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Abstract

Hand hygiene is the primary defense against infectious diseases, yet the frequent use of alcohol-based
sanitizers often leads to skin irritation and environmental concerns. This has necessitated the
development of herbal alternatives that are both safe and effective. This review evaluates the
phytochemical profiles, formulation techniques, and efficacy of plant-based hand sanitizers through a
systematic analysis of research from standard journals. The study focuses on plants such as Neem
(Azadirachta indica), Tulsi (Ocimum sanctum), and Turmeric (Curcuma longa). Bioactive compounds,
including azadirachtin, eugenol, and curcumin, demonstrate potent antimicrobial action by disrupting
microbial membranes. Formulations enhanced with Aloe Vera and Glycerin provide superior skin
hydration compared to synthetic variants. While herbal sanitizers are biodegradable and skin-friendly,
challenges include the standardization of extracts and a slower microbial "kill time." Ultimately, herbal
hand sanitizers serve as a viable, eco-friendly substitute for long-term hygiene, offering therapeutic
benefits alongside disinfection. Future advancements in nanotechnology, such as nano-emulsions, are
expected to further optimize their antimicrobial performance and stability for global healthcare
applications.
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1. Introduction

e Background: Hand hygiene is universally recognized as the single most effective
measure for preventing the spread of transmissible pathogens and reducing the burden of
healthcare-associated infections ™. The practice gained critical prominence during
global health emergencies, such as the COVID-19 pandemic and seasonal influenza
outbreaks, where it served as a primary intervention to interrupt viral transmission via
contact with contaminated surfaces or respiratory secretions 2. Public health authorities
worldwide continue to mandate frequent hand sanitization as a standard protocol to
mitigate the risk of acquiring communicable diseases in both community and clinical
settings 1,

e Current Market: Currently, alcohol-based hand sanitizers (ABHS) containing ethanol
or isopropanol are the dominant commercial formulations due to their rapid
antimicrobial action and broad-spectrum efficacy ™. Despite their popularity, the
frequent and prolonged application of high-concentration alcohol formulations is
frequently associated with adverse dermatological effects, including skin dryness,
irritation, fissures, and allergic contact dermatitis 1. Furthermore, significant safety
concerns have been raised regarding ABHS due to their high flammability and the risk
of acute toxicity or poisoning upon accidental ingestion, particularly in children [,

e Need for Herbal Alternatives: In response to these limitations, there is a growing
consumer demand for natural, eco-friendly, and sustainable personal care products that
avoid harsh synthetic chemicals "), Herbal hand sanitizers have emerged as a viable
alternative, leveraging the bioactive compounds of medicinal plants to provide
antimicrobial protection while simultaneously offering skin-conditioning and
moisturizing benefits (¢,
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These botanical formulations are increasingly favoured
for their biodegradable nature, lower toxicity profile,
and ability to minimize the skin barrier damage often
caused by repeated alcohol exposure I,

Objective: The primary objective of this review is to
systematically evaluate the phytochemistry,
antimicrobial efficacy, and safety profiles of various
herbal ingredients used in the formulation of natural
hand sanitizers 1%, This article further aims to compare
the performance of these polyherbal formulations
against standard synthetic agents to determine their
feasibility for widespread public use [,

2. Key Herbal Ingredients & Their Phytochemistry

The efficacy of herbal hand sanitizers relies heavily on the
synergistic action of bioactive phytochemicals extracted
from medicinal plants 2. These ingredients are generally
categorized based on their functional role in the formulation,
ranging from antimicrobial activity to skin conditioning and
preservation [*],

2.1. Antimicrobial Agents

2.1.1 Neem (Azadirachta indica)

Neem has been extensively studied for its broad-spectrum
antibacterial and antiviral properties, primarily attributed to
its complex isoprenoids (4. The primary bioactive
compounds, including the limonoids azadirachtin and
nimbidin, exert antimicrobial effects by disrupting the
microbial cell wall and interfering with bacterial protein
synthesis %1, Research indicates that ethanolic extracts of
Neem leaves demonstrate significant inhibition against
common skin pathogens such as Staphylococcus aureus and
Escherichia coli, making it a cornerstone ingredient in
polyherbal sanitizers 4],

