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ABSTRACT 

Objective: The purpose of the current study was to develop and formulate tooth gel using Aloe vera leaf extract and evaluate. The experiment was 
designed to provide scientific proof of the antimicrobial activity of Aloe vera (Aloe barbadensis Mill) in tooth gel formulation against bacteria 
Staphylococcus aureus which causes infections associated with dental caries. 

Methods: Transparent Aloe vera gel extract was consistently blended for five minutes at 1000 Rotations Per Minute (RPM). Carbopol 940 and 
Carboxy Methyl Cellulose (CMC) were used as excipients in the formulation of Aloe vera tooth gel.  

Results: The formulated Aloe vera tooth gel was evaluated by physical examination such as color (yellowish green), good homogeneity and smoothness. 
pH and viscosity of developed tooth gel preparation were found to be 7.9 and 4.9 Pa. S respectively. The developed Aloe vera tooth gel showed 
considerable effectiveness with a Zone of Inhibition (ZOI) of 0.022 m, according to an antimicrobial study against Staphylococcus aureus. A comparison 
between formulated gel and marketed products (Colgate Natural Extract Aloe vera, Himalaya Herbal Active Fresh, Dabur Red) was also carried out.  

Conclusion: The formulated herbal tooth gel exhibited antimicrobial activity against gram-positive bacteria Staphylococcus aureus. The developed 
formulation (F4) with the ZOI of 0.022 m could be comparable with the marketed product.  
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INTRODUCTION 

There has been increasing attention paid in recent years to oral 
infectious diseases and oral inflammations, in particular, infectious 
dental diseases. Dental infections, other wisely known as periodontitis, 
are a group of infections, predominantly caused by the colonization of 
gram-negative, anaerobic pathogens on sub-gingival areas [1, 2]. 

The Aloe plant is grown in warm tropical areas and cannot survive 
freezing temperatures. There are many species of Aloe grown 
around the world but the main medicinal one is Aloe vera 
Barbadensis [3, 4]. Aloe vera, a very popular herbal remedy, which is 
used medicinally for thousands of years, has multiple dental uses. It 
has been shown to enhance defense mechanisms and has a variety of 
components to help combat periodontal diseases and other oral 
conditions. In multiple clinical studies, Aloe vera has used in 
dentistry for wound-healing effect, gingivitis, plaque control and 
curing oral mucosal lesions [5]. 

Herbal dentifrices containing Aloe vera, have antimicrobial potential 
on several oral microorganisms, such as Staphylococcus aureus, 
Streptococcus mutants, Streptococcus sanguis and Candida albicans 
[4, 6]. Different studies discussed the benefits of Aloe vera tooth gel 
in oral infection and can be safely recommended as an alternative to 
fluoridated dentifrices in terms of antimicrobial efficacy [5]. 

The present study was designed for extraction of Aloe vera gel; 
development and optimization of tooth gel formulation using Aloe 
vera gel extract. The formulation was evaluated for smoothness, 
spreadability and viscosity. The disc diffusion method was used to 
investigate the in vitro antimicrobial activity of formulated tooth gel 
against the bacterial strain Staphylococcus aureus. 

MATERIALS AND METHODS 

Plant materials 

The fresh leaves of the Aloe Barbadensis Millar plant were collected 
from the medicinal plant garden, Bengal School of Technology, 
Hooghly, West Bengal, an eastern region in India. Medicinal plant 

gardens are primarily focused on the conservation, cultivation, 
research and educational activities related to authenticated herbal 
plant species known for medicinal purposes.  

Chemicals 

Carbopol 940 was purchased from Loba Chem Pvt Ltd, Mumbai, 
India and Carboxy Methyl Cellulose (CMC) was purchased from 
Simson Chem, Mumbai, India. Sodium Lauryl Sulfate (SLS) and 
Polyethylene Glycol 400 (PEG 400) were purchased from Loba Chem 
Pvt Ltd, Mumbai, India. Sodium benzoate was purchased from 
Renkem Laboratory Reagent, Gujarat, India and sodium saccharin 
was purchased from Qualikems Laboratory Reagents, Delhi, India. 
Acetone, chloroform, and methanol were purchased from Loba 
Chem Pvt Ltd, Mumbai, India. All the chemicals used, including the 
solvents, were of analytical grade. 

