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Abstract: Many people find maintaining proper dental and oral hygiene difficult, but elderly adults and young children may find it
particularly difficult due to poor motor abilities. Dental health has been fundamental to all societies and civilizations for centuries.
Controlling the microorganisms that cause dental plaque and bad breath is essential for maintaining good oral health. This study
aims to analyze the ingredients and composition of both formulated oral herbal care products and market toothpaste and assess
the antimicrobial efficacy against common oral pathogens, to evaluate the safety profiles of herbal and market toothpaste and to
measure their effectiveness in maintaining oral hygiene, reducing plaque, and preventing dental caries. This study examines product
performance and preferences for formulated oral herbal care products compared to commercial toothpaste. Based on the
comparative analysis, the study provides recommendations for consumers seeking safe and effective oral care solutions. Herbal
toothpaste used in the current study was assessed for its physical and organoleptic qualities, including color, flavor, the potential
of hydrogen, spreadability, moisture content, fineness, and foamability.
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1. INTRODUCTION

Oral hygiene is paramount in people's lives, representing the
initial daily routine.

I. The quest for a stellar appearance, a positive self-
perception, and a boost in confidence all hinge on the
foundations of impeccable oral hygiene'. On a global scale,
dental caries ranks among the most pervasive health concerns
that damage tooth tissue and can hurt chewing and aesthetics.
The crucial catalyst for dental caries lies in its dependency on
plague and fermentable carbohydrates for its onset.
Numerous elements, including carcinogenic microbiota,
fermentable carbohydrates, plaque, and duration, are thought
to be potential causes of caries. These variables interact with
human susceptibility to cause dental caries, and the acidogenic
bacteria frequently use sucrose as a substrate’. Following
dental depression, plaque-induced gingivitis emerges as the
predominant oral condition, affecting an estimated 75% of the
global population. The prevalence of gingivitis rises with aging
and starts in childhood. According to reports, people with
dentations of all ages have plaque-induced gingivitis®. Herbal
toothpaste can help minimize oral disease and cavity issues
that, are a global problem, and has no negative side effects
compared to other toothpastes on the market®. A smooth,
semisolid, homogeneous dentifrice containing acceptable
elements such as abrasives/polishing agents, surface active
agents, humectants, binding agents, and other suitable
materials for maintaining oral health is called toothpaste®. The
efficacy of toothpaste is affected by variables, including the
number of abrasives, particle size, surface structure, and the
chemical effects of its diverse components®. A well-formulated
toothpaste should maintain oral hygiene and protect against
bacterial tooth decay’. Indian traditional remedies have a long
history of being used for many different illnesses. People are
now likely to use herbal formulations and non-alcoholic
toothpaste after learning about the negative effects of
commercial toothpaste. Natural toothpaste does not contain
artificial fluoride, Flavors, or colours®. Herbal products have
become more prevalent worldwide for dental and general
health care. Individuals desiring to use herbal products
generally consider these products to be relatively safer than
products containing synthetic constituents. Recently, herbal
products have been proposed as an economical, secure, and
potentially effective option for preventing and controlling oral
disorders. However, certain items still need to be assessed.
One such product is propolis to evaluate and contrast the
effectiveness of “Miswak” and “Colgate complete” toothpaste
with an herbal dentifrice containing Propolis in preventing
plaque formation®’. Halitosis is recovered using toothpaste
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containing fluoride, which helps to prevent gum problems like
gingivitis. '® But children below 6 years are not recommended
with  toothpaste containing fluoride, triclosan, and
chlorhexidine, which leads to enamel weakening. ""To maintain
dental health, toothpaste is generally helpful. Toothpaste helps
prevent gingivitis and tooth decay, which leads to more severe
dental concerns. Plants contain a variety of active chemical
components that are used to cure various disorders. Due to
its safety and effectiveness in decreasing dental caries and
preventing other dental problems, herbal toothpaste made of
natural ingredients is currently preferred over synthetic
formulations based on chemicals in oral dental care. Making
herbal toothpaste is done to combat the microorganisms that
can lead to gum disease, dental caries, and gingivitis. '2. Herbal
toothpaste is free of synthetic fluoride, tastes, or colors in
many artificial brands'>. Clove oils from the buds exhibit
natural behavior and have major antioxidant, insecticidal,
antifungal, and antibacterial activities'*. The therapeutic action
of plants has been beneficial to oral health for thousands of
years worldwide. Investigating the efficacy of herbal toothpaste
is the goal of the current disquisition'.

