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Ab s t r Ac t
Aim: The present study was conducted to compare the efficacy of all Punica granatum , Terminalia chebula , and Vitis vinifera  on salivary Streptococcus 
mutans  levels in children and also to evaluate their substantivity at an interval of 15 days that is at day 1, days 16, and 31.
Materials and methods: This study was designed for a randomized clinical double-blinded study where 80 children of 8–15 years of age were 
living in a residential premise. Subjects were randomly divided into 4 groups of 20 each to whom mouthrinses were given. The criteria for assessing 
the efficacy was done by collecting the saliva sample for pH, buffering capacity, plaque index, and Streptococcus mutans  microbiologic assay. 
These values were assessed at the baseline, days 16, and 31. Children were asked to discontinue mouthrinse from days 16 to 31. The supervisor 
was trained to administer the mouthrinses properly.
Results: The data were coded and analysis was done using the SPSS version 20. The level of significance was set at p  < 0.05. The pH and buffering 
capacity showed that values were almost the same among all four groups at various time intervals which showed statistically nonsignificant 
results. Punica granatum  showed a maximum reduction in S. mutans  count followed by T. chebula  and V. vinifera , although they were statistically 
nonsignificant. The Vitis vinifera  group had successfully reduced more plaque score at day 16 (0.04) followed by T. chebula  (0.09) and P. granatum  
(0.12).
Conclusion: This in vivo  study implied that V. vinifera  had shown the lowest plaque reduction owing to its antioxidant and phytochemical 
properties. And P. granatum  showed the maximum substantivity.
Clinical significance: Mouthrinses helped in reducing plaque deposition, caries activity, and helped in oral hygiene maintenance. Hereby, we 
can conclude that nutraceutical mouthrinses are safe in children and produced superior results than the chemical mouthrinses.
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In t r o d u c t I o n
Dental caries can aptly be termed as scourge of modern civilization 
and no nation or community has escaped the ill effects of this 
malady. Nowadays, the global community is looking for sustainable 
solutions to the age-related onset of fatal diseases across different 
healthcare systems. Accordingly, a question is raised, if Ayurveda, 
the world’s most comprehensive, personalized, holistic healthcare 
system, can provide answers to intercept the disease process.

Presently, there has been a prodigious interest worldwide in 
nutraceuticals, which are known to play a pivotal role in health 
management. This is due to their presumed safety and potential 
nutritional and therapeutic benefit for mankind.1  Many naturally 
occurring compounds found in dietary and medicinal plants and 
fruits have been shown to possess antimicrobial activities7  which 
definitely has beneficial effects on general health as well as on oral 
health of the mankind.

Cariogenic plaque hasthe property of producing acid from 
available fermentable substrates by definitive plaque bacteria 
resulting in the destruction of enamel during the formation of the 
carious lesion. An oral mouthwash based on the specific plaque 
hypothesis is an effective chemotherapeutic agent which possesses 
an effective and immediate home care remedy to enhance oral 
hygiene and prevent dental caries by objecting the cariogenic 
bacteria.

Chlorhexidine has been extensively used in almost all 
medicinal branches. The antimicrobial property of chlorhexidine 

was attributed to its di-cationic structure. Both Gram-positive and 
Gram-negative bacterial strains are susceptible to chlorhexidine. 
Following single rinse with chlorhexidine, saliva itself exhibits 
antibacterial sustainability for extended hours and obstructs the 
salivary bacterial counts for more than 12 hours. As a mouthrinse, 
the di-cationic nature of chlorhexidine depicts a wide range of 
side effects, causing extrinsic tooth staining, altered taste, and so 
on. Because of the mentioned side effects, tremendous research 
is in progress for an antibacterial agent which is equivalent to 
chlorhexidine but with less or negligible side effects.

In recent times, there has been a remarkable shift toward 
natural cures because of the pronounced cumulative and 
irreversible reactions of chemicals. Antimicrobial property of 
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natural food due to increased phenolic content has been studied 
and their action against pathogenic microbes antiquated intensive 
investigation to characterize and develop a healthy product which 
can be used for mankind.

