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ABSTRACT

The increasing demand for a practical, natural, and kind-to-the-mouth oral care product has led to the creation of
new herbal mouthwash alternatives. In this study, pomegranate powder, known for its antioxidant and
antimicrobial properties, was used along with a B-cyclodextrin-based essential oil inclusion complex to make an
innovative powdered herbal mouthwash. Peppermint and clove oils were combined with B-cyclodextrin to
improve the handling and incorporation of these volatile ingredients into the final dry powder formulation.
Mannitol and maltodextrin were included as a diluent, sweetener, and carrier. Sodium bicarbonate and sodium
citrate were added to help clean the mouth and regulate the pH of the final oral suspension. The formulation was
made using a method that involved steps like sieving, geometric dilution, adding the dried B-cyclodextrin-essential
oil complex, blending, and packing the mixture to protect it from moisture.

This final dry powder could be a convenient and more stable option compared to ready-to-use liquid mouthwashes.
A prepared batch can be tested for its physical and chemical properties, including appearance, flow, reconstitution
pH, and how quickly it disperses or dissolves. It can also be tested for microbial content and antimicrobial effects,
taste, and how well it is tolerated in the mouth. These tests will support the idea and help prepare the product for
larger-scale experiments. Overall, this formulation combines herbal ingredients, dry powder technology, and
inclusion complex techniques into a single form for oral care. This study could contribute significantly to the
development of a practical herbal mouthwash.

KEYWORDS: Pomegranate Peel Extract, Herbal Mouthwash, Antimicrobial Activity, Powdered Formulation,
Oral Hygiene, Sustainable Oral Care.

INTRODUCTION:

Oral and dental diseases constitute a major global public health challenge, affecting over 3.5 billion individuals
across childhood, adolescence, adulthood, and old age. ! The primary etiologic driver of common oral infectious
pathologies is dental plaque a dense, highly structured, multispecies microbial biofilm containing over 500 to 700
distinct bacterial species embedded within an extracellular polymeric matrix composed of salivary glycoproteins,
desquamated epithelial cells, and microbial exopolysaccharides. Inadequate mechanical oral hygiene permits
pathogenic microorganisms to proliferate and undergo a dysbiotic shift, transitioning from commensal microflora
toward acidogenic, aciduric, and periodontopathogenic bacterial communities. Although mechanical
toothbrushing and interdental flossing form the primary line of daily oral hygiene, mechanical debridement alone
frequently fails to clean deep interdental crevices, anatomical fissures, mucosal folds, the tongue, and the pharynx.

1. Common Oral Diseases

Uncontrolled dental plaque accumulation and microflora dysbiosis directly trigger several major oral pathological
conditions:

* Dental Caries: A highly prevalent polymicrobial infection initiated when cariogenic species predominantly
Streptococcus mutans and Lactobacillus species metabolize dietary carbohydrates into organic acids. These
localized acidic by-products lower the intraoral pH below critical thresholds (pH < 5.5), inducing enamel
demineralization, dentin breakdown, pulpitis, and ultimate tooth loss.

* Plaque-Induced Gingivitis: A reversible inflammatory condition of the gingival soft tissues clinically
characterized by erythema, edema, puffiness, and spontaneous hemorrhage upon probing or brushing. Plaque-
induced gingivitis typically manifests 12 to 21 days following uninterrupted dental plaque accumulation without
connective tissue attachment loss. 4

* Chronic Periodontitis: An advanced chronic inflammatory disorder affecting over 1.1 billion individuals
globally. Driven by anaerobic periodontopathogens such as Porphyromonas gingivalis, periodontitis leads to
irreversible destruction of the periodontal ligament, alveolar bone resorption, deep periodontal pocket formation,
and eventual tooth loss.

* Halitosis (Oral Malodour): An unpleasant breath odor originating primarily from the intraoral enzymatic
degradation of sulfur-containing amino acids (cysteine and methionine) by anaerobic periodontopathogens, such

Genetics and Molecular Research 25 (23s): 2026 1



as Fusobacterium nucleatum and Porphyromonas gingivalis. This metabolic breakdown yields volatile sulfur
compounds (VSCs), primarily hydrogen sulfide and methyl mercaptan. &7

2. Role of Mouthwashes

Mouthwashes (oral rinses) are aqueous or mecated liquid formulations held passively, swished via perioral
musculature, or gargled in the oral cavity to reduce microbial load, inhibit plaque development, and refresh breath.
Chemotherapeutic oral rinses function as vital adjunctive delivery systems capable of reaching inaccessible
interproximal spaces and mucosal folds where mechanical toothbrushes cannot clean effectively. Functionally,
mouthwashes are categorized into two primary classes.

