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Evaluation of minimum inhibitory and minimum bactericidal concentration 
of nano-silver base inorganic anti-microbial agent (Novaron®) against 
streptococcus mutans
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Abstract
Objective: We attempted to find the possibility of determining the minimum inhibitory concentration and minimum bactericidal 
concentration needed for nano-silver base inorganic anti-microbial agent (Novaron® AG 300, AG 1100) against Streptococcus 
mutans in vitro using broth dilution assay. Materials and Methods: An ampoule of freeze-dried S. mutans NCTC reference strain 
was revived, and the colony-forming units (CFU) were calculated. The MIC and MBC was determined by broth dilution assay using 
different concentrations of Novaron® AG 300 and Novaron® AG 1100 against 1 x 105 CFU/ml of S. mutans. Results: The MIC 
and MBC of Novaron® AG 300 and Novaron® AG 1100 against S. mutans were found to be 40 μg/ml. Conclusions: Novaron® 
has anti-bacterial effect against S. mutans. Further studies are needed to explore the applicability of these silver-supported 
anti- microbial agents in clinical dentistry.
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Introduction

Scientific research has provided overwhelming evidence 
that dental caries is a specific bacterial infection linked 
with certain host factors.[1] There is always a tendency for 
the accumulation of the dental plaque on the surfaces of 
the restorative materials including the composite resin and 
glass ionomer cement, hence increasing the risk of secondary 
caries beneath these restorations. Plaque accumulation 
on composite resin is related to its surface roughness 
and free energy, which is related to resin type, filler size, 
and the percentage of filler.[2,3] Composite resins tend to 
accumulate more bacteria or plaque than other restorative 
materials in  vitro[4] and in  vivo.[5] Attention has now been 
directed towards increasing their anti‑microbial and biologic 
properties.[6] Anti‑microbial effects have been attributed to 
the presence and release of fluorides in restorative materials 

such as glass ionomers and fluoride‑releasing composites, 
though this has been shown to be clinically effective only in 
the former.[6] However, the leaking of fluoride ions weakens 
the matrix, and the short duration and sudden “burst” of 
fluoride release has shown it to be clinically unsuccessful in 
preventing decalcification.[7‑9] In some clinical trials, it has 
been found that fluoride ‑ releasing bonding systems did not 
significantly reduce the incidence of enamel decalcification; 
50% of the patients and 13.5% of the teeth had post‑treatment 
decalcification.[10] Hence, the addition of certain agents that 
result in the inactivation of the bacteria is a direct strategy 
to eradicate further spread of the dental caries.

Silver has a long history of use in medicine as an anti‑microbial 
agent.[11] Silver in the form of silver nitrate and along with 
sulfonamide to form silver sulfadiazine has been used in the 
management of wounds and burns. Silver ions (Ag+

(aq)) are 
generally recognized as the bioactive agent, supplied for clinical 
applications from numerous silver‑containing formulations 
comprising silver salts, silver oxide, metallic silver, silver 
chelates, and silver particles.[12,13] Silver ions form metal‑organic 
complexes and insoluble compounds with sulfhydryl groups 
(e.g., cysteine residues) in cell walls of bacteria and fungi, 
generally inactivating essential enzymes responsible for 
energy metabolism and electron transport. Silver ions also 
block the electron transport chain functions most sensitively 
between cytochrome reductase and cytochrome oxidase and 
less sensitively between nicotinamide adenine dinucleotide 
(NADH) and succinate dehydrogenase.[14,15]

Silver, in the form of silver amalgam, have been in use for 
the restoration of carious lesions, though its anti‑bacterial 
effect is minimal and, if noted, has been attributed to the 
presence of copper, mercury, and zinc rather than metallic 
silver.[16] Silver diamine fluoride has been used effectively 
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since 1969 for Arresting Caries Treatment (ACT).[17] 
Nanotechnology modulates metals into their nano size, hence 
changing dramatically their chemical, physical, and optical 
properties. Silver nanoparticles show efficient anti‑microbial 
efficacy because of their large surface area, hence providing 
better contact with micro‑organisms.[18,19] Thomas V 
et  al.[20] synthesized chitosan/silver nanoparticles films, 
which demonstrated excellent anti‑bacterial action against 
model bacteria, Escherichia coli, and Bacillus spp. These films 
can be used as anti‑microbial packaging materials, as wound 
dressings, and can also be grafted onto various implants.

