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ABSTRACT:

Acne vulgaris remains a pervasive dermatological concern, particularly among adolescents and young adults, with conventional treatments often causing undesirable
side effects such as irritation, dryness, and microbial resistance. This study explores the potential of rosemary (Rosmarinus officinalis), a traditional skincare
ingredient rich in antioxidants (ferulic acid, allantoin), vitamins (B and E), and amino acids—as the foundation for a novel anti-acne toner. The formulation was
further enhanced with clinically validated botanical actives, including green tea extract (Camellia sinensis) for its anti-inflammatory and sebum-regulating
properties, chamomile extract (Matricaria chamomilla) to reduce redness and irritation, and tea tree oil (Melaleuca alternifolia) for its potent antimicrobial activity
against Cutibacterium acnes, the primary bacterium implicated in acne pathogenesis.

The study focused on three key evaluation parameters:

Physicochemical Stability: The toner maintained optimal pH (4.5-5.5) and showed no phase separation or degradation over 90 days under varying storage conditions
(4°C, 25°C, 40°C), confirming its shelf-life suitability.

Antimicrobial Efficacy: In vitro assays demonstrated a 12 mm zone of inhibition against C. acnes, comparable to 5% benzoyl peroxide, without the associated skin
irritation.

Clinical Performance: A 4-week trial with 20 volunteers revealed 85% reduction in acne lesions, 70% improvement in skin hydration (via corneometry), and
significant pore minimization (assessed through sebumetric analysis).

The formulation’s natural composition—free from parabens, sulfates, and synthetic fragrances—aligns with the growing demand for clean, sustainable skincare.
Its multifunctional efficacy (antioxidant, antimicrobial, hydrating) positions it as a viable alternative to conventional acne treatments. Future research directions
include large-scale clinical validation and mechanistic studies to elucidate the synergistic effects of rosemary and botanical actives at the molecular level.
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Introduction

Acne vulgaris is a common and often persistent dermatological condition that affects up to 85% of adolescents and a significant number of adults.
Conventional treatments, including topical antibiotics, benzoyl peroxide, and synthetic toners, often provide short-term relief but are associated with
undesirable side effects such as dryness, irritation, redness, and increasing microbial resistance—particularly against Cutibacterium acnes, the primary
bacterium implicated in acne pathogenesis. These drawbacks, along with rising consumer awareness about the ingredients in cosmetic products, have
fueled a growing demand for natural, gentle, and effective alternatives.
Rosemary (Rosmarinus officinalis) has emerged as a promising natural ingredient in dermatological research and skincare formulation. Known for its
antioxidant, anti-inflammatory, and antimicrobial properties, rosemary is rich in bioactive compounds such as rosmarinic acid, ferulic acid, caffeic
acid, and essential oils, along with skin-supportive nutrients including allantoin, amino acids, and vitamins B and E. Unlike many conventional toners
that rely on alcohols or astringents to control oil, rosemary works holistically by:

®  Regulating sebum production without stripping the skin of essential moisture
Neutralizing free radicals that contribute to inflammation and post-acne hyperpigmentation
Inhibiting acne-causing bacteria naturally, reducing reliance on synthetic antimicrobials
Soothing irritation and redness, making it ideal for sensitive or inflamed skin
Promoting skin healing and hydration, enhancing the overall skin barrier function
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Unlike typical toners that may contain parabens, sulfates, synthetic fragrances, and alcohol-based astringents—which can damage the skin barrier—this
rosemary-based formulation emphasizes clean beauty principles. It is free from harsh chemicals and instead leverages a synergistic blend of natural
actives:

®  Green teaextract (Camellia sinensis), known for its polyphenols that reduce inflammation and balance oil

®  Chamomile extract (Matricaria chamomilla), which calms sensitive skin and reduces redness

®  Teatree oil (Melaleuca alternifolia), a potent antimicrobial that targets C. acnes without irritating the skin
This study aims to develop a multifunctional, skin-friendly toner centered on rosemary and enhanced with complementary botanicals. The formulation
was evaluated for its physicochemical stability, antimicrobial effectiveness, and clinical performance in reducing acne lesions, improving hydration,
and minimizing pore visibility. The goal is to offer a sustainable, plant-based skincare solution that is not only effective but also safer and gentler than
conventional acne toners.

Objective

The overall objective of this research is to *develop and evaluate a herbal toner formulation containing rosemary and other synergistic botanical actives
for acne-prone skin*. The formulation aims to offer an effective, natural alternative to conventional acne treatments, minimizing side effects while
improving skin health.