Extraction of Aloe vera gel  

A few Aloe vera leaves were broken off of an Aloe Barbadensis Millar 
plant and properly washed in water. Using a sharp knife, the top rind 
was slowly peeled off while carefully avoiding the vascular bundles 
in the yellow layer that was just below the green rind. The bottom 
rind was similarly peeled to remove the substantial amount of 
mucilage that was still attached and the gel was scooped out with a 
spoon. 50 ml of crude clear Aloe vera gel extract was consistently 
blended by using a magnetic stirrer for 5 min at 1000 Rotations Per 
Minute (RPM) and plant extract was filtered through a Whatman 
filter paper. At last, it was transferred into a sterilized, clean glass jar 
and stored in the refrigerator [7, 8]. 

Extraction of chlorophyll from Aloe vera leaf 

After collecting the Aloe vera gel, the rinds of the Aloe vera leaves 
were kept in a beaker. The leaf rinds were macerated with 10 ml of 
80% acetone using a pestle and mortar. The extract was centrifuged 
(Laboratory Centrifuge, Remi Lab World, Mumbai, India) at 3000 
RPM for 10 min. Finally, the supernatant of the green pigment of 
chlorophyll was transferred into a beaker [6]. 
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Optimization of formulation using design of experiment (DoE) 

Formulation development is a very complex process that sometimes 
implicates taking decisions about parameters or variables to obtain 
the best results in a high variability or uncertainty context. 
Therefore, robust optimization tools can be very useful for obtaining 
quality formulations. Optimization studies for the given procedure 
were performed by using 3² full factorial design (Design Expert 
Software Trial version13.0.5), and 9 runs were generated [7]. Two 
independent factors (variables), carbopol 940 and CMC were 
selected and evaluated at three levels, i.e., higher level (+1), medium 
level (0), and lower level (−1). Response surface design was 
employed to study the effects of independent variables on responses 
such as viscosity, spreadability and smoothness. All variables for 32 
full factorial designs are introduced in table 1 and table 2. 

Preparation of Aloe vera tooth gel 

Carbopol 940 and CMC were used in the formulation of tooth gel. 
Carbopol 940 was added slowly into the water and stirred 
continuously. Once the carbopol 940 was fully dispersed, CMC was 
added to the mixture and stirred continuously to prevent 
clumping. The required quantity of sodium benzoate, PEG 400, and 
chlorophyll extract were added. Then the required quantity of Aloe 
vera gel extract was added to the above mixture. The herbal 
mixture was stirred continuously with the required volume of DD 
water until it becomes homogeneous [9]. Triethanolamine was 
added dropwise to the formulation for adjustment of the required 
pH and to obtain gel in the required consistency. Table 3 provides 
the composition of all ingredients used for the preparation of the 
formulations. 

 

Table 1: Variables for optimization of formulation using DoE 

Independent factor(s) Response variable (s) 

X1 Carbopol 940 Y1 Viscosity 

X2  CMC Y2 Spreadability 

 - Y3 Smoothness 

 

Table 2: 32 full factorial design for formulation of Aloe vera tooth gel 

Formulation Carbopol 940 (X1)  CMC (X2) 

F1 -1 -1 

F2 0 -1 

F3 +1 -1 

F4 -1 0 

F5 0 0 

F6 +1 0 

F7 -1 +1 

F8 0 +1 

F9 +1 +1 

 

Table 3: Ingredients for Aloe vera tooth gel formulation 

Ingredient (s) Formulation batch code 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

Carbopol 940 (g) 1 1 1 1.5 1.5 1.5 2 2 2 

CMC (g) 1 1.5 2 1 1.5 2 1 1.5 2 

Sodium Benzoate (0.05%) (g) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

PEG-400 (g) 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.5 

SLS (g) 1 1 1 1 1 1 1 1 1 

Sodium saccharin (g) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

Aloe vera (ml) 15 

Chlorophyll q. s. 

