The impact of antibiotics on growth, cocoon production 
was assessed in addition to isolation and characterization 
of bacteria associated with silkworm gut of infected larvae. 
The rearing was carried out in the Laboratory of Systematics 
and Pest Management, Department of Zoology, University 
of Gujrat, Punjab, Pakistan.

2.1. Incubation of silkworm eggs

The eggs of the Chinese race of silkworm were obtained 
from Sericulture Research Laboratory Lahore and incubated 
at 24 ± 2 ˚C and 75 ± 5% Relative Humidity (RH) with a 
photoperiod of 16 hrs light: 08 hrs darkness.
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The diameters of inhibition zones were measured after 
overnight incubation at 37°C (Riaz et al., 2011).

2.7. Isolation of DNA

Colony PCR was used for the amplification of 16S rRNA 
gene amplification. Briefly, a separate bacterial colony was 
picked and added to the PCR reaction mixture and incubated 
for extra 5 minutes at 95°C in the initial denaturation step 
to lyse bacterial cells and obtain template DNA for PCR 
(Adel et al., 2015; Carroll et al., 1999; Gurgulova et al., 2017).

2.8. 16S rRNA gene amplification, sequencing, and 
phylogenetic analysis

Colony PCR was used for amplification of 16s rRNA 
gene by suspending isolated bacterial colonies in Tris EDTA 
buffer and boiling for 10 minutes in the water bath. The cell 
debris was pelleted down by centrifugation at 6000 rpm for 
five minutes and the supernatant was used as a template 
for PCR. Primers 27F (5′-AGAGTTTGATCMTGGCTCAG-3′) 
and 1492R (5′-TACGGYTACCTTGTTACGACTT-3′) were used 
with reaction conditions: initial denaturation at 94 ºC for 
2 min, followed by 30 cycles at 94 ºC for 1 min, 50 ºC for 
1 min and 72 ºC for 1:30 min, and a final extension at 72 ºC 
for 10 min. The purified PCR products were sequenced 
through the Sanger method. Sequence homology was 
analyzed using the Basic Local Alignment Search Tool 
(BLAST) while phylogenetic analysis was carried out 
through MEGA 6.0 using the Neighbour Joining method 
(Pavlopoulos et al., 2010).

2.9. Experimental design and data collection

The experiment was laid down in Completely 
Randomized Design (CRD) with three replications. 
At the onset of the 4th instar, 50 larvae were kept in each 
replication. Data on different parameters were recorded 
at the end of the 5th instars i.e. larval weight and larval 
length was recorded. Larval weight was calculated by 
taking the mean weight of five larvae whereas larval 
length (cm) was recorded by taking the mean length of 
five randomly selected larvae at the end of the 5th instar 
before the onset of cocoon spinning. Cocoon weight (g) 
was recorded at the end of the spinning.

Cocoon weight (g), shell weight (g), and cocoon shell 
percentage were calculated by the following formula 1, 2 and 3.
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The data were subjected to Analysis of Variance (ANOVA) 
and means were compared by applying Tukey’s test (Steel 
& Torrie, 1980; Tukey, 1949).

3. Results

3.1. Biochemical characterization

We explored the impact of Penicillin, Tetracycline, 
Amoxicillin, Ampicillin, and Erythromycin on the silkworm 
larval weight, larval length, cocoon weight, and gut 
inhabiting bacteria. Biochemical characterization showed 
that all strains (HG1, HG2, HG3, DG1, DG2, and DG3) were 
positive for the catalase test. Similarly, all strains showed a 
negative result for the Mannitol Utilization Test (as shown 
in Table 1). The sensitivity (S) or the resistivity (R) of HG1, 
HG2, HG3, DG1, DG2, and DG3 isolates to antibiotics was 
determined by observing the absence or presence of 
growth around the discs. Those isolates which showed 
growth around antibiotics were considered resistant to 
the corresponding antibiotics, whereas the isolates whose 
growth was inhibited by the antibiotics were considered 
sensitive.

In the present study, we isolated and identified bacterial 
strains (n = 06) from the gut of healthy and diseased 
silkworm larvae. Based on the 16S rRNA gene sequence, 
isolated bacteria showed close relation with Serratia spp., 
Bacillus spp., and Pseudomonas spp. The strains were found 
positive for the catalase and the citrate utilization test, but 
all were negative for the mannitol test. Notably, 83.3% of 
strains were resistant to Penicillin, Tetracycline, Amoxicillin, 
Ampicillin, and Erythromycin but 16.6% showed antibiotic 
susceptibility to the above-mentioned commonly used 
antibiotics. Biochemical characterization revealed that all 
bacterial strains were able to show catalase activity, but no 
one showed activity for the mannitol utilization. Similarly, 
all strains showed citrate utilization, except HG3 (as shown 
in Table 1). All the strains were found resistant against 
antibiotics used in this study, except DG1, which showed 
sensitivity (as shown in Table 2).