Novaron® is a silver‑supported inorganic anti‑microbial agent 
(SSAM) and exhibits an excellent anti‑microbial efficacy to wide 
variety of micro‑organisms.[21] There is a lacunae of its action 
against cariogenic bacteria in the literature limited to studies 
exclusively in Peoples Republic of China[22,23] and Japan[24] only. 
Novaron® is designed and approved under the voluntary 
standard of SIAA (The Society of Industrial Technology for 
Anti‑microbial Articles) in Japan [Table 1]. It has uniform fine 
particles, low moisture absorption capability, and superior 
heat resistance. It can be easily mixed into textiles, films, 
and molded plastic products and has found usage in medical 
environments, medical devices, plastics, fabrics, paints, and 
polymeric food contact material approved by the U.S. Food 
and Drug Administration. In addition, it has high physical 
and chemical stability along with superior discoloration 
resistance during processing or use.[21] The objective of the 
present study was to determine the minimum inhibitory and 
minimum bactericidal concentration of Novaron®, if any, 
against Streptococcus mutans using broth dilution assay.

Materials and Methods

This study was partially carried out in the Dept of Pedodontics 
and Preventive Dentistry, K. D. Dental College and Hospital, 
Department of Microbiology, Rajiv Academy for Pharmacy, 
Dept. of Microbiology, Dindyal Upadhay Vetenary and 
Agricultural Science University, Mathura, Uttar Pradesh, 
INDIA. Ethical committee clearance was obtained prior to 
the beginning of this study.

Revival of S. mutans
An ampoule of freeze‑dried S. mutans reference strain (National 
Collection of Type Culture NCTC – 10499, IMTECH, Chandigarh, 

India) was revived by adding 0.4 ml of the Muller Hinton Broth 
under sterile conditions (As per the instructions from Institute 
of Microbiology Testing and Technology (IMTECH) Chandigarh, 
India). The suspension was inoculated in Muller Hinton 
broth (Himedia, Mumbai) and on Mitis Salivarius Bacitracin 
(MSB) (Himedia, Mumbai) agar slants and plates and were 
incubated under anaerobic conditions (in an anaerobic gas jar 
with anaerobic gas pack (Himedia Mumbai), which releases 
5% carbon‑dioxide creating an anaerobic conditions) at 37°C 
for 24 hours and 48 hours, respectively. The growth of the S. 
mutans was confirmed after incubation by observing the colony 
characteristics under microscope and by biochemical tests.

Determining the Colony‑Forming Units
The revived S. mutans in Muller Hinton broth was centrifuged 
at 11,000 rpm for 5 minutes, and the supernatant liquid was 
discarded, and to the bacterial precipitate, 20 ml of sterile 
normal saline was added and further centrifuged. Again, the 
supernatant liquid was discarded, and 20 ml of sterile normal 
saline was added. The bacterial precipitate thus obtained 
was washed in normal saline and considered to be viable 
but non‑growing. This was maintained as an undiluted stock 
solution.

From this undiluted stock solution, l ml was serially diluted 
utilizing Miles and Misra’s method[25] of serial dilution in 10 
test tubes of 9 ml normal saline.

Tube‑1 containing 9 ml of sterile media; 1 ml of the undiluted 
bacterial suspension added to yield a total volume of 10 ml.

1 ml
9 ml 1 ml+

1 ml
10 ml

1
10

1 X 10‑1 I: 10 dilution

Tube‑ 2 containing 9 ml of sterile media; 1 ml of the 1:10 
diluted bacterial suspension added to yield a total volume 
of 10 ml

1 ml
9 ml 1 ml+

1 ml
10 ml

1
10

1 X 10‑2 I: 100 dilution

Utilizing this method,[25] 10 dilutions were made, which made 
the stock bacterial suspension to be diluted up to 10‑10. From 

Table 1: Properties of Nanosilver particles used in this study

Trade 
Name

Chemical Name Physical 
form

Average 
particle size 

(nm)

Specific 
gravity

Bulk 
Density

Manufacturer Lot No

Novaron 
“AG 300”

Partially silver and sodium Ion 
exchanged zirconium phosphate

White 
powder 
Odorless

900 3.0 0.20-
0.30

Toagosei Co. Ltd, 
Minatoku, Tokyo, Japan

8102372

Novaron 
“AG 1100”

