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Abstract 

Purpose: Antibiotic resistance is a major problem with inadvertent usage. Thus, there is a need to 
search for new antimicrobial agents of herbal origin to combat antibiotic resistance. Development 
of biologically inspired green synthesis of silver nanoparticles is evolving into an important branch 
of nano-biotechnology. In the present investigation, we report the green synthesis of silver 
nanoparticles (AgNPs) employing the aqueous extract of a traditional medicinal product consisting 
of an oleoresin (a combination of macromolecules of carbohydrates and proteins) exuded from the 
rhizome of the plant Ferula foetida (asafoetida gum) 

 Methodology: The silver nanoparticles synthesized using asafoetida gum (As-AgNPs) were 
evaluated for its antimicrobial activity. 
against A. actinomycetemcomitans, P. gingivalis and T. forsythia by broth dilution method. 
Results: Among the tested microorganisms, P. gingivalis was the most sensitive organism against 
the biogenic AgNPs with an MIC value of 1.95 mg/ml; while T. forsythia was least sensitive 
against biogenic AgNPs (15.63 mg/ml). 
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Conclusion: , The synthesized As-AgNPs were exhibited efficient antimicrobial activities against 
periodontal pathogens, respectively. 

Keywords: Antibacterial activity, herbal extract, asafoetida gum, AgNPs, antimicrobial, 
periodontal pathogens 

Introduction 

Periodontitis is associated with dysbiosis of dental biofilm which manifests in chronic 
inflammation of periodontal lining tissues. This results in damage of alveolar bone and subsequent 
tooth destruction [1]. Pathogenic microbiota and chronic inflammation in periodontitis contribute 
in progression and onset of many other systemic diseases, such as cardiovascular diseases [2,3], 
metabolic syndrome [4], diabetes [5], rheumatoid arthritis [6], respiratory disease [7], chronic 
kidney disease [8], obesity [8], and cancer [9]. Therefore, shift in content of oral microflora is 
considered as primary factor that contributes to periodontitis [10]. Studies witness that disturbance 
of microbiota may activate P. aeruginosa, E. coli, S. pyogenes, and B. cereus [12-14]. There is 
high Manifestation of multiple drug resistance, prolonged treatment, and increased risk for 
mortality attributed to extensive use of conventional antimicrobial agents have geared up the 
nanocomposites research in current decade [15-17]. As a result, recent decade recorded 
mettlesome development in the field of metal nanocomposites with profound application in 
microelectronics, photonics, and medicines [18,19].  

Among metallic nanoparticles, the high potential of silver nanoparticles (AgNPs) to enhance the 
antimicrobials and other biomedicine activity always motivate the investigators [20-24]. The 
AgNPs are reported as powerful tools against multiple drug-resistant bacteria, such as E. coli, 
erythromycin-resistant S. pyogenes, P. aeruginosa, and B. cereus [25,26]. Investigations assert 
several methods for metal nanocomposites synthesis like microwave irradiation [27], heat 
evaporation [28], chemical reduction [29], and electrochemical reduction [30]. 

 The AgNPs synthesis using asserted methods mandates the use of surface passivators to prevent 
agglomeration. The use of passivators such as thiophenol, mercaptoacetate, and thiourea in 
synthesis of AgNPs may result in environmental pollution [31]. The AgNPs synthesis by chemical 
method may lead to toxic entities adsorption over particles surface and manifest many adverse 
effects during application. Though AgNPs can be formulated by several methods, but the method 
that offers non-toxicity, high yield, high economy, and environmental safety is a major concern 
[32]. 

 Nanocomposite synthesis using plant materials is considered as green, as it does not involve 
hazardous chemicals. The benefits of environmental friendliness, simplicity, cost-effectiveness, 
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stability, and reproducibility, attached with the biogenic synthesis justify the importance of green 
synthesis of AgNPs [33,34]. Studies suggest alteration of human gut bacteria by addition of certain 
vegetables into controlled vegetable diet [35].  