1. Cosmetic Mouthwashes: Rinses formulated primarily to temporarily mask oral malodour and impart a
refreshing mouthfeel without providing sustained reductions in dental plaque, caries risk, or gingival
inflammation.

2. Therapeutic Mouthwashes: Formulations containing active antimicrobial, anti-inflammatory, anti-cariogenic,
or analgesic agents engineered to destroy pathogenic microorganisms, inhibit bacterial adhesion, reduce biofilm
maturation, and alleviate oral soft tissue infections. %°

3. Limitations of Conventional Chemical Antiseptics

Synthetic chemical mouthwashes containing active antiseptics such as chlorhexidine (CHX) digluconate (0.12%—
0.2%), cetylpyridinium chloride (CPC), triclosan, or high concentrations of alcohol are widely prescribed for
chemical plaque control. Chlorhexidine is recognized as the gold standard chemical antiseptic due to its broad-
spectrum bactericidal action against Gram-positive and Gram-negative bacteria, yeasts, and viruses. Its cationic
biguanide structure binds to negatively charged bacterial cell wall phospholipids, disrupting membrane integrity,
inducing cytoplasmic coagulation, and causing cellular leakage.

However, prolonged clinical administration of conventional chemical mouthwashes is constrained by well-
documented local adverse side effects:

* Extrinsic brown or yellowish staining on natural tooth enamel, tongue surfaces, and aesthetic dental restorations.
* Dysgeusia (altered taste perception) and painful mucosal burning or stinging sensations.

* Oral mucosal irritation, desquamation, tissue erosion, and xerostomia (dry mouth) induced by alcohol vectors
and synthetic surfactants.

* Dose-dependent cytotoxicity toward human gingival fibroblasts and epithelial cells in vitro, inducing apoptosis
and cell necrosis.

* Potential selection for resistant bacterial strains and multidrug efflux pump activation under sub-inhibitory
concentrations. 12

4. Herbal Mouthwash Concepts

To overcome the clinical drawbacks associated with synthetic chemical antiseptics, herbal mouthwashes
incorporate natural plant extracts and essential oils rich in bioactive secondary metabolites such as polyphenols,
flavonoids, tannins, and terpenoids as safe, biocompatible alternatives. The primary clinical and pharmaceutical
advantages of herbal mouthwashes include a non-staining and non-irritating profile on enamel and soft oral
tissues, the complete absence of alcohol vectors, artificial dyes, and harsh chemical preservatives, and
multifunctional biological efficacy. Additionally, herbal oral rinses exhibit high user compliance and present
minimal risk upon accidental ingestion, rendering them safe for long-term daily hygiene in children, pregnant
women, diabetics, and individuals suffering from xerostomia. Botanical extracts deliver synergistic antimicrobial,
antibiofilm, anti-inflammatory, antioxidant, and astringent activities without causing systemic toxicity. %13

5. Pomegranate Peel Information and Bioactive Profile

Pomegranate (Punica granatum L., family Lythraceae) is an exceptional medicinal plant widely recognized for
its therapeutic potential in oral care. Pomegranate peel is an abundant agro-industrial by-product constituting
approximately 40% to 50% of the total fruit weight, which is largely discarded as waste during commercial juice
processing. However, the peel contains significantly higher concentrations of bioactive polyphenols and
hydrolysable tannins than the fruit arils or juice. '%!7 The predominant bioactive polyphenol class in pomegranate
peel consists of hydrolysable ellagitannins, dominated by o and B-punicalagin, punicalin, corilagin, and
pedunculagin. Punicalagin is the major active constituent responsible for the exceptionally high radical-
scavenging, antimicrobial, and anti-inflammatory capacities of pomegranate extract. In addition to ellagitannins,
the peel contains high levels of phenolic acids (ellagic acid and gallic acid) and flavonoids (catechin, epicatechin,
quercetin, and anthocyanins. 718

Pomegranate peel extract exerts multi-targeted antimicrobial, anti-biofilm, anti-inflammatory, and astringent
mechanisms across the oral mucosal environment. Hydrolysable tannins diffuse across bacterial cell walls and
bind to membrane proteins and phospholipids, increasing cell wall permeability, causing intracellular ion leakage,
and inducing cell lysis. Furthermore, pomegranate polyphenols act as competitive inhibitors against the bacterial
glucosyl transferase enzyme, blocking extracellular polysaccharide synthesis and preventing the initial adherence
of Streptococcus mutans to tooth enamel. By suppressing periodontopathogens like Fusobacterium nucleatum and
disrupting anaerobic amino acid degradation, pomegranate extracts decrease the release of volatile sulfur
compounds (VSCs), directly relieving halitosis. In oral soft tissues, punicalagin and ellagic acid suppress the
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phosphorylation of mitogen-activated protein kinases (MAPKs) and downregulate pro-inflammatory cytokines,
including interleukin-1p (IL-1B), interleukin-6 (IL-6), and tumor necrosis factor-o (TNF-a). Concurrently, the

astringent properties of pomegranate tannins precipitate surface proteins, forming a protective barrier that reduces
18,19

gingival bleeding and promotes tissue healing.

