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Introduction  
 

Dental caries is a persistent, localized illness that causes 

changes in the tooth structure as a result of chemical loss from 

metabolic activity and the development of dental biofilms on the tooth 

surface1. Initially, this transformation was reversible. Saliva intake, 

sugar intake from food, and fluoride exposure are among the many 

variables that affect dental caries outcomes.2 These variables affect the 

dynamic equilibrium between demineralization and remineralization 

processes. Dental caries are now categorized as diseases such as cancer 

or diabetes with multiple etiologies and no single mechanism of cause. 

Soon after birth, the infant's mouth begins to colonize with oral 

microbes. Due to exposure to microbial sources from outside the world, 

the number of oral bacteria has steadily increased. Streptococcus 

salivarius, Streptococcus mitis, and Streptococcus oralis were the 

earliest and most prevalent oral bacteria to colonize the oral cavities of 

newborn infants. Following the eruption of primary teeth, the number 

and variety of oral microbiota have increased.3  
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Typically, nanoparticles have sizes between 1 and 100 nm. Atomic 

clusters, nanorods, spots, grains, fibers, films, and nanopores with large 

surface areas are possible manifestations. Compared with traditional 

materials, these materials exhibit better physicochemical 

characteristics. Nanoparticles have antiviral, antifungal, and 

antibacterial properties. Nanoparticles may also improve the 

mechanical characteristics, prevent crack spread, and boost the fracture 

toughness of dental materials. Consequently, the use of nanoparticles in 

dentistry has increased. 4 Nanoparticles are effective in periodontology, 

implantology, endodontics, prosthetic dentistry, implantology, 

preventative dentistry, restorative dentistry, and oral cancer. According 

to recent research, metallic nanoparticles can prevent dental caries by 

lowering biofilm development and demineralizing carious lesions. 

Metallic nanoparticles promote the remineralization of demineralized 

(carious) tooth tissues, which promotes biomineralization. Owing to 

their ion balance in oral fluids, metallic nanoparticles can overcome the 

difficulties associated with various oral disorders. 5 According to Hoque 

et al., glucosyltransferases (GTFs) are essential for the synthesis of S. 

mutans' soluble and insoluble extracellular polysaccharides (EPSs).6 

The EPSs help S. mutans adhere to teeth and promote the growth of 

biofilms, making them resistant to antibiotics. 7 Therefore, inhibition of 

EPS production can hinder the growth of biofilms and reduce the 

frequency of dental caries. Dental caries is a serious public health 

concern worldwide. Currently, the mechanical removal of oral biofilms 

remains the best method for preventing dental caries and periodontal 

illnesses. The use of antibiotics has provided medical professionals with 

new ways to combat dental caries. 8 Due to the medication resistance of 

some bacteria, the use of antibiotics alone cannot completely prevent 

demineralization and may even result in infection. A significant factor 

in the failure of antimicrobial therapy and the development of antibiotic 

resistance is the creation of microbial biofilms such as dental plaque. 9 

However, the molecular processes that drive biofilm cell survival 

remain poorly understood. There are three possible causes for this 

problem: the first is biofilm-specific defense against oxidative stress; 

the second is the expression of efflux pumps that release antibiotics 
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specifically in biofilms; and the third is the defense offered by matrix 

polysaccharides that can reduce antibiotic diffusion and may have a 

significant impact on antibiotic resistance.10 The rational use of 

antibiotics has been advocated for, 11 health systems and regulatory 

capacity have been strengthened,12 and new antibiotics and other 

antibacterial drugs have been explored,13 among other proactive 

strategies for bacterial resistance. Because it is exceedingly challenging 

for AgNPs to cause bacterial resistance, AgNPs are currently receiving 

a lot of attention as antibacterial agents. For clinical translational use, it 

is critical to manufacture nanomaterials in a secure, sustainable, and 

cost-effective manner. 14 Green synthesis is one of several AgNP 

preparation techniques that have attracted attention. In this study, the 

antibacterial activity of green-synthesized AgNPs from silkworm 

excreta/pellets against three oral bacterial species, S. mutans, S. oralis, 

and S. gingivalis was investigated. The antibacterial activity was 

evaluated using MIC, time-kill assays, antibiofilm studies, and RT-PCR 

of biofilm-forming gene members. 

Materials and Methods 

 
Collection of silkworm excreta 
The Silkworm pellets were collected from Al-Mustansiriyah 

University, College of Pharmacy. 

 
Bacterial strains 

S.mutans (MTCC 729), S. oralis and S. ginigivalis were purchased from 

MTCC, India. Antibiotics and media were purchased from HiMedia, 

Ltd. (India). Bacteria were revived and subcultured in Mitis salivarius 

base at 37°C for 12-18 hours and maintained as a pure stock.  

