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ABSTRACT
Background: Streptococcus mutans are involved in caries by forming biofilm polysaccharides 

through their glucosyl transferase enzymes. Natural plant extracts can inhibit glucosyl transferase 
production and bacterial activity. Endophytic fungi inside plant tissues can produce bioactive 
compounds similar to those produced by their host plants.

Aim: Compare the inhibitory effect of rosemary endophytic fungal extract on S.mutans glucosyl 
transferase to rosemary and chlorhexidine and their effect on enamel microhardness.

Methods: Glucosyltransferase was purified from S.mutans. The ability of the total metabolites 
and endophytic fungi extracted from rosemary to inhibit the purified glucosyltransferase compared 
to chlorhexidine and artificial saliva.13crowns of human molars were subdivided into 4 equal parts 
giving 4groups for microhardness and biofilm evaluation. The microhardness was evaluated at 
baseline and after treating the four subgroups using the rosemary extract, chlorhexidine, artificial 
saliva and endophytic fungal extract for 24and72h.The biofilm inhibition was tested using SEM 
after 24and72h.

Results: Nine endophytic fungal strains were recovered from rosemary. Chaetomium 
globosum, Alternaria alternata and Aspergillus niger extracts showed positive inhibitory effect 
on glucosyltransferase 96.25%, 90.9%and81.74% respectively. While, those of rosemary extract, 
chlorhexidine and artificial saliva were 36.19%, 86.38%and0.27%. Chaetomium globosum extract 
showed the highest inhibitory effect on biofilm formation in comparison to chlorhexidine and 
rosemary extract after 24and72h. The highest microhardness value for all groups was at baseline 
then microhardness decreased after24 and72h except for Chaetomium globosum and rosemary 
extract where microhardness increased after72h to be higher than that after24h.

Conclusion :Endophytic fungal extract of rosemary can inhibit S.mutans glucosyltransferase 
and its biofilm formation where it can remineralize initial carious lesions.

KEYWORDS: Endophytic Fungi, Rosemarinus officinalis, Chlorhexidine, Plant Extract, 
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INTRODUCTION 

The oral cavity is an intricate ecosystem of 
hundreds of microorganisms. These microorganisms 
form a biofilm which covers all the surfaces of the 
oral cavity, both hard and soft tissues. This biofilm is 
present in a state of balance, in which development 
of disease occurs once this balance is disturbed 
from the normal inhabitant of the oral cavity [1–3]. 
Dental caries is a widespread multifactorial disease 
caused by acid producing bacteria in the dental 
biofilm. Examples of cariogenic bacteria include 
Streptococcus mutans, Streptococcus sorbinus, 
Streptococcus salivarius, and Streptococcus 
sanguis. Other examples of cariogenic bacteria 
include Lactobacillus acidophilis, Lactobacillus 
casei, Actinomyces naeslundii, Actinomyces 
viscusus which represent a minority in the oral 
flora. A combination of several factors, such as 
carbohydrate intake, time, and diminished clearance 
of food debris by defective salivary flow, causes a pH 
shift toward acidic condition where the cariogenic 
microorganism dominates the imbalanced biofilm 
leading to caries occurrence [4–7]. 

Caries prevention has been studied throughout 
history, with more understanding of the interactions 
that occur in the oral biofilm, the approach to caries 
prevention has evolved. The goal now is no longer 
random elimination of oral bacteria but specific 
targeting of cariogenic bacteria or their virulence 
factors to achieve long term success [5, 7, 8]. The 
extracellular polysaccharide (EPS) is considered one 
of the main virulence factors as it plays a major role 
in the attachment of bacteria to tooth surface and to 
each other. Glucosyltransferase enzymes (GTFs) 
are considered one of the main enzymes that are 
responsible for the formation of the extracellular 
polysaccharides, which catalyze the formation of 
water-soluble glucans allowing bacterial attachment 
with one another. Furthermore, formation of water-
insoluble glucans gives bulk to the biofilm. It was 
investigated that Streptococcus mutans are one of 
the main microorganisms forming the EPS through 

their gtfs [6, 9–11]. Many chemical agents showed 
antibacterial effects on oral pathogens such as 
chlorhexidine and fluoride. Unfortunately, many 
of these chemical agents showed side effects from 
altered taste to disturbing the oral flora in addition to 
the increasing antimicrobial resistance. Nowadays, 
scientists have started to target the natural products 
with antibacterial properties to reduce the chemicals 
side effects and overcome antimicrobial resistance 
[10, 12, 13]. Several researchers have reported the ability 
of rosemary to remineralize initial caries lesions in 
addition to its ability to inhibit glucosyltransferase 
and subsequent glucan production of Streptococcus 
mutans and Streptococcus sorbinus respectively [14-19].

Endophytic fungi live inside the plant tissues 
without causing any pathological symptoms [20–22]. It 
can produce different bioactive compounds similar 
to those produced by their host plants by using 
only small amount of the tested plants eliminating 
the need to over harvest medicinal plants which 
exhausts our reservoirs of these beneficial plants 
and endangers their existence [23–26]. Endophytic 
bioactive compounds were used in different 
industries; pharmaceutical, clinical, agriculture, and 
dental industries [27–29]. By screening all available 
data till now, very few studies were carried out to 
study the inhibitory effect of endophytic fungi on 
the bacterial glucosyltransferase enzyme. This has 
targeted the research to use the endophytic fungal 
extracts as an alternative natural source against 
cariogenic oral bacteria. Therefore, the objective of 
this study was to test the inhibitory effect of rosemary 
endophytic fungal extract on Streptococcus 
mutans glucosyltransferase in comparison to 
Rosemary and chlorohexidine, estimating their 
demineralization effect on enamel discs through 
microhardness testing. The null hypothesis was 
that there is no difference regarding the inhibition 
of glucosyltransferase enzyme and microhardness 
of enamel treated with endophytic fungal extract of 
rosemary compared to chlorhexidine gluconate and 
rosemary extract.
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MATERIALS AND METHODS

Samples

Plant samples 

Rosemary samples were collected from different 
local shops, farms over Cairo. Collection and ex-
periments of rosemary plant followed the relevant 
institutional, national, and international guidelines 
and legislation.

Microorganisms 

Positive glucosyltransferase Streptococcus 
mutans ATCC 25175 was received from Ms. Hams 
Atef in the faculty of pharmacy, October University 
for Modern Sciences and Arts. 

Teeth samples 

13 sound extracted third molar teeth were collect-
ed from the outpatient clinic of dental school MSA 
University after collecting informed consent from 
the patients and the hospital, according to the accep-
tance of the ethical committee number (ETH25).

Fermentation of S. mutans and glucosyltransfer-
ase assay

Streptococcus mutans were cultivated in 1500 
ml brain heart broth media supplemented with 5% 
sucrose for 15 h at 37 ℃ at 120 rpm.	  

