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1. Abstract

Aim: To assess the efficacy of Sage extract versus Chlorohexidine-based mouthwashes on the
detected percentage of recovery of Streptococcus mutans and its pathogenicity by real-time
polymerase chain reaction (qPCR) in high caries risk patients over one-month follow-up.

Methodology: A total number of 74 high caries-risk patients were assigned to this study. Participants
were randomly divided into two groups (n=37) according to the type of mouthwash (A) where group
(A1) patients used Sage extract containing mouthwash while group (A2) participants used
chlorohexidine-containing mouthwash. The traditional microbiological cultivation method of S.mutans
and guantitative real-time polymerase chain reaction was employed to analyze the bacterial count of
each salivary sample at baseline (T,), after two weeks (T;) and after four weeks (T,) of using
mouthwashes.

Results: Comparison of antimicrobial effectiveness across CHX and sage groups revealed a significant
difference concerning oral streptococcus count. Sage extract as a natural product had a significantly
higher value than CHX (p<0.001) in decreasing log bacterial count. Comparing bacterial cultural method
and real-time PCR, real-time PCR was more specific and sensitive in detecting S.mutans.

Conclusions: Sage mouthwash as a natural product could be suggested as an effective substitution for
chlorhexidine to control caries in high caries-risk patients. Real-time PCR is more specific than the
traditional methods for the bacterial culture which provides qualitative and quantitative results.

2. Introduction

Dental caries is a microbial disease that is initially caused by the disparity in the biofilm of the
oral flora. Streptococcus mutans (S.mutans), have been implicated as the major microbial etiological
agent in the development of dental caries. S.mutans is highly acidogenic and aciduric, they produce
organic acids after fermenting carbohydrates and the subsequent decrease in environmental pH is
responsible for the demineralization of the tooth surface and formation of dental caries Zafar et al.
(2020) The levels of S.mutans in saliva have been shown to be a mean of predicting caries activity
Alamoudi et al. (2022). However, the quantification of S. mutans requires great effort and the levels of S.
mutans have not been used as an established index of dental caries diagnosis. The traditional culture
methods used for the isolation of S.muatns do not have the selectivity, that is necessary for the
identification of its species. On the other hand, real-time quantitative polymerase chain reaction (qPCR)
technology is very sensitive for the identification of S.mutans, revolutionizing the field of quantification
methods than traditional culture-based method. DNA and RNA released by microorganisms are also
present in saliva because Streptococcus 16S rRNA / rDNA is specified in the liquid phase of saliva
Moncada et al. (2016). For ages, the use of antimicrobial mouthwashes has been found one of the
effective methods for caries control and prevention. These mouthwashes are able to inhibit the
bacterial adhesion and colonization which affect the bacterial growth. Chlorhexidine (CHX) is one of the
most successful used mouthwashes due to its antimicrobial activity against S.mutans and antiplaque
properties as well. However, the use of CHX has some hazards such as staining, altered taste sensation,
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vomiting, and development of resistant bacterial strains Deus et al. (2022). Meantime, natural products
have been proposed as innovative therapeutic agents against dental caries due to their availability, low
toxicity, lack of microbial resistance, and cost-effectiveness. Among these natural products, is sage
extract (Salvia officinalis) which has a wide spectrum of therapeutic activities including antibacterial,
antiviral, antifungal, and antioxidant effects resulting from the action of various chemical compounds
present in the plant including triterpenes, flavonoids, and phenolic acids Almeida et al. (2019). The aim
of the study to evaluate the efficacy of Sage extract versus chlorohexidine-based mouthwashes on the
detected percentage of recovery of S.mutans by real-time polymerase chain reaction (PCR) in high caries
risk patients.

Materials and Methods

Study Design

The present study was designed to be randomized, two parallel arms, unicentered, and quadruple-
blinded, where the primary investigator (clinician), participants, assessor and data analyzer were
blinded. This clinical trial was conducted at the Conservative Dentistry Department, Outpatient Clinic of
Faculty of Dentistry— Cairo University, Egypt.