3.2. Phylogenetic analysis

Molecular identification of the isolated bacterial 
strains was done after amplification and sequencing of 
the 16S rRNA gene (See Figure 1). Phylogenetic analysis 
demonstrated that bacterial strain DG2 and DG1 showed 
close relation with Serratia marcescens and Bacillus 
halotolerans, respectively, while other strains (DG3, HG1, 
HG2, and HG3) showed relatedness to Pseudomonas 

Table 1. Biochemical characterization of different bacterial strains.

Samples
Catalase 

Test
Mannitol 

Test
Citrate Test

HG1 + ˗ +

HG2 + ˗ +

HG3 + ˗ _

DG1 + ˗ +

DG2 + ˗ +

DG3 + ˗ +

“+” represents positive results whereas “˗” means negative results for 
the corresponding test.
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aeruginosa (See Figure 2). When compared to each other 
HG1, HG2, HG3, and DG3 clustered together into the 
same clade but DG1 and DG2 were placed separately in 
phylogenetic tree (See Figure 3).

The sequences of the isolated strains were submitted 
to GenBank under accession numbers MK625483 (HG1), 
MK625484 (HG2), MK625485 (HG3), MK625486 (DG1), 
MK625487 (DG2), and MN073211 (DG3).

Table 2. Antimicrobial susceptibility of isolated bacterial strains.

Samples Penicillin Tetracycline Amoxicillin Ampicillin Erythromycin

HG1 R R R R R

HG2 R R R R R

HG3 R R R R R

DG1 S S S S S

DG2 R R R R R

DG3 R R R R R

R and S represent “resistivity” and “sensitivity”, respectively.

Figure 1. Amplification of 16S rRNA gene (1500 bp) of isolated bacterial strains; lane 1 = HG1, lane 2 = HG2, lane 3 = HG3, lane 4 = DG1, 
lane 5 = DG2, lane 6 = DG3, -ve = negative control, +ve = positive control, M = 1kb DNA marker.

Figure 2. Phylogenetic relationship and identification of bacterial strains isolated in this study based on 16S rRNA gene sequence 
through Neighbor Joining method using 1000 bootstrap replicates.
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3.3. Effect on silkworm larval weight and larval length

The data collected at the end of the 5th larval instar before 
the cocoon spinning indicated significantly higher mean 
larval length in groups treated with antibiotics as compared 
to the control group i.e. Penicillin (5.84cm) and Tetracycline 
(5.75cm) were not significantly different with each but 
significantly different from all other groups (as shown 
in Table 3). Similarly, mean larval weight demonstrated 
significant differences in antibiotic-treated larvae as 
compared to control. Penicillin (6.88g), Tetracycline (6.66g), 
and Ampicillin (6.18g).

3.4. Effect on cocoon weight, shell weight and cocoon shell %

The results indicated that cocoon weight, shell 
weight, and cocoon shell percentage indicated significant 
differences (as shown in Table 3). The highest mean 
cocoon weight was recorded for cocoons spun by larvae 
reared on leaves treated with penicillin (1.33g) followed 
by Tetracycline (128g) and Ampicillin (125g). Maximum 
shell weight (0.233g) and cocoon shell percentage (17.46%) 
was yielded by cocoons whereas maximum obtained from 
larvae reared on leaves treated with Penicillin.

4. Discussion

The diversity of insect gut microbial fauna is determined 
by various factors i.e. rearing conditions, developmental 

