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Abstract: Fragrance personalization, traditionally guided by aesthetic preferences, offers a novel
approach by leveraging skin microbiome insights. The ecosystem of bacteria, fungi, and viruses,
interacting with skin pH, sebum, and temperature, shapes scent longevity, projection, and character.
This review proposes a science-driven framework, integrating microbiology, fragrance chemistry,
and consumer behaviour. It explores microbial metabolism of volatile organic compounds, health
risks from overuse, and environmental impacts of overconsumption. Practical personalization
strategies, with or without metagenomic testing, benefit enthusiasts and those with fragrance
underperformance. This approach can enhance satisfaction, reduces health risks, and promotes
sustainable consumption, redefining fragrances as personalized wellness.
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Introduction

Fragrances have long served as a cultural and emotional touchstone, intertwining sensory allure
with personal identity, from the myrrh of ancient Egypt to the synthetic musks of modern perfumery
[1]. The global fragrance market, valued at over $50 billion, thrives on evoking emotion and
individuality [2]. However, a persistent challenge undermines this appeal: the same fragrance
performs differently across individuals, varying in longevity, projection, and olfactory character [3].
This variability frustrates consumers, who often over-apply, switch brands, or discard products,
amplifying health risks from chemical exposure and contributing to environmental waste [3]. Social
media, driving nearly 30% of fragrance purchases through influencers, perpetuates this cycle by
encouraging trial-and-error buying [2].

Historically, perfumers attributed fragrance variability to skin chemistry, encompassing pH,
sebum, and temperature [4]. Advances in microbiology highlight the skin microbiome —bacteria such
as Staphylococcus epidermidis and Corynebacterium, fungi such as Malassezia, and viruses—as a
key modulator of skin physiology [5]. Research reported that molecules on the skin surface are
primarily products of microbial metabolism, including organic compounds processed by enzymes
like lipases and esterases [6]. The skin microbiome produces volatile compounds contributing to body
odour [7]. These enzymes may transform fragrance volatile organic compounds, such as esters and
terpenes, potentially altering their scent profiles.

While microbiome science has revolutionized dermatology and nutrition, its application to
fragrance personalization remains underexplored [7,19]. Consumer demand for biologically tailored
beauty is surging, with strong interest in personalized solutions [9].

This review proposes a framework for fragrance personalization, integrating microbial ecology,
fragrance chemistry, and consumer trends. It explores biological drivers of scent variability, microbial
VOC modulation, health and environmental implications, and practical personalization strategies,
with or without metagenomic testing. Individual physiological differences necessitate personalizing
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fragrances to optimize their sensory impact [10]. By aligning fragrances with individual biology and
microbiome, this approach may enhance scent performance, reduce health risks, and promote
sustainability, redefining fragrances as personalized wellness.

Why Fragrance Performance Varies Across Individuals

Fragrance performance varies across individuals, where the same perfume may project or persist
differently. This inconsistency leads to consumer dissatisfaction and influences industry trends
toward personalization [11]. One core contributor is the skin microbiome, which modulates skin
surface chemistry, including pH, lipid composition, and sweat metabolite levels, thereby affecting
fragrance compound behavior [12-14].

Cutibacterium acnes, prevalent in sebaceous areas, secretes propionic acid, adjusting skin pH to
the acidic range (4.5-5.5), impacting the stability and reactivity of volatile fragrance compounds [12].
Sebum, a lipid-rich secretion, can bind hydrophobic fragrance molecules, especially base notes like
patchouli, extending their skin longevity [12]. Sweat and sebum also create a hydrated environment
that supports microbial colonization [14].

Skin temperature and microenvironment further influence volatility. Warmer areas such as the
neck or inner elbows facilitate faster evaporation of top notes and may accelerate microbial
metabolism of certain volatile organic compounds [15]. Moreover, genetic and environmental factors
determine individual-specific compounds on the skin surface, shaping unique olfactory profiles [17].

Different skin sites harbor distinct dominant bacteria: sebaceous areas host Cutibacterium, moist
areas such as armpits are colonized by Corynebacterium, while dry sites are often dominated by
Staphylococcus species [18]. These bacteria metabolize sweat and sebum into volatile compounds,
significantly contributing to body odour formation [18-20].

As a result of inconsistent performance, users may reapply perfumes multiple times daily,
increasing exposure to allergens and volatile organic compounds [21]. This behavior not only raises
potential health risks but also contributes to waste and environmental stress through packaging and
production [22]. While personalized fragrance strategies based on individual skin profiles and
microbiome characteristics are being developed, widespread adoption remains limited [9].