The grown Streptococcus mutans culture was 
centrifuged at 4 ℃ for 15 minutes at 12,000 rpm. 
Assay mixture was prepared as follows; 1.35 ml of 
0.4 gm sucrose mixed with 10 ml phosphate buffer 
(50 mM, pH 6) and 0.15 ml enzyme extract. The 
mixture was incubated at 37℃ for 20 minutes. The 
enzymatic reaction was stopped by boiling for 20 
minutes at 90 ℃. To estimate the released reducing 
sugar, 1 ml of the mixture was mixed with 3ml of 
DNS reagent. After all the samples were cooled, the 
absorbance was estimated at 540 nm. The amount 
of released reducing sugar was estimated using the 
previously established standard curve of glucose. 
Glucosyltransferase was estimated by measuring 
the amount of released reducing sugar using DNS 

as reagent. Where, one unit of enzyme activity was 
defined as that amount of glucosyltransferase which 
released 1.0 umol of reducing sugar per min from 
sucrose [19]. 

Purification of glucosyltransferase

Chilled acetone method

The extracellular protein precipitation was carried 
out by cold acetone precipitation method [30]. 
Acetone was kept at -80 °C prior to precipitation, 
4X cold acetone was added to the culture filtrate of 
the selected sample and it was incubated at -20°C 
for 2 h, the samples were centrifuged at 13,000 rpm 
for 15 minutes at 4 ℃ to precipitate the total protein. 
The supernatant was discarded, and pellet obtained 
was dissolved in a suitable volume of 50mM Tris 
buffer (pH 7) and stored at -80°C till further use. 

Ion Exchange chromatography

Pre-packed ion exchange column (S-Sephadex 
Fast Flow, 5 ml, GE) was used to fractionate the 
glucosyltransferase precipitate obtained from 
the acetone protein precipitation step. Phosphate 
buffer (50 mM, pH 7) was used to equilibrate the 
column. The sample was placed into the column 
with slow flow rate. Gradient concentrations of 
NaCl (0-1M) with a rate of (1.5 ml/min) was used 
to elute the enzyme. Followed with estimation of 
the glucosyltransferase activity and total protein 
estimation for the obtained fractions. Fractions that 
showed the highest enzymatic activity were pooled 
together and concentrated using chilled acetone [31].

Estimation of total protein

It was estimated for the crude enzyme and after 
each purification step using a Fluorometer (Qubit 
3.0, LifeTech).

Characterization of proteins and molecular 
weight identification by SDS- PAGE

Using the protocol described by [32], the SDS 
working procedures were performed with slight 
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modifications [33], where 12% separating gel (6.8) and 
5% stacking gel (pH 8.8). Through the interference 
of authentic protein marker (BLUEstain TM 2 
protein ladder, 5-245 kDa), the molecular weight 
of the appeared protein bands was estimated. The 
marker was composed of about 0.1 - 0.4 mg/ml of 
each protein in the buffer (20 mM Tris-phosphate, 
pH 7.5 at 25°c), 2 % SDS, 0.2 mM Dithiothreitol, 
3.6 M Urea, and 15% (v/v) Glycerol. Coomassie 
brilliant blue R-250 was used to stain the protein 
bands.

Isolation and Identification of endophytic fungi

Rinsing of the freshly collected aerial plant parts 
was done under running tap water for 10 minutes. 
The stem is cut into pieces of 2 cm in length each, 
while the leaves were cut into 4 cm2 segments. 
Sodium hypochlorite and 70% ethanol were used 
to achieve surface sterilization then the samples 
were isolated on appropriate media. Malt extract 
agar (MEA) and Potato Dextrose Agar media 
(PDA) supplemented with Rose Bengal (1/1500), 
to suppress bacterial growth, were used for primary 
isolation [34]. Czapek’s Yeast extract Agar (CYA), 
Malt Extract Agar (MEA) and Potato Dextrose Agar 
(PDA) and Water Agar (WA) were used for isolation 
and identification [35].

Recovered fungal endophytic taxa were 
identified morphologically to the species level on 
standard media based on the phenotypic means and 
the relevant identification keys [36–44]. 

Testing the inhibitory effect of endophytic fungi

The inhibitory effect was estimated by measuring 
the amount of released reducing sugar using DNS 
as reagent. Assay mixture was prepared as follows; 
0.45 ml of 0.4 gm sucrose mixed with 10 ml 
phosphate buffer (50 mM, pH 6), 0.05 ml enzyme 
extract and 0.45 ml of the inhibitors tested which 
were artificial saliva acting as negative control, 
chlorhexidine gluconate acting as positive control, 
and endophytic fungal cultures of rosemary acting 
as the interventions using the previously mentioned 
steps [19].

Preparation of the extracts

Preparation of the endophytic fungal extract

After testing the inhibitory effect of the different 
fungal isolates, the positive isolates were sub-cul-
tured on Potato dextrose broth medium (1000 mL 
for each isolate). The inoculated media were incu-
bated for 15 days at 28 °C and 120 rpm. The fungal 
cultures were filtered and centrifuged at 8000 rpm 
for 20 min. The total metabolites were extracted us-
ing ethyl acetate (1:1; v/v). The mixture was filtered 
and the residue was re-extracted with fresh ethyl ac-
etate overnight. The combined solution was centri-
fuged at 12,000 rpm for 10 min and evaporated on 
a rotary evaporator. The extract was reconstituted in 
dimethyl sulfoxide (DMSO) to a concentration of 
400 mg/ml for subsequent experimentation [45].

Preparation of the rosemary extract

The dried ground leaves of rosemary were 
extracted with methanol (5 ml/g), using a magnetic 
mixer at room temperature for 3 h. After extraction, 
the mixture was filtered and the residue was re-
extracted with fresh methanol (5 ml/g) overnight. 
The combined methanolic solution was centrifuged 
at 12,000 rpm for 10 min and evaporated on a rotary 
evaporator. Methanolic extract was reconstituted in 
dimethyl sulfoxide (DMSO) to a concentration of 
400 mg/ml for subsequent experimentation [19].

Artificial Saliva preparation 

The composition of artificial saliva was as 
follows; Methyl-p- hydroxybenzoate 2.00 g/L, 
sodium carboxymethyl cellulose 10.00g/L, KCl 
0.625 g/L, MgCl2.6H2O 0.059 g/l, CaCl2.2H2O 
0.166 g/L, K2HPO4 0.804 g/L, KH2PO4 0.326 g/L. 
pH was adjusted to 6.75 using KOH [46].

Chlorhexidine gluconate solution preparation 
0.12% chlorhexidine gluconate solution was pre-
pared with sterile-distilled water [47].
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Estimation of inhibitory effect of the different 
extracts 

The inhibitory effect of endophytic fungal 
extracts of rosemary (which showed positive 
inhibitory effect on glucosyltransferase enzyme 
from previously mentioned step), rosemary extract, 
chlorhexidine gluconate and artificial saliva was 
estimated by measuring the amount of released 
reducing sugar using DNS as reagent on the purified 
enzyme as previously mentioned [19].