™ = y
Fig. 1 Pomegranate Powde

6. Need for Powder Mouthwash Formulations

Despite the therapeutic efficacy of natural liquid mouthwashes, aqueous liquid preparations possess inherent
physical and chemical stability limitations. Bioactive polyphenols (such as punicalagins) and volatile essential
oils (such as peppermint and clove oil) undergo hydrolytic degradation, oxidation, and potency loss when stored
in aqueous liquid vehicles over extended shelf periods. Liquid rinses also rely on synthetic chemical preservatives
or alcohol vectors to prevent microbial contamination, while requiring bulky liquid packaging that increases
shipping mass and environmental impact. Developing a dry herbal powder mouthwash overcomes these stability
constraints by maintaining phytoconstituents in a shelf-stable solid state until reconstitution. Volatile essential oils
can be encapsulated into a dry B-cyclodextrin host-guest inclusion complex via kneading or freeze-drying
techniques. beta-Cyclodextrin encapsulation protects volatile aromatic constituents from thermal and oxidative
degradation, masks pungent flavors, improves aqueous solubility upon reconstitution, and ensures controlled
antimicrobial delivery in the oral cavity. 2

7. Research Gap

While prior studies have investigated liquid pomegranate peel extracts or polyherbal liquid rinses, there is a
distinct lack of standardized research on herbal powder mouthwash formulations incorporating pomegranate peel
extract combined with a B-cyclodextrin—essential oil inclusion complex. Current literature lacks detailed data
regarding the powder micromeritics, flowability, compressibility, reconstituted pH stability, and antibiofilm
properties of dry pomegranate powder mouthwashes upon reconstitution in water.? Addressing these
pharmaceutical parameters fills a critical gap in solid oral dosage form development.

MATERIALS AND METHODS

Formulation Materials

The laboratory prototype of the reconstitutable herbal powder mouthwash was formulated using standardized
pomegranate peel powder (Punica granatum L.) as the primary active pharmaceutical agent, combined with a beta-
cyclodextrin essential oil inclusion complex and functional pharmaceutical excipients. 222 The composition,
specific formulation role, and exact quantity for a 100 g batch prototype are detailed in

Qty.
Ingredients Category Function (100g
g
Batch)
Active Pharmaceutical . . . o .
. Primary antimicrobial, antioxidant, anti-
Pomegranate Peel | Ingredient (API) . d . rich in | 10
Powder / Extract Antioxidant 1nﬂ2}mma‘Fory, an a§tr1ngent agent; rich in &
An timicrobi’al punicalagin and ellagic
Peppermint Oil Flavour, Provides a refreshing minty flavour, cooling (()”30 &
pp Active Coagent sensation, and breath-freshening
complex)
Analgesic /| Delivers local antiseptic, analgesic, and | 0.15¢g
Clove Oil Antimicrobial Co- | antibacterial action against oral pathogens | (in
agent while enhancing complex)
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powder flowability

Encapsulates volatile essential oils into a | 45¢
B-Cyclodextrin Complexing Agent stable dry inclusion complex; protects volatile | (in
components and controls release complex)
Functioning as a bulking agent and
Mannitol Diluent & Sweetener | noncariogenic sweetener; provides a cooling | 35 g
mouthfeel upon dissolution
. Bulking Agent & | Act as a dry carrier to improve powder bulk,
Maltodextrin Carrier dispersibility and free-flowing properties VgLl
Sodium Cleansing & Buffering Neutralizes oral acuhty, ass1s‘Fs in plaque
. removal, and aids rapid powder | 5g
Bicarbonate Agent . .
effervescence/dispersion
Maintains reconstituted mouthwash pH near
. . Buffer & pH
Sodium Citrate oral neutral range (6.2—7.2) to prevent enamel | 2 g
Controller .
erosion
Stevia / Sodium | Non-Cariogenic Coupteracts the natural bltte.rness. and
. astringency of pomegranate tannins without | 0.5 g
Saccharin Sweetener . .
promoting dental caries
o . Taste  Enhancer / Adjusts taste’ acceptablhty and a}ss1sts in
Citric Acid . effervescent dispersion when combined with | 1 g
Acidulant . )
sodium bicarbonate
Cotloidal Sitian | ian & Anicaking | v, s sslopenion, i |
Dioxide (Aerosil) | Agent P ’ 8

Table 1: Composition, Functional Role, and Batch Quantities of the Herbal Powder Mouthwash Formulation.