2.1.2 Tulsi (Ocimum sanctum)

Known as "Holy Basil," Tulsi possesses potent antiseptic
qualities driven by its volatile oil components (61, The major
phytochemicals responsible for its efficacy are eugenol (1-
hydroxy-2-methoxy-4-allylbenzene) and carvacrol, which
facilitate the leakage of cellular content by damaging the
cytoplasmic membrane of bacteria 71, Furthermore, studies
have shown that linoleic acid and ursolic acid present in
Tulsi extracts contribute to its ability to neutralize free
radicals and suppress viral replication, providing a dual
mechanism of protection [61,

2.1.3 Turmeric (Curcuma longa)

Turmeric is incorporated into herbal formulations not only
for its color but for the powerful biological activity of
curcumin, a hydrophobic polyphenol '8, Curcumin exhibits
bactericidal activity by inhibiting the bacterial cell division
protein FtsZ, effectively arresting bacterial growth without
causing toxicity to human cells 9, Additionally, its strong
anti-inflammatory and antioxidant properties help mitigate

skin irritation that might occur from frequent hand washing
(18]

2.2. Moisturizing & Soothing Agents

2.2.1 Aloe Vera (Aloe barbadensis miller)

To counteract the stripping of natural skin oils, Aloe Vera is
frequently added as a emollient and hydrating agent 2%, Its
efficacy stems from a rich concentration of
mucopolysaccharides (such as acemannan), which create a
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protective barrier on the stratum corneum to prevent
transepidermal water loss [, Aloe gel also contains
carboxypeptidases and bradykinase, enzymes that reduce
inflammation and soothe the skin upon application [2°,

2.2.2 Glycerin

While not a herb, Glycerin (glycerol) is a standard, plant-
derived compatible solute often paired with herbal extracts
as a primary humectant 221, It functions by drawing moisture
from the environment into the skin layers, thereby
maintaining skin elasticity and preventing the dermatitis
often associated with volatile herbal extracts or alcohol
bases 221,

2.3 Fragrance & Preservatives

Essential Oils (Lemon, Orange, Rose, Clove)

Natural essential oils serve a dual purpose as fragrancing
agents and bio-preservatives due to their high terpene and
phenolic content 2, Lemon and Orange oils are rich in
limonene, which provides a refreshing citrus scent while
exhibiting oxidative stress-mediated antimicrobial activity
[24 Clove oil contributes additional eugenol, enhancing the
overall antimicrobial potency of the formulation, while Rose
water (containing phenylethanol) offers a mild fragrance
and astringent properties that stabilize the formulation
against spoilage [,

3. Formulation and Preparation Methods

The development of an effective herbal hand sanitizer
involves a multi-stage process, beginning with the isolation
of bioactive constituents and concluding with the
stabilization of the final delivery system 1%, The choice of
extraction method and vehicle significantly influences the
antimicrobial potency and physicochemical stability of the
final product 121,

3.1 Extraction Techniques

The efficacy of the sanitizer depends heavily on the yield
and purity of the phytochemicals extracted from the raw
plant material 2],

Maceration: This is the most common and cost-
effective method wused for thermolabile herbal
ingredients 281, It involves soaking coarse plant
powders in a solvent (menstruum) such as ethanol or
distilled water at room temperature for a defined period
(typically 3—7 days) with frequent agitation to facilitate
the dissolution of active principles 2,

Soxhlet Extraction: For exhaustive extraction of heat-
stable compounds, the Soxhlet apparatus is employed.
This continuous hot extraction method utilizes a volatile
solvent that is repeatedly vaporized and condensed,
ensuring maximum recovery of lipophilic constituents
like alkaloids and glycosides from the plant matrix [,
Steam Distillation: This technique is specifically
reserved for isolating volatile essential oils (e.g., from
Clove or Tulsi) BU. It operates on the principle that
steam vaporizes the plant's volatile compounds at
temperatures lower than their boiling points, preventing
the degradation of aromatic therapeutic agents 1.,

3.2 Types of Formulations
Herbal sanitizers are formulated into various delivery
systems to enhance user compliance and bioavailability [,
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Gels: Gel-based formulations are the most popular due
to their longer retention time on the skin 2l These are
typically prepared using synthetic polymers like
Carbopol 940 or Carbopol 980 as gelling agents, which
form a transparent matrix when dispersed in water (31,
A neutralizing agent, such as Triethanolamine (TEA), is
added dropwise to adjust the pH to 6.0-7.0, triggering
cross-linking that results in the characteristic viscous
gel structure 331,