Extraction of the sample 

Silkworm excreta/pellets were pulverized into a fine powder and 

filtered through a sieve. Approximately 10 g of the powder was added 

to 100 ml of distilled water and magnetically stirred for 24 h at 200 rpm. 

Following incubation, the mixture was filtered through Whatman No. 1 

filter paper and centrifuged at the maximum speed for 10 min. The 

collected supernatant was used for the green synthesis of AgNPs. 

Green synthesis of AgNPs 

An aqueous silver nitrate solution (0.1 mM) was prepared for the 

synthesis of AgNPs. 14 An equal volume of the extract and silver nitrate 

solution was added to a conical flask and stirred at 200 rpm overnight 

at 45°C until the color changed. The reduction of silver ions to AgNPs 

was confirmed by the color change. The solution was centrifuged at the 

maximum speed to pellet the SEAgNPs. The pellet was dried in a hot-

air oven and stored for further use. The synthesized SE-AgNPs were 

characterized by UV-visible spectroscopy, XRD, FT-IR, and SEM. 

Nanoparticle characterization 

AgNP production has frequently been studied using UV-visible 

spectroscopy. The SEAgNPs were characterized using a UV 

spectrophotometer (Shimadzu, 1800). The agents present in the extracts 

around the synthesized SEAgNPs were subsequently classified using a 

Fourier transform infrared (FT-IR) spectrometer at 500–4000 cm⁻¹ 

(Shimadzu, Koyoto, Japan) after the SEAgNPs were freeze-dried. DLS 

model SZ-100 was used to measure the polydispersity index (PDI) and 

size distribution of the synthesized SEAgNPs under scattered light at 

angles of 90°or 173 °(default) at a speed of 3° min-1 and a step size of 

0.02° in the 2θ range of 10° to 70°. 

Zeta potential measurements were done at a temperature of about 25ºC 

to verify the dispersion and general stability of the synthesized AgNPs. 

The size and distribution of the synthesized nanoparticles were 

investigated using nanoparticle tracking and analysis (NTA) LM-20 

(NanoSight Ltd., UK). Because NTA aids in particle separation based 

on size and intensity, it also determines the Brownian motion of 

particles. A Horiba SZ-100 analyzer (Kyoto, Japan) was used to screen 

the hydrodynamic size (Z-average), polydispersity index (PDI), and 

surface charge (zeta potential) of green-synthesized SEAgNPs. Particle 

size analysis was carried out at a medium count rate of 210kCPS and 

scattering angle of 90° at approximately 25°C. Scanning electron 

microscopy (SEM) was used for the morphological analysis. The 

morphology of the green synthetic SEAgNPs was investigated to 

identify whether aggregates had developed. 

Antibacterial activity 

Well diffusion method 

The well diffusion method was used to test the antibacterial activities 

of the synthesized SEAgNPs according to the National Committee for 

Clinical Laboratory Standards (NCCLS). 15 Three selected oral bacterial 

strains (SM, SO, and SG) were grown in Mitis salivarus broth for18 hr. 

The bacterial isolates were generated by keeping the colony-forming 

units (CFU) at 1.5 x 108/ml. Bacterial suspensions were applied to 

nutrient agar (NA) plates after preparation. A cork borer was used to 

drill wells (9 mm in diameter) into NA plates. Each well received 50μl 

of SEAgNPs at different concentrations (20μg/ml and 40μg/ml). The 

plates were incubated at 37°C for 24 h. The zone of inhibition was 

measured in millimeters (mm). The experiments were performed in 

triplicates. The means and standard deviations were used to express the 

data. 

Broth dilution assay 

The two-fold dilution method was used to determine the minimum 

inhibitory concentration (MIC) of the SEAgNPs as described 

previously. 16 All three bacterial isolates were diluted to 2 × 106 CFU/ml 

in MSB. Broth dilution assay was performed using a 96-well titer plate. 

Approximately 10 μl of the diluted culture (106 CFU/ml) was added to 

each well of the plates containing 180 μl of MSB. Approximately 10 μl 

of the inoculum was added to each well. Sterile distilled water was used 

as the negative control. Following inoculation, the plates were 

incubated overnight at 37°C and the absorbance was recorded at 600 

nm using a microplate reader (Genetix, USA). Vancomycin (10 mg/ml) 

was used as a positive control. MIC was established as the lowest 

SEAgNP concentration that prevented bacterial growth. The minimum 

bactericidal concentrations (MBCs) were determined by plating 

bacterial suspensions from the MIC assay wells at SEAgNP 

concentrations equivalent to or higher than the MIC values on solid 

agar. MBC was determined by taking the lowest peptide concentration 

at which no bacterial growth appeared on the plates, following 

incubation. 15 All sets were conducted in triplicate.  