2, MATERIALS AND METHODOLOGY

Fresh, disease-free, and healthy plant materials from many
plants, such as clove buds, peppermint, Guava, betel, babul,
turmeric, and leaves and stems. The bark of the neem was
collected; the plant materials were washed with clean water
and then shade-dried, crushed, and powdered with an
electrical grinder. Using a hotplate, 25g of the powder was
boiled down with 250 ml of distilled water. Then, the solvent
was evaporated using a vacuum evaporator, and the crude
extracts were kept in airtight bottles at 4°C until the analysis
was performed.

2.1  Formulation of Toothpaste

The ingredients, such as calcium carbonate, sodium chloride,
and glycerine, were weighed accurately. After combining these
materials in a mortarand, the pestle was triturated precisely
with glycerine to produce a semisolid mixture. The precisely
measured herbal extract was added to the calcium carbonate
base mentioned above. Then, preservatives (sodium benzoate)
and sweeteners (Honey) were added to a mixer. After forming
a homogeneous paste, flavoring agents such as camphor and
peppermint were added. Then, the foaming agent sodium
lauryl sulfate was added last under slow-speed agitation to
minimize foaming, mixed, milled, deaerated, and tubing.

Table I: Herbal Tooth Paste Formulation

S.no Ingredients Quantity Quantity Quantity Quantity
used (%) used (%) used (%) used (%)
fl 2 f3 f4
l. Banana peel 0.5 - - -
2. Guava leaf 0.5 0.5 I -
extract
3. Orange peel 0.5 - - -
4. Neem stem and - 0.5 - -
bark extract
5. Acacia leaves - 0.5 - -
extract
6. Cinnamon bark - 0.5 - -
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7. Neem leaf - - | -
extract
8. Clove oil - - 0.5 1.5
9. Betel leaf - - | -
extract
10. Turmeric - - | -
I1. Peppermint - - 1.5 -
Extract
12. Calcium 35 35 13 22
carbonate
13. Sodium chloride 0.2 0.2 0.2 0.2
14. Glycerine 4 4 3.5 20
I5. Sodium 0.3 0.3 0.3 0.3
benzoate
l6. Honey 0.5 0.5 I I
17. Camphor 0.2 0.2 - 0.5
18. Sodium lauryl 1.5 1.5 1.5 1.5
sulphate
19. Distilled water q.s q.s q.s q.s

Table | illustrates the ingredients used in the formulation of different herbal toothpastes.

2.2  Antimicrobial Test

In vitro, an antibacterial study of formulated and marketed
toothpaste was performed in triplicate using the agar well
diffusion method with nutrient agar media against a pathogenic
bacterial strain, Bacillus subtilis.

2.3  Physical Examination
2.3.1 Determination of Sharp and edge abrasive particles

The contents were placed on the finger and scratched on the
butter paper 15-20 cm long to check for sharp or abrasive
particles. The process was repeated 10 times.

2.3.2 Determination of spread ability

In this method, the slip and drag characteristics of the paste
were evaluated. Formulated paste (2g) was placed on the
ground slide under study. The formulated paste was
sandwiched between this slide and another glass slide for 5
minutes to expel air and provide a uniform film of the paste
between slides. The excess paste was scrapped off from the
edges.

2.3.3 pH determination

10 g of toothpaste was dissolved in 10 ml of deionized water,
stirred well to make a suspension in a 100 ml beaker, and the
pH was measured.

