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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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THE IMPACT OF ALOE VERA GEL ON REMINERALIZATION OF THE TOOTH AND ITS 
EFFECT AGAINST ENTEROCOCCUS FAECALIS: AN IN VITRO STUDY

Mohammed H. AL-Shaibani*, Maha T. Al-Saffar, Abdulsattar S. Mahmood.
College of Dentistry, University of Mosul, Mosul, Iraq.

Abstract.
Background: The Aloe vera plant is a cactus-like plant in the 

Liliacea family that has been known and utilized for its medical 
benefits. It has been attempted to be used as a remineralizing 
agent and shows an antibacterial effect.

Aim of the study: Assessment of the remineralizing effect of 
solution of saturated Aloe vera gel compared to distal water by 
microhardness Vickers test and Densometric X-Ray Analysis 
and effect of Aloe vera gel against Enterococcus faecalis.

Materials and methods: 10 extracted permanent molars were 
used in this in vitro study. each tooth enrolls in Teflon tape 
and only the enamel of the occlusal surface was exposed to a 
demineralizing solution (acid etch) for 45 seconds in-vitro and 
randomly assigned to two groups: Group 1 was treated with distal 
water; group 2 was treated with Aloe vera gel. All groups except 
the control baseline group were treated with their respective 
remineralizing solution for 10 days. Vicker’s Microhardness 
Number (VHN) and Densometric X-Ray Analysis were carried 
out at baseline, post-demineralization and later post 10 days of 
remineralization. The antibacterial effect of Aloe vera gel was 
assessed by the disc diffusion method. The filter paper was 
immersed in 20µl of different concentrations of Aloe vera gel 
extract as fresh Aloe vera (100 %) and (50 % and 25 %) diluted 
with de-ionized water after that the disc was distributed in a 
plate containing the E. faecalis. Antibiotics disc of Augmentin 
(Amoxicillin and Clavulanic acid 30ug) were also poured in the 
same plate and incubated at 37°C for 24 hours and the zone 
of inhibition of antibiotic was measured for comparison with a 
zone of inhibition of filter paper saturated with Aloe vera gel.

Results: Densitometric X-Ray Analysis and Microhardness 
Number (VHN) evaluation showed improvement in the enamel 
density and the surface hardness after remineralization. The 
mean value in the group treated with Aloe vera solution was 
higher than the recorded mean value for the group treated with 
distal water. There was a significant difference between Aloe 
vera solution and distal water. Significant (p-value≤0.05) after 
10 days. The antibacterial effect showed that E. faecalis was 
resistant to Aloe vera gel in different concentrations compared 
with Augmentin (Amoxicillin and Clavulanic acid 30ug).

Conclusion: Aloe vera gel could be used for caries prevention 
in terms of safety and efficiency. While E. faecalis show 
resistance activity against Aloe vera gel.

Key words. Aloe vera, Remineralization, Microhardness, 
Densitometric analysis Enterococcus faecalis.
Introduction.

Dental caries is the most predominant oral disease worldwide 
and the main etiological factor of tooth loss within the 
population and can be defined as a progressive demineralization 
process that affects the mineralized tissues of tooth structures 
caused primarily by the complex interaction of cariogenic oral 
flora (biofilm) with fermentable dietary carbohydrates on the 

tooth surface over time [1] Dental caries results from a dynamic 
process of demineralization and remineralization. These events 
take place several times a day and are modulated by several 
factors, such as the number and type of microbial flora in the 
biofilm, oral hygiene, genetics, diet, dental anatomy, and the use 
of fluorides and other therapeutic agents [2]. 

Enterococcus faecalis is a Gram-positive bacterium, non-spore-
forming, catalase-negative, ferments glucose, and fermentative. 
Moreover, they are a part of the habitual flora found in the 
mouth, E. faecalis, although not usually considered to be part 
of the normal oral microflora, has been found in common dental 
diseases such as periodontitis, periimplantitis and dental caries. 
E. faecalis has been found primarily in secondary endodontic 
infections with a prevalence of 24% to 70% [3].