 

Time-Kill Assay using SEAgNPs 

The time-kill assay was performed as described by Abraham.17 The 

three bacterial strains in the logarithmic phase were diluted in MSB to 

obtain a concentration of 1.5 × 106 CFU/ml. The SEAgNPs were 

diluted two-fold in phosphate-buffered saline (PBS). To 5 ml of MSB, 

200 μl of SEAgNPs at varying concentrations (0.5, 1, and 2 MIC) were 

added, and 100 μl of each bacterial suspension was added to each well 

and mixed thoroughly. 18 The contents were incubated overnight at 37 

°C for 0, 30, 60, 90, 120, or 180 minutes. Sterile distilled water was 

used as the negative control. Following incubation, 20 μl of each tube 

was plated onto MSA plates (1:50 dilution). The plates were incubated 

overnight at 37°C.  

Antibiofilm activity of SEAgNPs 

The effect of SEAgNPs on biofilm formation by the SM, SO, and SG 

strains was evaluated. 15 All the strains were grown to logarithmic phase 

in MSB at 37°C and diluted in MSB (supplemented with 3% sucrose). 

Approximately 1 × 106 CFU/mL of SM, SO, or SG were seeded into 

their respective wells containing 180 μl of MSB (HiMedia). Ten 

microliters of SEAgNPs at 2 × MIC was added to each well. Sterile 

distilled water was used as the negative control. A positive control 

(vancomycin, 10 mg/mL) was added to each well at similar 

concentrations. The plates were then incubated overnight at 37°C.The 

biofilm was analyzed using crystal violet and methyl thiazol tetrazolium 

(MTT) assays .18 Following incubation, the wells were washed three 

times with PBS (pH 7.2) to remove bacteria that were not attached to 

the well. The biofilms were stained with CV (0.5%) for15 min and the 
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CV-stained biofilms were washed with ethanol:acetone (80:20). After 

washing, absorbance was measured at OD560 using a microtiter plate 

reader (Genetix, Germany). For the MTT assay, biofilms formed were 

washed and air-dried for 10 min. To the wells, 5μl of MTT (5 mg/ml) 

dissolved in 100μl of DMSO was added and incubated for 3 h at 37°C. 

The supernatant was collected and the absorbance of the purple color 

was recorded at 560 nm using a microtiter plate reader (Genetix, 

Germany). The lowest concentration at which biofilm formation was 

inhibited by at least 50% is known as the minimum biofilm inhibition 

concentration (MBIC50). 

Biofilm Observation by Light Microscopy 

S. mutans biofilms treated with GHc or GHd were observed by light 

microscopy, as previously described, with minor modifications. 19 In 

brief, SM, SO, and SG were cultured to the exponential phase (2 × 106 

CFU/ml) with MSB (with 3% sucrose). Approximately 100 μl of each 

strain was seeded in wells containing circular coverslips. The cells were 

treated at 2MIC concentration and incubated at 37°C for 24 h. 

Following incubation, the biofilm inhibition protocol was performed as 

described in the previous section. After staining and destaining, 

coverslips were gently removed from the wells and air-dried. The 

biofilms formed were observed under a light microscope (Lawrence and 

Mayo, India). 

Extraction of Extracellular Polysaccharides 

The Bacterial EPSs from SM, SO, and SG isolates were isolated as 

previously described, with slight modifications. 20 Since peptides at 

concentrations near the MIC might decrease bacterial viability and 

interfere with the results, sub-MIC concentrations were used to ensure 

that bacterial growth was not affected. Approximately 1 ml of isolates 

(2 × 106 CFU/ml in MSB containing 1% sucrose) were treated with 0.5 

MIC of SEAgNPs and incubated overnight at 37°C. Following 

incubation, the culture was centrifuged at 9,000 rpm for 10 min at 4°C. 

The resulting pellet was washed three times with water and the water-

soluble glucan-containing supernatant was collected. After washing all 

the precipitates with 10 ml of 0.1 M NaOH, they were centrifuged at 

10,000 rpm for 20 min. To precipitate out the water-insoluble glucans, 

the supernatants were then combined with 30 ml of cold 95% ethanol 

and left overnight at 4°C. The quantity of EPSs was measured using the 

phenol-sulfuric acid technique. EPSs were combined with equal 

volumes of aqueous phenol (5%) and sulfuric acid, and the mixture was 

then heated to 25°C. Absorbance was recorded at 490 nm using a 

microplate reader (Genetix, Germany). 