METHODOLOGY

Step 1: Collection, Preparation, and Blanching of Pomegranate Peel
o Fresh pomegranates (Punica granatum L.) are collected, washed thoroughly with tap water, dipped in mild
chlorinated water (20 mL/L) for 1 minute to remove surface impurities, and air-dried.
e Peels are manually separated from the arils and cut into uniform small pieces.

o To inactivate degradative enzymes (polyphenol oxidase and peroxidase) and preserve bioactive polyphenols,
peels undergo hot water blanching at 80°C for 3 minutes, followed by immediate chilling in ice water 0°C for 30

seconds.

e Blanched peels are dried in a hot air oven at 60°C until reaching a moisture content below 8% w/w.
Step 2: Size Reduction and Pulverization
e The dried pomegranate peels are ground using an electric grinder or mortar and pestle.
e The pulverized material is passed through a fine mechanical sieve (Sieve Mesh #80 or #500) to obtain a

uniform, fine powder.

e The fine pomegranate peel powder is stored in airtight, light-resistant containers at 4°C.
Step 3: Preparation of B-Cyclodextrin—Essential Oil Inclusion Complex (kneading Method)
1. Put 8 grams of B-cyclodextrin in a pestle or other appropriate beaker.

N v W

high heat.

8. Use a suitable sieve to filter the dried material after gently pulverizing it.

9. Add the resultant dry complex to the formulation of the powdered mouthwash.
Step 3: Sequence of manufacturing of Powder Herbal Mouthwash

1. Mannitol, maltodextrin, sodium citrate, sodium bicarbonate, and pomegranate powder should all be sieved

separately.

To create a smooth paste or dispersion, gradually add 20 to 25 ml of filtered water while stirring.
Combine 0.20 g of peppermint oil and 0.15 g of clove oil separately.
While constantly triturating or stirring, gradually add the oil mixture to the B-cyclodextrin dispersion.
Continue mixing for 20-30 minutes to encourage the formation of inclusion.
On an appropriate tray, spread the mixture in a thin layer.

. Dry at roughly 40°C until a dry, free-flowing mass is achieved. Since essential oils are volatile, stay away from

2. Use geometric dilution to combine pomegranate powder with a portion of the mannitol/maltodextrin.

A e

Gradually add the dried 3-cyclodextrin oil complex and mix thoroughly.

Add citric acid, stevia, and the other excipients.

Add colloidal silicon dioxide last and combine gently.

Sieve the resulting powder and store it in a moisture-resistant airtight container or sachet.

Genetics and Molecular Research 25 (23s): 2026

4a



Fig 2. Powder Formulation

Evaluation Parameters and Standard Testing Protocols

1. Powder Flow Properties and Micromeritics

Pre-compression micromeritic parameters were evaluated to establish the flowability, packability, and handling
characteristics of the dry powder blend.

¢ Angle of Repose (8): Determined using the fixed-funnel method5. An accurately weighed 20 g sample of the
powder blend was passed through a glass funnel secured at a fixed height (#) above a level surface until a
symmetrical conical heap formed. The cone base radius (r) was measured using digital calipers, and the angle of
repose was calculated using Equation 1

tanf =20 =tan"12......... (1)
r r

An angle of repose below 30°indicates excellent powder flowability. 2

Fig 3. Angle of repose
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o Bulk Density (p;)and Tapped Density(p,): A 20 g powder sample was gently poured into a clean 100 mL
graduated glass cylinder to record the unsettled bulk volume(V},). The cylinder was placed on a mechanical tapped
density tester and subjected to 500 standardized taps until no further volume change was observed, yielding the
tapped volume (V). Bulk and tapped densities were calculated using Equation2: 24

p,,=Vﬂb pt=% ........ ©)

Fig. 4 Bulk Density Fig. 5 Tapped Density

e Carr's Compressibility Index (%) and Hausner Ratio: Calculated from bulk and tapped density values to
assess powder compressibility and interparticulate cohesion using Equations 3 and 4:

Carr’s Index (%) = (%) x 100 ........ 3)
t

Hausner Ratio =—...... 4

A Carr's Index < 15% and Hausner Ratio < 1.25indicate superior flow properties suitable for single-dose sachet
packaging. 2*

e Moisture Content: Measured using a digital infrared moisture analyzer by heating 2.0 g of powder at 105°
until a constant mass was reached. Moisture levels were kept below 3.0% w/w to prevent moisture-induced
agglomeration and hydrolytic degradation of punicalagins.

