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Abstract 

Objec&ve: Dental plaque is considered the primary causa4ve agent in developing periodontal diseases. 
Early colonizers of dental plaque, such as Streptococcus sanguis (S.sanguis), are crucial in the succession 
steps of biofilm forma4on. As an alterna4ve to the commonly used chlorohexidine (CHX), it is of interest 
to find naturally occurring an4microbial substances from plants. 

Materials and Methods: Volunteers were asked to provide plaque samples. Microscopic examina4on, 
gram stain, optochin test, catalase test and polymerase chain reac4on were used to ensure the 
iden4fica4on of S. sanguis. Stevia Rebaudiana Bertoni leaves extracted by 70% ethanol alcohol. Four 
experiments have been done in this study: the suscep4bility of S. sanguis to stevia extract, the minimum 
inhibitory (MIC) and the minimum bactericidal (MBC) concentra4ons, and explora4on of the extract 
effec4ve cons4tuents by using HPLC. 

Results: Stevia extract had good an4bacterial ac4vity with varying inhibi4on zone diameters that were 
concentra4on dependent, but 0.2% CHX showed beVer ac4vity with a sta4s4cally significant difference 
(p < 0.05). Both MIC and MBC were at 16 mg/ml. HPLC analysis confirmed the presence of an4bacterial 
cons4tuents: narigenin 25.76 ppm, catechin 30.25 ppm, coumarin 25.47 ppm, and kaempferol 4.59 ppm. 

Conclusions: The an4microbial ac4vity of the alcoholic Stevia Rebaudiana Bertoni leaf extract was 
sa4sfactory. The study extract exhibited lower an4bacterial ac4vity at 512 mg/ml of stevia extract, while 
0.2% CHX had superior ac4vity overall. HPLC showed that the alcoholic leaves extract of Stevia 

Rebaudiana Bertoni contains several ac4ve 
an4bacterial components: narigenin, 
catechin, coumarin and kaempferol. 
Keywords: Streptococcus sanguis, Stevia 
Rebaudiana (Bertoni), An4bacterial Ac4vity, 
High Performance Liquid Chromatography.  
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Introduction 

Many kinds of microbes call the 
mouth and gums their home [1]. 
The mouth supports distinct 
microbial communities, with each 
site containing an average of 50 
species (a subset of 1,000 species 
capable of oral colonization) [2]. 
Oral surfaces are most often 
colonized by streptococci and 

actinomyces species, inter-
bacterial streptococci binding has 
major implications for periodontal 
disease development in that 
several co-adhering organisms are 
periodontal pathogens. Decreased 
oxygen tensions favor population 
shifts, allowing strict anaerobes 
like Bacteroidaceae spp. and 
spirochaetes to flourish [3,4]. 

Biofilm in the form of supragingival 
and subgingival plaque causes 
periodontal disease [5]. Tamura et 
al. (2008) [6] postulated that some 
kinds of bacteria found above the 
gum line would entice free-living 
pathogens to the subgingival 
plaque, hence exacerbating 
periodontal disorders. Ximenez et 
al. (2000a,b) [7,8] discovered that 
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improving periodontal condition 
and reducing pathogenic bacterial 
species, including P. gingivalis, may 
be achieved by eliminating the 
supragingival plaque from 
periodontal patients. Biofilm 
bacteria produce a thin 
extracellular matrix that encloses 
and protects microbial populations 
from the environment, including 
chemotherapy attacks [9]. 
Mechanical methods are required 
to remove the dental biofilm on a 
regular basis, and antiseptics such 
as mouth rinse can aid in biofilm 
control. 

   Medicinal plants are becoming 
increasingly popular around the 
globe to treat a wide range of 
illnesses [10]. Stevia Rebaudiana 
(Bertoni) "Sweet Herb of Paraguay" 
is a zero-calorie sweetener native 
to South America, where it was 
initially ingested over 200 years 
ago by native people [11].  Stevia 
rebaudiana leaves contain over 
100 phytochemicals, which are 
secondary metabolites that plants 
accumulate to defend themselves 
against microbial infections. They 
are active ingredients with 
therapeutic properties used to 
make medicines and drugs [12]. 
Stevia has anti-microbial, anti-
hypertensive, anti-cariogenic, 
diuretic, anti-viral, anti-diarrheal, 
immunomodulatory, anti-

mutagenesis, anti-teratogenesis 
and anti-allergic properties [13,14].  