Sample size collection

According to a previously published study by Netto et al. (2013) the response within each subject group
was normally distributed with a standard deviation of 0.7. If the true difference in the experimental and
control means is 0.51, we need to study 31 experimental subjects and 31 control subjects to be able to
reject the null hypothesis that the population means of the experimental and control groups are equal
with probability (power) 0.8. This was increased to 37 subjects per group to compensate for losses
during follow-up. The Type-I error probability associated with this test of this null hypothesis is 0. The
sample size was calculated using PS power and sample version 3.1.2 for windows using T-test.

Eligibility Criteria

Patients were recruited from the outpatient clinic of Faculty of Dentistry—Cairo University, Egypt—with
the following inclusion criteria: participants age range from 20 to 50 years old, male or female, medically
free, high caries patient with DMFT (D=decay, M=missing, FT=filled teeth) >6. In order to classify the
subjects as a high caries risk, dental examination was carried out to detect DMFT as well as caries risk
assessment was done using the American Dental Association (ADA) caries risk model. The exclusion
criteria excluded those who are already on a mouthwash regimen, medically compromised patients
(diabetic, neurovascular problem, undergone radiation therapy, and with salivary gland disorders),
pregnant women. Subjects who consuming any drug reduce salivary flow, under any antibiotic, allergic
from to any chemicals used in this study and smokers were also excluded. The researcher explained well
the whole procedure to all eligible participants, including the objective of the study, different
procedures, safety precautions, and benefits. An informed consent in simple Arabic language was
obtained from each participant prior to the beginning of the trial.

Randomization, Allocation concealment and Blinding
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Total of 74 eligible participants were randomly allocated to the two groups through an online
randomization Web-based tool (https://www.random.org/). Patients were randomly divided into two
groups (n = 37) according to the type of mouthwash (G): Group G1 participants used sage extract
mouthwash, while group G2 patients used the chlorhexidine-containing mouthwash. Each group was
further subdivided into three subgroups according to time (T) where (T,) represented the baseline (T;)
represented after two weeks of rinsing with the mouthwash, and (T,) represented after one-month
rinsing. Random-generated numbers were placed in opaque-sealed envelopes prepared by a contributor
who was not involved in the trial, and the allocation sequence was concealed from the primary
investigator. Study timeline from recruitment to follow-up as well as the analysis was demonstrated in
CONSORT 2010 flow diagram (Flowchart 1).

CONSORT

TRANSPARENT REPORTING of TRIALS

Assessed for eligibility (n=90)

Excluded (n=16)
Not meeting inclusion criteria
(n=10)
Declined to participate (n=5)
Other reasons (n=1)

[ Enrollment ] 3

Randomized (n= 74)

v

[ Allocation

|
l l

Allocated to Chlorohexidine mouthwash (n=37) Allocated to Sage mouthwash (n=37)

Received allocated intervention (n= 37) Received allocated intervention (n=37)

Did not receive allocated intervention (give Did not receive allocated intervention (give
reasons) (n=0) reasons) (n=0)

[ Follow-Up ]

Lost to follow-up (Reasons: moved, military Lost to follow-up (Reasons: moved, military
service, didn’t answer phone calls) (n=2) service, didn’t answer phone calls) (n=3)
Discontinued intervention (give reasons) (n=1) Discontinued intervention (n=0)
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[ Analysis ]

Analysed (n=34) Analysed (n=34)
Excluded from analysis (n=0) Excluded from analysis (n= 0)

Flow chart 1: CONSORT 2010 Flow Diagram

Materials

Two types of mouthwashes were used in this clinical trial: Synthetic chlorhexidine mouthwash and
natural sage extract mouthwash. Mouthwashes were stored in unlabeled and amber glass bottles, to
conceal the type of mouthwash from the participants and the operator.