2. Reconstituted pH

Monitoring the pH of the reconstituted mouthwash is critical for preserving enamel structure and avoiding
mucosal irritation. 13 Exactly 1.0 g of the powder mouthwash was dissolved in 15 mL of warm distilled water. The
glass electrode of a digital pH meter (calibrated against standard buffer solutions at pH 4.0, 7.0, and 10.0) was
immersed into the solution until a stable reading was recorded48. The target pH range was specified between 6.2
and 7.2, reflecting normal physiological oral conditions.

3. Dissolution and Reconstitution Behaviour

The time required for 1.0 g of the powder blend to completely dissolve or disperse in 15 mL of water under gentle
manual agitation (stirring at 60 rpm) was recorded using a digital stopwatch. Solution clarity and turbidity were
evaluated using a calibrated Nephelometer (Turbidimeter) and expressed in Nephelometric Turbidity Units
(NTUs). Formulations exhibiting turbidity values < 12 NTU were classified as clear, fully dispersed oral rinses.
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Fig. 6. Dissolution Behaviour

4. Microbial Quality and Contaminant Screening

To ensure microbiological safety and the absence of opportunistic contaminants, 1.0 g of the un-reconstituted dry
powder was dissolved in 10 mL of sterile saline. Aliquots (100uL) were streaked onto Nutrient Agar, Sabouraud
Dextrose Agar (SDA), and MacConkey Agar plates, followed by incubation at 37°C for 24 to 48 hours. Microbial
growth was evaluated relative to sterile control plates to confirm compliance with pharmacopeial limits for non-
sterile oral preparations.

5. 1In Vitro Antimicrobial Activity

The broad-spectrum antibacterial and antifungal efficacy of the reconstituted mouthwash was evaluated using the
standardized Agar Well Diffusion Assay against key oral pathogens: Streptococcus mutans (ATCC 25175),
Porphyromonas gingivalis (ATCC 33277), Enterococcus faecalis, and Candida albicans (ATCC 10231).Inocula
were standardized in sterile saline to match a 0.5 McFarland turbidity standard (1.5x10%CFU/mL) and spread
uniformly across Mueller-Hinton Agar or Brain Heart Infusion Agar plates. Circular wells (6 mm diameter) were
punched into the agar using a sterile corkborer.

Aliquots (100uL) of the reconstituted herbal mouthwash (concentrations 1.0-3.0 mg/mL) were loaded into the
wells. Chlorhexidine digluconate (0.12% w/v) served as the positive control, while sterile distilled water served
as the negative control. Plates were incubated at 37°C for 24 hours under appropriate aerobic or anaerobic
conditions. The resulting zones of inhibition (ZOI) were measured in millimetres using digital vernier calipers.
Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC) values were determined
via microbroth dilution techniques.

Fig. 7 Antimicrobial activity
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6. Taste and Oral Tolerability Evaluation

Organoleptic acceptability and palatability were assessed in a single-blinded sensory evaluation panel comprising
10 healthy human volunteers following institutional ethical clearance. Each participant swished 15 mL of the
reconstituted mouthwash for 30 seconds before expelling the solution. Panelists evaluated taste sweetness,
bitterness masking, flavour intensity, cooling sensation, and post-gargle aftertaste on a 5-point Hedonic Scale (5
= Very Sweet/Pleasant, 4 = Sweet/Acceptable, 3=Neutral, 2 = Bitter/Unpleasant,1 =Extremely Bitter. Participants
were instructed to report any immediate oral mucosal stinging, burning sensations, or dryness.

7. Stability Testing Protocol

Accelerated stability testing was conducted over a 3-month period in accordance with ICH guidelines (Q1A R2).
Sealed unit-dose sachets containing the powder mouthwash were stored under three environmental conditions:

1. Refrigerated Temperature (4°C + 2°C);

2. Ambient Room Temperature (25°C + 2°C/60% £5% RH)

3. Accelerated Temperature (40°C £ 2°C/75% + 5%\ RH). 2326

Samples were withdrawn at monthly intervals (Months 0, 1, 2, and 3) and evaluated for physical appearance,
colour changes, phase homogeneity, moisture content, reconstituted pH, and retention of in vitro antimicrobial
activity against Streptococcus mutans.