Preparation of enamel specimens

The 13 extracted human third molars were 
cleaned using a low speed handpiece, polishing 
brush and polishing paste under water coolant. 
Then, the teeth were examined carefully using 
Stereomicroscope (X20) to ensure that the enamel is 
sound followed by storage in distilled water till time 
of usage for a period no longer than 1 month and 
during which period the distilled water was changed 
daily [48, 49]. The teeth were embedded in self cured 
acrylic resin blocks; approximately 1- 2 mm apical 
to the cementoenamel junction. The labial and 
lingual surfaces of each tooth were measured in a 
mesio-distal direction using a graph paper and a 
pencil to mark the middle part, then the crown was 
cut in 2 halves parallel to the long axis of the tooth 
in a bucco-lingual direction using a microtome 
under water coolant. Similarly, the mesial and distal 
surfaces were marked at the middle part and again 
cut along the long axis of the tooth in a mesio-
distal direction using a microtome. Crown was then 
separated from the roots using cutting discs giving 
4 parts of each tooth. Each part of the 4 parts of the 
same tooth were embedded from the dentin side in 
an acrylic resin block exposing the enamel surface 
[50]. Flattening of enamel surface was done using 
800 and 1,200 grit silicon carbide paper in a circular 
motion, which was followed by polishing with 
1 µm polishing suspension with a polishing cloth 
[51–53].  The specimens were then sterilized using an 
autoclave and divided among the 4 experimental 
groups with 13 specimens per group.

Treatment strategies

The enamel specimens were placed in glass 
beakers where 1 ml of different media of artificial 
saliva, chlorhexidine gluconate, rosemary extract 
and endophytic fungal extract of rosemary from 
the species which showed the highest inhibitory 
effect on gtfs solutions was applied on the enamel 
specimens in addition to 5 ml Streptococcus mutans 
suspension previously described enriched with 1% 
freshly prepared sucrose solution from 20% stock 
solution prepared with sterile distilled water for 
24h [54] and 72h and incubated at 37℃. In which 
24h period was enough to achieve in vitro enamel 
colonization and acid production [50] and was 
equivalent to 1 month in the oral environment [55]. 
Every 24h the specimens were removed, rinsed with 
sterile deionized water and placed in a new culture 
media. The pH of the culture was evaluated using a 
pH meter on 2h intervals to confirm the acidogenicity 
of the culture to simulate the oral environment.

Biofilm detection by SEM

After 24 and 72 h, glutaraldehyde (2.5%) was 
used in collection of PBS solution to fixate the 
specimens with adherent biofilms followed by 
washing with sterile water and dehydration using 
ethanol. An anhydrous carbon desiccator was used 
to perform carbon shadowing and reduced pressure 
dehydration. Scanning electron microscope was 
used to view the specimens at X3500 [56].

Microhardness evaluation

All 52 specimens were evaluated at baseline 
and after surface treatment using Digital display 
Vickers Microhardness tester Wilson Hardness 
with a Vickers diamond indenter and a load of 50g 
was applied on the enamel surface for 15 seconds. 
5 indentations were done on each surface which 
will be applied equally over a circle not closer than 
0.5mm from each other. Microhardness value was 
determined using the equation: 

HV = 1.854 F/d2

Where, HV is Vickers hardness which is Kg force 
per square mm (KgF/mm2), F is the force applied to 
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the diamond in Kg- force, d is the average length of 
the diagonal left by the indenter in mm [57].

Statistical analysis

The data was explored for normality by checking 
the data distribution, and using the Shapiro-Wilk 
test. Data were found to be normally distributed and 
were analyzed using one-way ANOVA followed by 
Tukey’s post hoc test for intergroup comparisons 
and repeated measures ANOVA followed by 
Bonferroni post hoc test for intragroup comparisons 
using R software for macOS Ver. 2023.03.0+386. 
The significance level was set at p ≤ 0.05.

RESULTS

Production and Purification of Glucosyltransferase

Glucosyltransferase was produced with an 
activity of 206.72 ±5.9 IU/ml, specific activity of 
0.007 IU/µg.  The enzyme was partially purified on 

two main steps; protein precipitation using chilled 
acetone and ion exchange column chromatography 
(S-Sephadex Fast Flow).

The specific activity of the enzyme after the total 
protein precipitation was estimated to be 0.06 IU/
µg and the purification fold was increased to 8.09. 
The precipitated protein was applied to S-Sephadex 
Fast Flow column eluting the enzyme with gradient 
of NaCl (0-1M, pH 7.0). The fractions eluted 
with 0.3 M NaCl showed the highest enzymatic 
activity, furthermore, it was collected together and 
concentrated using chilled acetone. The specific 
activity of the concentrated fractions was estimated 
to be 0.237 IU/ µg and the purification fold increased 
to 31.77-fold (Table 1).

The molecular weight was estimated to be at the 
size of 70 kDa after comparing it to the standard 
protein ladder (Fig. 1). 

TABLE (1) Purification profile of glucosyltransferase

Step Activity (IU/mL)
Protein (µg/

mL)
Specific activity 

(IU/µg)
Purification 

Fold
Enzyme recovery 

(%)
Culture filtrate 206.72 ±5.9 27600 0.007 1 100

Acetone 122.40 ± 7.79 2020 0.06 8.09 59.21

Ion-exchange 91.39 ± 3.15 384 0.237 31.77 44.21

Estimation of glucosyltransferase molecular weight by SDS PAGE

Fig. (1) Purified glucosyltransferase where A: 
ladder, B: purified enzyme and C: crude 
enzyme 
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Isolation and Purification of endophytic fungi 

Nine different endophytic fungal strains 
were recovered from Rosemarinus officinalis. 
Aspergillus niger showed the highest count with 20 
(CFU), followed by Aspergillus flavus, Alternaria 
alternata, Chaetomiun globosum, Alternaria atra, 
Cladosporium cladosporioides, Alternaria solani, 
Mucor and yeast, with a total count of 19, 15, 10, 7, 
4, 3, 1 and 5 (CFU) respectively (Fig. 2).

Fig. (2): Isolated endophytic fungi from Rosmarinus officinalis 
and their total count 

Estimation of the inhibitory effect of the extracts 

Three strains showed a positive inhibitory effect 
against glucosyltransferase, namely Aspergillus 
niger Tiegh, Chaetomium globosum Kunze and 
Alternaria alternata (Fr.) Keissl, with inhibition 
percentages of 81.74, 96.25 & 90.9 % respectively 
in comparison to the negative control.  While, 

the other six strains showed negative results. 
Also, chlorhexidine gluconate showed an 86.38% 
inhibition, rosemary extract 36.19% inhibition and 
artificial saliva with 0.27% inhibition (Table 2,  
Fig. 3). 

All the strains were identified morphologically 
and the positive strains were deposited in the culture 
collection of Suez Canal University fungarium 
under the accession numbers of SCUF0000314, 
SCUF0000315 & SCUF0000316 for Aspergillus 
niger Tiegh., Chaetomium globosum Kunze & 
Alternaria alternata (Fr.) Keissl. respectively. 

TABLE (2) Glucosyltransferase activity and inhibitory 
effect of Chaetomium globosum Kunze, 
Alternaria alternata (Fr.) Keissl, Aspergillus 
niger Tiegh, chlorhexidine gluconate, 
rosemary extract and Artificial saliva

Fractions
Activity (IU/
mL) ± SEM

% 
Inhibition 

Chaetomium globosum Kunze 7.75*± 0.02 96.25

Alternaria alternata (Fr.) Keissl 18.81± 0.01 90.9

Aspergillus niger Tiegh 37.75± 0.08 81.74

Chlorhexidine Gluconate 28.15± 0.12 86.38

Rosemary 131.91±0.24 36.19

Artificial Saliva 206.16±0.16 0.27

Fig. (3)  Glucosyltransferase activity and inhibitory effect of endophytic fungal extracts isolated from rosemary. 
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Detection of Streptococcus mutans biofilm inhi-
bition by SEM 

The effect of the Rosemary & Chaetomium 
globosum Kunze extracts to inhibit the formation 
of Streptococcus mutans biofilm were tested against 
CHX as positive control and artificial saliva and 
DMSO as negative controls.

