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ABSTRACT

The chemical composition of the ingredients used in the making of the mouthwash were identified in table 1. The recommended preservative for the mouthwash
is found to be sodium benzoate. The safe amount of hydrogenated castor oil is found to be below 5g/ kg. The recommended amounts of each chemical in the
ingredient and available flavors that can be used in the mouthwash formulation were identified.
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INTRODUCTION

An independent business owner in New Jersey is looking to produce
small amount of homemade mouthwash to be sold and distributed
locally. The ingredient included the following chemicals: distilled
water, sodium chlorite, castor oil, peppermint extract, lemon juice
directly from fruit, coconut oil, sodium benzoate, citric acid, and tetra
sodium EDTA. The chemical compounds to be used in the
formulation and the safe amounts of each chemical in the formulation
are identified. Mouthwash can strengthen the teeth, prevent gum
disease, and kill bacteria in the mouth that causes gingivitis and
improve your oral health. If the mouthwash contains fluoride, it
reduces cavity when used correctly. It is recommended by dentists to
use mouthwash daily in addition to daily brushing and flossing.
People with medical conditions, tooth sensitivity, dry socket, and
Xerostomia find mouthwash essential in their daily routine. 1. Mouth
wash is used to refresh and clean the oral cavity. To prevent the
development of caries, formulation containing fluorides have been
used, as it destroys and inhibits the oral microbial population that
generates malodors or dental plaque. Mouthwash formulation mainly
consists of ethanol, water, a humectant, a surfactant, flavor, color,
and an active ingredient. Ethanol is used to enhance the flavor impact
and adds freshness. The humectant such as glycerin, sorbitol or
propylene glycol adds body to the formulation and improves the
mouth feel when using the mouthwash. The surfactant is usually a
nonionic such as poly oxy-propylene or poly oxyethylene co
polymers, it produces foams, dissolves the flavor oil, and removes
debris. The flavor is an oil used to make the mouthwash pleasant to
use. The mouthwash may include an active ingredient, for example,
anti-cares effect or antibacterial effect. 2._Dental Caries is a multi
factorial disease produced within the dental plaque by
microorganisms. It involves a process of enamel demineralization and
remineralization due to the act of organic acids produced within the
dental plaque by microorganisms. The enamel demineralization is the
process of dissolution of hydroxyapatite by the act of extrinsic or
intrinsic acids, according to equation 1, leading to erosion or dental
cares. Dental Cares are caused by acetic or lactic acid that diffuses
into the enamel pores through the plaque, decreasing the PH of the
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fluid surrounding the enamel crystals. To prevent dental cares,
fluorides, calcium and phosphates, and antimicrobials can be used as
additives in the mouthwash formulation. The presence of fluorides in
the microenvironment or around the teeth inhibits the
demineralization and promotes the remineralization of the tooth
surface. The incorporation of fluoride as fluorapatite into enamel
decrease its solubility. Casein phospho-peptide amorphous calcium
phosphate, CPP-ACP has been added to mouthwash, tropical pastes
and chewing gums to increase remineralization and decrease
demineralization. Antibacterial has some role in caries prevention, it
helps with plaque and microbial control, Chloro-hexadiene and
triclosan containing gels, toothpastes, and rinses has been used. 3.
Ca1o(POs)(OH)2+ 2H * > 10 Ca 2 + 6 POs* + 2 H20  Equation 1.
Mouth wash can be classified into two main types, therapeutic and
cosmetic. Therapeutic mouthwash reduce plaque, bad breath, tooth
decay, and gingivitis. Children under the age of 6 shouldn't be using
mouthwash as they may inadvertently swallow large amounts of
liquids, unless directed by a dentist. Cosmetic mouthwash has no
biological or chemical application beyond their temporary relief, they
temporarily control bad breath and gives a pleasant taste and smell.
4. Active ingredients used in a therapeutic mouthwash are peroxides,
fluorides, chlorhexidine, essential oils, and cetyl-pyridinium chlorides.
Peroxides are used in whitening mouthwash. Fluorides are used to
prevent tooth decay. 5. Chlorhexidine and essential oils are used to
fight gingivitis and plaque. 6,7. Cetyl-pyridinium chlorides is used to
prevent bad breath.8. Antimicrobial, Fluoride, Anesthetic, and
Chlorhexidine mouthwashes are examples for therapeutic
mouthwashes. Antimicrobial mouthwashes are used in treatment of
Oral Malodor, bad breath. Volatile sulfur compounds (VSC’s) 9. is the
major factor causing bad breath, they arise from breakdown of food,
bacteria associated with dental disease and dental plaque. Cosmetic