As far as we are aware, the 
potential antimicrobial properties 
of stevia extract against many 
microorganisms have been 
investigated, but no one proved 
the presence of an antibacterial 
effect against S. sanguis.  

  

Material and Methods 

The Research Ethics Review Board 
of the College of Dentistry Medical 
Ethical Committee at Baghdad 
University approved the protocol 
of this study. Stevia leaves were 
collected and extracted at 
University of Baghdad Research 
Unit of Aromatic and Medical 
Plants. By maceration according to 
Seidel, 2012 [15]; stevia leaves 
powder (100gm) was extracted 
with 1 liter of 70% ethanol alcohol. 
Using a laboratory spray dryer, the 
filtered ethanolic extract was spray 
dried to yield powder. 

  Prior to taking plaque samples, 
consents were obtained. Patients 
were required to refrain from using 
antibacterial mouthwash for a 
minimum of one month before the 
research. Brain Heart Infusion 
Broth, 1.5 mL, was added to sterile 
collection tubes as soon as samples 
were taken [16]. Samples were 
cultured on mitis salivarious blood 

agar aerobically for 24 hours at 
37°C. Gram stain [17], hemolysis in 
blood agar [18], sensitivity to 
optochin [19], catalase reaction 
[20], and polymerase chain 
reaction [21] were all used to 
identify and characterize the 
isolated colonies. 

  The ABIOPureTM genomic DNA 
protocol was used to extract the 
DNA from bacterial growth. The 
concentration of DNA sample (20 
ng/μl) was measured using a 
quantus fluorometer device. 
Macrogen Company provided the 
primers in lyophilized state: S. 
sanguis-F 5`-
GGATAGTGGCTCAGGGCAGCCAGT
T-3`, S. sanguis-R 5`-
GAACAGTTGCTGGACTTGCTTGTC-
3`, annealing temperature 70˚C 
and product size (Pb) 313 [21]. To 
obtain the stock solution, a 
concentration of 100 pmol/µl was 
achieved by dispersing lyophilized 
primers in 300µl of nuclease-free 
water. By mixing 10μl of stock 
primers with 90μl of nuclease-free 
water, a solution with a 
concentration of 10 pmol/μl was 
prepared. Following the 
manufacturer's instructions, a final 
solution of 20 μl was created by 
mixing 10 μl of master mix with 1 μl 
each of forward primer, reward 
primer, 6 μl of nuclease-free water, 
and 2 μl of the sample DNA. 
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  The thermal cycling protocol was 
followed as directed by the 
manufacturer, with a reaction 
volume per run of 20 and a total of 
30 PCR cycles. The PCR device was 
used to amplify the bacterial DNA 
samples with the following settings 
(Table 1). 

Table 1. PCR program. 

Stages 
Temperature

 
(°F) 

Time 
(Min.) Rounds 

Preliminary 
denaturation 203 5 1 

Denaturation 203 0.5 
30 Annealing 158 0.5 

Elongation 161.6 1 
Definitive 
extension 161.6 7 1 

Hold 50 10 
 

To verify PCR amplification, an 
agarose gel electrophoresis was 
performed. After sealing the edges 
of the gel tray with cellophane 
tapes, the agarose was poured into 
the tray and allowed to solidify at 
room temperature for 30 minutes. 
Then, the tray was filled with 1X 
TAE-electrophoresis buffer until 
the buffer reached a depth of 3-5 
mm over the gel's surface. We 
loaded the PCR products 
immediately. Wells were 
immediately filled with 5μl of PCR 
product. After 60 minutes, the 
electricity was switched on at 100 
volts per milliampere. The DNA 
molecule cycles between the 
cathode and anode ends. Gel 
imaging system was used to 

visualize the bands stained in 
ethidium bromide. 

According to Cavalieri et al, (2005) 
[19], a suspension of S. oralis was 
prepared by using “direct colony 
suspension method”, confined 
colonies were picked from the agar 
media and grown in 1 ml mueller-
hinton broth (MHB). The 
suspension was vortexed and 
adapted to a 0.600 absorbance at 
600 nm, which corresponds to 0.5 
McFarland using an absorbance 
plate reader [22]. 

