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Antibiofilm and Antiquorum Sensing Potential of Biosynthesized Silver Nanoparticles 

from Nutmeg against MDR Salmonella enterica Serovar Typhi 
 

Duraisamy S 
Division of Biological Sciences 

Tamil Nadu State Council for Science and Technology  
Chennai – 600 025 

Abstract  
 

Globally, Salmonella  infection poses a major public health problem. In this study, we 

report the antibiofilm activity and quorum sensing inhibition of an aqueous extract of 

nutmeg and biosynthesized silver nanoparticles (AgNPs) against multidrug-resistant (MDR) 

Salmonella enterica  serovar Typhi (S. Typhi) isolated from typhoid patients and 

asymptomatic carriers. The inhibition of biofilm formation by MDR S. Typhi isolates and 

the suppression of pigment production in Chromobacterium violaceum demonstrated the 

quorum-sensing potential of nutmeg. The aqueous nutmeg extract exhibited 87% antibiofilm 

activity, while the biosynthesized AgNPs showed 99.1% antibiofilm activity. Molecular 

docking studies further revealed that the bioactive compounds in nutmeg possess anti-

quorum sensing properties. 

 

Introduction 

Salmonella species are among the most important pathogens worldwide, exhibiting high 

morbidity and mortality rates. Following infection, S. Typhi colonizes the gallbladder and can 

remain there long after symptoms have subsided, serving as a reservoir for the further spread of 

the disease. However, a significant percentage of typhoid infections result in the asymptomatic 

carriage of S. Typhi. Clinical observations among typhoid carriers show that their resistance to 

antibiotic treatment and the extension of infection to the gallbladder are associated with the 

biofilm-producing potential of S. Typhi. In many typhoid cases, persistence can lead to the 

formation of biofilms on gallstones in both acute patients and chronic carriers. Typhoidal and 

non-typhoidal Salmonella biofilms represent a major health problem in industrial, veterinary, 

and medical settings, as they contribute to the failure of antibiotic treatments and facilitate the 

development and spread of antibiotic resistance. 
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Methodology 
 

In this study, a nutmeg aqueous extract, biosynthesized AgNPs, and MDR S. Typhi isolates 

(NCBI accession numbers KT037135-38, KT037130-34, KT696507, KT696504-06) from 

asymptomatic typhoid carriers and typhoid patients were used. Potent biofilm-forming MDR S. 

Typhi isolates were evaluated using the Congo red agar, tube adherence, and tissue culture plate 

methods. The quorum sensing inhibition ability of the nutmeg aqueous extract and biosynthesized 

AgNPs was determined using a soft agar overlay protocol with Chromobacterium violaceum 

(ATCC 12472) as the indicator bacterium. Molecular docking studies of the bioactive compounds 

of nutmeg were performed against the transcriptional regulatory protein RcsB and the sensor 

kinase protein RcsC. 

Results 
 

S. Typhi isolates revealed a higher percentage (46%) of biofilm production when identified 

by the tissue culture plate method compared to the Congo red agar and tube adherence methods. 

The inhibition of biofilm formation by MDR S. Typhi isolates and the reduction in pigment 

production by C. violaceum (indicator bacteria) demonstrated the quorum-sensing potential of 

nutmeg. The aqueous nutmeg extract exhibited 87% antibiofilm activity, while the biosynthesized 

AgNPs showed 99.1% antibiofilm activity. Molecular docking studies of the bioactive 

compounds in nutmeg against the transcriptional regulatory protein RcsB and sensor kinase 

protein RcsC revealed interactions with these target proteins, indicating their anti-quorum sensing 

potential. 

Conclusion 
 

It is concluded that biosynthesized AgNPs could be used as an effective candidate for 

treating asymptomatic typhoid carriers or typhoid patients and for controlling the persistence of 

biofilm-producing S. Typhi strains or other pathogenic bacteria in environmental or industrial 

settings. 
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