Silver sodium zirconium 
phosphate

White 
powder 
Odorless

900 3.0 0.20-
0.30

Toagosei Co. Ltd, 
Minatoku, Tokyo, Japan

7031372
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each of these serial dilutions, 0.2 ml was mixed with liquid 
MSB Agar (MS agar with 0.5% sucrose and 1 unit/ml Bacitracin) 
and poured into sterile culture petri plates. The plates were 
incubated for 72 hrs at 37°C in anaerobic gas jars containing 
CO2 gas packs. The plates containing between 30 and 300 
colonies were counted, and the colony‑forming unit (CFU) 
was calculated using the formula,

CFU = Number of Colonies Counted/[Amount plated (in ml) 
x the dilution].

The dilution with 1 × 105 CFU/ml was used as inoculum for 
the rest of the study (equivalent to 0.5 McFarland diluted to 
the ratio of 1:20 using normal saline).[26,27]

Determining the MIC and MBC of Novaron®

Two grades of nanosilver particles (Novaron® AG 300 and 
Novaron® AG 1100) were obtained from Toagosei Co. Ltd, 
Tokyo, Japan and utilized in this study [Table 1]. Nanosilver 
particles were suspended in normal saline and ultrasonicated 
for 20 minutes to result in a uniform suspension. Two‑fold 
dilutions of both the grades Novaron® were obtained in 
accordance with Humberto et  al.[28] viz: 10, 20, 40, 80, 
and 160  μg/ml and utilized in this study. Each of 0.2 ml 
of the bacterial suspensions from the stock solution was 
inoculated into the corresponding tubes containing different 
concentrations of Novaron® and same amount of Muller 
Hinton (MH) broth. To these test tubes, phenol red indicator 
was added such that the volume of solution in each test 
tube was adjusted to 4 ml. The methodology also included 
a positive control (tubes containing inoculum and nutrient 
media, devoid of nanoparticles) and a negative control (tubes 

containing Ag nanoparticles and nutrient media, devoid of 
inoculum). The test tubes with only muller hinton broth 
served as a blank control. All the test tubes were incubated 
in an anaerobic gas jar with anaerobic gas pack (Himedia 
Mumbai) (which releases carbon‑dioxide) creating an 
anaerobic conditions at 37°C for 24 hrs and were observed for 
change in color and pH. The entire procedure was repeated 
for 6 sets of test tubes.

Results

After 24 hours of incubation under anaerobic conditions, 
change in the color from red to yellow was observed for 
all the test tubes containing 10 and 20 μg/ml of nanosilver 
particles, indicating acid production because of growth of 
the bacteria. This color change was observed for both the 
grades of nanosilver particles; but, at the concentration of 
40 μg/ml and above, no color change was observed indicating 
inhibition of bacterial growth [Table 2 and Table 3]. There 
was a mean fall in the pH from 7.2 to 6.0 ± 0.2 in the tubes 
that showed change in the color due to acid production 
by S. mutans. The change in the color and drop in pH was 
observed in the positive control test tubes also, indicating the 
microbial growth while the negative control group and blank 
control showed no change in the color and pH for all the test 
tubes. The suspensions from the test tubes with the lowest 
concentration of Novaron® AG 300 and AG 1100 that did not 
showed any change in color and pH were inoculated on MSB 
agar. After incubation, no growth of S. mutans was observed, 
confirming bactericidal concentration. Thus, 40 μg/ ml 
of Novaron® was considered as minimum bactericidal 
concentration (MBC). Further dilutions were made between 

Table 2: Bacterial growth in different concentrations of Novaron® AG 300

Concentration of Novaron® 
AG 300 in μg/ml

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Positive 
control

Negative 
control

10 + + + + + + + -

20 + + + + + + + -

40 - - - - - - + -

80 - - - - - - + -

160 - - - - - - + -
Positive (+) = color change (red to yellow) indicating growth of S. mutans Negative (-) = no color change (red) indicating absence of growth of S. mutans

Table 3: Bacterial growth in different concentrations of Novaron® AG 1100

Concentration of Novaron® 
AG 1100 in μg/ml

Set 1 Set 2 Set 3 Set 4 Set 5 Set 6 Positive control Negative control

10 + + + + + + + -

20 + + + + + + + -

40 - - - - - - + -

80 - - - - - - + -

160 - - - - - - + -
Positive (+) = color change (red to yellow) indicating growth of S. mutans Negative (-) = no color change (red) indicating absence of growth of S. mutans
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20 and 40 μg/ml and tested for MIC against  S.  mutans. 
After incubation, change in the color from red to yellow 
as well as fall in the pH was observed for all the test tubes 
containing the dilutions from 21 to 39 μg/ml. Based on these 
observations, both MIC and MBC were confirmed as 40 μg/ml 
for both the grades of Novaron® against S. mutans.