Preparation of Sage extract mouthwash

Sage oil was obtained from a local market of herbal products in Egypt. In order to identify the chemical
composition of sage essential oils and overall purity, Gas Chromatography/ Mass Spectrometry analysis
(GC/MS) was performed. Prior to the preparation of mouthwash, the Minimum Inhibitory Concentration
(MIC) and the Bactericidal Inhibitory test (MBC) was done in vitro against Streptococcus mutans using
the microbroth dilution method. The MIC for S.mutans was shown to be 1.56 % and the MBC was 3.3 %.
The preparation of mouthwash was carried out at a private lab (Nawah Scientific Lab- Al Mokattam,
Cairo, Egypt). For each 100 ml mouthwash preparation, in a glass beaker, 1.56 g of Sage oil (Active
ingredient) was mixed with 1.80 g of tween 80 (Solubilizer), and then 100 ml of Purified water (Main
vehicle) was added portion-wise to the sage tween mix until a fine cloudy dispersion was obtained. 0.01
g of sucralose (Sweetener) was added under mixing until complete dissolution occurred. Further, the
volume was completed in a graduated measuring cylinder using Purified water. Finally, the batch was
filled into 200 ml amber glass bottles. The extract was stored in a refrigerator -20 °C until being used.

Mouthwash Administration and Saliva Sampling

Participants were asked to rinse their mouth with 10 ml of the mouthwashes in their respective groups
for 1 min, then they were instructed to spit in a labeled sterile container. Written instructions were
provided to the participants, and regular follow-up was scheduled through daily phone calls. Saliva
samples were collected from each participant at base line, after two weeks and after one month. Saliva
collection was done in the early morning on the day of collection and the participants were also
informed not to eat or drink anything (except water) before saliva collection to minimize possible food
debris and stimulation of saliva. They were also instructed not use any other antimicrobial agents after
the intervention. The participants sit in an erect position on the dental chair and were given a paraffin
block to chew for two minutes for salivary stimulation. Then, they were asked to spit in sterile
containers held near the mouth by the operator. The containers were properly labeled on basis of the
group which was allocated to them Sharma et al. (2018). Afterwards, saliva samples were transferred
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immediately to the Microbiology Department—Cairo University—for the microbial analysis. The tubes
were labeled with nonidentifiable numbers to ensure blinding of the microbiologist.

Microbiological Assessment

Microbiological assessment was done on several steps, it started with the preparation of the fresh
selective agar media. Mitis Salivarius Agar (MSA) (Difco Laboratories, Dickinson and Company, France)
was used for S. mutans culture. The MSA agar was prepared according to the manufacturer’s
instructions. The MSA agar media was supplemented with 20% sucrose, 0.2 units/mL bacitracin, and 1%
potassium tellurite (mitis-salivarius bacitracin).

Dilution of the collected Saliva Samples

Serial dilution of the saliva sample was done in order to all allow an easy and accurate bacterial count.
The salivary samples in the test tubes were vortexed for 1 minute and then were serially diluted to
10%,10", and 10°. The tubes were vigorously shaken before dilution for 30 seconds on vortex (Assistent
Reamix 2789 Vortex Mixer, Medical Trade Center, Hamburg, Germany) to obtain homogenous
distribution. For the cultivation of the collected salivary samples, 0.1 ml of each dilution was taken using
an automatic micropipette and placed on the center of MSB plates. Using a sterile glass rod, the sample
was spread on the agar surface in order to provide a smooth surface. Afterwards, the inoculated plates
were incubated anaerobically in a gas pack jar and the incubator (Precision dual illuminated program,
Germany) was adjusted at 37°c for 48 hours.

