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	 Moringa oleifera (MO) commonly known as drumstick plant, is  recognised by modern 
medicine for its distinctive therapeutic benefits. One of those benefits being  its antimicrobial 
activity.  Silver nanoparticles,  known for its pharmacological effects as well as synergistic 
action with various agents have gained popularity in recent years.  The aim of this research 
work was to assess the antibacterial efficacy of 5% Moringa oleifera mouthwash reinforced with 
silver nanoparticles against oral aerobic organisms. Aqueous extract of 5% Moringa oleifera 
was used to synthesize silver nanoparticles and prepare the mouthwash. Characterization was 
done using scanning electron microscopy analysis and energy dispersive x-ray analysis. The 
antibacterial activity of the mouthwash against Streptococcus mutans, Staphylococcus aureus, 
Enterococcus faecalis, Candida albicans was investigated using agar well diffusion assay. 5% 
MO - silver nanoparticles mouthwash had a stronger impact on Staphylococcus aureus and a 
comparable effect on Streptococcus mutans. The maximum zone of inhibition was 28 mm at 100 
µL for Staphylococcus aureus and minimum zone of inhibition was  16mm for Candida albicans. 
There was a dose dependent effect of MO - silver nanoparticles mouthwash on Staphylococcus 
aureus, Streptococcus mutans, Enterococcus faecalis and Candida albicans. Of these, the 
antimicrobial effect was more appreciable on plaque colonizers like Staphylococcus aureus 
and Streptococcus mutans. Thus, these characteristics of phytomedicine and nanomedicine 
prove to be a safer alternative in the management of Plaque associated Gingival diseases.
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	 Microbes are ubiquitous in the oral 
cavity. They exist as  well structured and organized 
communities in a polysaccharide matrix called 
dental biofilm. The normal habitat is maintained  

by adopting proper oral hygiene measures. 
When there is a disturbance in the homeostasis, 
pathogenic microflora invade the  microbial habitat 
resulting in gingivitis, periodontitis and dental 
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caries. 1 Gingivitis, an inflammatory condition of 
the gingiva affects children and adults of all age 
groups.2 In the initial stages of plaque formation 
gram positive streptococcus strains in habitat 
the tooth surfaces as primary colonizers. 3 Apart 
from this there are other atypical pathogens like 
Staphylococcus Aureus, Enterococcus Facecalis 
and Candida Albicans isolated from saliva, 
periodontal pockets and dental plaque. 4,5 These 
atypical microbes could be a reason for refractory 
gingival and periodontal conditions that do 
not respond to routine plaque control therapy. 
Brushing is the most widely used self-care oral 
hygiene technique for  removing bacterial plaque, 
mechanically. 6

	 However, routine mechanical oral hygiene 
techniques adopted by individuals are inadequate, 
either because of faulty brushing techniques or 
the presence of multiple plaque retentive factors.6 
This maintenance of oral hygiene is critical and 
much more demanding in patients with a history 
of periodontitis.6 So, chemical plaque control 
has emerged as an effective and obligatory 
alternative for all kinds of dental patients in all age 
groups.7	  
	 The gold standard for chemical plaque 
management is chlorhexidine (CHX), a broad-
spectrum antimicrobial.  However, long-term use of 
CHX mouthwashes can cause discolouration of the 
tooth and the tongue , alteration in taste perception 
and more calculus formation. These unfavourable 
side effects make CHX mouthwashes undesirable 
for long-term usage in patients. Consequently, the 
search for alternatives continue, with an emphasis 
on biogenic agents.8

	 Medicinal herbs are being used  in 
Naturotherapy since thousands of years around 
the world. India has a very rich ancient medical 
system that dates back to over three thousand years, 
and herbal combinations have been recognized 
as an inevitable alternative.9 Herbal remedies 
originating from plant sources have long been 
utilized in dentistry to suppress bacteria, decrease 
inflammation, soothe irritation, and alleviate pain.9 
A large range of herbal mouthwashes has been 
reported to have promising benefits in biofilm 
reduction. Herbal mouth rinses prepared using 
extracts and essential oils from phytotherapeutic 
plants contain active substances such as catechins, 
tannins, and sterols.10

	 Moringa oleifera found commonly in 
households in most regions of India has diverse 
medical properties. It is a versatile remedy that 
possesses anti-tumor, antipyretic, antispasmodic, 
diuretic, antiulcer, hypotensive, hypolipidemic, 
hepatoprotective, antifungal, and antibacterial 
properties. 11 It is a part of the staple diet consumed 
by people of different socioeconomic classes. 
Every part of the Moringa plant, from the leaves 
to the fruit, seeds, flowers, bark, and roots, offers 
enormous health advantages, so it is rightly 
known by various names like miracle tree, tree 
for life, wonder tree, and marvelous tree.12 The 
effectiveness of Moringa oleifera (MO) extracts 
is less explored in oral care.  