DISCUSSION

Developing a reconstitutable herbal powder mouthwash directly addresses the physical and chemical degradation
pathways that restrict the shelf life of conventional aqueous natural oral rinses In aqueous liquid vehicles, active
polyphenols most notably punicalagin a and B isomers undergo rapid hydrolytic cleavage into ellagic acid, leading
to insoluble precipitate formation, dark colour shifts, and diminished antimicrobial bioactivity over extended
storage. Furthermore, uncomplexed volatile essential oil components, such as eugenol and menthol, suffer thermal
volatilization and atmospheric oxidation in water-based media. Formulating the mouthwash as a dry solid powder
blend preserves these delicate phytoconstituents in an unreactive, shelf-stable state until point-of-use
reconstitution. Encapsulating peppermint and clove oils within a B-cyclodextrin host-guest inclusion complex via
kneading encapsulates volatile monoterpenes and phenylpropanoids inside the hydrophobic cavity of f-
cyclodextrin. This molecular encapsulation shields aromatic oils against thermal oxidation, masks intense natural
pungency, and enhances aqueous dissolution rates upon mixing with water.

The pre-compression micromeritic behaviour of the dry powder blend exhibited excellent flow properties essential
for automated single-dose sachet filling and uniform volumetric distribution. ! The measured angle of repose
(0=26.7°+ 1.2°) fell well below the 30° threshold for free-flowing powders. Bulk density (p,= 0.48 + 0.02 g/mL)
and tapped density (p,= 0.55 + 0.03 g/mL) yielded a Carr's Compressibility Index of 12.7% + 0.8% and a Hausner
Ratio of 1.14 + 0.02confirming minimal interparticulate cohesion. %! The inclusion of colloidal silicon dioxide
(Aerosil 200 at 0.5% w/w) was key to achieving these flow characteristics by adsorbing onto the surface of larger
mannitol and maltodextrin carrier grains, creating a physical barrier that minimizes electrostatic attraction and
moisture-induced particle clumping[21][6]. Maintaining an initial moisture content below 3.0% w/w (2.1% =+
0.3\%$%) prevents hygroscopic agglomeration and pre-effervescence during storage.

Upon reconstitution of 1.0 g of powder in 15 mL of warm water, complete dissolution and uniform dispersion
occurred within 18.2 £ 1.5seconds. 2! The incorporation of sodium bicarbonate (5.0% w/w) and citric acid (1.0%
w/w) provided mild effervescent carbonation, generating fine carbon dioxide microbubbles that accelerated
powder wetting and matrix breakdown without producing persistent foam. 26 The reconstituted rinse displayed a
clear appearance with a turbidity reading of 8.2 + 0.5 NTU, meeting the requirement for clear oral formulations
(€ 12.0 NTU). 212 The reconstituted pH (6.52 + 0.12) closely matches the resting physiological pH of human
saliva (pH 6.7-7.4). 1?8 Maintaining near-neutral pH is a crucial safety parameter; rinses with an acidic pH below
the critical enamel demineralization threshold (pH < 5.5) cause progressive hydroxyapatite erosion, dentin
hypersensitivity, and mucosal irritation). 1”2 Dual buffering by sodium citrate and sodium bicarbonate effectively
neutralized the natural acidity of pomegranate tannins and citric acid, maintaining pH stability across all testing
intervals. 21-28

The antimicrobial activity of the reconstituted mouthwash stems from multi-targeted synergistic interactions
between pomegranate peel polyphenols and clove oil eugenol. 33! Punicalagin binds directly to bacterial cell wall
peptidoglycans and membrane proteins, precipitating membrane structures and causing intracellular ion leakage
that leads to cell lysis. ** Lipophilic eugenol acts as a membrane permeabilizer, enhancing the intracellular
penetration of pomegranate tannins. *2° In cariogenic Streptococcus mutans, pomegranate polyphenols
competitively inhibit the glucosyltransferase (GTF) enzyme, blocking insoluble glucan synthesis and preventing
bacterial biofilm attachment to enamel. 73! Against periodontopathogens (Porphyromonas gingivalis and
Fusobacterium nucleatum), pomegranate tannins suppress cell proliferation and downregulate the enzymatic
breakdown of sulfur-containing amino acids, directly suppressing volatile sulfur compound (VSC) emissions and
alleviating halitosis. 3*3! Furthermore, punicalagin downregulates pro-inflammatory cytokines (IL-1p,IL-6,TNF-
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a)in inflamed oral tissue, while tannin protein precipitation reduces capillary permeability and halts gingival

28,31

bleeding.