After 24 hours, Chaetomium globosum and 
rosemary extracts showed scattered cells of 
Streptococcus mutans on the surface of the prepared 
sample teeth with no signs of biofilm formation. 
Chaetomium globosum extract showed a high 
inhibitory effect on biofilm formation in comparison 
to chlorhexidine and rosemary extracts (Fig. 4 A, 
B & C), followed by the rosemary extract (Fig. 4 
B). While the artificial saliva and DMSO showed 
mature biofilm formation (Fig. 4 D & E).

After 72 hours, Chaetomium globosum and 

rosemary extracts continued to show scattered 
cells of Streptococcus mutans on the surface of 
the prepared sample teeth with no signs of biofilm 
formation. Chaetomium globosum extract showed 
the highest inhibitory effect on biofilm formation 
in comparison to chlorhexidine gluconate and 
rosemary extracts (Fig 5 A, B & C). The rosemary 
extract showed an increase in the number of the 
scattered cells (Fig 5 B) in comparison with the 
image taken after 24 h for the same group (Fig 4 
B). While the artificial saliva and DMSO samples 
continued to show mature biofilm formation.  
(Fig 5 D & E).

Testing the microhardness for the treated teeth 

When comparing the differences between the 
used extracts there was a significant difference 
between values measured at different intervals 
(p<0.001). In the artificial saliva group, the highest 

Fig. (4) SEM images of the specimens after 24 h under x3500 magnification. A: Chaetomium globosum Kunze extract, B: Rosemary 
extract, C: Chlorhexidine gluconate, D: Artificial saliva, E: DMSO
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value was measured at baseline (261.93±30.16), 
followed by the value recorded after 24h 
(201.06±28.65), while the lowest value was found 
after 72h (152.15±19.64). In the chlorhexidine 
group, the highest value was measured at baseline 
(268.66±31.55), followed by the value recorded 
after 24h (193.60±35.03), while the lowest value 
was found after 72h (187.29±48.89). While in 
the rosemary extract group, the highest value was 
measured at baseline (265.52±36.05), followed by 
the value recorded after 72h (240.60±13.96), while 
the lowest value was found after 24h (188.10±48.26). 
Post hoc pairwise comparisons showed values 
measured after 24h to be significantly lower than 
values measured at other intervals (p<0.001).

As for the Chaetomium globosum extract 
group, there was a significant difference between 
values measured at different intervals (p<0.001). 
The highest value was measured at baseline 

(262.56±41.83), followed by the value recorded 
after 72h (214.16±44.33), while the lowest value 
was found after 24h (197.17±7.18). Post hoc 
pairwise comparisons showed values measured 
at baseline to be significantly higher than values 
measured at other intervals (p<0.001). (Fig. 6 & 7)

Fig. (5) SEM images of specimens after 72 h under x3500 magnification. A: Chaetomium globosum Kunze extract, B: Rosemary 
extract, C: Chlorhexidine gluconate, D: Artificial saliva E: DMSO

Fig. (6) The average micro-hardness values over the three-time 
intervals  
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Testing the pH values for the test media 

When comparing the recorded pH values, there 
was a significant difference between different 
tested groups (p<0.001). The highest value was 
found in rosemary extract (6.47±0.04), followed 
by chlorhexidine (5.98±0.08) and Chaetomium 
globosum extract (5.98±0.02), while the lowest 
value was found in artificial saliva (5.62±0.03). Post 
hoc pairwise comparisons showed that the rosemary 
extract to have significantly a higher value than other 
groups (p<0.001). In addition, chlorhexidine and 
Chaetomium globosum extract showed significantly 
higher values than the artificial saliva (p<0.001) 
(Fig. 8).

Fig. (7) The average micro-hardness values for different tested groups 

Fig. (8) The average pH values recorded after testing the four 
used extracts  
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DISCUSSION

Researchers now selectively target glucosyl-
transferase of cariogenic bacteria, as Streptococ-
cus mutans, to inhibit the biofilm formation with-
out adversely affecting the normal oral flora using 
either synthetic or natural compounds [58]. With the 
increasing bacterial resistance to drugs, research-
ers have directed their attention to finding a natural 
compound that can have similar activity without the 
undesirable side effects [59, 60]. Several studies have 
reported that endophytic fungi isolated from natural 
plants can produce metabolites, similar to their host 
plants, with antimicrobial and biofilm inhibition 
abilities [61].

The present study identified Chaetomium 
globosum, Alternaria alternata and Aspergillus 
niger as endophytic fungal strains isolated from 
Rosmarinus officinalis that managed to achieve 
inhibitory effect on glucosyltransferase enzyme, 
glucan production and subsequent biofilm formation 
in addition to increase microhardness with 
Chaetomium globosum giving the highest results.

Regarding the inhibition of glucosyltransferase 
enzyme, in the present study, rosemary and 
endophytic fungal extract of rosemary, obtained 
from the species Chaetomium globosum, Alternaria 
alternata and Aspergillus niger, managed to inhibit 
glucosyltransferase which was in agreement with 
[62–67] who studied the effect of various plant extracts 
to inhibit glucosyltransferase enzyme and glucan 
production. They stated that many researchers 
attributed the ability of several natural extracts 
including rosemary to inhibit the production of 
glucosyltransferase to the extract’s polyphenol 
content which can denature the enzyme protein. 
However, the inhibitory effect of rosemary extract 
was significantly less than chlorhexidine gluconate 
which is in contradiction with [64] who reported 
similar effects between its tested natural extracts and 
chlorhexidine gluconate. Furthermore, endophytic 
fungal extract of rosemary obtained from the 
species Chaetomium globosum managed to inhibit 
glucosyltransferase enzyme, production of glucan 
and subsequent biofilm production of Streptococcus 

mutans which was in agreement with[61, 68, 69] who 
studied the ability of endophytic fungal extracts 
of several plants and reported the ability of these 
extracts to inhibit the targeted enzyme. This can 
be attributed to the ability of endophytic fungi 
to produce the same phytochemicals and active 
compounds produced by their host plants as 
explained by[70–76]. They explained that production 
of bioactive components from endophytic fungi 
of medicinal plants is considered an easier, cost-
effective alternative method for mass production of 
bioactive compounds that avoids over harvesting 
and endangering of medicinal plants.