Bacterial count

After 48 hours, the most appropriate plates were selected for counting S. mutans colonies by a single
examiner who was unaware of the treatment of participants and calculated the total colony forming
unit (CFUs) on each salivary sample for each mouthwash. The colonies were recognized by their
characteristic morphology (0.5-1mm in diameter, convex, raised with rough boarders and opaque with
dark blue color. The bacterial count was obtained at baseline, after two weeks and one month for both
groups.

gPCR

DNA Extraction. DNA was isolated from all the samples using a Quick-DNA™ Miniprep Plus Kit (ZYMO
RESEARCH, CALIFORNIA CA, USA). Protocol was performed according to the manufacturer's instructions.
Starting with homogenization saliva samples were defrosted and re-suspended by agitation in a vortex
(Assistent Reamix 2789 Vortex Mixer, Medical Trade Center, Hamburg, Germany) for 30 seconds.
Followed by mechanical and chemical lysis in which 200 pL of saliva was added to a microcentrifuge
tube, then 200 pL biofluid and cell buffer solution was added for cell lysis. After cell lysis, 20 pL of
Proteinase K was added and the lysates were incubated at 55 °C for 10 minutes. Afterward, an equal
volume of Genomic Binding buffer was added so that a total of 420 pl genomic binding buffer was added
to the 420 pl digested sample and then mixed thoroughly. Subsequently, the mixture was transferred to
a Zymo-spin ™ lIC-XL Column in a collection tube. Then, 400 pl DNA Pre-Wash Buffer was added to the
column in a new collection tube and centrifuged for 1 minute. Emptied the collection tube and 700 pl of
g-DNA Wash Buffer was added and centrifuged for 1 minute and again 200 ul of g-DNA Wash Buffer was
added and centrifuged for 1 minute and then the collection tube with the flow through was discarded.
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Finally, to elute the DNA, transferred to a clean micro centrifuge tube and 50 pl DNA Elution Buffer was
added and incubated for 5 minutes and then centrifuged for 1 minute.

Amplification and quantification of S. mutans

In this clinical trial, DTlite real-time PCR device (DNA- Technology, Research, and production, Moscow,
Russia) was used. A primer set suitable for real-time PCR was selected for S. Mutans to compare the
abundance of this genus of bacteria in salivary samples. The oligonucleotide primers used in this study
were S.mutans forward primer and reverse primer which targets 130 bp of 16s rRNA gene in most
species of Streptococci as shown in table 1

PCR
. .. product
Gene Primer Sequence 5°- 3 Tm GC%
L length
direction
S. Forward GCACTCGCTACTATTTCTTACAA 23 74 42%
mutans GTCACAATGTCTTGGAAACCAGTAAT
Reverse 26 72 38%

Tm: Primer Melting Temperature ~ GC %: Percentage of Nitrogenous bases in a DNA

DNA extract of a randomly selected control sample was used as a calibrator (reference sample) in all the
experiments. Two separate replicas of the assay were performed for all the experiments. To enable
relative quantitation (RQ) analysis, average amounts of S. mutans. threshold cycle (Cy) in each sample
were compared with C; of Streptococci in the calibrator sample.

gPCR Conditions

The real-time PCR for relative quantification of the target bacterial genus was performed in a total
volume of 20 L using 10 uL SYBR® Premix Ex TagTM master mix (TaKaRa, Japan), 0.4 uL of each forward
and reverse primer, 0.08 pL diluted ROX, and 2 pL of DNA template under following conditions: initial
denaturation at 95°C for 30 seconds, and 35 cycle repeats of denaturation at 95°C for 5 seconds,
annealing at 62°C for 34 seconds, and extension at 60°C for 34 seconds. The reaction was ended after
final extension at 75°C for 15 seconds. Accordingly, at the end step of the amplification, the reaction was
continued by heating at 95°C for 15 seconds, a temperature gradient of 60 -95°C for 1 minute, and 95°C
for 15 seconds.