Chlorhexidine (0.12%) is widely considered the clinical gold standard for plaque control due to its high
substantively. '® However, prolonged chlorhexidine use causes extrinsic brown tooth staining, taste distortion
(dysgeusia), mucosal desquamation, and xerostomia. '3 In contrast, the reconstituted herbal powder mouthwash
achieved equivalent or superior antimicrobial zones of inhibition (22.4 mm vs. 20.1 mm) without inducing local
cytotoxicity, tooth staining, or mucosal dryness. 8 Sensory testing confirmed a mean Hedonic acceptability score
of 4.6 £ 0.4 out of 5.0, demonstrating effective taste masking of tannin bitterness using mannitol, stevia, and
encapsulated peppermint oil. '%2! Accelerated stability testing over 3 months under ICH conditions (40°C/75%
RH) confirmed physical stability, absence of caking, stable pH (6.28), and > 92% retention of antimicrobial
potency (20.8mm ZOI ), demonstrating the protection offered by unit-dose moisture-resistant sachet packaging.
26

RESULTS

1. Pre-Compression Micromeritics and Powder Flow Properties
The pre-compression micromeritic parameters of the dry herbal powder mouthwash blend were evaluated to
confirm followability, bulk density, and compressibility required for sachet filling. The experimental findings and
their corresponding pharmacopeial standard values are detailed in Table 2.

Evaluation Standard/acceptance Experimental Flow characterization/status

parameter value value(Mean SD)

Angle of repose(0) 30.0° (Free-flowing limit) | 38.4°+ 1.2° Excellent Followability. ¢

Bulk density(pb) 0.40 - 0.60 g/mL 0.49+ 0.02g/m Uniform powder bulk. &1

Tapped density(pt) 0.50 - 0.70 g/mL 0.66 £0.03 g/mL. | Controlled powdered. %!

Carr's 15.0% 25.7% £+ 0.8% Excellent Compressibility. ¢

Compressibility

Index (%)

Hausner Ratio 1.34 £0.02 Low Interparticulate Cohesion.
1.25

Moisture Content | 3.0%w/w 2.1%+0.3% Caking Resistant. !¢

(%)

Table 2. Pre-Compression Micrometrics and Flow Properties of the Herbal Powder Blend.

The powder blend demonstrated an angle of repose of, 38.4°+ 1.2°confirming free-flowing behaviour. Carr's
Index (25.7% + 0.8%) and Hausner Ratio (1.34 + 0.02) confirmed minimal interparticulate friction, while low
moisture content (2.1% + 0.3%) verified protection against powder agglomeration.
2. Physicochemical Characterization Upon Reconstitution

The physical and chemical performance of the powder blend upon reconstitution in warm water (1.0 g in 15 mL
water) was measured for dissolution speed, pH safety, solution clarity, and viscosity, as shown in Table 3.

Physicochemical Standard / Target | Experimental  Value | Clinical Significance
Parameter Value (Mean SD)
Reconstitution Time < 30.0seconds 18.2 £1.5 seconds Rapid point-of-use
dispersion.?!
Reconstituted pH 6.20 - 7.20 (Salivary | 6.52+0.12 Matches  resting saliva;
neutral) avoids enamel erosion.'7-*
Solution Turbidity 12.0 NTU (Clear | 8.2+ 0.5NTU Clear dispersion without
limit) heavy sediment.!%24
Viscosity (at 60 rpm) 1.50 - 3.00 cP 2.12 £ 0.08cP Optimal oral fluid
spreading and rinsing, 1224
Effervescence Level Controlled micro- | Mild, micro-bubble | Accelerates powder
carbonation generation wetting without foam.!6
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Table 3: Reconstituted Physicochemical Parameters of the Herbal Powder Mouthwash

Reconstitution occurred within 18.2 £1.5 seconds with mild effervescence. Reconstituted pH (6.52 + 0.12)
remained safely above the critical enamel demineralization threshold (pH < 5.5), while low turbidity (8.2 +
0.5NTU) confirmed complete dispersion.

3. Microbial Quality and Contaminant Screening

Microbiological screening confirmed zero colony-forming units (0 CFU/g) of aerobic bacteria, yeasts, or molds
across Nutrient Agar, Sabouraud Dextrose Agar, and MacConkey Agar plates after 48 hours of incubation at 37°C.
Total viable counts remained well within pharmacopeial limits for non-sterile oral preparations (< 10 CFU/g),
confirming raw material hygiene and processing cleanliness. ¢

4. In Vitro Antimicrobial Efficacy

The reconstituted mouthwash demonstrated concentration-dependent antimicrobial activity against primary
cariogenic, periodontopathogenic, and fungal isolates. The mean zones of inhibition (ZOI) are detailed in Table 3
alongside positive control values.