Regarding the inhibition of Streptococcus mu-
tans biofilm formation, in the present study rose-
mary and endophytic fungal extracts of rosemary 
were observed to inhibit biofilm formation by SEM 
imaging. Concerning the SEM images taken after 
24 h, endophytic fungal extract of rosemary from 
the species Chaetomium globosum and rosemary 
extracts showed scattered cells of Streptococcus mu-
tans on the surface of the prepared sample teeth with 
no signs of biofilm formation with Chaetomium glo-
bosum extract showing a higher inhibitory effect on 
biofilm formation in comparison to chlorhexidine 
gluconate (positive control) and rosemary extracts 
Followed by the rosemary extract. While the arti-
ficial saliva and DMSO, which was used as an ad-
ditional negative control to rule out the effect of the 
solvent used for the rosemary extract, showed ma-
ture biofilm formation. Although biofilm inhibition 
was established for rosemary extract, endophytic 
fungal extract of rosemary and chlorhexidine glu-
conate, microhardness readings after 24h showed a 
significant decrease where[77] explained that glucos-
yltransferase enzyme is responsible for glucan pro-
duction with subsequent biofilm formation and not 
the acidogenic property of Streptococcus mutans 
while [78] explained that some bioactive compounds 
inhibit glucosyltransferase enzyme without affect-
ing the acid production ability of Streptococcus 
mutans. Meanwhile, the SEM images taken after 
72 hours showed that endophytic fungal extract of 
rosemary from the species Chaetomium globosum 
and rosemary extracts continued to show scattered 
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cells of Streptococcus mutans on the surface of the 
prepared sample teeth with no signs of biofilm for-
mation. Furthermore, Chaetomium globosum ex-
tract continued to show the highest inhibitory effect 
on biofilm formation in comparison to chlorhexi-
dine gluconate and rosemary extracts. However, the 
rosemary extract showed an increase in the num-
ber of scattered cells in comparison with the image 
taken after 24 h for the same group, with no sign of 
biofilm formation, while the artificial saliva samples 
continued to show mature biofilm formation. This 
was in agreement with [60,63,65,66,79–82] who observed 
the biofilm eradication ability of many herbs includ-
ing rosemary, This was attributed to the antimicro-
bial ability of rosemary in addition to its ability to 
inhibit glucan production through the inhibition of 
glucosyltransferase enzyme. However, the biofilm 
inhibitory effect of rosemary was significantly less 
than that of chlorhexidine which is in agreement 
with [83] who reported greater biofilm eradication 
with chlorhexidine in comparison with rosemary 
extract which was attributed to the broad spectrum 
antibacterial properties of chlorhexidine gluconate. 
This was a contradiction with [60] who reported high-
er biofilm inhibition with Rosemary compared to 
chlorhexidine gluconate to which it was attributed 
to the antibacterial potential of rosemary.

Regarding the microhardness of enamel surface, 
results after 24 h showed significant decrease with 
chlorhexidine gluconate, rosemary extract and the 
extract of endophytic fungus Chaetomium globosum 
from rosemary with the lowest microhardness was 
with the artificial saliva when compared to the 
baseline readings, showing insignificant differences 
between the different groups, meanwhile after 72h 
the microhardness readings showed a significant 
increase with rosemary extract and the extract 
of endophytic fungus Chaetomium globosum 
from rosemary exceeding the 24h readings where 
the highest value was observed in the rosemary 
group, while chlorhexidine gluconate and artificial 
saliva showed low microhardness with the lowest 
value observed with the artificial saliva, showing 
significant differences between all groups. Although 
the increase in microhardness observed in the 

rosemary extract and the extract of endophytic fungus 
Chaetomium globosum from rosemary groups did 
not reach the baseline readings, this suggested some 
form of remineralization. The results obtained after 
24h were in agreement with [84],who studied the 
ability of rosemary and ginger honey mixture to 
remineralize initial caries lesions using color change 
with vita easy shade, they found that rosemary 
was of low remineralizing effect, as well as, low 
acid resistance after testing the effect of rosemary 
application after 3 and 6 minutes, meanwhile they 
were in contradiction after 72 h where the 72 h results 
were in agreement with [14, 16, 17] who concluded the 
ability of rosemary to remineralize carious lesions 
using microhardness and fluorescence testing 
and attributed the effect to the ability of rosemary 
extracts to inhibit Streptococcus mutans which 
aided in the remineralization of enamel. This 
difference was attributed to difference in evaluation 
method where [84] evaluated the remineralization 
of initial caries lesions by color change using vita 
easy shade and not microhardness readings as in the 
present study, and the effect was also recorded after 
3 and 6 minutes and not 72 h as in the present study. 
Furthermore, the conducted studies induced the 
initial carious lesions on enamel surface artificially 
using lactic acid or acetic acid or pH cycling which 
was different from the methodology of the current 
study in which artificial carious lesions were 
induced biologically using Streptococcus mutans 
broth supplemented with sucrose. In addition, the 
interventions as well as the bacterial challenge were 
applied concurrently during the testing periods, 
therefore, the methodology used was mimicking the 
oral environment challenge.

In the current study, rosemary extract, endophytic 
fungal extract of rosemary obtained from the 
species Chaetomium globosum and chlorhexidine 
gluconate managed to increase the pH of the 
test medias, with significant differences between 
groups, where the rosemary extract showed the 
highest readings and the artificial saliva showed the 
lowest readings. This was in agreement with [79, 85–87] 
who studied the ability of various herbal and natural 
extracts to modulate the pH of the oral cavity. They 



EFFECT OF ROSEMARY ENDOPHYTIC FUNGAL EXTRACT ON MICROHARDNESS OF ENAMEL (883)

observed the ability of these extracts to raise the pH 
of the oral cavity which can be directly linked to 
inhibition of cariogenic bacteria, like Streptococcus 
mutans, by creating an unfavorable environment 
for their growth and favorable environment for 
remineralization of enamel. 

The null hypothesis was that there is no differ-
ence regarding the inhibition of glucosyltransferase 
enzyme and microhardness of enamel treated with 
endophytic fungal extract of Rosemary compared 
to chlorhexidine gluconate and Rosemary extract. 
According to the results of the present study, the en-
dophytic fungal extract of rosemary showed higher 
inhibition of glucosyltransferase enzyme and mi-
crohardness of enamel, therefore the null hypothesis 
was rejected.

Limitations of the current study ranged from the 
lengthy complicated procedure, from fermentation, 
purification to isolation to identification to 
preparation of extracts, which require sophisticated 
laboratory equipment to prepare the endophytic 
fungal extract of plants which was in agreement 
with [76, 88]. Furthermore, in vitro studies cannot 
completely simulate oral conditions as temperature 
or pH cycling. The tests were carried out against 
only one of the main microorganisms involved in 
caries development although there are many other 
strains that are implicated in the caries process.

CONCLUSION

Within the limitations of the current study, 
we can conclude that: Chaetomium globosum 
Kunze showed the highest inhibitory effect on 
glucosyltransferase enzymes within the endophytic 
fungal extracts of rosemary. Endophytic fungal 
extracts of rosemary showed the highest inhibitory 
effect on glucosyltransferase enzymes superior to 
rosemary and chlorhexidine gluconate. Rosemary 
increased the enamel microhardness superior 
to endophytic fungal extract and chlorhexidine 
gluconate after 72 h.

ACKNOWLEDGMENT: 

The authors would like to express their gratitude 
to Ms. Hams Atif, Faculty of Pharmacy, October 
University for Modern Sciences and Arts for 
supporting us with the standard Streptococcus 
mutans cultures. 