RNA extraction 

Gene expression was performed using RT-qPCR.15 In brief, 

approximately 200 μl of the isolate (2 × 107 CFU/ml) was added to 50μl 

of SEAgNPs (2 MIC) and incubated at 37°C overnight. Manual 

instructions for RNA extraction are also provided. The cultures were 

centrifuged at 5000 xg for approximately 5 min at 4°C, and the resulting 

supernatant was discarded. Approximately 500 μl of Buffer RLT was 

added to the pellet and vortexed. The contents were then centrifuged at 

full speed for approximately 10 seconds and collected in a new tube. An 

equal volume of 70% ethanol was added to the spin column after mixing 

thoroughly. After centrifuging the contents for 15 s (9000 g), the eluate 

was discarded. Approximately 700 μl of Buffer RW1 was added to the 

column and centrifuged for 15 s (9000 × g). The spin column was 

washed with 500 μl of Buffer RPE and centrifuged for 15 s (9000 × g). 

RNase-free water (30–50 μl) was added to the column and RNA was 

extracted after centrifugation for 1 min at 9000 rpm. RNA quality was 

assessed using a UV spectrophotometer (260/280 ratio) and was used 

to synthesize complementary DNA (cDNA). 

cDNA synthesis 

The SuperScript TMII Reverse Transcriptase, 200 U/μl (HiMedia) RT 

PCR kit was used to generate cDNA. Briefly, the initial reaction was 

initiated using approximately 2 μg of RNA obtained in the preceding 

phase. The volume retrieved was 1.56 μg/l. Therefore, 1.34 μl total 

RNA, 1 μl of RT enzyme, and random primers. The mixture was 

combined before incubation at 25°C for 10 min. The generated cDNA 

was stored for further use in gene expression after 45 min of incubation 

at 70°C. 

Real-time PCR 

Primers were used as previously mentioned and purchased from Sigma 

Ltd.. The iQTM SYBR Green Supermix (HiMedia) was used to conduct 

real-time PCR experiments in accordance with Durso (2014). primers 

(600nM) and 1μl of RT products were used in the PCR experiment, and 

a total volume of 12.5μl was used for the reaction. To verify the positive 

amplification, each reaction was conducted in triplicate and 

concurrently with the corresponding negative control. 

Gene Expression 

The samples (treated and control) were quantified in real time using a 

Corbett Research Cycler (Bio-Rad). The amplification program used 

primers gftB, gftC, gftD, sortase A, and comD at a concentration of 

approximately 600nM. The program was performed for approximately 

40 cycles at 92°C for 50s, 64°C for 45s, and 72°C for 50s using 1.34μl 

of the RNA products. To compare mRNA expression, the housekeeping 

gene, recA, was amplified along with the relevant genes of interest. 

Using the Ct technique (ΔΔCt method), The relative amounts of mRNA 

in the test samples (including the control) were compared using the 

ΔΔCt method. The Ct values of the genes of interest were acquired and 

normalized to those of the housekeeping genes. 21  

Statistical Analysis 

Each experiment was performed in triplicates. Data were analyzed 

using two-way analysis of variance (ANOVA) when appropriate, and 

differences between samples were verified using Tukey’s test (P ≤ 0.05) 

and were regarded as statistically significant. Analyses were conducted 

using SPSS software (version 20) throughout the investigation. 

Results and Discussion 

In the present investigation, SEAgNPs were formed from silver nitrate 

through the reducing action of the aqueous extract, as confirmed by the 

UV-visible spectra shown in Figure 1. The production of AgNPs was 

indicated by an absorption peak at approximately 436.54 nm. The large 

absorbance peak in the results, centered at 436 nm, could be attributed 

to the surface plasmon resonance band of the AgNPs. According to a 

different study, silkworm cocoon extract was gradually oxidized by 

silver ions when the concentration of AgNO₃ was raised [He H, 2017]. 

The structures of the SEAgNP samples were characterized using FTIR 

spectroscopy. The figure shows the original spectra of AgNO₃ and 

SEAgNPs. From the FTIR data, absorption bands for mM AgNO₃ 

solution at 832, 1210, 1420, 1540, and 3423 cm−1 was founded (Figure 

2). Similar bands were reported, but with slight deviations from 

previously reported data.22 The SEAgNPs represented the peak of 

Amide I at 1540 and 1420 cm⁻¹. Amine N–H stretching vibrations were 

observed at 3423 and 3410 for AgNPs and SEAgNPs, respectively. Two 

small bands were observed for the SEAgNPs at 2950 and 2780 cm⁻¹. 