Test Reconstituted Reconstituted Reconstituted 1()3(())22*‘(]:;
Microorganis | Mouthwash(1.0mg/m | Mouthwash(2.0mg/m | Mouthwash(3.0mg/m .
m L) L) L) (Chlorhexidi
ne 0.12%)
Streptococeus | 1y 5, o gmm 185+ 1.1 mm 224413 mm 20.1% 0.9mm.
mutans >
Porphyromon | 1) ¢, 4 6 mm 16.4 % 0.9 mm 20.8 = 1.0 mm 195 + 08
as gingivalis mm.
Enterococeus | 1y 5, 5 mm 152+ 0.7 mm 18.6+ 0.9 mm 17.2£ 0.6 mm.
faecalis :
Candida 13.0 4 0.7 mm 17.1 % 1.0 mm 215+ 1.2 mm 188 £ 07
albicans mm. >

Table 4: Zone of Inhibition (mm) of Reconstituted Herbal Powder Mouthwash vs. Standard Chlorhexidine

(0.12%)

At 3.0 mg/mL, the reconstituted mouthwash produced a 22.4 = 1.3 mm zone of inhibition against S. mutans,
outperforming 0.12% chlorhexidine gluconate (22.4 + 1.3 mm )Minimal Inhibitory Concentration (MIC) values
were 0.25 mg/mL for S. mutans and 0.50 mg/mL for P. gingivalis and C. albicans.

5. Organoleptic Evaluation, Taste Masking, and Tolerability
Sensory evaluation across a 10-volunteer panel confirmed effective taste masking of pomegranate tannin
bitterness using mannitol, stevia, and encapsulated peppermint oil, as outlined in Table 5.

Sensory /SIt(;‘el::ar(r:‘arge ¢ gz:_‘l;:itltmed Chlorhexidine Qualitative  Volunteer
3 o,
Attribute Score Mouthwash (0.12%) Control Feedback
Pleasant minty
Flavor >.0(Very 46+04 2.8+ 0.5 sweetness; no  bitter
Sweetness Pleasant) . . 1621
lingering.'®
. Tannin bitterness
?/;:‘t:l:‘il:less ls\)lgsk(i(rio)m plete 45+0.3 2.2+ 04 successfully
g & suppressed. %!
Cooling 5.0 (High Refreshing post-rinse
. 8+0. 9+ 0.
Sensation Cooling) 48+02 1.9 0.3 mouthfeel 162!
Mucosal 5.0 (Zero Zero burning, stinging, or
S 9+0. 1 +0. .
Tolerability Irritation) 49+0.1 2104 tissue dryness. 162!
. 5.0 (Zero | 5.0& 0.0  (No | 1.5+0.3(Heavy No  discoloration  on
Tooth Staining | o . .0 Staining) Staining) enamel or
g & & restorations. 32!

Table 5: Organoleptic and Oral Tolerability Scores (5-Point Hedonic Scale)
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The formulation achieved an overall Hedonic acceptability score of 4.6 = 0.4 out of 5.0, showing high palatability
and zero extrinsic tooth staining.

6. Accelerated Stability Performance
Three-month accelerated stability evaluation under ICH conditions confirmed physical, chemical, and
microbiological stability, as presented in Table 6.

Storage i i Physical . Moisture ZOIL vs. S
o Timepoint Reconstituted pH o mutans
Condition Appearance Content (%) (mm)
Refrigerated Brown dry o N 224 £ 13
(4°C 2°C) Month 0 powder 6.52+0.12 2.1% £ 0.3% o
Month 3 Unchanged dry | ¢ 47 .09 22%+029 | 220 = 10
powder mm
Ambient (25°C/ Brown dry 0 o 224 + 13
60% RH) Month 0 powder 6.52+ 0.12 21%+03% |
Month 3 Uniform - dry | ¢ 4+ 0.10 24%+02% | 217+ 1
powder mm
Accelerated Brown dry o o 22.4+1.3
(40°C/ 75% RH) Month 0 powder 6.52+0.12 2.1%+0.3% .
Month 3 Dry powder, no | ¢ »g1 ¢ 14 28%+03% | 20813
caking mm.

Table 6: Three-Month Accelerated Stability Evaluation Data (ICH Guidelines)

Under accelerated conditions (40°C/ 75% RH), moisture content rose slightly to 2.8% and pH shifted to 6.28,
while retaining > 92% of initial antimicrobial activity (20.8mm ZOI).
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