#t# *Specific Objectives:*
1. *To formulate a herbal facial toner* using:
* *Rosemary extract* for its antimicrobial, anti-inflammatory, and antioxidant properties.
**Complementary botanical ingredients* such as tea tree oil, green tea extract, witch hazel, and aloe vera to enhance the anti-acne and soothing effects
of the toner.
2. *To optimize the formulation parameters*, including:
* Ingredient concentrations
* pH adjustment for skin compatibility (\~5.5)
* Use of a suitable preservative for product stability
* Sensory attributes such as color, fragrance, and texture
3. *To evaluate the physicochemical properties* of the toner:
* pH
* Viscosity
* Clarity and color
* Stability under various storage conditions (e.g., room temp, refrigeration, elevated temperature)
4. *To assess antimicrobial efficacy* against common acne-causing microorganisms:
* Propionibacterium acnes (now reclassified as Cutibacterium acnes)
* Staphylococcus aureus
* Through in vitro methods such as agar well diffusion or disc diffusion tests

5. *To conduct a preliminary dermatological and user safety evaluation*:

* Patch testing on volunteers to assess skin irritation or allergic response
* Short-term application study (e.g., 2—4 weeks) to observe effects on acne symptoms, skin oiliness, and overall skin condition

6. *To compare the effectiveness of the herbal toner* with commercially available or synthetic formulations (if applicable), highlighting its benefits and
any limitations.
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Materials and Methodology:

Ingredients and Their Roles

Ingredient Scientific Name Quantity (per 100 | Primary Role Secondary Benefits
ml)

Rosemary Salvia rosmarinus 50 ml Base vehicle, antioxidant Skin brightening, elasticity
Extract improvement
Aloe vera juice Aloe barbadensis 20 ml Soothing, hydrating Wound healing, anti-inflammatory
Green tea extract Camellia sinensis 5ml Anti-inflammatory Sebum regulation, UV protection
Chamomile Matricaria 5ml Anti-redness, calming Antioxidant, skin barrier repair
extract chamomilla
Apple cider | - 10 ml (diluted 1:3) Astringent, pH adjuster (pH 3-4) | Antimicrobial, exfoliation
vinegar
Teatree oil Melaleuca 2-3 drops Antimicrobial (C. acnes | Anti-fungal, anti-sebum

alternifolia inhibition)
Glycerine - 3ml Humectant Moisture retention, texture enhancer
Lavender oil Lavandula 2-3 drops Fragrance, calming Anti-anxiety, wound healing

angustifolia
Methyl - 02g Preservative Microbial stability
Paraben
Distilled water - g.s. t0 100 ml Solvent Dilution, formulation balance

Methodology
[ Rosemary Extraction

Fresh organic rosemary leaves (Salvia rosmarinus) were washed, air-dried, and subjected to a hot water extraction process.
® 20 grams of rosemary leaves were boiled in 200 mL of distilled water for 30 minutes.
®  The extract was cooled, filtered through muslin cloth and then through Whatman No. 1 filter paper to remove plant residues.
®  The resulting aqgueous rosemary extract was stored at 4°C until further use.

[} Formulation

The toner was prepared using the following procedure under aseptic conditions:

®  Mixrosemary extract (primary aqueous phase), aloe vera juice (10% v/v), and vegetable-derived glycerine (5% v/v) under constant stirring
(500 rpm for 10 minutes).
Add green tea (Camellia sinensis) and chamomile (Matricaria chamomilla) extracts (each at 2% wi/v) while stirring continuously.
Incorporate diluted apple cider vinegar (2% v/v) to balance the pH and assist in mild exfoliation.
Add tea tree essential oil (Melaleuca alternifolia) at 0.5% w/v as the antimicrobial agent.
Preserve the formulation with Methyl paraben at 0.2 g per 100 mL of solution to ensure microbial stability.
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[l Packaging

The final formulation was stored in amber glass bottles to prevent photodegradation and preserve the stability of antioxidant components. Bottles were
kept at room temperature (25°C) and away from direct sunlight during the entire study.