From the existing data, the following extrapolations are reasonable. Cutibacterium acnes may
enhance citrus note vibrancy by stabilizing compounds at lower pH, while Corynebacterium might
reduce aldehyde-based note longevity in armpits due to its sulfur-metabolizing enzymes. Microbial
lipases likely bind base notes through sebum metabolism, extending persistence. Variations in
microbial composition and temperature may also accelerate top note degradation or amplify
woody/musky notes depending on the local pH and enzymatic interactions. Overall, these
microbiome-driven processes support the rationale for personalized fragrance formulation to
optimize individual performance and minimize unintended exposure.

The Skin Microbiome and Fragrance VOC Modulation

The human skin microbiome contributes directly to the production and transformation of
volatile organic compounds (VOCs), significantly influencing fragrance performance [7]. Microbial
diversity varies by body site, driven by differences in moisture, sebum, and local skin chemistry [6].
Bacteria such as Cutibacterium acnes produce lipases that metabolize skin lipids, modifying the
biochemical environment and indirectly altering fragrance interactions [5]. Microbial density,
particularly of Cutibacterium, varies across skin sites, contributing to odour formation [23] [Figure
1].

In the axillary region, Corynebacterium species utilize dehydrogenases to generate sulfur-
containing volatiles, a hallmark of body odour [24,25,28]. Other bacteria, like Staphylococcus
epidermidis, possess weak esterase activity, resulting in minimal transformation of esters and low
odour output [26]. In contrast, Staphylococcus hominis produces thioalcohols and other volatiles that
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affect odour intensity and perception [29]. Collectively, these bacteria metabolize sweat compounds
and sebum, contributing to the VOC profile on the skin [20]. [Table 1]

Skin pH, which is influenced by microbial metabolic activity, further modulates the reactivity
and perception of perfume molecules [31]. External factors such as hormonal changes also play a role
by altering microbial populations and skin secretions, thereby affecting compound transformation
[32]. Studies also confirm that fragrance molecules, including those in iconic formulations like Chanel
No. 5, interact with skin substrates and are susceptible to alteration post-application [10,27,30].

The available data strongly support the following extrapolations. Corynebacterium-derived sulfur
compounds can degrade aldehydic top notes, shortening their longevity. Staphylococcus hominis
volatiles may disrupt floral accord projection. Cutibacterium acnes, through its lipid metabolism, could
diminish aldehyde stability in sebaceous regions. Meanwhile, Staphylococcus epidermidis may exert
negligible interference with stable compounds like geranyl acetate. Hormonal shifts might enhance
microbial enzyme activity, modulating woody note persistence. Collectively, these microbial
activities support the concept that skin flora directly impacts perfume outcome and justifies
microbiome-based fragrance personalization.

Microbial Abundance by Skin Site
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Figure 1. Bar chart of microbial abundance (%) by skin site, showing variations in microbial composition
[5,18,23].

Table 1. Microbial Effects on Fragrance Volatile Organic Compounds.

Microbe Enzyme VOC Affected Reaction Extrapolated Olfactory
Impact
Cutibacterium acnes  Lipase, Esterase Benzyl acetate Hydrolysis Could weaken floral notes
to benzyl alcohol  [24]
idati Migh 1
Corynebacterium Dehydrogenase Linalool Oxidation ight modulate scent

to linalool oxide profiles [24]
Minimal change to scent

Staphylococcus Esterase (mild) Geranyl acetate Partial hydrolysis profile [26]

Note: Data extrapolated from microbial metabolism studies [23-26].

Health Risks of Fragrance Components

Fragrances, when applied excessively or formulated without consideration for an individual’s
unique skin biology, present a range of significant health risks that necessitate careful attention to
ensure safe usage [33]. Volatile organic compounds, such as limonene, commonly found in fragrance
formulations, undergo chemical reactions with environmental factors, resulting in the formation of
formaldehyde, a potent irritant that triggers asthma and rhinitis in susceptible individuals,
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exacerbating respiratory distress [34]. The consistent daily exposure to these volatile organic
compounds contributes substantially to indoor air pollution, creating respiratory health hazards not
only for users but also for others sharing the same environment, thereby amplifying public health
concerns [35]. Fragrances frequently induce allergic contact dermatitis, with specific compounds like
cinnamal causing skin irritation and discomfort in approximately 1 to 2% of users, highlighting the
allergenic potential of certain fragrance ingredients [36]. The standardized fragrance mix I, employed
in dermatological patch testing, elicits allergic reactions in 10% of patients diagnosed with dermatitis,
underscoring the widespread prevalence of fragrance-related skin sensitivities among affected
populations [37]. Sensitive skin, which affects 20 to 30% of adults, exhibits heightened vulnerability
to these adverse reactions, often leading to prolonged discomfort and necessitating the use of
specially formulated fragrance products to mitigate irritation [38]. Certain fragrance components,
including phthalates and synthetic musks, act as endocrine disruptors, interfering with hormonal
balance and potentially causing long-term health consequences across various physiological systems
[39]. Phthalates, in particular, have been directly linked to reproductive toxicity, raising significant
concerns about their impact on fertility and developmental health [40]. Synthetic musks, due to their
chemical stability, demonstrate bioaccumulation in both human tissues and environmental
ecosystems, posing risks to individual well-being and broader ecological health [41]. Personalizing
fragrance formulations to align precisely with an individual’s skin biology significantly mitigates
these health risks by reducing unnecessary exposure to harmful compounds, thereby enhancing user
safety and promoting overall well-being [42].