Pomegranate (Punica granatum ), a prominent member of the 
Punicaceae family, is a shrub found in Asia and is outspread in 
the Mediterranean region. From biblical times, this fruit has been 
used widely and depicts therapeutic properties.2  Pomegranate 
fruit (Fig. 1A) is one of the delicious edible natural products which 
can be consumed as fresh, fruit juice and as an ingredient in the 
preparation of jellies, jams, and also for flavoring and coloring 
beverage products.3  The presence of high amounts of bioactive 

compounds, such as phenolic acids, flavonoids, and tannins in 
pomegranate fruits, assures them rich nutritive value.4  Literature 
suggests that extracts of pomegranate play an important role 
in preventing bacteria and thereby reducing the risk of plaque, 
gingivitis, and periodontal disease. Authors have inferred that 
the ellagitannin and punicalaginare mainly responsible for the 
antibacterial activity of pomegranate extract rinses. Thereby, 
the use of pomegranate extracts in oral health products such as 
toothpastes and mouthwashes could be a sustainable option.5 

The plant T. chebula  is a medicinal plant known as “harada” 
in Hindi and “kadukka” in Tamil. It is popularly known as black or 
chebulicmyrobalan. This plant is a species of Terminalia  which is 

Figs 1A to C: (A) The fruit of Punica granatum ; (B) The dry form and powdered form of Terminalia chebula ; (C) The fruit of Vitis vinifera  and its seeds
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native to India and Nepal. Terminalia chebula  belongs to the family of 
Combretaceae which possesses anticarogenic properties in addition 
to antidiabetic, anti-inflammatory, and antioxidant effects. The 
ripe fruits of this fruit (Fig. 1B) prevent dental cariesand gingivitis, 
and studies conducted in the past showed that mouthwashes 
containing T. chebula  have antimicrobial effects against oral bacteria 
and possess a long history of use.6  This fruit iscomposed of 32–34% 
tannins and other polyphenols like galloyl glucose, punicalagin, 
terflavin A, and malinic acid.8 – 10  Terminaliachebula  depicted 
anti-bacterial activity against Gram-positive and Gram-negative 
pathogenic bacteria, anti-fungal, and anti-viral properties.11 
Traditionally, the dried ripe fruits are beneficial in the treatment of 
asthma, sore throat, vomiting, hiccup, and diarrhea.12 

Vitis vinifera  is a member of the Vitaceae family, native to the 
Mediterranean region, central Europe, and southwest Asia and 
cultivated today in all the temperate regions of the world.13  Grape 
seeds are known for its rich sources of polyphenolic compounds, 
mainly catechin and epicatechin, gallic acid, and procyanidin14  
which show both antioxidant andantimicrobial properties.15  Phenolic 
contents in grape seeds are partially hydrophobic and are considered 
to interact with the bacterial cell wall and lipopolysaccharide 
interfaces by decreasing the membrane stability. The phenolic 
content in grape seed extract (GSE) has been directly correlated to the 
antibacterial properties.15  Vitis vinifera  seeds (Fig. 1C) are considered 
rich sources of polyphenolic compounds mainly procyanidins, 
proanthocyanidins, anthocyanins, flavonols, and phenolic acids. 
GSE constitutes high proanthocyanidins culminating in positive 
remineralization and/or demineralization process of artificial root 
caries lesions done in vitro , suggesting its possibility as a promising 
natural agent for noninvasive root caries therapy.16 

However, only in vitro  studies have been reported on V. vinifera  
extracts, and no in vivo  studies have been done to check its efficacy 
on S. mutans  count. Owing to disadvantages of chlorhexidine, 
and the known popularity of herbal and Ayurvedicformulations 
including their potential positive effects, it was decided to 
compare the three herbal mouthwashes in vivo  and evaluate their 
comparison with the gold standard chlorhexidine, as the control 
group. The intention of the study was to evaluate the change in the 
salivary pH, buffering capacity, and microbial count of the saliva 
after using extracts of P. granatum , T. chebula , and V. vinifera  and 
0.2% of chlorhexidine as a mouthwash in children.

MAt e r I A l s A n d Me t h o d s
The purpose of the study was to check the change in the salivary 
pH, buffering capacity, and reduction in the microbial count of 
the saliva before and after rinsing with the extract of P. granatum , 
T. chebula , and V. vinifera  and 0.2% of chlorhexidine as a mouthwash 
in children. An ethical committee approval was obtained from the 
Ethical Committee, Mahatma Gandhi Dental College and Hospital 
prior to the onset of the study. The nature of the study was fully 
explained and verbal consent from children and signed consent 
from caretakers and teachers were obtained.