	 Nanotechnology is a boon to drug delivery 
systems. It is the changes brought upon a substance 
at an atomic level at the nanoscale of 1-100 nm. 
Silver nanoparticles are rising in popularity due 
to their diverse biological features like anti-
inflammatory and antioxidant properties. Silver has 
been used to heal wounds and chronic inflammation 
since ancient times. In Siddha medicine practice, 
for oral administration of any herb, a small dose 
of metal is given along with the preparation.13 
This addition enhances the availability of the herb 
for rapid action at a low dosage. The aim of the 
present study, was to assess the antibacterial effect 
of 5% Moringa oleifera mouthwash with silver 
nanoparticles against oral aerobic organisms. 

METHODOLOGY

	 This in-vitro study was conducted in 
Pharmacology department of Saveetha Dental 
college between May-June of 2022.
Aqueous Extract Preparation
	 Leaves of Moringa oleifera (drumstick) 
were randomly procured from local market. They 
were rinsed with distilled water, dried in shade, 
powdered and stored in airtight vials. According to 
the previous study report, 5% aqueous extract of 
MO exhibited potent anti-inflammatory and anti-
oxidant activity so the same extract concentration 
was adopted for the present study. For aqueous 
preparation 100 gm of the leaf powder was added 
to 1 litre of distilled water, macerated, and left for 
three days. Following that, with sterile Whatmann 
filter paper the MO solution was filtered. 50 cc 
of the filtered extracts was heated to destroy 
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the bacterial spores and was used for testing of 
antibacterial activity.14

Synthesis of silver nanoparticles
	 According to Espinosa-Cristóbal 
technique 15 silver nanoparticles were prepared. 
To 50 mL of deionized water, 0.0169 grams of 
AgNO3 was dissolved for 5 min and 50 ml of the 
aqueous extract of Moringa oleifera was added. For 
synthesis of silver nanoparticles, the solution was 
mixed with magnetic stirring and allowed to stand 
for 2 hr. The solution was boiled and observed for 
dissolution. Finally it was centrifuged in test tubes 
of 16 mm. The particles formed after centrifuging  
for 10 minutes at 3000 rpm. 

Preparation Of Mouthwash
	 Trituration of sucralose (0.1%), sodium 
benzoate (0.05%) and menthol (1%) was  done. To 
this, 50 ml of silver nanoparticles synthesized from 
5% Moringa oleifera was added. Sodium benzoate 
acts as a preservative and menthol as a flavouring 
agent (fig 1).
Characterization of Silver Nanoparticles
	 The characterization of biosynthesized 
silver nanoparticles was done by UV-Visible 
spectroscopy using a double beam UV visible 
spectrophotometry in the wavelength range of 
300-500 nm. This way the reduction of AgNO3 to 
AgNps was checked.

Fig. 1. Synthesis of silver nanoparticles from 5% Moringa oleifera

Fig. 2. UV visual spectroscopy of MO - silver nanoparticles mouthwash showing a peak at 420nm
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Fig. 3. Scanning electron microscopic analysis of MO - silver nanoparticles mouthwash at 3K and 10K resolution 
showing hexagonal shaped AgNPs

Fig. 4. Energy dispersive X ray analysis of MO - silver nanoparticles mouthwash demonstrated 40% of silver and 
60% of MO

	 The morphology of the biosynthesized 
silver nanoparticles was determined using scanning 
electron microscopy at 10K resolution 
	 Energy Dispersive X-Ray Analysis (EDX) 
is a method where x-rays are used to determine the 
elemental makeup of materials. Scanning Electron 
Microscopy  (SEM) uses energy-dispersive X-ray 
analysis (EDAX) to study nanoparticles.
Antimicrobial Activity of Moringa oleifera 
Mediated Nanoparticle Mouthwash 
	 The microbial culture of Staphylococcus 
aureus, Streptococcus mutans, Enterococcus 
faecalis, Candida albicans. used in this study were 
obtained from the microbiology lab of Saveetha 
dental college. 
	 25ìL 50ìL, 100ìL, 150ìL of mouthwash 
were loaded into the wells containing the Mueller-

Hinton agar plates streaked individually with 
Staphylococcus aureus, Streptococcus mutans, 
Enterococcus faecalis,and Candida albicans. 
The wells were incubated at 37°C for 48 hours. 
Amoxicillin and Fluconazole were used as the 
standard. For each pathogen, the zone of inhibition 
was measured. The tests were repeated thrice, and 
the mean value was determined.