Method for dispersing agar drops, 
as described by Cavalieri et al, 2005 
[22] was used to test the activity of 
the study extract against S. sanguis. 
Using a Pasteur pipette under 
aseptic conditions, 6 mm wells of 
similar depth were created in each 
mueller hinton agar plate. 50 μl 
from each of stevia extract 
concentrations (512mg/ml, 
256mg/ml, 128mg/ml, 64mg/ml, 
32mg/ml and16mg/ml) were 
added to each well. The positive 
control was 0.2 % chlorhexidine 
gluconate (non-alcoholic), and the 
negative control was sterile 
distilled water. For 24 hours, the 
plates were maintained in an 
aerobic atmosphere at 37°C. Each 
well's inhibition zone was 
measured in (mm) using a ruler.  

  In order to determine the 
minimum inhibitory concentration 

(MIC), the experiment used two-
fold serial broth micro-dilutions 
[19,22]. Between wells 1 and 9, 100 
μl of brain-heart infusion broth 
(BHI) was added to two rows of a 
96-well microplate. There was a 
two-fold serial dilution process 
starting from well 1 and continuing 
until well 9, after which 100 μl of 
the 512 mg/ml alcoholic stevia 
extract was added to each well in 
the appropriate row. Well 10 in the 
first row had 100 μl of broth and 
100 μl of 0.2% CHX, whereas wells 
11 and 12 had 100 μl of MHB alone; 
the whole first row was regarded 
as plain, devoid of bacteria. One 
hundred microliters of the test 
organism were added to each well 
in the second row. Well 10 in the 
second row served as the positive 
control, with 100 μl of 0.2% CHX in 
broth and 100 μl of bacterial 
suspension; in contrast, wells 11 
and 12 in the negative control 
group contained 100 μl of MHB and 
100 μl of bacterial suspension, 
respectively. Overnight, the 
microtiter plate was incubated at 
37 ˚C in an aerobic environment. 
An "absorbance micro plate 
reader" calibrated to a wavelength 
of 600 nm was used to assess the 
turbidity of the wells after 
incubation. 

   Minimum bactericidal 
concentration (MBC) was 
established by placing 50 μl 
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portions from the minimum 
inhibitory concentration (MIC) well 
and the well immediately above it 
onto brain-heart agar plates and 
leaving them to incubate at 37 °C 
for 24 hours. The appearance of 
bacteria was then determined by 
looking at the agar plates [23]. 

   An HPLC analysis was used to 
determine the concentrations of 
the active ingredients in an 
alcohol-based Stevia Rebaudiana 
leaf extract [24]. This test was 
carried out at the Ministry of 
Science and Technology/ 
Material's Research Department. 
To detect and quantify narigenin, 
catechin, coumarin and 
kaempferol, a stevia alcoholic 
extract was prepared for HPLC 
testing. Blend 1 gram of Stevia 
extract with 5 milliliters of HPLC-
grade acetonitrile in a glass vial; 
cover with paraffin wax; vortex 
well; and subject to an ultrasonic 
bath set at 35 degrees Celsius for 
15 minutes. The standards 
concentration was set to 5 part per 
million (ppm). 

  After filtering the solution with a 
0.45 micro filter, 20 l of the 
solution was injected into an HPLC 
binary pump machine. To calculate 
the sample's concentration, the 
following formula was used: 

“Conc. Of sample =  (conc.of 
standard ×Area of sample)/(Area of 
standard)  ×dilution factor” 

The data were summarized by 
maximum, minimum, standard 
deviation (SD), standard error (SE), 
and mean values. Levene test, One 
Way Analysis of Variance (ANOVA), 
and Shapiro Wilk test were used. 
These tools were part of the 
Statistical Package for the Social 
Sciences (SPSS version -22, 
Chicago, Illinois, USA). P>0.05 was 
considered not significant, 
whereas P<0.05 was considered 
significant. 

 

Results 

Identification of S. sanguis: On 
MSA, S. sanguis colonies were 
small spherical colonies, blue in 
color with slightly raised surfaces 
and greatly adhere to the agar 
surface. On 40X magnification, cells 
of S. sanguis appeared as spherical 
purple cocci (gram- positive) and 
they were arranged in medium to 
long chains. Results from 
biochemical tests confirmed that 
the study organism is an  alpha 
hemolytic, gram positive, catalase 
negative and optochin resistant 
streptococci. The PCR results 
validated the diagnosis of S. 
sanguis, the identification of S. 
sanguis was clarified by PCR 
findings (Figure1). 