Discussion

In an attempt to evaluate the feasibility of imparting 
long‑term anti‑microbial effect to the restorative materials, 
various anti‑microbial agents have been tried and approved 
for intra‑oral use. The modification of filling and bonding 
materials by the addition of anti‑microbial agents such 
as chlorhexidine,[29,30] triclosan,[31] and cetylpyridinium 
chloride[32] has been attempted. It was concluded that 
these agents, when added in minute amounts, could impart 
an anti‑bacterial trait to the dental materials without 
significantly affecting their physical properties.

Silver is a metal known for its broad‑spectrum anti‑microbial 
activity against Gram‑positive and Gram‑negative 
bacteria, fungi, protozoa, and certain viruses, including 
antibiotic‑resistant strains.[33‑35] The anti‑microbial properties 
of silver are related to its oxidized form, a form of silver 
that is not necessarily present at the surface coated with 
metallic silver.[36] Polymers that release silver in the oxidized 
form have shown strong anti‑bacterial activity and would 
act as reservoirs of silver and are capable of releasing silver 
ions (SI) for extended periods.[37] Many authors concluded 
that[38‑51] the anti‑microbial activity of silver is dependent 
on SI, which binds strongly to electron donor groups in 
biological molecules containing sulfur, oxygen, or nitrogen. 
This may result in defects in the bacteria cell wall so that 
the cell contents are lost.[41] A complex formation between 
SI and proteins may disturb the metabolism of bacterial 
cells and their power functions, such as permeability and 
respiration.[38]

Silver in the form of nanoparticles have found renewed 
acceptance while several studies have demonstrated that silver 
ions are toxic to bacteria including oral streptococci.[52] The 
efficacy of nanoparticles is primarily related to the fact they 
attack more than one site in the bacteria, hence reducing the 
chance of developing bacterial resistance. This property of 
nanosilver particles has been exploited in medicine, dental 
materials, coating of stainless steel, textile fabrics, water 
treatment, and sunscreen lotions.[18] Though the mechanism 
of action of nanosilver particles is not fully understood, it is 
attributed to the release of silver ion once the nanoparticles 
enter the bacterial cell. They attack the respiratory chain and 
cell division, leading to cell death. Also, suggested mechanism 
is that the oxygen is changed into oxygen‑free radicals by 
the action of light energy in air or water as a result of the 
catalytic action of silver, which leads to structural damage in 
the bacteria.

Kong and Jang[53] compared the anti‑bacterial properties of 
polymethyl methacrylate (PMMA) nanofibre containing silver 
nanoparticles with silver sulfadiazine and AgNO3 at the same 
silver concentration against E. coli and S. aureus. The silver/
PMMA nanofibre had a faster kill rate than silver sulfadiazine 
and AgNO3. Ahn et al.[54] incorporated silica nanofillers and 
silver nanoparticles in orthodontic adhesives. Even with an 
increased surface roughness due to the incorporation of silver 
nanoparticles, the adhesives produced a significant reduction 
in the adhesion of cariogenic streptococci, regardless of the 
silver added (250 ppm and 500 ppm). The bond strength of 
the orthodontic adhesives was not affected and, because the 
anti‑microbial effect was maintained after saliva coating, the 
silver was able to penetrate the saliva coating, which could 
bring beneficial clinical implications. Jain et al.[55] concluded 
that silver nanoparticles could have successful therapeutic 
use as a part of the anti‑microbial gel for topical use. Standard 
anti‑microbial sensitivity tests carried out in Muller‑Hinton 
agar plates were used to evaluate the anti‑microbial 
activity of the silver nanoparticles containing gel against 
bacterial cultures of Escherichi coli (ATCC 117), Pseudomonas 
aeruginosa (ATCC 9027), Staphylococcus aureus (ATCC 6538), 
and Streptococcus epidermidis (ATCC 12228). Gram‑negative 
bacteria were killed more effectively (3 log decrease in 5‑9 h) 
than Gram‑positive bacteria (3 log decrease in 12 h). The 
anti‑microbial gel also exhibited good anti‑fungal activity 
(50% inhibition at 75 μg/mL with anti‑fungal index 55.5% 
against Aspergillus niger and MIC of 25 μg/mL against Candida 
albicans). Acute dermal toxicity studies on gel formulation 
(S‑gel) in Sprague‑ Dawley rats showed complete safety for 
topical application.