Triethanolamine (ml) q. s. 

Double Distilled (DD) water (ml) q. s. 

Total (g) 30 

 

Evaluation of prepared tooth gel 

Transparency 

The 10 ml test tube was filled with approximately 5 ml of the 
prepared gel and its transparency was inspected visually. 

pH determination 

The pH of the gel formulation was determined using a pH meter (Digital 
Instruments Corp., Gujarat, India). In this procedure, 1 g of gel was dissolved 
in 100 ml of deionized water. The electrode was calibrated before use with a 
standard buffer solution at 4.0, 7.0 and 9.0. The pH readings were taken three 
times and the average values were calculated [9]. 

Smoothness 

The smoothness of the gel formulation was tested by rubbing 
between the fingers and observed whether the gel was smooth, 
clumped, homogenous or rough. 

Viscosity 

The viscosity of prepared tooth gel was determined using a viscometer 
(Brookfield viscometer, Brookfield Corp., Canada) [9, 10]. 

Spreadability 

2 g prepared gel was applied to the ground slide (Spreadability 
Apparatus, Excel Electro Industries and Leasing Pvt., India) under 
investigation. The prepared gel was placed between this glass slide 
and another slide for 5 min to expel air and form a uniform film of 
the gel between the slides. The excess of the gel was scrapped off 
from the edges. The top plate was then subjected to a pull of 80g 
with the help of string attached to the hook and the time (second) 
required by the top slide to cover a distance of 7.5 cm was noted. 
Better spreadability was indicated by a brief interval [10]. 

S= M. L/T 

Where, 

S= Spreadability 

M= Weight in the pan (tied with the upper slide) 

L= Length moved by the glass slide 

T= Time in seconds needed to separate the top slide from the bottom 
slide.  
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Antimicrobial study 

The in vitro antimicrobial study of formulated tooth gel was 
performed by disc diffusion method in a triplicate manner by using 
Muller Hinton agar medium against a pathogenic bacterial strain 
Staphylococcus aureus (S. aureus, ML-267). S. aureus was initially 
cultured in nutrient broth and incubated at 37 °C for 24 h and 
cultured cells tended to multiply in the Muller Hinton agar plates. 
The formulated tooth gel-containing discs were placed over the 
bacterial plates and incubated at 37 °C for 24 h, comparing sodium 
benzoate as the positive control. The diameter of Zone of Inhibition 
(ZOI) was measured and the results were interpreted [11, 12]. 

Thin layer chromatography (TLC) of Aloe vera 

The experiment was conducted on a sheet of aluminum foil, which 
was coated with a thin layer of adsorbent material, silica gel (Sv 
Scientific Pvt. Ltd., India). About 10 µl of extracts were gradually 
applied onto the plate using a micropipette, and the plate was air 
dried. Solvent system of chloroform: methanol (12:2) was used as 
mobile phase and on completion of separation, the chromatograms 
of Aloe vera gel extract and formulations were reported using 
standard procedures (fig. 5) [13]. 

RESULTS AND DISCUSSION 

Any interactions between excipients and phytoconstituents were 
studied using Attenuated Total Reflectance (ATR, Bruker Corp., 
USA). In the IR spectrum of carbopol 940, peaks were observed at 
2930.88 cm-1 and 2860.32 cm-1 which were associated with alkane 
C-H stretching (fig. 1). Three peaks were observed at 2315 cm-1, 
2228 cm-1 and 2168 cm-1 due to alkyne C≡C stretching. Another two 
peaks were observed at 1693 cm-1 and 1678 cm-1 were associated 
with alkene C=C stretching and acid C=O stretching. Two peaks were 
observed at 1452 cm-1, 1418 cm-1 due to the presence of aromatic 
C=C stretching. Other peaks were observed at 1226 cm-1, 1116 cm-1, 
and 1041 cm-1 were characteristic of alcohol C-O stretching [14]. 