 

Figure 1. S. sanguis DNA amplification 
results. M stands for 100bp ladder 

marker, and Bp stands for base pair. 

The zones of inhibition for S. 
Sanguis grew in diameter with 
increasing concentrations of the 
study extract; the greatest one was 
in chlorohexidine, and this 
difference was statistically 
significant (p > 0.05). Also, when 
comparing each group to each 
other and to chlorohexidine, the 
results demonstrated a significant 
difference using multiple 
comparisons among groups by 
Tukey's HSD (p more than 0.05). 
Tables 2, 3, and 4 show the results. 
According to an “absorbance 
microplate reader”, MIC and MBC 
of the study extract against S. 
sanguis both were 16 mg/ml. 
Bacteriostatic activity has been 
observed with 0.2% CHX (0.1 
percent in broth). 
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Table 2. Descriptive statistics for the 
diameter of the S. sanguis inhibition 

zone in different groups (Levene test= 
0.829, p value= 0.558). 

Groups/ 
(mg/ml) Mean (±SD) (±SE) Min. Max. 

 

16 12.4 0.418 0.187 12.000 13.000 

32 15.1 0.418 0.187 14.500 15.500 

64 17.3 0.447 0.200 17.000 18.000 

128 19.8 0.570 0.255 19.000 20.500 

256 22.6 0.548 0.245 22.000 23.000 

 
512 26.3 0.274 0.122 26.000 26.500 

CHX 28 0.500 0.224 27.500 28.500 

 
Table 3. A one-way analysis of variance 

(ANOVA) was used to compare the 
groups' inhibitory zone diameters for S. 

sanguis.  A p-value less than 0.05 is 
considered statistically significant. 

ANOVA 

 Sum of 
squares df Mean 

square F P 

value 

 

Between 

groups 

996.143 6 166.024 774.778 0.000 

Sig. 

Within 

groups 

6.000 28 0.214  

 

Total 1002.143 34    

 

 

 

 

 

 

 

Table 4. Tukey HSD analysis of multiple 
comparisons of S. sanguis inhibition 

zone diameter between groups. 

 Groups/ 

(mg\mL) 

( Mean 

differenc

e) 

(P- value) 

 

16 

32 -2.700 0.00000  

 

      

 

 

 

 

 

       

Significant 

64 -4.900 0.00000 

128 -7.400 0.00000 

256 -10.200 0.00000 

512 -13.900 0.00000 

CHX -15.600 0.00000 

32 

64 -2.200 0.00000 

128 -4.700 0.00000 

256 -7.500 0.00000 

512 -11.200 0.00000 

CHX -12.900 0.00000 

64 

128 -2.500 0.00000 

256 -5.300 0.00000 

512 -9.000 0.00000 

CHX -10.700 0.00000 

128 

256 -2.800 0.00000 

512 -6.500 0.00000 

CHX -8.200 0.00000 

256 
512 -3.700 0.00000 

CHX -5.400 0.00000 

512 CHX -1.700 0.00006 

Using high-performance liquid 
chromatography, the presence of 
effective antibacterial 
phytochemical compounds was 
encountered at the following 
concentrations: narigenin (25.76 
ppm), catechin (30.25 ppm), 

coumarin (25.47 ppm), and 
kaempferol (4.59 ppm) (Figure 2). 

 

 

Figure 2. Narigenin, catechin, coumarin, 
and kaempferol were found in the study 
extract using HPLC. Rt: retention time. 

 

Discussion 

More and more studies are being 
conducted on plant extracts and 
the active ingredients in them from 
various parts of the world for their 
antibacterial activity [25]. Bacteria 
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cannot develop resistance to plant 
extracts because they are 
chemicaly complicated in 
structure, and any of its 
constituents may have an 
antimicrobial role [26]. 