Numerous medicinal plant extracts have shown the ability to 
inhibit the formation of dental biofilms by reducing pathogen 
adhesion to the tooth surface, a primary event in caries formation 
[4]. Among all the different herbs used in the dental field, 
modern science corroborates Aloe vera (AV)’s antimicrobial 
properties. Studies suggest that AV (Aloe barbadensis) extract 
is appropriate for treating gingivitis and oral infections since it 
inhibits plaque formation and bacterial growth [5].

Aloe vera belongs to the Liliaceae family which includes 
garlic and onion. Only two species are grown commercially: 
Aloe barbadensis Miller and Aloe arborescens, of which Aloe 
barbadensis Miller is the most biologically active among 400 
species, 75 active ingredients have been identified in stabilized 
A. vera gel including vitamins, minerals, enzymes, sugars, 
anthraquinones or phenolic compounds, lignin, saponins, 
sterols, amino acids, and salicylic acid [6]. AVG has various 
pharmacological actions like antibacterial, anti-fungal, 
antioxidant, anti-inflammatory, hypoglycemic and immune-
boosting properties.

Several published studies have further reported the use of 
AV in dentistry for various purposes, However, there are only 
a few other studies about the particular effect of AV in the 
remineralization of early carious lesions [7],  This study intends 
to evaluate the in vitro effects of the local application of AV 
gel to demineralized teeth and its antimicrobial effect against 
E.faecalis with agar disc diffusion method.
Materials and methods.

Dental study: In this study 10 sound permanent molar teeth 
extracted for diverse purposes were collected from Alhur 
specialized dental centre in Karbala and different private dental 
clinics with patients' age range (25-30 years), the study was 
approved by the Research Ethics Committee and Scientific 
Committee Department of Dental Basic Science/ College of 
Dentistry/ University of Mosul. 

All teeth were clinically sound and cleaned with a toothbrush 
aided. Sometimes with a scalpel to remove the periodontal 
ligament and intercostal bone remnants and rinse under running 
tap water.
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After extraction, all the teeth were immediately stored in 37% 
formalin solution and the teeth were to be used for no more 
than 1 month after extraction. Before beginning the procedure,  
the teeth were rinsed under a running tap waterfall for 24 hours 
to remove any remnant of formalin saturation. After that, each 
tooth was mounted in the wax hard block.

To standardize, the area of treatment and evaluation was the 
cusps of the occlusal surface on the mesial side and each tooth 
enrolled in Teflon tape and only the occlusal surface expose. 
To induce demineralizing on the enamel, the occlusal surface 
was dryness with air for 10 seconds after that acid etch (37% 
phosphoric acid) apply to the enamel for 45 seconds to inducer 
demineralizing effect and then wash with a triple syringe of 
water and dryness for 5 seconds that show the chunky white 
appearance of the occlusal surface. 

Study design: teeth samples were randomly divided into two 
study groups one for the solution of saturated Aloe vera gel and 
a group with distal water, each group consisted of five teeth that 
were measured with a microhardness test and Densitometric 
analysis. 

It is worth mentioning that enamel microhardness was 
measured initially for normal enamel (control) and after 
induction of demineralization and remineralization effect, 
also the same steps were done with densitometric analysis to 
measure enamel density.

Each group was treated with the solutions of the selected 
agents by emerging each tooth separately in 20 ml of the 
selected agent solution for three minutes at 10 AM and 8 PM 
with manual shaking, then the teeth were restored in de-ionized 
water for the next day at a temperature of 37°C, this procedure 
was repeated daily for 10 days, It is worth to mention that each 
solution agent was replaced in each day during the time of 
procedures, the samples were reexamined for the microhardness 

and densitometric analysis and compare between groups [5]. 
The microhardness measurement was done by Vicker’s 

microhardness device [8] in the Department of Mechanical 
Technologies, Northern Technical University, by a vertical 
impact with a square based diamond indenter with 136° angle. 
This tester has a light microscope of high resolution and contrast 
with magnification of X40. The measurement of enamel VHN 
in the present studies was performed using the microhardness 
measurement OTTO WOLPERT 

In this measuring system for VHN, the sample is placed on the 
measuring table. Indentations were made with static loads of 
500g (5 Newton) for 15s [8]. The formula of the VHN is:

VHN=1.8544*F/D2

Where F= applied load (Kg), and D = mean of the diagonal’s 
length (d1+d2)/2 (mm) (Figure 1).