Additionally, the X-ray diffractogram clearly shows that the SE extract 

reduced Ag+ ions to Ag0 to generate AgNPs. The (111), (210), and (200) 

planes of silver are thought to be responsible for the characteristic 

diffraction peaks at scattering angles (2 θ) of approximately 38.8°, 

43.2°, and 66.2°, respectively (Figure 3). The resulting particles were 

face-centered cubic structures of metallic AgNPs, according to previous 

studies. 23 This discovery makes it evident that AgNPs produced by the 

redox-active properties of tyrosine residues during the reduction of Ag+ 

to Ag0 are crystalline in nature. 
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Table 1: The list of primers used in the study 
 

Gene  Sequence Length Tm GC% Product Reference 

gtf B FW TGCCGCAGTCCCTTCTTATTC 21 58.76 50 240 31 

 RV GCCATGTATTGCCCGTCATCT 21 58.73 50  

gtfC FW GTGCGCTACACCAATGACAGAG 22 58.99 50 210 31 

RV GCCTACTGGAACCCAAACACCTA 23 59.05 55  

gtfD FW TACCTTGGGCACCACAACACT 21 59.05 60 150 31 

RV TGCCGCCTTATCATCCTCACT 21 58.99 50  

Sortase 

A 

FW CACAACAAGGCTGCCCATTC 20 60.04 55 470 15 

RV ATTGTTCTAGCAGTCGCCCC 20 60.11 55  

comD FW GCGATTGGAGCCTTTAGTGG 20 58.98 55 217 15 

RV GCCTGAGATGGAGTTGCTTG 20 58.91 55  

*recA FW ATCTCCGTCAATCTCCGCAC 20 59 55 382 15 

RV ACGCGCTGAACAAAAGGTTC 20 59.97 50  

* RecA was used as the housekeeping gene. 

 

Particle Size Distribution Analysis of SEAgNPs 

It crucial to determine the particle size and charge of the materials 

before testing the antibacterial and antibiofilm properties of the 

synthesized SEAgNPs. According to Bhanumathi et al., the size, 

surface charge, shape, and composition of nanoparticles are the primary 

factors influencing their in vitro toxicity. 24 With the aid of the dynamic 

light scattering spectroscopy (DLS) method, the size and charge of the 

particles in an aqueous solution were identified. The surface charge and 

particle size distribution of the nanoparticles in solution can be easily 

determined using this technique. According to the DLS investigation 

(Figures 3A–C), the AgNPs generated from SE had an average particle 

size of 52.60. Particle sizes of 100 nm have great potential for 

biomedical applications because the type of interaction that occurs 

between the nanoparticles and cells is highly dependent on the size of 

the nanoparticles.25  

 
Figure 1: Blue line: UV spectra of the SEAgNPs synthesized with silkworm pellets. AgNO3 depicted in the red line. Peak of the 

SEAgNPs (Blue line) can be seen at 436nm. 

 
Figure 2: FTIR spectra of SEAgNPs formed from Silk worm pellets extract (SE) from 500 to 4000cm-1. Red: AgNO3; Blue: SEAgNPs 
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Figure 3: XRD pattern for SEAgNPs formed from Silkworm pellets extract (PE). 

 

Antibacterial activity 

SEAgNPs exhibited bactericidal activity against all the strains tested in 

this study. MICs of all the isolates were significant, with 54.67 ± 2.13, 

78.6 ± 2.56, and 89.12 ± 3.11μg/ml respectively for SM, SO and SG. 

The present findings were significant to that of the positive control 18.5 

±1.11μg/ml (P < 0.05). MBC was found to be significantly lower in SM 

than in SO and SG. The MBC measured against the strains showed 

bactericidal effects. The MBIC50 was found to be in accordance with 

both MBC and MIC, wherein the concentration was significantly low 

(8.9 ± 1.9 for SM (MBIC50 for positive control was 4 ± 1.2).  

 
(A)                                                                                 (B) 

Figure 4: (A) SEM images of the synthesized AgNPs and (B) a graph showing the number of nanoparticles observed at different sizes 

(Right). All the values are the average of triplicates and expressed as value ± SD. 

 

 

Figure 5: Agar well diffusion method showing the zone of inhibition of SM, SO, and SG strains. P: Positive control (Vancomycin); N: 

Negative control; 20 and 40 numbers represent 20 and 40μg/ml concentration of the test particles. 

Time-kill assay 

Time-killing curves of SEAgNPs against bacterial isolates at 0.5, 1, and 

2 MIC were significant when compared to the control and positive 

controls. The activity was dose- and time-dependent (P < 0.05). The 

positive control showed complete inhibition after 30 minutes. In 

contrast, the 2 × MIC of SEAgNPs took 60 min to kill all SM strains. 

In contrast, the 2 × MIC of SEAgNPs took 90 min to kill all SO and SG 

strains (P <0.05). 