Hernandez‑Sierra et  al.[56] used nanoparticles of silver, 
zinc oxide, and gold of an average size of 25 nm, 125 nm, 
and 80 nm, respectively, to demonstrated bacteriostatic 
and bactericidal effects on S. mutans. They concluded 
that nanoparticles of silver, as compared with those of 
gold and zinc oxide, required a lower concentration (MIC 
on average 4.86 ± 2.71 μg/mL) to inhibit the growth of 
S.  mutans strains compared to the zinc oxide (MIC on 
average 500  ±  306.18 μg/mL) and gold (MIC on average 
197 μg/mL). Hernandez‑Sierra et  al.[57] also evaluated the 
bactericidal and bacteriostatic effects of silver nanoparticles, 
in addition to the Gantrez S‑27 copolymer, on S mutans. The 
mixture was obtained by preparing 98 microg/mL of silver 
nanoparticles (10 (3) mol) with Gantrez S‑27 2% in distilled 
water. The results showed an average MIC of 6.12 microg/
mL and MBC of 6.12 microg/mL. Espinosa et al.[58] evaluated 
3 sizes of silver nanoparticles to estimate the MIC for S. 
Mutans and concluded that nanoparticles with the lowest 
MIC 66.87 ± 0 (μg/ml) was 8.4 nm in diameter, followed by 
16.1 nm with MIC 108.33 ± 77.22 (μg/mL) and 98 nm with 
MIC 222.92 ± 77.22 (μg/mL), suggesting that anti‑bacterial 
property of silver nanoparticles possibly depend on the 
size of the particles. However, silver nanoparticles remain 
a controversial research area in relation to their toxicity to 
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biological systems. In particular, the oral toxicity of silver 
nanoparticles is of particular concern to ensure public and 
consumer health, and this arena should be investigated.

Zhang FQ[23] et  al. evaluated the biocompatibility of 
nano‑silver base inorganic anti‑bacterial agents and compared 
the cytotoxicity in vitro among 6 types of nano‑silver base 
inorganic anti‑bacterial agents. FUMAT T200‑4, HN300, 
Novaron, Kangwang, MOD, and SR1000 were diluted to 
different concentrations, such as 100 g/L, 50 g/L, 25 g/L, 
and 12.5 g/L. They found that no cytotoxic effects were 
observed at or below the concentration of 25 g/L. FUMAT 
T200‑4, Kongwang, and SR 1000, with the carrier of 
phosphate zirconium, had less cytotoxity than the others. 
Yong Soon Kim[59] et  al. tested the oral toxicity of silver 
nanoparticles over a period of 28  days and suggested 
that silver nanoparticles do not induce genetic toxicity in 
male and female rat bone marrow in  vivo. Nonetheless, 
the tissue distribution of silver nanoparticles did show a 
dose‑dependent accumulation of silver content in all the 
tissues examined. In particular, a gender‑related difference 
in the accumulation of silver was noted in the kidneys, with 
a two‑fold increase in the female kidneys when compared 
with the male kidneys. Hernandez‑Sierra et al.[60] evaluated 
the cytotoxicity of different concentration and sizes of 
silver nanoparticles with study design of 0‑1000 μM silver 
nanoparticles. They concluded that silver nanoparticles of 
less than 20 nm increased cytotoxicity to human periodontal 
fibroblast in a dose‑ and time‑dependent manner.

In this study, the minimum inhibitory and minimum 
bactericidal concentration of Novaron® was determined using 
the broth dilution assay and was observed to be 40 μg/ ml for 
both the grades of Novaron®. This study was in agreement 
with Tanagawa et al.[24] who concluded 40 μg/ml as the MIC 
for the Novaron® in their study. Further studies are needed 
to evaluate the feasibility of incorporation of these nanosilver 
particles in various restorative materials, their effect on the 
physical properties, and their clinical applicability.
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