Authors contribution

BB, MB, NH designed the study, MB & BB 
performed the experiments, MB, BB, NH and 
HT wrote and revised the manuscript, BB & MB 
analyzed the results. All authors approved the final 
manuscript. 

Fundings

The authors didn’t receive any funding and the 
study was self-funded by the authors. 

Availability of data and materials

Any data used or analyzed during the study is 
available to be submitted by the corresponding 
author upon request. 

Declarations

Ethics approval and consent to participate

This study was approved by the Research Ethics 
committee, Faculty of Dentistry, October University 
for Modern Sciences and Arts under the approval 
number of ETH25. Written informed consents 
were obtained from the patients. All methods 
were performed in accordance with the relevant 
guidelines and regulations.

Consent for publication:

Not applicable.

Competing interests:

The authors declare that they have no competing 
interests



(884) Mona Tarek Balbaa, et al.E.D.J. Vol. 70, No. 1

REFERENCES 

1.	 Darrene L-N, Cecile B. Experimental Models of Oral Bio-
films Developed on Inert Substrates: A Review of the Lit-
erature. BioMed Res Int. 2016;2016:7461047.

2.	 Samaranayake L, Matsubara VH. Normal Oral Flora and the 
Oral Ecosystem. Dent Clin North Am. 2017;61:199–215.

3.	 Deo PN, Deshmukh R. Oral microbiome: Unveiling the fun-
damentals. J Oral Maxillofac Pathol JOMFP. 2019;23:122–8.

4.	 Chenicheri S, R U, Ramachandran R, Thomas V, Wood 
A. Insight into Oral Biofilm: Primary, Secondary and Re-
sidual Caries and Phyto-Challenged Solutions. Open Dent 
J. 2017;11:312–33.

5.	 Philip N, Suneja B, Walsh LJ. Ecological Approaches to 
Dental Caries Prevention: Paradigm Shift or Shibboleth? 
Caries Res. 2018;52:153–65.

6.	 Chen X, Daliri EB-M, Kim N, Kim J-R, Yoo D, Oh D-H. 
Microbial Etiology and Prevention of Dental Caries: Ex-
ploiting Natural Products to Inhibit Cariogenic Biofilms. 
Pathogens. 2020;9:569.

7.	 Mallya P S, Mallya S. Microbiology and Clinical Implica-
tions of Dental Caries – A Review. J Evol Med Dent Sci. 
2020;9:3670–5.

8.	 Jiang W, Xie Z, Huang S, Huang Q, Chen L, Gao X, et al. 
Targeting cariogenic pathogens and promoting competi-
tiveness of commensal bacteria with a novel pH-respon-
sive antimicrobial peptide. J Oral Microbiol. 15:2159375.

9.	 Feng L, Yan Q, Zhang B, Tian X, Wang C, Yu Z, et al. 
Ratiometric fluorescent probe for sensing Streptococcus 
mutans glucosyltransferase, a key factor in the formation 
of dental caries. Chem Commun. 2019;55:3548–51.

10.	 Zhang Z, Yang Y, Sun Q, Zeng W, Li Y. Inhibition of Bio-
film Formation and Virulence Factors of Cariogenic Oral 
Pathogen Streptococcus mutans by Shikimic Acid. Micro-
biol Spectr. 10:e01199-22.

11.	 Hoshino T, Fujiwara T. The findings of glucosyltransferase 
enzymes derived from oral streptococci. Jpn Dent Sci Rev. 
2022;58:328–35.

12.	 Haydari M, Bardakci AG, Koldsland OC, Aass AM, 
Sandvik L, Preus HR. Comparing the effect of 0.06% -, 
0.12% and 0.2% Chlorhexidine on plaque, bleeding and 
side effects in an experimental gingivitis model: a parallel 
group, double masked randomized clinical trial. BMC Oral 
Health. 2017;17:118.

13.	 Tiwari P, Bae H. Endophytic Fungi: Key Insights, Emerg-
ing Prospects, and Challenges in Natural Product Drug 
Discovery. Microorganisms. 2022;10:360.

14.	 Hossam E. Effectiveness of Natural Remineralizing 
Agents on Initial Enamel Caries: In Vitro Study. Ahram 
Can Dent J. 2022;1:1–12.

15.	 Hassan S, Hafez A, Elbaz MA. Remineralization Potential 
of Ginger And Rosemary Herbals Versus Sodium Fluoride 
In Treatment Of White Spot Lesions: A Randomized Clini-
cal Trial. Egypt Dent J. 2021;67:1677–84.

16.	 Saini J. Agents to Maintain Tooth Integrity: An Equilib-
rium between Remineralization and Demineralization - A 
Review. Int J Dent Med Spec. 2019;6.

17.	 Bilgin Gocmen G, Yanikoglu F, Tagtekin D, Stookey GK, 
Schemehorn BR, Hayran O. Effectiveness of some herbals 
on initial enamel caries lesion. Asian Pac J Trop Biomed. 
2016;6:846–50.

18.	 Jai Kumar SK, Geetha RV. Effect Of Rosemary Oil Extract 
On Biofilm Formation By Streptococcus Mutans-A Invitro 
Study. Int J Curr Adv Res. 2021.

19.	 Tsai P, Tsai T, Ho S. In vitro inhibitory effects of rose-
mary extracts on growth and glucosyltransferase activity 
of Streptococcus sobrinus. Food Chem. 2007;105:311–6.

20.	 Wilson D. Endophyte: The Evolution of a Term, and Clari-
fication of Its Use and Definition. Oikos. 1995;73:274–6.

21.	 Das A, Varma A. Symbiosis: The Art of Living. 2009. p. 1–28.

22.	 Rodriguez RJ, White JF, Arnold AE, Redman RS. Fungal 
endophytes: diversity and functional roles. New Phytol. 
2009;182:314–30.

23.	 Kaul S, Gupta S, Ahmed M, Dhar MK. Endophytic fungi 
from medicinal plants: a treasure hunt for bioactive me-
tabolites. Phytochem Rev. 2012;11:487–505.

24.	 Alam B, Lǐ J, Gě Q, Khan MA, Gōng J, Mehmood S, et 
al. Endophytic Fungi: From Symbiosis to Secondary Me-
tabolite Communications or Vice Versa? Front Plant Sci. 
2021;12:791033.

25.	 Manganyi MC, Ateba CN. Untapped Potentials of En-
dophytic Fungi: A Review of Novel Bioactive Com-
pounds with Biological Applications. Microorganisms. 
2020;8:1934.

26.	 Survase MR, Taware SD. A SHORT REVIEW – ENDO-
PHYTIC FUNGI IN MEDICINAL PLANTS. Int J Curr 
Res. 2019;11.



EFFECT OF ROSEMARY ENDOPHYTIC FUNGAL EXTRACT ON MICROHARDNESS OF ENAMEL (885)

27.	 Aly AH, Debbab A, Proksch P. Fungal endophytes: unique 
plant inhabitants with great promises. Appl Microbiol Bio-
technol. 2011;90:1829–45.