Environmental and Industrial Microbiology Insights

Environmental microbiology provides critical insights that guide the development of
sustainable fragrance design, addressing ecological challenges in production and disposal [43]. Soil
bacteria, such as Pseudomonas putida, possess enzymatic pathways that efficiently degrade
terpenes, mirroring Corynebacterium’s metabolism on human skin [44]. Bacillus subtilis employs
esterase enzymes to metabolize esters, enabling the design of more eco-friendly fragrance
components [45]. Commercial applications such as Givaudan’s Z-biome™ technology utilize
microbial fermentation to synthesize biodegradable volatile organic compounds, reducing the
environmental burden of fragrance manufacturing [46]. Studies in wastewater treatment have shown
that Pseudomonas species can degrade synthetic musks, which supports the formulation of more
sustainable fragrance ingredients [47]. Biodegradable formulations are increasingly recognized for
significantly reducing ecological footprints by minimizing persistent chemical waste [22].

From the existing findings, it is reasonable to extrapolate that the terpene-degrading pathways
of Pseudomonas putida may enhance the environmental breakdown of fragrance compounds,
supporting more compatible end-of-life degradation in nature. Bacillus subtilis’s esterase activity
likely ensures that fragrance esters naturally biodegrade in the environment, promoting long-term
ecosystem balance. Microbial fermentation, as applied in commercial platforms, could yield new
biodegradable notes that retain olfactory quality while enhancing sustainability. These microbial
processes reveal a promising direction for eco-conscious fragrance design—one that balances
performance with environmental responsibility and aligns with increasing consumer demand for
sustainable and personalized scent experiences.

Barriers to Research

Skin microbiome research has primarily focused on medical applications, including diagnostics
and therapeutics for dermatological conditions such as acne and psoriasis, with relatively little
attention directed toward cosmetic or fragrance-related investigations [48]. Analytical study of
volatile organic compounds (VOCs), essential to understanding interactions between fragrances and
skin microbiota, relies heavily on gas chromatography—mass spectrometry (GC-MS), a high-cost
technique requiring specialized infrastructure and trained professionals [49]. Additionally, the
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fragrance industry tends to resist acknowledging variability in scent performance, as this challenges
the long-standing model of producing universally consistent fragrances [50].

From the existing findings, it is reasonable to extrapolate that this medical-centric research
approach may inadvertently stall progress in developing microbiome-informed fragrance
personalization. The prohibitive costs and operational complexity of GC-MS likely restrict broader
exploration of individual scent performance, thus slowing innovation in this area. Furthermore, the
industry's reluctance to embrace scent variability may prevent meaningful shifts toward
personalization. A shift toward interdisciplinary collaboration between microbiologists, analytical
chemists, and fragrance manufacturers could help overcome these barriers, unlocking the potential
for microbiome-driven fragrance technologies and biologically attuned scent design.

Skin Microbiome Testing

Metagenomic analysis using 165 rRNA sequencing enables accurate identification and profiling
of skin-associated microbial taxa, offering detailed insights into bacterial community composition .
Studies focused on body odour reveal that microbial testing can pinpoint specific taxa responsible for
malodour formation, supporting the understanding of host-microbe-odour interactions. For instance,
Corynebacterium species, dominant in moist axillary areas, are associated with production of strong
volatile compounds, whereas Cutibacterium species, abundant in sebaceous regions like the neck,
contribute different volatile profiles [16,25]. The skin microbiome also plays a critical role in health
maintenance and immunity, factors which in turn influence odour expression and skin chemistry
[16]. Commercial biotechnology companies now offer consumer-accessible reports detailing
individual skin microbiota profiles, though the use of these insights for perfume personalization
remains largely exploratory [46]. Testing remains relatively expensive (approximately $100-$200),
and further research is needed to validate the predictive value of such data in fragrance-microbiome
interactions.