                               Trop J Nat Prod Res, July 2025; 9(7): 3150 - 3159                 ISSN 2616-0684 (Print) 

                                                                                                                   ISSN 2616-0692 (Electronic)  
 

3155 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

Antibiofilm by crystal violet 

The synthesized SEAgNPs showed promising biofilm formation 

inhibition effects against all three bacterial strains compared to the 

positive control. The biofilm inhibition assay of SEAgNPs was the most 

significant against SM, followed by SO and SG. This effect was both 

dose- and time-dependent. These results were in accordance with those 

of the time-kill assay. Two-way ANOVA between the isolates and time 

period was conducted to compare the effect of biofilm inhibition by 

SEAgNPs. All the effects were statistically significant at a significance 

level of 0.05. There was a significant difference between incubation 

time and treatment (p<0.05 [F (2,6) = 51.22984, P=0.000169]. 

However, no significant differences were observed between the strains. 

[F (3,6) = 3.093897, P= 0.111055]. The Tukey HSD test for post-hoc 

comparisons revealed that the mean score differed substantially 

between the positive control and SEAgNP groups. The inhibition of 

biofilm formation in SM was found to be 56 and 94% after 12 and 24 h 

of incubation, respectively. The Inhibition was 100% for the positive 

control. Biofilm inhibition was recorded to be 78.3 and 67.8% for SO 

and SG, respectively, after 24 h of incubation. 

 
Figure 6: Scatter plots of Time kill assays of SEAgNPs against SM, SO, and SG. All the values are average of triplicates 

 
Figure 7: Biofilm evaluation by crystal violet assay. An assay was carried for 24hr incubation Vancomycin was used as a positive control. 

At 0 hr, the inhibition was assumed to be 0%. All the values are the average of triplicates and expressed as mean value ± SD,  

 
Figure 8: Biofilm evaluation by MTT assay. An assay was carried out for 24hr incubation, Vancomycin was used as positive control. At 

0hr, the number of live cells were 100%. All the values are average of triplicates and expressed as mean value ± SD, * P< 0.05, ** p < 

0.01, according to Tukey’s post hoc test 

 

* 

* 
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Antibiofilm by MTT assay 

The positive control showed a highly significant reduction in live cells 

to 16% at 12 h. The percentage viability of living cells was significantly 

reduced from 100% to 18% at 24 h in SM. This was highly significant 

compared with that of the positive control (P <0.05). In contrast, cell 

viability was reduced to 38% and 31% for SO and SG, respectively. A 

two-way ANOVA between the isolates and the period was conducted 

to compare the effects of SEAgNPs on the cell viability. All the effects 

were statistically significant at a significance level of 0.05. There was a 

significant difference between incubation time and treatment (p<0.05 

[F (2,6) = 42.68735, P=0.000283]). However, no significant differences 

were observed between the strains. [F (3,6) = 3.425231, P= 0.09311]. 

The Tukey HSD test for post-hoc comparisons revealed that the mean 

score differed substantially between the positive control and SEAgNP 

groups. 

Light Microscopy of Biofilms 

SEAgNPs showed an obvious inhibition of attachment at the beginning 

of biofilm formation. At 2MIC concentration, the attachment of the 

isolates to the slide was completely inhibited. This treatment resulted in 

reduced biofilms for all three strains; however, SM was completely 

disrupted, followed by SO and SG. After 24 h of incubation, complete 

disruption of the biofilm was observed in all the isolates (P <0.05). 

Nevertheless disturb the 24-hour-old biofilm, leading to a decrease in 

biofilm thickness and disordered structures, despite the biofilm's highly 

organized structures. 

 
 

Figure 9: Light microscopy images (40x) with methylene blue 

staining. S. mutans, S. oralis, S. gingivalis can be seen after 24hr 

treatment with SEAgNps. All the isolates were treated at 2MIC 

concentration. 

  
 

Figure 10: Percentage of EPS produced under the treatment of 

SEAgNPs at 0.5MIC concentration. Control (untreated strain) 

was assumed to be 100%. Vancomycin was used as a positive 

control. The untreated bacteria were served as control. P< 0.05 

indicate the significant difference. 
 

Extracellular Polysaccharide Production 

From found that SEAgNP inhibited the production of both insoluble and 

soluble EPS, indicating an inhibitory or antibiofilm effect against the 

oral strains in this study. Inhibition was observed for all three strains (P 

<0.05). The present results were matched those of SM, SO, and SG 

biofilm assays. The inhibitory rates of soluble EPS were found to be 

63.21 ± 1.25, 45.06 ± 1.11, and 38.65 ± 2.8% for SM, SO, and SG, 

respectively. The inhibition rates of water-insoluble EPS were recorded 

to be 73.05 ± 1.08, 56.71 ± 2.31 and 48.11 ± 2.1% for SM, SO, and SG, 

respectively. On the other hand, EPS inhibition was 15 and 18% for 

water-soluble and water-insoluble EPS inhibition, respectively (P 

<0.05). 