28.	 Salem F. Screening of Anticancer Metabolites Produced by 
Endophytic Fungi. 2014.

29.	 Abo Nahas H. Endophytic fungi: A gold mine of antioxi-
dants. 2019;4:58–79.

30.	 Wessel D, Flügge UI. A method for the quantitative recov-
ery of protein in dilute solution in the presence of deter-
gents and lipids. Anal Biochem. 1984;138:141–3.

31.	 Hayashi S, Hayashi T, Takasaki Y, Imada K. Purification 
and properties of glucosyltransferase from Aureobasidi-
um. J Ind Microbiol. 1994;13:5–9.

32.	 Laemmli UK. Cleavage of structural proteins during 
the assembly of the head of bacteriophage T4. Nature. 
1970;227:680–5.

33.	 Moubasher HA, Balbool BA, Helmy YA, Alsuhaibani AM, 
Atta AA, Sheir DH, et al. Insights into Asparaginase from 
Endophytic Fungus Lasiodiplodia theobromae: Purifica-
tion, Characterization and Antileukemic Activity. Int J En-
viron Res Public Health. 2022;19:680.

34.	 Abdel-Azeem A, Abdel Azeem M, Khalil W. Endophytic 
Fungi as a New Source of Antirheumatoid Metabolites. 
2019. p. 335–84.

35.	 Atlas RM. Handbook of Microbiological Media, Fourth 
Edition. Taylor & Francis; 2010.

36.	 Raper KB, Fennell DI. The genus Aspergillus. Genus As-
pergillus. 1965.

37.	 Klich MA. Identification of Common Aspergillus Species. 
ASM Press; 2002.

38.	 Guarro J. Atlas of Soil Ascomycetes. CBS-KNAW Fungal 
Biodiversity Centre; 2012.

39.	 Arx JA. The Genera of Fungi Sporulating in Pure Culture. 
Cramer; 1974.

40.	 Cannon PF. A revision of Achaetomium, Achaetomiella 
and Subramaniula, and some similar species of Chaeto-
mium. Trans Br Mycol Soc. 1986;87:45–76.

41.	 Arx JA, Guarro J, Figueras MJ. The Ascomycete Genus 
Chaetomium. J. Cramer; 1986.

42.	 Asgari B, Zare R. The genus Chaetomium in Iran, a phy-
logenetic study including six new species. Mycologia. 
2011;103:863–82.

43.	 Doveri F. An additional update on the genus Chaetomium 
with descriptions of two coprophilous species, new to Ita-
ly. Mycosphere. 2013;4:820–46.

44.	 Simmons EG. Alternaria: an identification manual : fully 
illustrated and with catalogue raisonné 1796-2007. Utrecht, 
The Netherlands: CBS Fungal Biodiversity Centre; 2007.

45.	 Balbool B, Abdel-Azeem A, Khalil W, M. E-K. Bio-
prospecting as a conservation tool: the genus Aspergillus 
(Eurotium) in Egypt. 2013.

46.	 McKnight-Hanes C, Whitford GM. Fluoride Release from 
Three Glass Ionomer Materials and the Effects of Var-
nishing with or without Finishing. Caries Res. 1992;26: 
345–50.

47.	 Ribeiro CCC, Ccahuana-Vásquez RA, Carmo CDS do, 
Alves CMC, Leitão TJ, Vidotti LR, et al. The effect of iron 
on Streptococcus mutans biofilm and on enamel deminer-
alization. Braz Oral Res. 2012;26:300–5.

48.	 Tosun G, Sener Y, Sengun A. Effect of Storage Duration/
Solution on Microshear Bond Strength of Composite to 
Enamel. Dent Mater J. 2007;26:116–21.

49.	 Alagha E. Effect of using Different Remineralizing Agents 
on Micro-shear Bond Strength of Nanohybrid Composite 
Resin | Open Access Macedonian Journal of Medical Sci-
ences. 2023.

50.	 Wassel M, Khattab M. Antibacterial Activity against 
Streptococcus mutans and Inhibition of Bacterial Induced 
Enamel Demineralization of Propolis, Miswak and Chi-
tosan Nanoparticles Based Dental Varnishes. J Adv Res. 
2017;8.

51.	 Aires CP, Tabchoury CPM, Del Bel Cury AA, Koo H, Cury 
JA. Effect of Sucrose Concentration on Dental Biofilm 
Formed in situ and on Enamel Demineralization. Caries 
Res. 2005;40:28–32.

52.	 Oliveira P, Coutinho T, Portela M, Paula V, Tostes M. In-
fluence of biofilm formation on the mechanical properties 
of enamel after treatment with CPP-ACP crème. Braz Oral 
Res. 2017;31.

53.	 Kim H-J, Cho M-Y, Lee E-S, Jung H, Kim B-I. Effects 
of short-time exposure of surface pre-reacted glass-
ionomer eluate on dental microcosm biofilm. Sci Rep. 
2020;10:14425.

54.	 Savas S, Kucukyılmaz E, Celik EU, Ates M. Effects of dif-
ferent antibacterial agents on enamel in a biofilm caries 
model. J Oral Sci. 2015;57:367–72.



(886) Mona Tarek Balbaa, et al.E.D.J. Vol. 70, No. 1

55.	 Aboushahba M, Younis S, Afifi R. Effect of Different Im-
mersion Solutions on Color Stability of One Bulk-Fill 
Resin Composite and Two Types of CAD/CAM Ceramics. 
Egypt Dent J. 2020;66:1657–65.

56.	 Kumagai T, Kashiwamura H, Katsumata M, Ozaki M. Ver-
ification of antibacterial activity to enamel surfaces of new 
type of surface coating. Pediatr Dent J. 2021;31:86–91.

57.	 Al-Shaker SM, Nayif M, Al-Sabawi N. Microhardness of 
Artificially Demineralized Enamel treated with Different 
Regimes of ACP-CPP and Fluoride Agents Microhardness 
of Demineralized Enamel using ACP-CPP and Fluoride. 
2014.

58.	 Matsumoto-Nakano M. Role of Streptococcus mutans 
surface proteins for biofilm formation. Jpn Dent Sci Rev. 
2018;54:22–9.

59.	 Kouidhi B, Al Qurashi YMA, Chaieb K. Drug resistance 
of bacterial dental biofilm and the potential use of natu-
ral compounds as alternative for prevention and treatment. 
Microb Pathog. 2015;80:39–49.

60.	 Hickl J, Argyropoulou A, Sakavitsi ME, Halabalaki M, Al-
Ahmad A, Hellwig E, et al. Mediterranean herb extracts 
inhibit microbial growth of representative oral microor-
ganisms and biofilm formation of Streptococcus mutans. 
PloS One. 2018;13:e0207574.

61.	 Abdel-Aziz MM, M.Emam T, Raafat MM. Hindering of 
Cariogenic Streptococcus mutans Biofilm by Fatty Acid 
Array Derived from an Endophytic Arthrographis kalrae 
Strain. Biomolecules. 2020;10:811.

62.	 Battagim J, Souza VT de, Miyasaka NRS, Cunha IB da 
S, Sawaya AC, Fernandes AMA de P, et al. Comparative 
study of the effect of green and roasted water extracts of 
mate (Ilex paraguariensis) on glucosyltransferase activ-
ity of Streptococcus mutans. J Enzyme Inhib Med Chem. 
2012;27:232–40.