2.3.4 Homogeneity

The toothpaste must extrude a homogenous mass from the
collapsible tube or any suitable container by applying normal
force. In addition, the bulk of the contents need to be
extruded from the crimp of the container and then rolled
gradually.

2.3.5 Foaming

The foamability of formulated toothpaste was evaluated by
taking a small amount of formulation with water in a measuring

cylinder. The initial volume was noted, and then it was shaken
10 times. The final volume of foam was noted.

Determination of froth power foaming power =V1|-V2

V- Volume in ml of foam with water.
V2- Volume in ml of water only.

2.3.6 Stability

The formulated and marketed toothpaste was filled in a tube
and stored at different temperature and humidity conditions.

2.4 Determination of moisture and volatile matter

5g of formulation was placed in a porcelain dish 6-8 cm in
diameter and 2-4 cm in depth. The sample was dried in an oven
at 105°C.

Calculation by mass = [00MI/M

MI-Loss of mass (g) on drying
M- Mass (g) of the material taken for the rest.

The formulation was formed by using three herbal extracts:
banana peel (Musa acuminate), guava leaves (Psidium guajava),
and orange peel (Citrus practicum). The second formulation
contained natural ingredients like Neem stem and bark, Acacia
leaves, Guava leaves, Cinnamon bark, Camphor, etc. The third
formulation contains natural ingredients like Neem, Clove,
Betel, Peppermint, Turmeric, and Guava. The fourth
formulation contains active ingredients of clove oil.

3. RESULTS

In the physical evaluation of the toothpaste, no sharp or edge
abrasive particles were found, indicating the absence of
potentially harmful abrasives. The toothpaste demonstrated
appreciable spread ability and maintained a pH between 6 and
8. It also showed notable homogeneity, suggesting a well-
mixed formulation. Additionally, the stability assessment
revealed that after storage, the toothpaste did not exhibit any
phase separation, fermentation, or gassing, indicating its
stability over time. The results were tabulated in Table 2.
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Table 2. Evaluation results of formulated toothpaste and Marketed toothpaste

Formulatio Color p Foamabilit Spreadabilit Moisture Homogeneit Smoothnes
n H y y content y s
Fl Dark brown 6.6 18 3.1 23.16% Yes Smooth
F2 Light brown 8 7 48 31.2% Yes Smooth
F3 Greenish 72 13 5 25.8% Yes Smooth
brown
F4 White 6.2 15 3 21.2% Yes Smooth
Dabur Red Red 7.3 17 3.5 22.8% Yes Smooth
Colgate White 7.5 7 3 26.2% Yes Smooth

Table 2 compares the formulated toothpaste with the marketed formulation by comparing its pH, spreadability, foamability,

homogeneity, and smoothness.

Table 3. Zone of Inhibition of lab formulations and Marketed toothpaste

Zone of inhibition (cm)

Formulations 50 mg/ml 100mg/ml 150mg/ml
First Formulation 1.3£0.01 1.36£0.01 1.66%0.02
Second Formulation 1.33£0.01 5.88+0.02 2.2+0.01
Third Formulation 0.360.01 0.53+0.02 0.63+0.01
Fourth formulation 1.6£0.01 2.46%0.03 2.8+0.02
Dabur Red 1.43£0.01 1.66£0.01 2.131£0.02
Colgate 0.6£0.01 0.8310.02 1£0.01

Table 3 compares the zone of inhibition of formulated toothpaste with that of marketed formulation. According to our results,
the maximum zone of inhibition occurs in the second formulations compared to the first, third, and fourth formulations. When
comparing toothpaste amounts (mg/ml), the maximum zone of inhibition occurred in 100mg/ml of the second formulation. The
above table shows that formulated toothpaste shows significant antimicrobial activity at different levels. concentration

[

inhibition (cim)
o

Fone o

1I I
0

|
Formulation 1 Formulation 2 Formulation 3 Formulation4  Dabur red Colgate
Concentration
B 50 mg/ml 100 mg/ml 150 mg/ml

Fig:1 Histogram showing the zone of inhibition of toothpaste.