Real-time expression 

Real-time RT-PCR was used to quantify the expression of the chosen 

genes gftB, gftC, gftD, sortase A, comD, and the housekeeping gene 

recA. The pattern of gene expression, as determined by Ct values, is 

depicted in (Figures 11–15) and shows the downregulation of the 

chosen genes. The observed expression patterns matched those of in 

vitro biofilm inhibition studies. All the gene members were expressed 

at the expected base pairs, as shown in the agarose gel (Figure 16). 

Figures depict how SEAgNPs affected the expression of genes involved 

in biofilm formation and EPS production in bacterial strains. The 

primary building blocks of EPSs are water-insoluble polysaccharides, 

which are produced by the gtfB and gtfC genes, whereas water-soluble 

extracellular polysaccharides are produced by the gtf D gene. In the 

present study, the EPS-synthesizing genes Gtf B, Gtf C, and Gtf D were 

significantly downregulated in all bacterial strains when exposed to a 

2MIC concentration of SEAgNPs (P< 0.05). The relative expression 

levels of the gtf B, C, and D genes in bacteria treated with SEAgNPs 

were lower than those in the control at 2MIC concentration (Figures 11-

15). This difference was statistically significant in the positive control 

group. This downregulation was in accordance with a previous EPS 

inhibition assay, confirming the role of these genes in EPS production, 

thereby aiding biofilm formation. Similarly, gene members thought to 

be responsible for biofilm formation (sortase A and comD) were also 

found to be significantly downregulated compared to the control (1 or 

100%). The downregulation was recorded to be below 0.7 (positive 

control below 0.4) and was seen in all three species of the study (P 

<0.05) (Figures 11-15). The present results are in accordance with those 

of a biofilm inhibition study. 

In this study, green-synthesized AgNPs were tested as antimicrobial 

agents against three oral bacterial strains (S. mutans, S. oralis and S. 

gingivalis). The results showed that The synthesized AgNPs completely 

inhibited the growth of the tested bacterial strains. Inhibition of bacterial 

growth was dose- and time-dependent. In this study, green-synthesized 

AgNPs inhibited oral bacterial strains, with inhibition zones of 20, 15, 

and 14 mm against SM, SO, and SG, respectively (P <0.05). This was 

highly significant compared with that of the positive control (25 mm). 
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The MIC values were also significant, with values as low as 54.67 ±2.13 

for SM when compared to the positive control (18.5 ±1.11).  

 

Figure 11: Graph depicting real-time RT-PCR's validation of 

gftB. The 2-∆∆Ct formula was used to calculate gene expression 

using the Ct values. RecA functions as a normalizer and a 

housekeeping gene. Each experiment was carried out three 

times. 

 

Figure 12: Graph depicting real-time RT-PCR's validation of 

gftC. The 2-∆∆Ct formula was used to calculate gene expression 

using the Ct values. RecA functions as a normalizer and a 

housekeeping gene. Each experiment was carried out three 

times. 

 

Figure 13: Graph depicting real-time RT-PCR's validation of 

gftD. The 2-∆∆Ct formula was used to calculate gene expression 

using the Ct values. RecA functions as a normalizer and a 

housekeeping gene. Each experiment was carried out three 

times. 
 

Throughout this study, the antibacterial activity was significantly higher 

against SM than against the other two strains (SO and SG). The 

evaluation of the antibacterial activity of AgNPs, along with many 

green-synthesized AgNPs, has been studied by many biologists, but the 

green synthesis from silkworm pellets was reported for the first time.  

AgNPs successfully inhibited and killed bacteria in a dose- and time-

dependent manner, as revealed in time-kill assays; however, the 

bacterial reproduction time may be an appropriate strategy to prevent 

viable infection. To cling to the tooth surface and create cariogenic 

biofilms, S. mutans or other oral bacteria require the presence of 

bacterial EPSs. Glucosyltransferases (GTFs) produce EPSs, which are 

important for biofilm generation and maintenance.  

 

Figure 14: Graph depicting real-time RT-PCR's validation of 

comD. The 2-∆∆Ct formula was used to calculate gene 

expression using the Ct values. RecA functions as a normalizer 

and a housekeeping gene. Each experiment was carried out three 

times. 

 

 

Figure 15: Graph depicting real-time RT-PCR's validation of 

sortase A. The 2-∆∆Ct formula was used to calculate gene 

expression using the Ct values. RecA functions as a normalizer 

and a housekeeping gene. Each experiment was carried out three 

times. 