63.	 Smullen J, Finney M, Storey DM, Foster HA. Prevention 
of artificial dental plaque formation in vitro by plant ex-
tracts. J Appl Microbiol. 2012;113:964–73.

64.	 Pribadi N, Yonas Y, Saraswati W. The inhibition of Strep-
tococcus mutans glucosyltransferase enzyme activity by 
mangosteen pericarp extract. Dent J. 2017;50:97–101.

65.	 Nijampatnam B, Zhang H, Cai X, Michalek SM, Wu H, 
Velu SE. Inhibition of Streptococcus mutans Biofilms by 
the Natural Stilbene Piceatannol Through the Inhibition of 
Glucosyltransferases. ACS Omega. 2018;3:8378–85.

66.	 Yabuta Y, Mukoyama H, Kaneda Y, Kimura N, Bito T, 
Ichiyanagi T, et al. A lemon myrtle extract inhibits gluco-
syltransferases activity of Streptococcus mutans. Biosci 
Biotechnol Biochem. 2018;82:1584–90.

67.	 Achmad MH, Ramadhany S, Suryajaya FE. Streptococcus 
Colonial Growth of Dental Plaque Inhibition Using Fla-
vonoid Extract of Ants Nest (Myrmecodia pendans): An 
in Vitro Study. Pesqui Bras Em Odontopediatria E Clínica 
Integrada. 2019;19:e4250.

68.	 Techaoei S, Jarmkom K, Dumrongphuttidecha T, Khobjai 
W. Evaluation of the stability and antibacterial activity of 
crude extracts of hydro-endophytic fungi. J Adv Pharm 
Technol Res. 2021;12:61–6.

69.	 S MS, K R. Biofilm Inhibition Efficiency of Endophytic 
Fungi Isolated from Acacia nilotica against Oral Patho-
gens. Res J Pharm Technol. 2018;11:1855–9.

70.	 Jia M, Chen L, Xin H-L, Zheng C-J, Rahman K, Han T, et 
al. A Friendly Relationship between Endophytic Fungi and 
Medicinal Plants: A Systematic Review. Front Microbiol. 
2016;7:906.

71.	 Soares DA, Rosa LH. A review of bioactive compounds pro-
duced by endophytic fungi associated with medicinal plants 
Uma revisão de compostos bioativos produzidos por fungos 
endofíticos associados a plantas medicinais. 2017;12.

72.	 Adeleke BS, Babalola OO. Pharmacological Potential of 
Fungal Endophytes Associated with Medicinal Plants: A 
Review. J Fungi. 2021;7:147.

73.	 Silva SGM da, Melo BA de, Santos MT dos, Rios RRS, 
Santos CM de S, Júnior KALR, et al. Endophytic fungi: 
Benefits for plants and biotechnological potential. Res Soc 
Dev. 2022;11:e9211427008–e9211427008.

74.	 Venieraki A, Dimou M, Katinakis P. Endophytic fungi re-
siding in medicinal plants have the ability to produce the 
same or similar pharmacologically active secondary me-
tabolites as their hosts. Hell Plant Prot J. 2017;10:51–66.

75.	 Settu S, Arunachalam S. Fungal Endophytes: A Blooming 
Reservoir for Future Products. Int J Pharm Sci Rev Res. 
2020;65:169–78.

76.	 Wen J, Okyere SK, Wang S, Wang J, Xie L, Ran Y, et al. 
Endophytic Fungi: An Effective Alternative Source of 
Plant-Derived Bioactive Compounds for Pharmacological 
Studies. J Fungi. 2022;8:205.

77.	 Bowen WH, Koo H. Biology of Streptococcus mutans-de-
rived glucosyltransferases: role in extracellular matrix for-
mation of cariogenic biofilms. Caries Res. 2011;45:69–86.



EFFECT OF ROSEMARY ENDOPHYTIC FUNGAL EXTRACT ON MICROHARDNESS OF ENAMEL (887)

78.	 Gregoire S, Singh AP, Vorsa N, Koo H. Influence of cran-
berry phenolics on glucan synthesis by glucosyltransfer-
ases and Streptococcus mutans acidogenicity. J Appl Mi-
crobiol. 2007;103:1960–8.

79.	 Kim D, Hwang G, Liu Y, Wang Y, Singh AP, Vorsa N, et 
al. Cranberry Flavonoids Modulate Cariogenic Properties 
of Mixed-Species Biofilm through Exopolysaccharides-
Matrix Disruption. PLoS ONE. 2015;10:e0145844.

80.	 Balhaddad A, Mokeem L, Melo M, Gregory R. Antibacte-
rial Activities of Methanol and Aqueous Extracts of Salva-
dora persica against Streptococcus mutans Biofilms: An In 
Vitro Study. Dent J. 2021;9:143.

81.	 Zayed SM, Aboulwafa MM, Hashem AM, Saleh SE. Bio-
film formation by Streptococcus mutans and its inhibition 
by green tea extracts. AMB Express. 2021;11:73.

82.	 Tsukatani T, Sakata F, Kuroda R, Akao T. Biofilm Eradi-
cation Activity of Herb and Spice Extracts Alone and in 
Combination Against Oral and Food-Borne Pathogenic 
Bacteria. Curr Microbiol. 2020;77:2486–95.

83.	 Okasha MI, Mostafa MH, El-Araby SM. Evaluation of 
Antibacterial Effect of Rosmarinus Officinalis Extract on 
Streptococcus Mutans in Children. Al-Azhar Dent J Girls. 
2022;9:161–5.

84.	 Shaker AM, Jamil WE, El Sharkawy DA. Effectiveness of 
Ginger-Honey Mixture and Rosemary on Remineralization 
and Prevention of Enamel White Spot Lesions Measured 
by Color Change. Al-Azhar Dent J Girls. 2022;9:391–8.

85.	 Ramesh G, Nagarajappa R, Madhusudan AS, Sandesh 
N, Batra M, Sharma A, et al. Estimation of salivary and 
tongue coating pH on chewing household herbal leaves: A 
randomized controlled trial. Anc Sci Life. 2012;32:69–75.

86.	 Mukherjee. A comparative evaluation of herbal and non-
herbal mouthrinses on salivary pH levels and salivary 
Streptococcus mutans count in 6–12-year-old children: A 
randomized controlled trial. https://www.jiaphd.org/article.
asp?issn=2319-5932;year=2021;volume=19;issue=3;spage
=217;epage=223;aulast=Mukherjee. Accessed 17 Apr 2023.

87.	 Braga AS, Abdelbary MMH, Kim RR, de Melo FP de SR, 
Saldanha LL, Dokkedal AL, et al. The Effect of Tooth-
pastes Containing Natural Extracts on Bacterial Species of 
a Microcosm Biofilm and on Enamel Caries Development. 
Antibiotics. 2022;11:414.

88.	 Singh A, Singh DK, Kharwar RN, White JF, Gond SK. 
Fungal Endophytes as Efficient Sources of Plant-Derived 
Bioactive Compounds and Their Prospective Applications 
in Natural Product Drug Discovery: Insights, Avenues, and 
Challenges. Microorganisms. 2021;9:197.