Densiometric analysis: The mesial surface of each tooth 
subjected to the radiological examinations. Tube head dental 
digital radiological machine with dental imaging software 
version 6.13.0 were used for these examinations.

All teeth were examined and calculate the image in dental 
imaging software (version 6.13.0) to be analyzed by densiometric 
analysis which is one option of this program. We examined the 
enamel density by drawing a horizontal line from the cusp tip to 
marginal ridge on the mesial surface of the tooth (Figure 2). The 
program gives the average enamel density that is considers this 
line as point and it calculates average density of this points [9].

Statistical Analysis: statistical data analysis was performed 
by using the Statistical Package Software for the Social 
Sciences (SPSS for Windows, Version 25.0, Chicago, Illinois, 
United States). The mean and standard deviation of each group 
were subsequently calculated. Kolmogorov–Smirnov's tests 
were used to verify the distribution normality of quantitative 
variables. Student 't' test was performed to compare Aloe vera 

Figure 1. Vickers microhardness test [8].
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and distal water. ANOVA test was also performed for inter-
group comparisons. A p-value less than <0.05 was considered 
to be statistically significant and p<0.001; highly significant.

Microbiological study: The microbiological study was 
carried out in the Microbiology Laboratory, Department 
of Dental Basic Sciences, College of Dentistry, University 
of Mosul. Isolated Enterococcus faecalis and cultivated on 
M-Enterococcus agar, identified by gram staining technique and 
Vitek 2 system as shown in (Figure 3A). An overnight culture of 
cultivated Enterococcus faecalis brain-heart broth was prepared 
to be used for an antimicrobial sensitivity test .

Preparation of the Extract: The plant of A. vera (leaves) was 
harvested from a local farm in Mosul and Mature fresh leaves 
of Aloe vera were thoroughly washed with sterile distilled water 
to remove dirt and their thick epidermis was removed and the 
solid mucilaginous gel was collected in a sterile container under 
aseptic environment [10]. 

Antibacterial activity of plant extracts against E. faecalis: The 
agar disc diffusion method was used to determine the antibacterial 
activity of Aloe vera extract. Different concentrations of the 
plant extract were tested against E. faecalis. The fresh bacterial 
suspension was dispersed on the surface of Muller Hinton agar 

plates. The filter paper resembles an antibiotic disc and is sterile 
by autoclave and immersed in 20µl of different concentrations 
of Aloe vera gel extract as fresh Aloe vera (100 %) and (50 
% and 25 %) diluted with de-ionized water after that the disc 
is distributed in a plate containing the E. faecalis. Antibiotics 
disc of Augmentin (Amoxicillin and Clavulanic acid 30ug) 
were also poured in the same plate against E. faecalis. plates 
were incubated at 37°C for 24 hours and the zone of inhibition 
of antibiotic was measured for comparison with a zone of 
inhibition of filter paper saturated with AVG (Figure 3B).
Results.

Vickers hardness test: The mean values and standard 
Deviation of the microhardness of sound enamel surfaces as the 
control group, after demineralization and following treatment 
with distal water and with Aloe vera extract as shown in (table1).

The microhardness between groups of distal water and aloe 
vera extract (baseline control and after demineralization and 
following the treatment) shows a highly significant difference 
in enamel surface was seen between groups of each agent as 
shown in (table 1).

Figure 2. Densiometric analysis.

Figure 3. Culture sensitivity test for Enterococcus faecalis. (A) Enterococcus faecalis was identified by the gram staining technique.  (B) Agar disc 
diffusion method of Aloe vera gel and antibiotic disc.
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After remineralization, the microhardness treated with distal 
water and that treated with the Aloe vera extract show a highly 
significant difference as shown in.