Statistical Methods

Categorical data were presented as frequency and percentage values and were analyzed using the chi-
square test for intergroup comparisons and McNemar's test for intragroup comparisons. Numerical data
were presented as mean and, standard deviation values. They were checked for normality using the
Shapiro-Wilk test. Data showed parametric distribution and were analyzed using independent t-test for
intergroup comparisons and repeated measures ANOVA followed by Bonferroni post hoc test for
intragroup comparisons. The significance level was set at p <0.05 within all tests. Statistical analysis was
performed with R statistical analysis software version 4.1.3 for Windows
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Results

According to the sample size calculations, 62 participants were required for this trial, and the number
was increased to 74 to compensate for the loss of follow-up. Therefore, a total of 74 participants were
recruited at the beginning of the trial. Participants were equally and randomly allocated to a control
group (n=37) and the intervention group (n=37). Six participants discontinued the intervention during
the different follow-up periods.

Bacterial count Colony Forming unit (CFU)

Regarding the bacterial count by the traditional culture method, the results of the intergroup
comparison showed that the log bacterial count at baseline using CHX had a higher value than sage
herbal yet the difference was not statistically significant (p=0.364) as presented in Table 2. After two
weeks as well as four weeks sage herbal mouthwash had a significantly higher value than CHX where
(p<0.001). Concerning the intragroup comparison, there was a statistically significant difference
between values measured at different follow-up intervals. The highest value was recorded at baseline,
followed by the value measured after two weeks of administration, while the lowest value was found
after four weeks of administration for both groups (p <0.001) (Table 2). For CHX group post hoc pairwise
comparisons showed values measured at different intervals to be significantly different from each other
(p<0.001), while for the sage group post hoc pairwise comparisons showed the value measured To to be
significantly higher than values measured at other intervals (p<0.001).

Bacterial count using gPCR

Regarding the bacterial count by real time PCR, the results of the intergroup comparison showed that
the log bacterial count using sage herbal mouthwash had a higher value than CHX at all time intervals
yet, the difference was not statistically significant at baseline, after two weeks and after four weeks at
(p=0.232), (p=0.118), and (p=0.092), respectively, as listed in Table 3. Concerning the intragroup
comparison, there was a statistically significant difference between values measured at different follow-
up intervals. The highest value was recorded at baseline, followed by the value measured after two
weeks of administration, while the lowest value was found after four weeks of administration for both
groups (p <0.001) (Table 3). post hoc pairwise comparisons showed the value measured To to be
significantly higher than values measured at other intervals (p<0.001).

Comparison between traditional culture method and real time PCR

When comparing the both methods for bacterial count regardless any intervention, the results showed
that at the baseline the results of g PCR had a higher value than CFU yet the difference was not
statistically significant (p=0.210) as listed in Table 4. While, after two weeks and four weeks the bacterial
count CFU had a higher value than PCR yet the difference was not statistically significant where
(p=0.132) and (p=0.092), respectively, as listed in (Table 4).
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Table (2): Inter, intragroup comparisons, mean and standard deviation (SD) values of log bacterial count
(CFU) for different groups

6.20+0.19" 6.15+0.25" 0.364ns

5.79+0.06° 5.95+0.11° <0.001*
5.48+0.15°¢ 5.9110.14° <0.001*
<0.001* <0.001*

Means with different superscript letters within the same vertical column are significantly different *; significant

(p=0.05) ns; non-significant (p>0.05)

Table (3): Inter, intragroup comparisons, mean and standard deviation (SD) values of log bacterial count

(gPCR) for different groups

6.37+0.58" 6.55+0.63" 0.232ns

5.45+0.38° 5.82+0.62° 0.118ns
4.62+0.61° 5.02+0.37¢ 0.092ns
<0.001* <0.001*

Means with different superscript letters within the same vertical column are significantly different *; significant (p

< 0.05) ns; non-significant (p>0.05)
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Table (4): Inter, intragroup comparisons, mean and standard deviation (SD) values of log bacterial count
(CFU and gPCR) for different groups and intervals

Log bacterial count (meantSD)