stage, diet, and phylogeny of the host (Chen et al., 2016; 
Martinson et al., 2017; Yun et al., 2014). In our study, 
bacterial diversity of silkworm gut showed the presence 
of Serratia marcescens, Pseudomonas aeruginosa, and 
Bacillus halotolerans isolated from the diseased larvae. 
The phylogenetic analysis showed that four (HG1, HG2, 
HG3 & DG3) out of six strains were closely related with each 
other whereas distantly related with DG2 and DG1. It is more 
likely that the host phylogeny has a close association with 
the presence of these bacterial strains. It has been reported 
that host genetics plays pivotal role in determining the 
microbial community in mulberry-feeding lepidopteran 
insect fauna (Campbell et al., 2012). The bacterial strains 
i.e. HG1, HG2, HG3, DG3 (Pseudomonas aeruginosa), 
DG1 (Bacillus halotolerans), and DG2 (Serratia marcescens) 
were identified based on 16S rRNA gene sequencing. 
Bacteria have been reported as a potential causative agent 
of various infections in silkworms i.e. flacherie is more 
prevalent in the areas with elevated temperature (30 °C) 
and less than 80% relative humidity (Choudhury et al., 
2002). Mulberry feed, developmental stages, and gender 
of the silkworm determine the bacterial gut communities 
(Liang et al., 2014; Sun et al., 2016). In the control group, our 
results indicated significantly lower means for biological 
and commercial attributes associated with silkworm larvae 
and cocoons, respectively. The mulberry leaves may likely 
be of poor nutritive value and larvae were unable to produce 
antibacterial factor in enough quantity. This could have 

Table 3. Performance of silkworm larvae under different treatment groups for larval weight, larval length, cocoon weight, shell weight, 
and cocoon shell percentage.

Treatment
Larval length 

(cm)
Larval weight (g) Cocoon weight (g) Shell weight (g)

Cocoon shell 
percentage

Penicillin 5.84 ± 0.02a 6.88± 0.06a 1.33a 0.233a 17.46a

Tetracycline 5.75 ± 0.06ab 6.66± 0.07b 1.28b 0.213b 16.56b

Ampicillin 5.64 ± 0.03bc 6.18± 0.04c 1.25bc 0.197c 15.81bc

Erythromycin 5.58 ± 0.04c 6.07± 0.04c 1.24bc 0.196c 15.78bc

Amoxicillin 5.58± 0.05c 5.67± 0.06d 1.23c 0.189cd 15.34c

Control 5.41 ± 0.09d 5.37± 0.07e 1.21c 0.181d 14.98c

Means in a column that have no superscript in common are significantly different from each other (Tukey’s HSD, P<0.05).

Figure 3. Phylogenetic relationship of bacterial strains isolated in this study with each other based on 16S rRNA gene sequence through 
Neighbor-Joining method using 1000 bootstrap replicates.
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lowered the performance of silkworm larvae. In an earlier 
study, significant reduction in the total protein content 
of the silk glands of flacherie infected larvae (Rajasekhar 
& Pathak, 1994). Similar results were reported in an 
earlier study on the silkworm microbiota reporting that 
poor nutritive value lowers the performance of silkworm 
larvae for biological and commercial traits (Manimegalai 
& Chandramohan, 2005). Earlier studies concluded that 
the use of antibiotics eliminated intestinal bacteria and 
enhanced the chance of the susceptibility of the silkworms 
to S. marcescens and baculovirus (Rajagopal, 2009). 
Antibiotics destroy or inhibit undesirable bacteria in the 
gut and thus improving absorption of food (Phillips et al., 
2004; Venkatesh Kumar & Srivastava, 2010). Larval weight 
and length showed a significant increase when larvae were 
fed leaves treated with antibiotics (Mahdi et al., 2017). 
Vitamins and antibiotics enriched feeding resulted in the 
enhancement of cocoon weight, shell weight and shell 
ratio (Venkatesh Kumar & Srivastava, 2010). Administration 
of penicillin and streptomycin to 5th instar larvae of 
mulberry silkworm resulted in the increased body weight 
(Murthy & Sreenivasaya, 1953). The supplementation of 
tetracycline and ampicillin to silkworm larvae resulted in 
significant increase in cocoon weight and shell percentage 
(SAVITHRI, 2007). Antibiotics administration with different 
concentration significantly improved the biological and 
economic parameters of silkworm larvae and cocoon, 
respectively (SAVITHRI, 2007). Antibiotic supplementation 
in healthy larvae could lead to the improvement in the 
biochemical parameters (Savitri & Mohan, 2003). Use of 
antibiotics during larval rearing has prophylactic effect 
and could lead to harvest better cocoon crops. The results 
demonstrated that antibiotics seem to assist in the building 
up the resistance in the larvae, thus, minimizing the 
mortality and enhancing the growth of larvae

5. Conclusion

Isolated bacterial strains showed close relation with 
Serratia spp., Bacillus spp. and Pseudomonas spp. The results 
demonstrate that the mulberry silkworm fed on antibiotic-
treated leaves yielded significantly higher means of cocoon 
weight, shell weight, and shell percentage. Larval mortality 
was not observed in the antibiotic-treated groups. Similarly, 
improved larval weight and larval length was recorded in 
treatment groups as compared to control.
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