Densiometric analysis: The sound enamel surfaces, after 
demineralization and following treatment with distal water and 
with Aloe vera extract as shown in Table 2. The enamel density 
between groups of distal water and Aloe vera extract (baseline 
and after demineralization and following the treatment) shows 
a highly significant difference between groups of each agent. 
After remineralization, the enamel density treated with distal 
water and that treated with the Aloe vera extract showed highly 
significant differences.

Antibacterial effect of aloe vera extracts: Antibacterial 
effect of Aloe vera gel extract as fresh Aloe vera (100 %) and 
(50 % and 25 %) diluted with de-ionized water was detected by 
disc diffusion method, which was dependent on measuring the 
inhibition zone. the result was that different concentrations of 
Aloe vera gel extract showed no antibacterial activity against 
E. faecalis, while Augmentin Antibiotic (Amoxicillin and 
Clavulanic acid 30ug) show antibacterial activity against E. 
faecalis with the zone of inhibition measure with calibration 22 
mm.
Discussion.

Dental caries is considered the most predominant oral 
disease worldwide and the main etiological factor of tooth 
loss within the population [11]. The topical application of 
various remineralizing agents was efficient in promoting 
remineralization. One of the goals of modern dentistry is to 
use remineralization to treat non-cavitated carious lesions to 
reduce disease progression and improve strength, function, and 
aesthetics [12]. There are many chemical agents used for the 
prevention and remineralization of dental caries, In recent times, 
there is a preference for organic agents due to their immense bio 
characteristics, cost-effectiveness, availability and wider safety 
margin [13]. 

Some plants can regulate the demineralization - 
remineralization cycle of enamel. The Aloe vera plant has anti-
inflammatory, antiviral, antibacterial and antioxidative effects 
[14], its use as an herbal remedy in dental conditions and in 

remineralization due to its unique contents is promoting [7]. 
However, the studies in the literature on the remineralizing 
potential of organic ingredients are very few [5,15,16]. 

In vitro models are the most conventional techniques in 
caries research and artificial caries like lesion production was 
first described by Featherstone JD in 1983 [17]. The period 
for assessment of remineralization was chosen following the 
previous study as 10 days, two weeks, and four weeks [5,15]. 

The results of this study showed that there was an increase in 
the mean value of enamel hardness and density when treated 
with Aloe vera gel which indicates an effective remineralizing 
potential while no remineralization effect of distal water.

The comparison between groups of the same solution showed 
that distal water gives a statically significant difference attributed 
to the demineralization effect of acid etch compare with normal 
enamel while the Aloe vera gel shows a highly significant 
difference attributed to remineralizing potential. 

The remineralizing effect of Aloe vera and distal water was 
also confirmed by microhardness and densimetric analysis 
indicating an effective remineralization potential of aloe vera 
gel with a highly statistically significant difference.

The remineralization potential of Aloe vera gel may be 
attributed to that it is considered one of the polyphenols plants 
that can regulate the demineralization - remineralization cycle 
of enamel [18] the gel is composed of 98.5% of water and 
the remaining components represent a mixture of vitamins, 
minerals, enzymes, polysaccharides, phenolic compounds, 
and organic acids in different proportions [19]. Polyphenols, 
including anthraquinones, seem to be the essential active 
chemical component responsible for the AV gel’s capacity in 
inducing remineralization. Because of the porous nature of the 
demineralized enamel, it facilitates the passage of those active 
ingredients into the enamel improving the remineralization. 

The result of this study was parallel to the result reported by 
Silva et al. (2016) that in terms of preventing white spot lesions, 
an Aloe vera-based dentifrice is just as beneficial as a fluoride-
based dentifrice [16]. 