RESULTS 

	 The UV visible spectra revealed a 
particular absorption band at 420 nm peak (fig2) 
for the produced silver nanoparticles. This peak 
was obtained after 2 hours of reaction time, and 
the absorption band observed was wide, suggesting 
the nanoparticle’s polydispersity of distribution. 
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Fig. 5. Zone of inhibition of MO mouthwash against 
a) Staphylococcus aureus, b) Streptococcus mutans, 

c) Enterococcus faecalis, d) Candida albicans by disk 
diffusion test

Table 1. Extent of zone of inhibition by  MO - silver 
nanoparticles mouthwash at different concentrations 

and standard on aerobic organisms 

Organism 	 25 µL	 50 µL	 100 µL	 Antibiotic 

S. aureus 	 22	 26	 28	 40
S. mutans 	 16	 18	 20	 38
E. faecalis 	 11	 15	 18	 38
C. albicans 	 12	 14	 16	 10

Fig. 6. Bar graph comparing the zone of inhibition of MO - silver nanoparticles mouthwash concentrations at 
different concentrations against  standard. A concentration dependant antimicrobial activity was noted

According to the SEM analysis, the particles were 
hexagonal and pentagonal shapes and the sizes 
were ranging between 80-150 nm (fig 3). The 
elemental makeup of the components evaluated by 
x-ray dispersion study revealed that the mouthwash 
comprised of 60%  MO extract particles and 40%  
silver nanoparticles (fig 4).  
	 Table 1 shows the zone of inhibition of 
the prepared mouthwash against Staphylococcus 

aureus, Streptococcus mutans, Enterococcus 
faecalis, Candida albicans.  The zone of inhibition 
was maximum at higher concentration of the 
mouthwash. And at 100 µL the zone of inhibition 
was observed to be at a highest of 28mm for 
Staphylococcus aureus followed by 20mm for 
Streptococcus mutans (figure 5). As seen in the 
graphical representation (figure 6) these inhibition 
zones were comparatively less for the rest of the 
organisms. 

DISCUSSION 

	 Plaque-induced gingivitis is a relatively 
prevalent oral disease caused due to the 
accumulation of microbial biofilms on the surfaces 
of teeth. This direct association between plaque 
and gingivitis results in a severe form of gingivitis 
in cases where  oral care is compromised. Plaque 
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control by mechanical and chemical means can 
ensure a  complete reversal of the inflammation. 
In few instances complete resolution fail to occur 
which could be due to atypical infections caused 
by opportunistic oral microflora like S.aureus, E. 
faecalis, C. albicans. 16 Studies have isolated these 
microorganisms in saliva, subgingival plaque of 
gingivitis, periodontitis17 and peri-implantitis 
patients. 18 
	 There are a spate of research works on 
the therapeutic benefits of Moringa oleifera. A 
systematic review analysing the anti-inflammatory, 
antioxidant and antiproliferative effects of MO on 
cell lines observed that the presence of kaempferol, 
quercetin, apigenin and multiflorin-B accounts for 
its pharmacological benefits. The extracts were 
selectively toxic to cancer cells and nontoxic 
to normal cells. Leaves had pronounced anti-
inflammatory and antioxidant activities than other 
parts of the plant. 19

	 Based on these observations, in this study 
the effect of MO mouthwash with bio-enhancer 
like silver nanoparticles on opportunistic oral 
organisms Staphylococcus aureus, Enterococcus 
faecalis, Candida albicans and common plaque 
colonizer Streptococcus mutans was evaluated. 
	 The antibacterial effect of MO leaf extract 
was studied by Singh & Tafida on Escherichia 
coli, Staphylococcus aureus and Pseudomonas 
aeruginosa. Similar to the present study the leaf 
extract had a potential inhibitory effect on the 
studied aerobic organisms. 20