The study was designed for a randomized clinical double-
blinded study where 80 children of 8–15 years of age living in 
one residential premise were selected for this study. They were 
subjected to clinical examination and a sampling frame was 
prepared of those who were at an increased risk of dental caries that 
is with decayed missing filled teeth (DMFT)/decayed, missing and 
filled teeth (dmft) > 4 and no history of an orthodontic appliance 
and no medical history were the inclusion criteria. Children were 

randomly allocated into the study groups and the study model 
wasdecided to be a double-blinded study.

The children of each group were then instructed to rinse 
their mouth with 10 mL of respective mouth rinse once daily after 
dinner for 15 days. The children were asked regarding any adverse 
or unusual reactions pertaining to the use of various mouth rinses 
upon the next visit.

The mouthwashes were prepared under the guidance of 
Dr Abhyudaya Sharma Production Manager, Sri Navjeewan 
Rasayanshala, Jaipur. The basic formula used for the preparation 
and extracts as per need, palatability, and color (Table 1).

Fruit extracts from P. granatum and T. chebula were collected 
and cut into small pieces and then blended and powdered. Grape 
seed extracts were dissolved in sterile distilled water with gentle 
heating and various dilutions were made by doubling the dilutions 
and was kept in separate beaker. The fine powder of alum was mixed 
in peppermint oil. Copper sulfate was dissolved in demineralized 
(DM) water separately. Both the above groups were mixed well 
(alum andcopper sulfate) and werefiltered through a filter press 
and the solution was allowed to cool off. Later, dried and powdered 
extract of P. granatum, T. chebula , and V. vinifera  were added to the 
above solution. This was mixed using a stirrer until a uniform color 
was obtained. The solution was left for overnight. On the next 
following day, the solution was filled in a bottle of 150 mL and 
packed. The shelf life of 18 months was obtained (Fig. 2).

Each individual was made to sit and relax comfortably and 
the pooled unstimulated whole saliva was collected by spitting 
in the collecting sterile tubes.17  The method approached for 
collection of saliva was given by Mandel17 as it was found 
convenient and easy to use. No transport media was used, and 
samples were cultured within 30 minutes of collection of saliva 
samples. The samples were then subjected to microbiology tests. 

Table 1: Method of preparing nutraceutical mouthwash

Pippermint oil 0.5% 50 mL
Alum 1% 100 g
Copper sulfate 0.5% 50 g
Tulsi extract (18:1) 100 g
Sodium benzoid 20 g
R.O. water Rest
Extracts of different herbs were added separately

Fig. 2: Mouthrinses dispersed to children in study
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Mitis Salivarius Bacitracin Agar media was used for the isolation 
of S. mutans . Baseline salivary samples were collected after oral 
prophylaxis (Fig. 3). After the calculus was removed, the alpha 
plaque disclosing agent was applied with cotton buds and a visible 
plaque was removed. Plaque scores were then recorded according 
to “Turesky–Gilmore–Glickman modification of the Quigley–Hein 
Plaque Index”with the help of a volunteer. Saliva samples were 
collected from subjects and were estimated for pH and buffering 
capacity. The pH was checked by the GC Salivary Kit (Fig. 4) and the 
buffering capacity was measured by the titration method (Fig. 5).

On the 16th day, unstimulated saliva was collected from the 
subjects of all fourgroups, inoculated onto the Mitis-Salivarius 
bacitracin (MSB) agar plate and colony counts were obtained. 
The plaque index was also recorded at this juncture. For the next 
15 days, the subjects in all groups discontinued the mouthwash and 
maintained regular tooth brushing twice daily. And plaque score, 
pH, buffering capacity, and the salivary S. mutans  colony-forming 
units were evaluated again on day 31.

Colonies observed as round or spherical, raised, convex, 
dark in color, ranging from a pin point to pin head size with a 
rough surface were identified as S. mutans  colonies in T. chebula , 
P. granatum , and V. vinifera  and the control group at the baseline, 
days 16, and 31, respectively (Fig. 6). Identification of S. mutans  was 
confirmed by Gram staining of the smear and microscopy followed 
by biochemical tests like the catalase test. The colony unit of each 
plate was recorded and the mean colony forming units (CFU/mL) 
was determined after multiplying the colony count of each plate 
with its respective dilution factor.