   According to studies, Stevia 
Rebaudiana (Bertoni) is a possible 
drug candidate with numerous 
nutritional and medicinal 
properties. It has been found to 
have anti-inflammatory, anti-
gingivitis, anti-plaque, anti-
cariogenic and health-promoting 
characteristics [27, 28]. The current 
study has been conducted and may 
be regarded the first report 
because of the previously stated 
characteristics and because stevia 
has no proven antibacterial activity 
on S. sanguis. 

   The antibacterial effect of the 
study extract against S. sanguis was 
found to be concentration 
dependent, as the concentration of 
the extract rose, the inhibition 
zone widened, suggesting that the 
quantity of soluble active 
chemicals in the extract was also 
rising. After comparing the 
advantages of stevia with the 
disadvantages of CHX, the research 
extract showed impressive results, 
with an average inhibitory zone 
width of 26.3 mm against S. sanguis 
at 512 mg/ml, which is comparable 
to the 28 mm seen at 0.2% CHX, we 
might come up with a satisfactory 

result. The extract's MIC and MBC 
were both found to be 16 mg/ml, 
showing that it exhibits bactericidal 
activity. Levison, (2004), as cited by 
Mogana et al., (2020) (29), said that 
if the mbc/mic ratio is less than 4, 
the agent is bactericidal. The 
similar outcome was reached by 
Parvekar et al., 2020 [30], who 
investigated the MIC / MBC for 
silver nanoparticles on Staph. 
aureus. 

   The exact mechanism of stevia's 
antibacterial action is unknown, 
although it could be linked to the 
existence of antimicrobial 
compounds such as: di-
hydrodeoxy-streptomycin, 
diterpene glycosides, tannins, 
flavonoids, polyphenols and 
saponins [31-35]; and the extract's 
phytochemical components' 
synergism. Due to the interaction 
of multiple distinct chemicals in 
plant extracts, developing 
microbial resistance through 
genetic alterations driven by 
external stimuli is more challenging 
[36]. 

   Many active compounds were 
found in alcoholic stevia extract by 
HPLC analysis, including narigenin, 
catechin, coumarin, and 
kaempferol. Narigenin is a 
bioactive flavonoid with good 
antibacterial properties, its 
concentration in the study extract 
was (25.76 ppm). Studies have 

reported its inhibitory action 
against: Escherichia coli, 
Staphylococcus aureus, 
Lactobacillus rhamnosus and 
Salmonella typhimurium [37, 38]. 
After being exposed to narigenin, 
by altering the ratio of certain fatty 
acids in their membranes, E. coli 
and Staphylococcus aureus cells 
demonstrated an increase in 
membrane fluidity. Narigenin also 
significantly down-regulated genes 
in bacteria involved in fatty acid 
production at higher doses [39]. 

   Catechin is a polyphenol found in 
high concentration )30.25 ppm) in 
the study extract, it has 
antibacterial activity [40]. The 
mechanism of catechin action 
propose that the catechins 
influence the microbial membrane, 
altering its fluidity and lowering 
thiourea and cycloleucine flux [41]. 
The presence of the negatively 
charged lipopolysaccharide may 
explain why it is more effective 
against gram positive bacteria than 
gram negative bacteria, since it 
alters the structure of the 
membrane and damages the lipid 
bilayer [42,43]. 

    Coumarin concentration in the 
study extract was (25.47ppm). 
Coumarin is a naturally occurring 
benzopyrone which is a potent 
inhibitor of DNA- gyrase, its 
derivatives exhibit antibacterial 
effect against both gram negative 
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and methicillin-resistant 
Staphylococcus aureus (MRSA), 
novobiocin, vancomycin, and 
teicoplanin-resistant Enterococci 
species are among the gram-
positive bacteria that are most 
often seen [44,45]. 

    The concentration of kaempferol 
in the study extract was (4.59 
ppm). Kaempferol separated from 
Camellia oleifera demonstrated 
broad antibacterial activity against 
Staphylococcus aureus, E. coli, 
Salmonella enteriditis, Aspergillus 
niger, Bacillus thuringiensis and 
Rhizopus nigricans [46]. 

  

Conclusion 

The results of this study 
demonstrate that the extract has 
an antibacterial effect and contains 
abundant antibacterial 
components; this might pave the 
way for further studies into its 
potential usage in oral hygiene 
products. Additional studies 
examining its toxicity and 
antibacterial effects on periodontal 
diseases are necessary to validate 
its use as a preventive intervention 
for oral health. 
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