For the sample of CMC, the presence of a strong maximum at 1509 
cm-1 and 1693 cm-1 respectively, indicates the presence of carboxyl 
group–COO−. The broad absorption band at 3544−3584 cm-1 for 
both polymers represents the stretching vibrations of the −OH group 

(fig. 2). The C−H stretching peaks are observed at 2318 cm−1 and 
2379 cm-1. The bands at ~1693 cm-1 can be assigned to −CH2 
scissoring vibrations as well as to the symmetric stretching 
vibrations of the carboxyl group in the form of salt (−COO−). The IR 
peaks maximum appeared at 1509 and ~933 cm-1 indicating the 
presence of −OH bending and C−O−C stretching vibrations 
respectively [15]. 

The IR spectrum of Aloe vera gel extract consists of a single peak at 
3363 cm-1 due to the presence of N-H stretching. Some peaks were 
observed at 2295 cm-1, 2167 cm-1, and 2105 cm-1 were associated 
with C≡C stretching. The absorption band at 1644 cm-1 was 
characteristic of C=O stretching which indicates the presence of 
carbonyl groups (fig. 3). The absorption band at 970-1250 cm-1 
corresponds to the stretching vibrations of C-O groups of esters and 
phenols. A single peak at 707 cm-1 was recorded due to the presence 
of C-H bending [16]. 

The IR spectrum of formulated Aloe vera tooth gel containing 
carbopol 940 and CMC consists of a single peak of 3732 cm-1 which 
represents the stretching vibrations of the −OH group for containing 
CMC. Peaks were observed at 2919 cm-1 and 2852 cm-1 which were 
associated with alkane C-H stretching due to the presence of 
carbopol 940. CMC gives the peaks of C−H stretching at 2317 cm-1 
and 2349 cm-1 (fig. 4). Another peak observed at 1704 cm-1 was 
associated with alkene C=C stretching and acid C=O stretching. The 
presence of an Aloe vera absorption band at 1644 cm-1 was 
characteristic of C=O stretching which indicates the presence of 
carbonyl groups. Another peak was observed at 1437 cm-1 due to the 
presence of aromatic C=C stretching. Other peaks observed at 1214 
cm-1, and 1247 cm-1 were characteristic of alcohol C-O stretching. A 
single peak at 708 cm-1 was recorded due to the presence of C-H 
bending. Another peak of 1041 cm-1 was characteristic of alcohol C-O 
stretching [16]. 

After performing the ATR study of Aloe vera gel, excipients and 
formulation; the study report revealed that there were no major 
changes in the stretching or bending of major functional groups of 
Aloe vera with all excipients. So, incompatibility between Aloe vera 
and excipients was not observed. Another study confirms that Aloe 
vera gel extract and excipients are compatible [16]. 

 

 

Fig. 1: IR spectrum of carbopol 940 
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Fig. 2: IR spectrum of sodium CMC 

 

 

Fig. 3: IR spectrum of Aloe vera gel extract 

 

 

Fig. 4: IR spectrum of tooth gel formulation 
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Fig. 5: Thin layer chromatography of a. Aloe vera gel b. tooth gel 
formulation 

Thin layer chromatography of methanolic extract of Aloe vera gel 
and prepared tooth gel was carried out (fig.  5). The 
chromatograms for a methanolic extract of Aloe vera gel and tooth 
gel formulation are subjected to preliminary phytochemical 
screening (eg. alkaloids, phenolic compounds, glycosides, amino 
acids, etc.). Another study indicated the presence of 
phytochemicals in Aloe vera gel extract [17, 18]. 