Interval p-value
CFU gPCR

TO

5.83+1.39 6.71+1.63 0.210ns
T1

5.78+0.18 5.6410.44 0.132ns
T2

5.6210.26 4.87+0.54 <0.001*

*, significant (p < 0.05) ns; non-significant (p>0.05
Discussion

The present randomized controlled clinical trial aimed to evaluate the efficacy of sage extract
and chlorohexidine mouthwashes by determining the percentage of S. mutans in clinical salivary
samples of participants with caries risk at baseline, two weeks, and four weeks. Sage extract is a natural
safe herbal extract of phytochemicals derived from plants, had been shown to have an antibacterial
activity reducing S.mutans levels, and can be considered as a cost-effective alternative to synthetic
antimicrobial agents that have led to a rise in prevention as well as controlling of dental caries Ntondini
et al. (2021). (standardize) Chlorohexidine mouthwash was used as a comparator to the test group as it
is considered one of the best reported commercially and available rinses due to broad-spectrum anti-
microbial activity with no adverse systematic side effects, it could be a valuable control group Thomas et
al. (2016).

In this clinical trial, the inclusion criteria included patients with high caries risk and of high
plague index as those are the targeted population who are at high caries risk. While for the exclusion
criteria, pregnant women were excluded as sage oil can cause uterine contractions and slow down
breast milk production due to the presence of thujone, and terpene ketones which are considered the
most toxic compounds in sage. These compounds induce toxic effects on the fetus and newborn.
Thujone works as a nervous stimulant, patients with a history of seizures were excluded, due to the
potential risk of triggering a seizure. Since sage might lower blood sugar levels in people with diabetes,
they were also excluded Ghorbani and Esmaceilizadehn (2017).

In this study, saliva collection was done under standardized conditions to provide authenticity
along with working out reproducible results Wang et al. (2015). A regular period of 8-11 am was
followed for the collection of saliva to reduce diurnal variations. Whole stimulated saliva was collected
from the floor of the mouth as it confirms an actual representation of the salivary composition Sharma
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et al. (2018). At the baseline evaluation of the saliva samples, the molecular analysis revealed the
prevalence of the tested microorganism across all recruited individuals possessing high caries activity.
The participants were recalled after two and four weeks, for salivary sample collection and
microbiological assessment. This follow-up period was in accordance with a study conducted by Jacob et
al. (2021) to assess the antibacterial effect of CHX and natural herbal mouthwash to validate the
substantive activities of both types of mouthwash and to be able to detect any side effects.

In this clinical trial, the findings yielded by qPCR amplification exhibited a high percentage of
efficiency. Thus, validating the results, sensitivity, and accuracy of this technique, as previously
published by Jacob et al. (2021). Consequently, it is possible to declare that molecular identification
using gPCR is not only able to detect but also able to quantify S. mutans in saliva. Moreover, the
traditional methods for microbial identification and quantification used the method of bacterial
cultivation using a selective media to detect the presence of S. mutans, which implies processing
samples immediately without the possibility of storing them for long periods and freezing them for later
analysis Moncada et al. (2016).

In addition, the culture method has limitations such as prolonged time for microbiological
processing and a lower level of sensitivity. Also, the preservation of culture agents must ensure viability
over time; contamination risks should be minimal ensuring that culture purity remains unaffected. These
limitations make it laborious for culture methods to provide accurate microbial evaluations in order to
identify and quantify S. mutans associated with individuals with high caries susceptibility Ezzeldin et al.
(2021).

This study showed a significant difference between CHX and sage mouthwashes intergroup
against oral streptococcus count. Sage mouthwash had a significantly higher value than CHX in
decreasing log bacterial count after two weeks, as well as four weeks, follow up and this was in
agreement with Beheshti Rouy et al. (2015) who explained the antibacterial mechanism of sage and
stated that the hydrophobic nature of essential oils is well known to target the cell membrane’s lipid
bilayer, making it penetrable and resulting in leakage or even the loss of vital cell contents. Thus, Sage
has been shown to inhibit the growth of the S. mutans cell by destroying the cell wall and further leading
to a loss of cellular content. The permeability and loss of cellular content characteristics are the cause of
cell death.