The traditional herb Asafoetida is the dried latex extruded from the rhizome of a perennial 
herb, Ferula foetida. Traditionally, asafoetida gum is used for digestive benefits and is a kitchen 
consumable in many South Indian homes. It gives a pleasant flavor to foodstuffs and is a good 
antioxidant, with antimicrobial and anticancer properties.[36]The prime constituents of asafoetida 
latex include resin (above 60%), endogenous gum (above 20%), volatile oil (above 15%) and ash 
(less than 10%). Asafoetida has been used as a sedative agent for neuropathic patients because it 
induces sleep without any adverse effects . An antimicrobial study carried out using asafoetida 
extracts showed good inhibitory action towards both Gram-positive and Gram-negative bacterial 
pathogens.[37] The bioactive compounds isolated from asafoetida were tested against nosocomial 
infections, and the result showed that the bacterial strains that were resistant to drugs responded 
well, confirming the antimicrobial potential of the isolated compounds 

Based on the literary research evidences, it was hypothesized that blending of highly efficacious 
drug Asafoetida into AgNPs would offer a synergistic remedy to combat pathogenic microbiota 
triggered periodontal disease. Hence, based on complex disorders of periodontitis and expected 
benefits attached with blend of AgNPs and Asafoetida, the present study was intended to perform 
the green synthesis of AgNPs using Asafoetida gum aqueous extract (EFLAE), followed by 
biogenic AgNP’s optimization, stability, characterization, and evaluation against common 
pathogenic periodontal microbiota  that triggers periodontal disease.occurrence in periodontal site 
of chronic patients of periodontitis [15]. Studies consider periodontal disease as the most oral 
infectious disease that is predominated by microorganism [16] 
Material & Methods 
Selection of Material 
 The AgNPs were biosynthesized using EFLAE. The major chemicals, such as silver nitrate, 
dimethyl sulfoxide, sodium hydroxide (NaOH), potassium bromide (KBr), and Muller Hilton agar 
were acquired from Sigma Aldrich, SD Fine, Fisher chemicals, and Hi-Media. Prior to antibacterial 
activity, the glasswares were washed with deionized water, and followed by drying for 2 hours at 
160°C (whereas plastic wares were autoclaved).  
Preparation and Synthesis of Asafoetida (As)-AgNPs 
Asafoetida is an oleoresin exuded from the rhizome of the plant Ferula foetida. Five hundred 
grams of asafoetida gum was purchased from a supermarket in the Riyadh region of Saudi Arabia. 
The sample was washed with tap and distilled water to remove unwanted fine particles and allowed 
to dry. The gum was ground into a fine powder. Twenty-five mg of the fine powder was dissolved 
in 500 mL of Milli Q water and filtered. The filtrate was designated as the aqueous extract of 
asafoetida and was used for further experiments. 
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To prepare silver nitrate nanoparticles, 84.94 mg of silver nitrate (1 mM) was dissolved in 500 mL 
of Milli Q water, to which 20 mL of freshly prepared asafoetida extract was added. The reaction 
mixture was monitored, and the pale yellow reaction mixture became brown in 24 h. The colored 
mixture was centrifuged at 18000 rpm for 15 min and then washed. The process was repeated three 
times. The sediment obtained was dried in a vacuum evaporator. The dried powder was designated 
as As-AgNPs and stored for further study. 
UV-Visible analysis  
The biogenic AgNPs synthesis success was confirmed by UV Visible spectral analysis. After 
dilution of small aliquot of biosynthesized AgNPs in deionized water (1 ml test sample with 4 ml 
deionized water), the test mixture was subjected to UV-Visible spectral analysis at room 
temperature to observe surface plasmon resonance (SPR) signal. The analysis was done at 400–
800 nm using Shimadzu U-2800 spectrophotometer with a scanning speed of 300 nm/minute. The 
monitoring of generated UV-Visible absorption spectrum determined reduction of Ag+ ions. The 
AgNP solution exhibited an absorbance signal at 433 nm. The analysis was carried out as per 
standard reference procedure with minor modifications [41–43]. 
Antimicrobial Activity 
Source of microorganism 
The standard strains of A. actinomycetemcomitans (ATCC 29523), P. gingivalis (ATCC 33277) 
and T. forsythia (ATCC 43037) were procured from Promochem, Bangalore. 
Antibacterial activity 
The lowest concentration of the extract/drug that will inhibit the growth of test microorganisms is 
the Minimum inhibitory concentration (MIC). For the bacteriological suspension, 1.5 × 
10 8 CFU/ml was prepared by comparing the growth turbidity with 0.5 McFarland standards. BHI 
broth supplemented with horse serum was used as media for all the 3 microorganisms.  
For T. forsythia n-acetyl, muramic acid was added to the BHI broth supplemented with horse 
serum. The stock solution of the  biogenic AgNPs extract used for MIC was 500 mg in 1 ml of 
DMSO 50%. Nine dilutions (50%, 25%, 12.5%, 6.25%, 3.125, 1.562%, 0.781%, 0.390%, and 
0.195%) were tested against selected organisms by broth dilution method as per Clinical and 
Laboratory Standards Institute guidelines.  The tubes were kept for incubation for 48 h at 37°C in 
the bacteriological incubator and observed for turbidity (P. gingivalis and T. forsythia being an 
obligate anaerobe was incubated in an anaerobic jar while A. actinomycetemcomitans being a 
facultative anaerobe was incubated in CO 2 dessicator). Turbidity was taken as an indication of 
growth, and the lowest concentration which remained clear was recorded as the relative MIC.  All 
the tests were performed in triplicate, and the mean value was taken. 
 