mouthwash can also temporarily mask bad breath, but it doesn't kill
the bacteria that causes the bad breath and has no effect on volatile
sulfur compounds causing bad breath. Therapeutic mouthwash
containing an antimicrobial are more long term and can control bad
breath. Antimicrobials in mouthwash formulations can include
chlorhexidine, cetyl-pyridinium chloride, essential oils (e.g., methyl
salicylate, eucalyptol, thymol, and menthol) and chlorine dioxide.
Antimicrobial mouthwashes are also used in treatment of gingivitis
and plaque. 10,11
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Fluoride mouthwashes are used to prevent tooth decay in children. 12
and can also be used in treatment of xerostomia, a condition where
the amount of saliva bathing the oral mucous membrane is reduced.
It is found that rinsing weekly with 0.2% NaF mouthwash or daily with
a 0.02% NaF would reduce dental caries by 20-40% in children. 13
Anesthetic mouthwashes are used to relieve pain and they contain
anesthetics, dyclonine hydrochloride, phenol, lidocaine, benzocaine,
tetracaine hydrochloride, or butamin. 14 Whitening mouthwash mostly
contain 1.5-2% hydrogen peroxide 15 or 10% carbamide peroxide.
16. Chlorhexidine mouthwash, without the use of antibiotics is found
to be effective for AO prevention following extractions.7 Dry socket,
alveolar osteitis, which is a condition that might follow an extraction
procedure, intense pain 2-3 days after procedure. 17. Additives that
make a therapeutic mouthwash can be classified into either
antibacterial agents or compounds that effect VSC formation.
Antibacterial agents help reduce the number of anaerobic bacteria in
the mouth. Examples of antibacterial agents that are used in
mouthwash formulation are cetyl pyridinium chloride, essential oils/
antiseptic formulations, triclosan, and Chlorhexidine gluconate. It is
found that the use of 0.75% Cetyl pyridinium chloride (CPC) mouth
rinse reduces plaque by 35% over a 6 month period, the use of a
0.2% chlorhexidine gluconate oral rinse solution cause reduction in
VSC level (It shows some side effects, it alters sense of taste and
causes staining of mouth and tongue). Compounds that effect VSC
formation, neutralizes VSC's to improve quality of breath. Examples
of ingredients that effect VSC's are zinc compounds and chlorine
dioxide (sodium chlorite, is an oxidizing agent and is able to degrade
sulfur containing amino acids, which the building block of VSC'’s,
making fewer of them available to bacteria, leading to fewer VSC's
formed). It's found that using mouthwash containing 1% sodium
chlorite, reduces VSC for a period of 8h. Some metal ions have the
ability to oxidize the thiol, sulfur-based molecules found on VSC's.
Example of metal ions are zinc, copper, magnesium, tin, and sodium,
zinc also has an antibacterial property, doesn’t cause tooth staining
like other metal ions, and has low toxicity. A 1% zinc acetate
mouthwash has a significant effect on VSC levels, even 3 hours after
use. A typical formulation for essential oils / antiseptic mouthwash is:
0.092% eucalyptol, 0.042% menthol, 0.06% methyl salicylate and
0.064% thymol in a solution containing 21.6% to 26.9% alcohol, high
concentration of alcohol in the formulation ( 25% ethanol) may cause
drying effect on oral tissue, increasing breath malodor. The most
effective mouthwash for bad breath is found to use a multifaceted
approach, using a combination of formulations. Other products are
used for breath control may include gum, toothpaste, mints, drops,
lozenges, and sprays. It is found that six compounds are mainly used
in the formulation of mouthwash designed to fight bad breath
(halitosis);  zinc chloride,  triclosan,  essential oils/antiseptic
formulations, chlorhexidine gluconate, cetyl-pyridinium, and
chlorine dioxide. 18. Studies show that using a 0.09% zinc chloride
mouth rinse is effective in reducing the formation of calculus in
people. 43 Sodium chlorite is the main the ingredient used in the
newer classes of mouthwashes such as Pro Fresh, CloSYS, Thera
Breath, and Oxyfresh, it's sometimes used as a water purifier. These
mouthwashes are said to freshen breath up to six hours. Smart Mouth
uses sodium chlorite as a main ingredient, but it must be mixed with
zinc chloride right before use. The zinc ions block receptor sites of
amino acids, after eating food containing amino acids, so the bacteria
can’t produce rancid gases, and it lasts for up to twelve hours before
another rinse is needed. 44 Flavors are one of the main ingredients
that make a mouthwash, as it gives flavor to the formulation and
makes the mouthwash pleasant to use. The different known flavors
that can used in a mouthwash ingredient are: Clove Leaf Qil, Cubeb

Qil, Cedarwood Qil, Eucalyptus Oil, Lemon OQil, Italian Type, Cold
pressed, Myrrh Qil, Mentha Arvensis Oil, sweet Orange Oil,
Peppermint Qil, Sucralose, Saccharin Sodium, Dihydrate, Granular,
Spearmint Oil, Camphor, Methyl Salicylate, and Cinnamon Extract.
45.