	 A study done by Peioxoto et al compared 
the antibacterial efficiency of various extract 
preparations of MO leaves. It concluded both 
aqueous and ethanolic extract had an significant 
antibacterial effect on S.aureus, E.faecalis and 
V.parahaemolyticus. 21 But considering the anti-
inflammatory and anti-oxidant activities the 
aqueous extract was found to be more potent 
than alcoholic extract. 14 Hence for  the present 
study, aqueous extract was chosen for mouthwash 
preparation. 
	 Elagamily et al conducted an in vitro 
study to evaluate the effectiveness of toothpaste 
and mouthwash prepared with MO. The anti-
microbiologial assessment against oral microbes 
S.aureus, S.mutans, and C.albicans was done. The 
formulated toothpaste displayed more antibacterial 
and antifungal activity than the mouthwash. And 

there was no antifungal activity reported for the 
mouthwash. In the present study the mouthwash 
exhibited antibacterial activity but no significant 
antifungal effect.  The toothpaste showed highest 
mean inhibitory zone  for Staphylococcus aureus 
and Streptococcus mutans. 22 
	 The antimicrobial effect of MO is 
attributed to the presence of alkaloids, flavonoids, 
tannins, terpenoids, glycosides and saponins.  The 
phytoconstituents cause increased permeability 
of bacterial cell membrane by inhibition enzyme 
sortase, affecting DNA replication and resulting 
in lysis of plasma membrane. Tannins inhibit 
the amino acid metabolism of the bacterium and 
retards multiplication. Saponins interact with 
the cell membrane and result in alteration of cell 
morphology and cell death. 23

	 Silver nanoparticles (AgNPs) are 
important metallic nanoscale materials because 
of their antibacterial characteristics. According to 
studies, the use of AgNPs in dental applications 
has the potential to counteract dental biofilm 
and diminish the prevalence of dental caries, 
periodontal disease, and other oral bacterial 
disorders.24

	 A study testing the efficiency of 0.2 
percent curcumin nanoparticle mouthwash among 
periodontitis patients, demonstrated low plaque 
and gingival scores, decreased probing pocket 
depths and gain in clinical attachment levels. The 
outcomes were comparable to a group which used 
0.2% chlorhexidine (CHX).25

	 Silver nanoparticles also demonstrated 
better wound healing effect than CHX mouthwash 
in palatal wounds of rabbits. 26

	 The development of new technologies 
that improve the standard of care and expand 
the range of applications for dentifrices and 
mouthwashes have accelerated the understanding 
of nanotechnology and its applications in the field 
of oral hygiene products. Given the several benefits 
of both silver nanoparticles and MO, our study was 
the first of its kind to evaluate the synergistic effects 
of AgNPs and MO mouthwash on oral aerobic 
microbes.
	 The Mechanism of green synthesis of 
silver nanoparticles with MO extract in this study, 
was due to the presence of alkaloid in the leaf 
extract. Silver ions get trapped onto the surface 
of the alkaloid and were  reduced by proteins to 
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produce silver nuclei. These silver nuclei clump 
together and expand in size, culminating in the 
production of silver nanoparticles. The alkaloids 
covering the silver nanoparticles stabilize the silver 
particles by preventing aggregation among them. 27 

The antibacterial effect of AgNPs, is by the release 
of positively charged silver ions which interact with 
negatively charged bacterial cell wall proteins that 
lead to cell death by loss of cell wall integrity. 28 In 
the present study the UV visible spectrophotometry 
showed a peak at 420 nm wavelength indicating 
the synthesis of AgNPs. The same wavelength was 
also observed by Halki.  29 
	 Herbs are employed for management and 
prevention of diseases. Herbal remedies are an 
effective alternative to conventional therapy for 
its minimal complications, less financial burden, 
and ease of availability. They possess various 
micronutrients and pharmacologically active 
constituents. And their effects are dependent on 
time of harvest, region of cultivation and process of 
preparation.  With the aid of advanced technologies 
and well-designed studies,  standardized 
phytotherapy protocols can be drawn employing 
newer drug delivery systems for the management 
of disease conditions. 
	 The shortcomings of the study were 
the lack of assessment against other marketed 
mouthwashes and also leaving out testing its 
effect on anaerobic organisms.   Since these 
results were obtained in a laboratory setup well 
designed, clinical trials are required to confirm 
the same.  Cross over trials with longer follow-
ups may be considered to extrapolate the in-vitro 
results clinically. In future, with the findings of 
this study, novel remedies in the form of local drug 
delivery for the management of periodontitis can be 
designed with MO synthesized silver nanoparticles.  

CONCLUSION

	 The generation of physiologically 
active silver nanoparticles of size 80-150 nm 
was demonstrated in this study using Moringa 
oleifera extract. The pathogens Streptococcus 
mutans, Staphylococcus aureus, Enterococcus 
faecalis, and Candida albicans showed significant 
dose-dependent inhibitory activity when the 
nanoparticles were coated with Moringa oleifera 
in an aqueous media. The combined benefits of 

phytomedicine with nanomedicine can result in 
more effective treatment with fewer side effects. 
Clinical studies should be conducted to assess 
the effects of Moringa oleifera extract in the 
management of gingivitis and periodontitis.
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