Al Haddad et al. (2021)  reported that Aloe vera gel promotes 
remineralization in the same way that a 1,450ppm fluoride 
toothpaste does. Those findings are consistent with this study 

Group N Min. Max. Mean SD
Normal enamel Control baseline 5 296 371 324* 29.1
Demineralization Acid etch 5 219 245 234 9.8

Remineralization Distal water (DW) 5 226 241 233 7.5
Aloe vera 5 275 295 287# 8.4

*#p<0.05 significant differences, * comparison between control and
other groups, # comparison between Aloe vera and acid etch and DW

Table 1. Parameters of microhardness of enamel surfaces treated by distal water, Aloe vera extract.

Group N Min Max Mean SD
Normal enamel Control Baseline 5 180 212 193.8* 12.3
Demineralization Acid etch 5 127 152 141.2 11.4

Remineralization Distal water 5 125 153 140 13.4
Aloe vera 5 163 198 175.2# 13.5

*#p<0.05 significant differences, * comparison between control and
other groups, # comparison between Aloe vera and acid etch and DW

Table 2. The density of enamel surfaces treated by distal water and Aloe vera.
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where a significant rise in remineralizing effect was found after 
application [5].

Dina Nassar, et al. (2022) reported that Aloe vera gel showed a 
slightly higher degree of remineralization than sodium fluoride 
gel. Those findings are consistent with this study which showed 
effective remineralization of both mild and severe enamel caries 
[7]. Results of the current study are in disagreement with those 
reported by Ranjana et al. (2021) as they reported that herbal 
pediatric dentifrice (Aloe vera dentifrice) shows an insignificant 
result compared with fluoride-based dentifrice making it, not 
an effective remineralizing agent for primary teeth [18]. This 
disagreement may be a result of the short duration of the study 
(7 days) and the delivery of Aloe vera was in the form of 
toothpaste not in gel form.

Aloe vera extract was a naturally occurring substance which 
has been long used in the treatment of inflammation and 
infectious diseases of the mouth [21]. Therefore, it's used in this 
study to evaluate the role of the antimicrobial effect of aloe vera 
extract against E. faecalis by using the disc diffusion method. 
The result was that different concentrations of Aloe vera gel 
extract showed no antibacterial activity against E. faecalis, 
while Augmentin Antibiotic (Amoxicillin and Clavulanic acid 
30ug) show antibacterial activity against E. faecalis with a zone 
of inhibition measure with calibration 22 mm. 

Yavagal et al. (2019) reported that the Aqueous extract of Aloe 
vera gel did not demonstrate antibacterial properties against 
Enterococcus faecalis by disc diffusion method. No zone of 
inhibition was appreciated surrounding the wells containing 
different volumes of aqueous extract of Aloe vera gel [22].  Ehsani 
M  et al. (2013) reported that Aloe vera gel which showed weak 
antibacterial activity in disk diffusion and microdilution tests 
failed to show any activity in the direct contact test [23]. Results 
of the current study are in disagreement with those reported by 
Tatekalva P et al. (2021) as they reported that the extracts of 
Aloe vera, showed significant activity against the investigated 
microbial strains, Streptococcus mutans and Enterococcus 
faecalis, which is promising [24]. This disagreement may be 
a result of using extracts that are not pure compounds and 
despite it, antimicrobial results were obtained. Further research 
evaluating the potential of Aloe vera extract as an antibacterial 
should be conducted before it is used in vivo conditions. And 
it is useful to evaluate and compare the antimicrobial potential 
of Aloe vera gel and whole leaf extract in future studies. Aloe 
vera could be helpful providing a supportive or curative therapy 
for drug-resistance cases, such as, non-invasive treatment of 
multiple enamel hypoplasia [25] and odontogenic myxoma [26].
Conclusion.

With the limitation of this study, we conclude that Aloe vera gel 
significantly increased enamel density and surface hardness and 
could be considered an effective natural remineralizing agent, 
and the pure extract of Aloe vera gel showed no significant 
activity against the investigated microbial strain Enterococcus 
faecalis.so Further research evaluating the potential of Aloe vera 
extract as an antibacterial should be conducted before it is used 
in vivo conditions. And it is useful to evaluate and compare the 
antimicrobial potential of Aloe vera gel and whole leaf extract 
in future studies.
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