 
In a dose-dependent manner, AgNPs may block the synthesis of both 

water-soluble and water-insoluble EPS, which was evident in present 

EPS study. EPS was inhibited at rate of 63.21 ±1.25, 45.06 ±1.11, and 

38.65 ± 2.8% for SM, SO, and SG, respectively, in the case of soluble 

EPS. In contrast, the inhibition rates of water-insoluble EPS were found 

to be 73.05 ±1.08, 56.71 ±2.31, and 48.11 ± 2.1% for SM, SO, and SG, 

respectively. Similar results were obtained in studies conducted on 

biofilm matrices of oral bacteria.20 Antibiofilm studies were done by 



                               Trop J Nat Prod Res, July 2025; 9(7): 3150 - 3159                 ISSN 2616-0684 (Print) 

                                                                                                                   ISSN 2616-0692 (Electronic)  
 

3158 

 © 2025 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

 

crystal violet, MTT, and light microscopy. After 24 h of incubation, the 

viability percentage of living cells was significantly reduced to 18% in 

the presence of 100% SM. This was highly significant when compared 

with that of the positive control, which was 16% (P <0.05). Percentage 

viability was estimated using the MTT assay.  

 
 

Figure 16: Photographic images of the expressed gene members 

by Real time PCR on 1% agarose gel. Control: without 

treatment; Vancomycin is used as positive control. gftB, gftC, 

gftD, srtA and comD were found to be 240, 210, 150, 470, and 

217bp, respectively. All the gene members were expressed at 

expected length. 
 

Similar results were observed in the crystal violet assay, where the 

inhibition was 56 and 94% after 12 and 24 h incubation, respectively. 

After 24 h of incubation, the biofilm was completely disrupted, as 

observed using light microscopy. Similar antibiofilm reports were 

observed where S. mutans biofilms were inhibited by antimicrobial 

peptides; 26 biofilms in the case of dental caries caused by Streptococcus 

mutans were found to be greatly inhibited by several external agents, 

such as metallic nanoparticles, plant extracts, 27 and other purified 

antimicrobial peptides.28 The current real-time RT-PCR data to quantify 

the expression of biofilm formation genes (gftB, gftC, gftD, sortase A, 

and comD) showed a significant downregulation of these genes. This 

downregulation may be the sole reason for the observed reductions in 

biofilm formation and EPS secretion. Similar data were reported by Koo 

et al.,29 who observed a significant downregulation of the 

exopolysaccharide matrix. Streptococcus mutans gtf C gene member 

responsible for the synthesis of both soluble and insoluble glucans was 

reported to be downregulated, similar to the current findings.30 

 

Table 2: Table showing the inhibition zone, MIC, MBC, and MBIC50 values of the SEAgNPs against the oral bacterial strains in the 

study (P<0.05), values sharing different superscript letters (a, b, c) are significantly different at P< 0.05 by Tukey’s post hoc test 
 

 Zone of inhibition in mm MIC μg/ml MBC μg/ml MBIC50 μg/ml 

Positive 25 ±1.06a 18.5 ±1.11a 10 ± 2.11a 4 ± 1.2a 

SM 20 ±1.2b 54.67 ±2.13b 35 ± 3.41b 8.9 ± 1.9b 

SO 15 ±1.5c 78.6 ±2.56c 63 ± 3.11c 12.1 ± 2.3c 

SG 14 ±1.1c 89.12 ± 3.11c 75 ± 2.78c 13.4 ± 2.4c 

           Values are presented as the mean ± SD. Different superscript letters (a, b, c) in the same column indicate statistically significant differences 

between treatments (P< 0.05), as determined by Tukey’s post hoc test. 

Conclusion  
The green-synthesized AgNPs from Silkworm excreta exerted 

antimicrobial activity against all the oral bacterial strains, S. mutans, S. 

oralis and S. gingivalis. Antibacterial activity was confirmed by MIC, 

biofilm inhibition, and time-kill assays. The extracellular 

polysaccharide content decreased proportionately with the dosage of 

AgNPs and the incubation time. Several studies have confirmed its 

possible role in biofilm stabilization. AgNPs also impeded biofilm 

attachment by the strains in attachment in-vitro which might be due to 

the downregulation of gtfs, sortase A and comD genes. As stated earlier, 

these genes aid biofilm formation and stabilization. These findings 

show that AgNPs drastically reduce or completely eradicate medication 

resistance, and provide a new approach for managing plant pathogens. 

AgNPs soon undergo changes in their surface charge, acid-base 

properties, and aggregation behavior, and their effects on the 

antibacterial activity of AgNPs will be evaluated. 
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