The result was then sent for statistical analysis.

re s u lt
The data werecoded and entered into the Microsoft Excel 
spreadsheet. The analysis was done using the SPSS version 20 

Fig. 3: Method of collection of saliva Fig. 4: Materials used for determining plaque index (DPI Alpha plaq), 
pH (handheld pH meter, GC Saliva check), and buffering capacity 
(hydrochloric acid N/10 solution)

Fig. 5: Determination of pH and buffering capacity

Fig. 6: Streptococcus mutans  colony in Gram staining under 40× magnification (microscopic view)
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(IBM SPSS Statistics Inc., Chicago, Illinois, USA) Windows software 
program. The variables were assessed for normality using 
the Kolmogorov–Smirnov test. Descriptive statistics included 
computation of percentages, means, and standard deviations. The 
analysis of variance (ANOVA) test wasused for a comparison of all 
clinical indicators. The Chi-square test used for qualitative data 
whenever two or more than two groups were used to compare. 
The level of significance was set at p  ≤ 0.05.

The comparison of plaque index score among groups using 
the ANOVA test revealed that the control group had a mean score 
of plaque score at days 16 (0.28) and 31 (1.09) which showed 
statistically significant results. In P. granatum , the plaque score 
showed the plaque value at day 1 (1.59) which decreased at day 
16 (0.12), but then after we have noticed that on day 31, there were 
slightly increased scores (0.69), which is lesser than all groups 
pointing to be more substantive. If V. vinifera  is compared at day 1, 
days 16, and 30, it presents the highest value of the plaque score 
at day 1 (1.99) which decreased at day 16 (0.04), but then on the 
31st day, the score increased significantly (1.02) which makes it less 
substantive than P. granatum . Terminalia chebula  represents the 
highest value of the plaque score at day 1 (2.16) which decreased 

at day 16 (0.09) but then an increased score was noticed on day 
31 (1.01) which showed statistically significant results (Fig. 7). The 
pH value showed a gradually decreased score from day 1, days 16, 
and 31 in all groups (Fig. 8). The mean of buffering capacity was 
almost the same among all four groups at various time intervals 
which showed a statistically nonsignificant result. Punica granatum  
at day 1 (2.43), days 16 (2.73), and 31 (2.69) shows that over the 
period, it was successful in maintaining buffering capacity. Similarly, 
T. chebula  and Vitis vinifera  had also managed to maintain the 
same as depicted (Fig. 9). Punica granatum  showed a maximum 
reduction in S. mutans  count followed by T. chebula  and V. vinifera.  
Although the comparison of S. mutans  colony count among groups 
presented that the mean value of S. mutans  count were almost the 
same among all four groups at various time intervals which showed 
statistically nonsignificant results (Fig. 10).

dI s c u s s I o n
Dental caries has become one of the major oral health issues these 
days. Caries affects all age groups crossing barriers of ethnicity, 
region, and language. Nowadays, a trend for medicinal remedy has 
shifted from allopathic to nutraceutical products which possess 

Fig. 7: Mean of the plaque index scores among Punica granatum , 
Terminalia chebula , Vitis vinifera , and chlorhexidine

Fig. 8: Mean of pH value among Punica granatum , Terminalia chebula , 
Vitis vinifera , and chlorhexidine

Fig. 9: Mean of buffering capacity among Punica granatum , Terminalia 
chebula , Vitis vinifera , and chlorhexidine

Fig. 10: Mean of Streptococcus mutans  colony value among Punica 
granatum , Terminalia chebula , Vitis vinifera , and chlorhexidine
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fewerside effects. The plaque control agents used in this study 
havedetermined both efficacy and substantivity of nutraceutical 
mouthwashes.

This silent outbreak of oral diseases disproportionately affects 
children irrespective of their socioeconomic status. The age group 
used in our study belongs to 8–15 years old. This phase sees the 
transition from the primary to the mixed dentition in children. 
Children of this age group have a better understanding of oral 
hygiene and are well versed with their usage. The similar age group 
was chosen in a study conducted by Nayak et al.,18  Anup et al.,19  
and Bansal et al.20 

The plaque index used in this study was “Turesky–Gilmore–
Glickman modification of the Quigley-Hein Plaque Index”. This 
is recognized as a reliable index for measuring plaque, using an 
estimate of the area of the tooth covered by plaque.21  Similar 
studies which have used this index were done by Gupta et al.22 and 
Anup et al.19 

The pH was measured by the chair side saliva check kit (GC 
India) and the buffering capacity was determined by diluting the 
saliva with hydrochloric acid N/10 solution and measuring the pH 
using a hand held meter. For pH, unstimulated saliva was taken as 
described in the kit. It is known that resting saliva pH plays a prime 
role in caries initiation. Similar studies have used unstimulated saliva 
for pHs like Carounanidy et al.,23  Nayak et al.,18  and Vidhya et al.24 

Principle identification of Mutans streptococci is often made 
by the defined morphology of its colonies on sucrose-containing 
culture media. In our study, culture growth was done on MSB agar 
medium which showed a granular surface like ground glass. They 
appeared tiny, hard, transparent, and adhesive to the medium and 
have the classical look of frosted glass. In addition to the recognition 
of Mutans streptococci from their culture agar media, Gram staining, 
distinctive cell shape on light microscopy and biochemical test 
were also done.