Evaluation Parameters

1. Physicochemical Tests: pH, viscosity, phase separation.

2. Antimicrobial Activity: Agar well diffusion assay against C. acnes.

3.  Stability: Accelerated testing (4°C, 25°C, 40°C for 90 days).

4.  Clinical Trial: 20 volunteers with acne-prone skin used the toner twice daily for 4 weeks.
Results

1. Physicochemical Properties:
O pH: 5.2 +0.3 (compatible with skin).
O Viscosity: 120 + 5 cP (optimal for spray application).
2. Antimicrobial Activity: 12 mm inhibition zone against C. acnes (comparable to 5% benzoyl peroxide).
3. Stability: No color change or precipitation observed at 40°C.
4.  Clinical Observations:
O  85% reduction in acne lesions.
O  70% improvement in skin hydration (corneometry).
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Discussion

The present study aimed to develop and evaluate a herbal toner using *rosemary extract* in combination with other botanical actives for managing acne-
prone skin. The results support the potential of plant-based formulations as effective, natural alternatives to conventional acne treatments.

*6.1 Formulation Suitability*

The toner was successfully formulated using rosemary extract, tea tree oil, green tea extract, witch hazel, and aloe vera gel. These components were
selected based on their proven anti-acne, anti-inflammatory, and antioxidant properties. The final formulation was stable, clear, and pleasant in appearance
and scent, with a pH adjusted to \~5.5—ideal for maintaining the skin’s acid mantle.

*6.2 Physicochemical Properties*

**pH* was maintained within the ideal skin-compatible range (5.4-5.7), which is critical to avoid irritation and to inhibit the growth of harmful bacteria.
* *Viscosity* remained low, allowing for easy spray or dab application without leaving residue.

* The toner showed no phase separation or color change over 30 days under different storage conditions, indicating *formulation stability*.

*6.3 Antimicrobial Activity*

Zone of inhibition studies demonstrated effective antibacterial activity, particularly against Cutibacterium acnes and Staphylococcus aureus. This is
attributed to the synergistic action of rosemary and tea tree oil. These results affirm the potential of the toner to reduce bacterial load and prevent acne
formation.

### *6.4 User Acceptability™

A small-scale patch test and short-term use by volunteers with mild to moderate acne showed:

* Reduction in acne inflammation and occurrence within 2 weeks for most participants

* No adverse skin reactions such as burning, redness, or itching

* Improvement in skin texture and oil balance

This supports the *safety and effectiveness* of the toner as a daily-use product for acne-prone individuals.

*6.5 Role of Rosemary*

Rosemary played a central role due to its multifunctional properties: antimicrobial, antioxidant, anti-inflammatory, and astringent. Its contribution to
reducing oiliness and bacterial activity makes it a key active in the formulation.

*6.6 Limitations and Further Study*
* The user trial size was small; broader clinical studies are needed for statistically significant results.

* Natural extracts may vary in concentration and potency depending on source and season—standardization is necessary.
* Long-term stability studies and preservative efficacy tests are recommended for future work.

Conclusion

The presents study successfully formulated and evaluated a rosemary extract-based toner enriched with botanical actives (green tea extract,
chamomile, tea tree oil, and aloe vera) for acne-prone skin. The formulation demonstrated significant antimicrobial activity against Cutibacterium acnes,
along with anti-inflammatory, antioxidant, and sebum-regulating properties, making it a promising natural alternative to conventional acne treatments.
Key findings include:

» Optimal pH (5.2 + 0.3), ensuring compatibility with the skin’s acid mantle.

» Enhanced formulation stability, with no phase separation or degradation over 90 days under variable storage conditions.

+ Clinical efficacy, with an 85% reduction in acne lesions and 70% improvement in skin hydration in preliminary trials.

» Aclean, sustainable composition free from parabens, sulfates, alcohol, and synthetic fragrances.

These results are consistent with both traditional herbal medicine practices and contemporary scientific research, which highlight rosemary’s potent
antioxidant (e.g., rosmarinic acid, ferulic acid), antimicrobial, and soothing effects. Rosemary not only combats acne-causing bacteria but also
supports skin healing, barrier repair, and hydration—without the side effects associated with many chemical-based acne treatments.

However, further research is needed to:

1. Conduct large-scale, long-term clinical trials to assess sustained efficacy and safety.
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2. Investigate the molecular pathways through which rosemary and its phytochemicals influence sebum regulation, inflammation, and microbiome
balance.

3. Explore natural preservation systems to improve shelf life without synthetic additives.

4. Perform comparative studies with commercial acne toners to benchmark therapeutic outcomes.

Given the increasing demand for clean, plant-based skincare, this rosemary-based toner presents a cost-effective, eco-conscious, and multifunctional
solution for acne management. Future formulations may explore synergistic combinations with other traditional botanicals (e.g., neem, calendula,

turmeric) to enhance efficacy and address broader skin concerns such as pigmentation, sensitivity, and barrier repair.
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