Results 
The results are summarized in [Table 1]. Among the tested microorganisms, P. gingivalis was the 
most sensitive organism against the biogenic AgNPs with an MIC value of 1.95 mg/ml; while T. 
forsythia was least sensitive against biogenic AgNPs (15.63 mg/ml). 
 



 
 
 

5138 
 

Ann. For. Res. 65(1): 5134-5141, 2022 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
https://www.e-afr.org/ 

© ICAS 2022 

Table 1. antibacterial activity of biogenic AgNPs extract 
Periodontal Pathogens MIC 
P. gingivalis 1.95 mg/ml 
T. forsythia 15.63 mg/ml 
A. actinomycetemcomitans 3.91 mg/ml 

 
Discussion 

The mechanism of the antimicrobial activity of As-AgNPs might interact with the microbial 
membrane, prominently to membrane damage, it will kill the bacteria.[38] The As-AgNPs first 
attachment to the cell membrane and the interruption and release of cellular constituents, resulting 
in a loss of permeability.[39] The antimicrobial activity could also be an interaction between small 
bacterial cells and AgNPs induce a metabolic imbalance in microbial cells after the assimilation 
of As-AgNPs, leads to the formation of intracellular reactive oxygen species that kills bacteria 
consequently.[40] 

The antimicrobial effect of silver nanoparticles is dominated by their morphological characteristics 
and concentration. Smaller nanoparticles have the advantage of higher percentages of interactions 
when compared to larger particles. The smallest nanoparticles displayed maximum activity 
towards the microbial pathogens, despite being more prone to diffusion than larger 
particles.[41] The antimicrobial efficiency of nanoparticles is also based on their shape.[42]In 
particular, triangular nanoparticles have shown more significant inhibitory activity than spherical 
and rod-shaped AgNPs.[43] In addition, the concentration significantly influences the 
antimicrobial activities of silver nanoparticles. For example, a 50 to 100 mg of total silver content 
is required to reduce bacterial colony-forming units. The AgNPs were mainly extracellular, and 
the resulting nanoparticle size range was 5 to 100 nm, specifically 10–50 nm, with spherical 
shapes.[36,37,44] The antimicrobial and antitumor potential of As-AgNPs demonstrates the 
comprehensive development of new antimicrobial particles with an improved antimicrobial 
mechanism against human microbial pathogens. 

Conclusion 

According to the objectives of our current work, the As-AgNPs were synthesized using 
Asafoetida with significant range and size. Further, the synthesized As-AgNPs were exhibited 
efficient antimicrobial activities against periodontal pathogens, respectively. These outcomes 
open a new way to the formulation of As-AgNPs for in vivo studies with animal models in our 
future research investigations. 
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