Liquid Sprays: These low-viscosity solutions are
designed for rapid application and quick drying [34,
They are prepared by simply dissolving herbal extracts
and essential oils in the solvent base, often requiring a
solubilizer (like Polysorbate 20) to ensure the uniform
dispersion of hydrophobic oils in aqueous media 34,
Foam-based Sanitizers: Foam formulations are
gaining traction as they cover a larger surface area with
less product volume ), These require the addition of
surfactants or foaming agents that lower surface
tension, allowing the liquid to aerate when dispensed
through a specialized pump 31,

3.3 Base Selection
The solvent system, or "base", serves as the carrier for the

herbal extracts and dictates the product's primary
antimicrobial mechanism [2°1,
e Hydro-Alcoholic Base: Most commercial herbal

sanitizers utilize a hydro-alcoholic base containing 60—
80% v/v ethanol or isopropyl alcohol [4. In these
formulations, the alcohol acts as the primary rapid-
acting germicide, while the herbal extracts provide
prolonged residual protection and reduce the harsh
effects of the alcohol [,

Aqueous (Alcohol-Free) Base: For users with sensitive
skin or for pediatric use, alcohol-free bases are
developed using water as the primary solvent 71, These
formulations rely entirely on the high concentration of
antimicrobial herbal extracts (e.g., Neem, Lemon oil) or
alternative biocides like Benzalkonium Chloride for
efficacy, though they typically require longer contact
time to achieve the same log reduction of pathogens as
alcohol-based counterparts 371,

4. Evaluation Parameters

The standardization of herbal hand sanitizers is essential to
ensure that the final product is safe for human application
and effective against target pathogens [2. Evaluation
follows rigorous protocols to determine the physical,
chemical, and biological integrity of the formulation 10,

4.1 Organoleptic Properties

The sensory characteristics of the sanitizer are the first
indicators of consumer acceptance and formulation
consistency 34,

Color and Odor: The formulation is visually inspected
for its characteristic color, which should remain stable
without significant darkening or precipitation 2, The
odor is assessed to ensure it possesses the pleasant,
natural fragrance of the incorporated essential oils, such
as Lemon or Rose, rather than a pungent chemical smell
8]

Clarity and Texture: The clarity is measured by visual
transparency against a dark and light background to
check for the presence of suspended particles or
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turbidity [3%, Texture analysis ensures the product is
non-sticky and smooth upon application to the skin [*3,

4.2 Physicochemical Properties

These parameters dictate the stability and user-friendliness
of the product during its intended shelf life 2],

pH Measurement: The pH of the sanitizer is a critical
factor for skin compatibility and is measured using a
digital pH meter B2, Ideally, the pH should be
maintained between 5.5 and 7.0 to mimic the natural
acid mantle of the skin, thereby preventing irritation
and dryness 3],

Viscosity and Spreadability: Viscosity is typically
determined using a Brookfield viscometer to ensure the
gel or liquid has the appropriate flow behavior for
dispensing [, Spreadability is assessed by measuring
the diameter of the area covered by a specific amount of
the formulation between two glass plates under a

standard weight, which indicates the ease of application
[39]

Stability Studies: Formulations undergo accelerated
stability testing according to ICH guidelines, where
they are exposed to varying temperatures (e.g., 4°C,
25°C, and 40°C) and humidity levels for several months
491, This ensures that the herbal extracts do not degrade
and the emulsion or gel structure does not undergo
phase separation over time [,

4.3 Biological Testing

Biological evaluation confirms the therapeutic claims and
safety of the herbal ingredients [*7],

Antimicrobial Efficacy: The primary method for
evaluating potency is the Agar Well Diffusion Method,
where the Zone of Inhibition (ZOI) is measured in
millimeters 1. The sanitizer is tested against
representative Gram-positive bacteria like
Staphylococcus aureus and Gram-negative bacteria like
Escherichia coli to determine its broad-spectrum
capability ©4,

Skin Irritancy Test: To ensure the product is safe for
frequent use, a skin irritation study is conducted, often
using a Human Patch Test or an animal model (e.g.,
New Zealand white rabbits) 2. The formulation is
applied to a localized area, and the site is observed at
intervals of 24, 48, and 72 hours for signs of erythema
(redness) or edema (swelling) 2,

5. Advantages and Disadvantages

The transition from synthetic formulations to herbal hand
sanitizers involves a careful balance between dermatological
benefits and pharmaceutical challenges . While botanical
products offer a safer profile for long-term use, they present
specific technical hurdles regarding standardization and
shelf stability 371,