A rekindled interest in the medicinal properties of alternative 
natural products has gained popularity due to increasing problems 
of resistance to synthetic antimicrobials.25  The herbal mouthwashes 
dispensed to young children in our study were T. chebula , 
P. granatum , and V. Vinifera  seed extracts with chlorhexidine being 
the control group.

Punica granatum  contains widest classes of tannins and 
flavonoids because of which it indicates pharmacological potential 
depicting antioxidant activity by indirect inhibition of inflammatory 
markers such as tumor necrosis factor alpha.26  Pomegranates are 
rich in catechins which show high antioxidant activity. They play an 
important role as an inflammatory and antioxidant. The outer cover 
of pomegranate contains anti-inflammatory, antimutagenic, and 
antifungal properties.27  The excellent nutraceutical properties of 
P. granatum  led us to formulate its mouthwash and use it in our study.

Terminalia chebula , or Harada, occurs naturally from the sub-
Himalayan region of Nepal and northern India. Because of its 
extraordinary power of healing, this fruit has been termed as “King 
of Medicine.” The medicinal activities are due to increasednumber 
of different types of phytoconstituents.28  The fruits are rich in 
tanninsmainly of pyrogallol type29  and researchershave found 
various different components of hydrolyzabletannins (gallic acid, 
chebulagic acid, punicalagin, chebulanin, corilagin, neochebulinic 
acid, ellagic acid, and chebulinic acid) from T. chebula .30  They 
alsoinclude phenolics such as chebulinic acid, ellagic acid, and 
anthraquinones. Punicalin, punicalagin, terflavins B, C, and D 
are found in leaves which arehelpful in opthalmia, dental caries, 
bleeding gums, and ulcered oral cavity.28  The powder of T. chebula  

plays the role of astringent in dentifrices in cases of loose gums, 
bleeding, and ulceration. Seeing its medicinal and antioxidative 
effects, T. chebula  was chosen as the second comparative group.

Vitis vinifera  are counted in the most commonly consumed fruits 
worldwide. The most important phenolics extracted from grape 
seeds are catechins (catechin, epicatechin, and procyanidins) and 
their polymers.31  GSE has exhibited promise as a vital distributor 
for the manufacture of new generations of antibacterial agents 
for dental use without exerting an influence on the biological 
equilibrium in the oral cavity.32  However, very limited research 
has been done in vivo . The process behind polyphenolic toxicity 
against microbes isdue to the suppression of hydrolytic enzymesor 
other interactions to inactive microbial adhesions and nonspecific 
interactions with carbohydrates.33  This infers the fact that phenolic 
antibacterial activity is due to enzymatic inhibition by the oxidized 
compounds which occurs through a reaction with sulfhydrylgroups 
with the proteins,33 , 34  additionally, flavonoids and tannins can bind 
to form precipitates with various proteins.35  A study by Aurelia 
et al.36  found that GSEs showa bacteriostatic effect on the anaerobic 
group that significantly diminishes the formation of biofilm. Dhillon 
et al.37  concluded that GSE has substantial antibacterial activity 
against mutans. Because various phytochemical studies of GSE 
exhibited antibacterial and antioxidative activities against S. mutans , 
we decided to formulate its mouthwash to check its efficacy and 
substantivity. Simultaneously, we wanted to know its comparison 
with other nutraceutical food products and chlorhexidine.

Chlorhexidine is considered to be thegold standard because of 
its antimicrobial property which is due to its di-cationic structure. 
Woodcock has reviewed the antibacterial action of bisguanides.38  
The chlorhexidine group shows a wide range of susceptibilitiesto 
both Gram-positive and Gram-negative strains. As a mouthrinse, 
chlorhexidineshave numerous side effects.

Therefore, herbal mouthwashes using P. granatum , T. chebula , 
and Vitis vinifera  were used in this study and a comparison was made 
among them in terms of pH, buffering capacity, plaque index, and 
microbial assay. Chlorhexidine known to be the gold standard of 
all mouthwashes was kept as the control group.