Intragroup of Sage mouthwash showed the lowest bacterial count after four weeks of
application in agreement with in vivo studies by Beheshti Rouy et al. (2015) and Ntondini et al. (2021)
who showed that there was a marked decline in the number of S.mutans oral bacteria. This also was in
accordance with in vitro studies by Almeida et al. (2019), Agrawal et al. (2021), and Tambur et al. (2021)
who reported that sage oil showed antibacterial activity against S. mutans.

The antibacterial property was due to the essential oils of sage which comprise monoterpenoid
major constituents that are known to be effective antibacterial agents as mentioned by Tarig et al.
(2019). The monoterpenoid components such as thujone, camphor, 8-cineole, and camphene are known
to have antimicrobial activity against human bacterial pathogens. The presence of both camphor and
camphene in salvia officinalis provides it with an antibacterial property as mentioned by Ntondini et al.
(2021).
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Intragroup of chlorhexidine mouthwash showed the lowest bacterial counts values after four
weeks of application in accordance with Jacob et al. (2021) which explained chlorhexidine is positively
charged and has a high attraction for negative ions found in cell membranes of S.mutans bacteria. It is
capable of binding onto the microbial cell walls, eventually creating an osmotic imbalance, and finally
initiating death. However, Oznurhan et al. (2019) and Brooker et al. (2021) reported that chlorhexidine
had some hazards including bitter taste alteration, increased risk of caries due to fermentation and
alcohol content, discoloration, altered taste perception, and cytotoxic effects on the cell.

Based on feedback, the CHX group reported a certain level of unpleasant taste was experienced
during the first week of application, which eventually subsided on routine usage. For the sage group,
none of the candidates announced any known side effects. On intraoral examination, vivid staining of
teeth was observed in a few subjects from the CHX group following the second follow-up period which
was relatively absent in the sage group.

In this clinical study, when comparing between the colony-forming unit (CFU) and the real-time
PCR log bacterial count. The results of qPCR corresponded well to those of the traditional cultural
method for S. mutans due to the sensitivity and the specificity of this technique. The difference in units
between the CFU and the number of DNA should be considered. Generally, one colony is not necessarily
derived from one single bacterial cell when the cells are aggregated, and rapidly growing bacterial cells
usually contain more than one chromosome. At baseline, the results of gPCR had a higher value than
CFU but the difference was not statistically different. This was explained by Cangelosi et al. (2014) that
the bacterial cultural method is able to distinguish the living from the dead cells as it depends on
selectively detecting viable organisms. However, because only a small percentage of species can be
cultured, this strategy underestimates microbial diversity.

In contrast, nucleic acid-based methods cannot discriminate DNA associated with a viable
bacterial cell from DNA associated with an inactivated one. gPCR was more sensitive, the detected
bacterial count was likely higher owing to a combination of the theoretical sensitivity of the methods, as
well as the possibility of decreased cell viability or lack of growth on selective media but still detected by
gPCR. Since PCR measures genetic material rather than the viable cells quantified by culture-based
methods, it may overestimate oral indicator bacteria because of the inclusion of target DNA from dead
or viable cells in the measurement AL-Qazzaz et al. (2014).

In the era of the widespread usage of natural products, sage herbal mouthwash can be
suggested as an antibacterial agent for controlling dental caries and substitution for chlorhexidine in
high-caries risk patients.

Conclusions

Under the limitations of the current study, it could be concluded that, in high caries risk patients, there
was a significant difference between sage extract and chlorhexidine mouthwashes regarding
Streptococcus bacterial count. Consequently, sage mouthwash as a natural product could be an effective
alternative to the current synthetic mouthwashes. Concerning the bacterial count method, real-time
PCR is more specific than the traditional methods which provides qualitative and quantitative results.
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