Experimental

Distilled water (purified water) with formula of H20 and molecular
weight of 18.015g/mol is used as solvent in which the ingredients are
soluble in, it’s a cooled boiling water steam returned to its liquid state
after removing 99.9% of the minerals dissolved in water.19. Sodium
Chlorite with formula of NaClO2 and molecular weight of 90.44 g/mol
is used as an antimicrobial agent in mouthwash, it reduces bacteria
living in the mouth and causing bad breath, it also degrades building
blocks of the volatile sulfur compounds causing bad breath, it
degrades sulfur based amino acids, causing fewer of them being
available to bacteria, fewer volatile sulfur compounds are formed. It is
found that one time use of mouthwash containing 1% sodium chlorite
is effective in reducing the RVS level for eight hours and beyond. 20.
Castor oil with formula of C57H10409 and molecular weight of
933.4 g/mol 21 has the ability to break bio film, a protective coating
created by detrimental bacteria in the microbiome. (22-24). It makes
the environment more hospital to the healthy bacteria and eradicates
the bad bacteria. It also reduces inflammation of the gums.25. Castor
oil is slightly toxic chemical and safe amount of Castor oil is found to
be below 5g/kg, below mass percent (m/m) of 0.099%. 26. Pepper
extract with formula of Cs2H10807 and molecular weight of 965.5g/mol
is used as flavoring agent, antiseptic and anti-viral agent. There is no
evidence that it has the ability to treat any medical condition. However
high concentration of menthol in the extract causes side effects in
children and infants when nihilated. 27. Sodium Benzoate with
formula of C7HsNaOzand molecular weight of 144.11 g/mol is used as
a preservative in food, medicine, and cosmetics. It's converted to
benzoic acid under these conditions, which is fungi static and bacterio
static. Due to the insolubility of benzoic acid in water, it isn’t used
directly as a preservative. It's concentration as a preservative is
determined by the FDA to be 0.1%. 28. Lemon juice is a good source
of citric acid, containing 1.44g/oz citric acid, which is 4.83 percent by
mass citric acid in lemon juice.29. Citric acid with formula of CHO and
molecular weight of 192.124g/mol30 is known to cause tooth enamel
to dissolve quickly. More dentin is exposed as enamel dissolves,
causing teeth cracks and chips and the edges of the teeth become
more irregular. 31. Tetra sodium EDTA with formula of
C1oH12N2NasOs and molecular weight of 380.171g/mol 32 is a water-
soluble acid with chelating properties and is an emulsion stabilizer. It
bonds with metal ions in solution causing them to be inactive and is
used as a preservative for cosmetic formulation and skin care
products, creams, and lotions ...efc. It prevents the change in PH,
texture, and color of skincare products. And is used as a co-
preservative in skincare formulations. Also, it can enhance foaming
and cleaning ability when binding to iron, calcium or magnesium. 33.
Coconut oil contains 80-90% unsaturated fat, is 100%fat, and
contains traces amounts of minerals and vitamins. Is used for cooking
in food, as fuel source in industry and as base ingredient for the
manufacture of soap. 34. Lemongrass oil with formula of Cs1Hs4Osand
molecular weight of 777.2 g/mol is known to be used as an herbal
alternative (0.25%) to chlorhexidine (0.2%) in mouthwash. It prevents
and treats periodontal diseases. 35.
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Summery and Conclusion

The therapeutic mouthwash formulation shouldn’t include the
following chemical compounds: citric acid, lemon juice, EDTA, and
coconut oil. Citric acid/lemon juice is known to weaken and dissolve
tooth enamel, both EDTA and coconut oil are known neither to be
used in the pharmaceutical industry nor in mouthwash formulations.
EDTA is commonly used in skin products as a chelating agent and
coconut oil is a fat that is known to be used in cooking, fuel, and in
the making of soaps. The therapeutic mouth wash formulation may
include 1.0% Sodium chlorite as an active ingredient, 0.1% sodium
benzoate as a preservative, water as the solvent and less than 0.09%
percent by mass castor oil. To improve the quality of the mouthwash
formulation, other chemical compounds may be used, glycerin as a
humectants and poly oxy-propylene co polymer as a surfactant. Color
and flavor may be used to improve the quality of the mouthwash.
Some other additives such as zinc chloride may also be used, it's
known to freshen breath up to twelve times higher when combined
with sodium chlorite.
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