The developed and formulated Aloe vera tooth gel was evaluated. 
The color, transparency, pH, spreadability and viscosity of 
prepared tooth gel are shown in table 4. Each value in the table 
was obtained by calculating the average of three experiments 
(n=3, n i.e. number of experiments) and data are presented as 
mean±SD. Viscosity and spreadability of the optimized formulation 
(F4) were found to be 4.9 pa. S and  7 cm/sec respectively. 
Previously, Aloe vera tooth gel was evaluated and similar results 
were observed [5]. The extracted chlorophyll was added to  the 
formulation as a coloring agent [19]. The formulated Aloe vera 
tooth gel was found to be yellowish-green in color, translucent in 
appearance [5]. 

  

Table 4: Evaluation of prepared tooth gel, data given in mean±SD (n=3) 

Formulation Color Transparency  pH  Spreadability (cm/sec) Viscosity (Pa. S)  
F1 Yellowish Green Slightly transparent 7.5±0.4 16±1 4.033±0.152 
F2 Yellowish Green Slightly transparent 8±1 19±2 3.333±0.208 
F3 Yellowish Green Slightly transparent 8.18±0.99 9.5±2.645 4.366±0.251 
F4 Yellowish Green Translucent 7.9±0.854 7±1 4.9±0.2 
F5 Yellowish Green Translucent 8.11±0.79 3.9±0.2 7.6±0.1 
F6 Yellowish Green Translucent 8.2±1.058 1.2±0.3 10.633±0.568 
F7 Yellowish Green Translucent 7.81±0.578 0.6±0.3 13±1 
F8 Yellowish Green Translucent 8.22±1.07 0.39±0.215 15.266±1.16 
F9 Yellowish Green Translucent 8.13±0.21 0.14±0.036 17.8±0.72 

 

 

Fig. 6: Antimicrobial study a. prepared tooth gel b. market product c. control 
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Fig. 7: Zone of Inhibition (ZOI) of formulation, market product and control. Data given in mean±SD (n=3) 

 

The formulation F4 showed a notable activity with ZOI of 0.022 
m (fig. 6) and this formulation was considered to be optimized 
formulation. Therefore, it is concluded that the prepared tooth 
gel has the potential to exhibit antimicrobial activity against 
Staphylococcus aureus (fig. 7). Similar results were observed by 
other researchers in a study on antimicrobial activity [17, 20]. 
Similarly, market products (Colgate Natural Extract A loe vera,  

Himalaya Herbal Active Fresh, Dabur Red) showed 
antimicrobial activity with ZOI of 0.0235m, 0.018m, and 
0.021m respectively. Therefore, it can be concluded that aloe 
vera tooth gel can be used effectively [21]. Studies suggest that 
Aloe vera gel extract is appropriate for treating gingivitis and 
oral infection, as it inhibits the formation of plaque and the 
growth of bacteria [22, 23]. 

 

 

Fig. 8: Response surface curve 

 

Response surface design was employed to investigate the effect of 
independent variables on response variable. Optimization of herbal 
tooth gel with respect to the viscosity as a response variable was 
designed. A 3D response curve was plotted against the CMC, 
carbopol 940 (independent variables) vs viscosity (response 
variable). This response curve denoted that the amount of the CMC 
and the amount of the carbopol 940 was directly proportional to the 
viscosity of the herbal tooth gel i.e. the amount of CMC and carbopol 
was increased in the formulation, the viscosity of tooth gel was also 

increased (fig. 8). Response surface methodology has been reported 
to be an effective tool for the optimization of a process when the 
independent variables have a combined effect on the desired 
response [24, 25]. 

CONCLUSION 

The present research work concluded that the herbal tooth gel was 
developed and the Aloe vera tooth gel was well formulated. The 
tooth gel was prepared by using carbopol 940 and CMC. The 
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formulated herbal tooth gel exhibited antimicrobial activity against 
the bacterial strain Staphylococcus aureus. The results from this 
research evidently noted that the natural plant Aloe vera use may be 
a new approach for tooth gel formulation and good scope in future 
dental research in natural remedies. Further research related to 
development, preparation and evaluation of Aloe vera tooth gel 
should be carried out. 
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