5.1 Advantages

Skin-friendly and Non-drying: Unlike conventional
alcohol-based sanitizers that lead to stratum corneum
damage, herbal formulations often contain natural
emollients like Aloe Vera that preserve the skin’s lipid
barrier 21, The inclusion of these botanical humectants
ensures that the skin remains hydrated, significantly

reducing the incidence of irritant contact dermatitis [
20]
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Biodegradable and Eco-friendly: Herbal sanitizers are
primarily composed of plant-derived secondary
metabolites that undergo rapid biological degradation in
the environment . This reduces the chemical footprint
and prevents the accumulation of persistent synthetic
residues in aquatic ecosystems, which is a common
concern with triclosan-based products [ 431,
Therapeutic Benefits: Beyond simple disinfection,
herbal ingredients like Turmeric and Neem offer
intrinsic anti-inflammatory and antioxidant properties
[14. 18] These bioactive compounds promote the healing
of micro-fissures on the skin surface and provide a
protective effect against oxidative stress caused by
environmental pollutants 15 191,

5.2 Disadvantages

Shorter Shelf Life and Stability Issues: Herbal
extracts are highly susceptible to oxidation and
microbial contamination over time, often resulting in a
shorter expiration period compared to synthetic
versions 9. Maintaining the physical consistency and
chemical integrity of polyherbal gels requires complex
stabilization techniques to prevent phase separation or
precipitate formation [33 39,

Variable Efficacy Based on Plant Quality: The
antimicrobial potency of herbal sanitizers is strictly
dependent on the concentration of phytochemicals,
which varies significantly based on geographic location,
soil quality, and harvesting season 2" 44, This lack of
uniformity makes it difficult to achieve consistent "kill
rates" across different manufacturing batches without
rigorous standardization 10441,

Slower "Kill Time™": Research indicates that many
100% alcohol-free herbal sanitizers require a longer
contact time—often up to 30 to 60 seconds to achieve a
significant log reduction in bacterial counts 7 %1 In
contrast, standard 70% isopropyl alcohol formulations
provide near-instantaneous denaturation of microbial
proteins, making them more efficient in high-risk
clinical environments [ 41,

6. Future Prospects and Conclusion

The evolution of herbal hand sanitizers from traditional
home remedies to standardized pharmaceutical products
faces both technical obstacles and promising technological
advancements [*61. Addressing these factors is essential for

the global transition toward sustainable hygiene solutions
[47]

6.1 Challenges

The primary hurdle in the commercialization of herbal
sanitizers is the standardization of herbal extracts, as the
concentration of active secondary metabolites like
azadirachtin or eugenol fluctuates due to genetic and
environmental factors 14, This variability necessitates the
use of advanced analytical techniques, such as High-
Performance Liquid Chromatography (HPLC), to ensure
batch-to-batch consistency and therapeutic reliability [,
Furthermore, large-scale manufacturing presents difficulties
in maintaining the stability of volatile essential oils during
the heating and mixing phases of industrial production I,
Economic constraints also arise from the high cost of
organic cultivation and the complex purification processes
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required to remove plant pigments that may stain skin or
clothing 41,

6.2 Future Trends
The integration of
transformative trend

nanotechnology represents a
in improving the delivery and
performance of botanical antimicrobials %,  The
development  of  nano-emulsions and  polymeric
nanoparticles allows for the encapsulation of hydrophobic
herbal oils, significantly increasing their surface area and
penetration through microbial biofilms B4, These nano-
formulations offer a sustained-release mechanism, which
extends the duration of antimicrobial protection on the skin
surface compared to traditional aqueous extracts [,
Additionally, the use of green-synthesized metal
nanoparticles (e.g., silver or zinc) capped with plant extracts
is being explored to create synergistic "next-generation™

sanitizers with enhanced efficacy at lower concentrations
[51]

7. Conclusion

Herbal hand sanitizers represent a viable, long-term
alternative to synthetic alcohol-based products, particularly
for daily community use where skin health is a priority [ 101,
By combining the potent antimicrobial properties of plants
like Neem, Tulsi, and Turmeric with natural humectants like
Aloe Vera, these formulations provide effective germ
protection while mitigating the risks of dermatitis and
environmental toxicity % ¥ While challenges regarding
rapid "kill time" and shelf-life persist, the application of
nanotechnology and rigorous standardization protocols
promises to bridge the gap between natural safety and
pharmaceutical efficiency [° 52, Ultimately, herbal
sanitizers align with the global shift toward eco-friendly
healthcare, offering a sustainable strategy for personal
hygiene and infectious disease prevention [ 52,
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