On comparison of plaque deposition among all groups, it was 
found that V. vinifera  had the lowest plaque deposition after 15 
days followed by T. chebula  and P. granatum.  Increased antioxidant 
products like proanthocyanidins16  and other antibacterial 
properties of V. vinifera  might have played a role in the lowest plaque 
deposition. After 30 days, the least increment of the plaque was 
noticed in P. granatum  followed by groups T. chebula and V. vinifera.  
These results were similar to research done by Somu et al.39 

The oral cavity maintains its pH at 6.2–7.6 to make sure the 
effective maintenance of the integrity of tooth structure. Overall, 
the pH value obtained in the study was in the range of 7.0 + 3.0 
and 7.0–3.0. It showed that pH values were almost the same among 
all four groups at various time intervals which showed statistically 
nonsignificant results. Our study was in accordance with the study 
conducted by Pandey et al.40  which has shownthat no significant 
correlation was found between pH values and caries activity, age, 
and gender. Similarly, results produced by Carounanidy et al.,23  
Nayak et al.,18  Vidhya et al.,24  and Dilshad et al.41  were homogenous 
with our results.

The buffering capacity measured in all four groups wasalmost 
the same at the baseline day, days 16, and 30 that was statistically 
nonsignificant. The buffering capacity obtained was between 2.40 
and 2.73 which is lower than the normal value. Our study included 
subjects which had a low DMFT score that might have resulted 
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in low buffering capacity. According to Neil,  the normal range of 
buffer capacity in saliva is 3–30 mg/100 mL. Our results were in 
accordance with the result obtained by Carounanidy et al.23  and 
Garewal et al.42 

The colonial growth of S. mutans  in the saliva sample of 
P. granatum  was found to be the lowest after 15 and 30 days. This 
was further followed by the V. vinifera  group in 15 days category. 
Comparatively, T. chebula  had shown less microbial growth 
than V. vinifera  after 30 days. The presence of antioxidants and 
phytochemicals present in P. granatum, V. vinifera , and T. chebula  
might have reduced the S. mutans  count in children. Results 
for P. granatum  were in accordance with Prashanath et al.43  and 
Vahabi et al.44  The significant mutans’ reduction was also found in 
Dilshad et al.41  Results for T. chebula  were similar to Carounanidy 
et al.,23  Nayak et al.,45  Bajaj et al.,46  and Garewal et al.42  Our result 
was dissimilar to the result obtained by Bansal et al.20  This can be 
attributed to facts like difference in formulation of mouthwash 
preparation, methodology, usage of mouthwash, etc.

This study has revealed the fact that nutraceutical food products 
produced better results than chlorhexidine. Vitis vinifera  (group 
C) had produced the lowest plaque score after 15 days. Whereas 
P. granatum  (group A) has shown a maximal reduction of S. mutans  
colony count both after 15 and 30 days. Punica granatum  had the 
lowest plaque deposition after 15 days. Thus, it was observed 
that P. granatum  has the ability to show maximal substantivity 
than others. Natural mouthwashes are not only efficacious but 
also have thepotential to be on common platform with chemical 
mouthwashes. Thus, undivided attention should be given to natural 
mouthwashes and oral health education.

The study was not without its restraints. Children mentioned 
about the bitter taste of the V. vinifera  group. It had a small sample 
size in all groups, consequently reducing the power of the study, 
thereby increasing the margin of error. In addition, this study was 
self-funded. Further, the study can be performed on a large sample 
size with support from external sources.

The study decided to use chlorhexidine as the control group 
than keeping placebo in one of the groups as we wanted to compare 
nutraceuticals with the gold standard directly.

co n c lu s I o n
Thus, we can say P. granatum  showed maximum substantivity. 
An increase in pH results in a decrease in caries activity which 
was seen in all groups. Subjects hadthe low DMFT score which 
resulted in low buffering capacity in all groups which infers 
that children were less prone to dental caries. All nutraceutical 
mouthwash can be safely used in children. This in vivo  study 
implies that V. vinifera  had shown the lowest plaque reduction 
owing to its antioxidant and phytochemical properties. Contrarily, 
P. granatum  had shown better efficacy and substantivity. As it has 
been wisely said “Prevention is better than cure,” we should 
emphasize more toward prevention of dental caries by using 
nutraceutical products which is a safe alternative and possess 
efficient quality.
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