Figure 1- The above histogram compares the inhibition zone between 50 mg/ml, 100mg/ml, and 150mg/ml in marketed and lab-
made formulated toothpaste. The maximum zone of inhibition occurred at 100mg/ml of the second formulation and the minimum

at 50mg/ml of the third formulation.
4. DISCUSSION

The toothpaste has been used since the ancient past'® and is
one of the main irreplaceable components of oral health
care'’. The study indicated that both types of toothpaste
demonstrated significant antimicrobial activity, critical in
preventing dental plaque and gingivitis. However, the herbal
formulations enriched with natural extracts often exhibited a
broader spectrum of antibacterial efficacy, likely due to the
synergistic effects of their multiple bioactive components.

Safety profiles of the tested products were equally important
in this evaluation. The herbal formulations, which typically lack
synthetic chemicals such as triclosan and sodium lauryl sulfate
(SLS), were associated with fewer adverse reactions like
mucosal irritation and allergic responses. This suggests that
herbal toothpaste offers a safer alternative for individuals with
sensitivities to conventional toothpaste ingredients. Efficiency
in terms of plaque reduction and gingival health improvement
was comparable between the two categories. However,
certain herbal formulations showed a slightly higher efficiency
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in reducing plaque indices over extended use, which might be
attributed to many herbal ingredients' anti-inflammatory and
antioxidant properties. Secondary metabolites, bioactive
substances with pharmacological activity in plants, comprise
the phytochemical components that makeup plants'. Tooth
color is one of the most crucial elements for satisfaction with
dental appearance. While dull and discolored teeth make
people unhappy with their dental look, pearly white teeth give
a beautiful smile and confidence. There are several methods in
cosmetic dentistry to increase patient compliance with dental
appearance, but teeth whitening is the easiest and least
expensive option to boost smile confidence'’. As the root
cause of caries and periodontal disease, the oral microflora's
biofilms must be controlled to prevent plaque-mediated
disorders. It can be done through mechanical debridement and
adjuvant antimicrobials in toothpastes?. Sometimes scaling
removes calcified plaque that is hard and darkish in colour?'.
Some toothpaste contains chitosan, having antibacterial
properties against bacteria that cause oral infection?. Aloe vera
is now widely used as a dentifrice, and because of its beneficial
qualities, it is regarded as the best option for microbial plaque
management. According to studies, herbal toothpaste has far
safer and more effective anti-microbial properties than
synthetic ones®. It has been found that the herbal toothpaste
made from Cajanus cajan leaf extract contains flavonoids and is
safe, efficient, and less expensive than the synthetic close-up
toothpaste that is available *. The anti-ulcer, anti-caries, anti-
bacterial, and wound-healing characteristics of clove oil, neem
powder, Aloe vera gel, and pomegranate peel powder
constitute some unique characteristics®. Trikatu was also used
in toothpaste formulations because of its unique properties®.
The Punica granatum extracts, Citrus limon, and Mangifera
indica demonstrated the potential for suppressing gram-positive
and gram-negative bacteria. All the studied microorganisms
were significantly resistant to the antibacterial activity of the
developed polyherbal toothpaste. The study showed that their
existence27 causes the activity of many different
phytoconstituents in the extract. Flavonoids and phenolic acids
in Propolis provide antioxidant, antimicrobial, and anti-
inflammatory effects®®. This study yielded favorable findings
regarding the antibacterial activities of orange peel extract.
The methanolic extract revealed effective results against S.
aureus and E. coli, demonstrating antimicrobial activity.

Similarly, the banana peel extract also exhibited confirmed
antimicrobial activity. The same is true for guava leaf
methanolic extract, which is antibacterial against S. aureus and
E. coli. The flavonoid found might have antibacterial properties.
The presence of different phytoconstituents could be the
cause of the antibacterial activity”. Numerous bases have been
employed in formulating dental paste preparations for herbal
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