From the existing findings, it is reasonable to extrapolate that metagenomic profiling may evolve
into a key tool for advanced fragrance personalization, identifying specific microbial patterns that
correlate with better scent performance. Tailoring fragrances to individual microbiota could improve
projection, longevity, and user satisfaction, particularly for users who report underperformance with
standard perfumes. For example, the sulfur-rich volatiles of Corynebacterium may support deeper,
musky scents in axillary regions, while Cutibacterium’s skin chemistry might complement woody or
creamy notes like sandalwood, especially on the neck. As the precision of microbial data
interpretation improves, customized recommendations could emerge as an effective strategy to
match scent chemistry with individual biology. With the available insights from microbiome studies,
we can infer meaningful interactions between microbial metabolites and perfume VOCs, and use
these insights to enhance current personalization strategies, especially for enthusiasts and
individuals experiencing fragrance underperformance. Consumer-oriented reports may empower
buyers to choose fragrances optimized for their skin type and microbial signature, paving the way
for microbiome-informed olfactory experiences.

Practical Personalization Strategies

Personalization of fragrances significantly improves their performance without requiring
advanced microbial testing, offering practical strategies to optimize scent compatibility and user
satisfaction, as outlined in Table 2 [10]. The lipids present in sebum naturally bind fragrance
compounds, substantially extending the longevity of musky notes on dry skin, particularly when
enhanced by fatty acid-based moisturizers that reinforce this binding effect [46]. Oily skin,
characterized by elevated Cutibacterium activity due to its lipid-rich environment, supports the
proliferation of skin bacteria, allowing musky scents to maintain stability and persistence without
rapid degradation [18]. Hypoallergenic fragrances, formulated to reduce allergenic potential,
effectively minimize the risk of allergic contact dermatitis, making them ideal for individuals with
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sensitive skin prone to irritation [36]. The choice of application site critically influences scent
expression: wrists, being cooler and drier, optimize the projection of volatile citrus notes; necks,
warmer and oilier, enhance the richness of musky scents; and the area behind the ears, with moderate
temperature, is well-suited for balanced floral-musk blends, achieving excellent scent diffusion due
to optimal warmth [10,30]. Corynebacterium-rich armpits produce volatile compounds through robust
microbial metabolism, contributing to body odour [7,25]. This microbial activity may degrade
fragrance aldehydes, suggesting avoidance of aldehyde-based notes in these areas to prevent reduced
scent longevity. Cultural preferences, such as the widespread appreciation for oud fragrances in the
Middle East, guide fragrance selections to align with regional sensory and aesthetic traditions [2].
Minimal application of fragrances substantially reduces exposure to volatile organic compounds,
mitigating potential health and environmental risks associated with overuse [6]. Prebiotic
moisturizers nurture the skin microbiome, fostering a balanced microbial environment that enhances
fragrance performance by supporting optimal skin conditions [8]. Strategic layering of multiple
fragrance notes creates a more enduring and complex olfactory experience, allowing scents to evolve
harmoniously over time [10]. (Table 1, 180 words)

Table 2. Fragrance Personalization Strategies by Skin Type and Application Site.

Factor Recommendation Rationale

Dry Skin Fatty acid moisturizers, musks Might enhance fragrance molecule binding [ 10]
Oily Skin Musky scents Supports stability in lipid-rich environment [10,18]
Sensitive Skin ~ Hypoallergenic fragrances Minimizes dermatitis risk [36]

Wrist Citrus notes Cooler, drier, suits volatile VOCs [30]

Neck Musky notes Warmer, oilier, enhances base notes [10]

Behind Ears Floral-musk blends Moderate temperature, good diffusion [30]

Note: Strategies align with biology and culture [2,8,10].

Health and Sustainability Benefits

Personalizing fragrances substantially reduces exposure to allergens and volatile organic
compounds, significantly lowering the risk of allergic contact dermatitis and respiratory conditions
such as asthma, thereby enhancing user safety and comfort [42]. This tailored approach minimizes
waste by reducing over-application and product discards, conserving valuable botanical resources
essential for fragrance production and promoting environmental stewardship [22]. Personalization
optimizes scent compatibility, enabling consumers to choose well-matched fragrances that satisfy
their preferences, thereby reducing purchase frequency, conserving natural resources, and
promoting sustainable consumption practices [2]. Certain fragrance components, such as phthalates
and synthetic musks, function as endocrine disruptors, interfering with hormonal regulation and
potentially leading to long-term health consequences, including metabolic, reproductive, and
developmental disorders across multiple physiological systems [39,40]. Personalization aligns
fragrance use with wellness principles by ensuring scents complement individual skin biology, while
advancing sustainability through eco-conscious consumption practices that mitigate environmental
impact [9].

Integrating Biodegradability, Technology, and Microbiome Insights in
Fragrance Innovation

Biodegradable fragrance formulations, designed to decompose naturally, substantially reduce
environmental impact by limiting the accumulation of synthetic chemicals in ecosystems [47]. Digital
platforms, including mobile applications, facilitate personalized wellness and beauty experiences,
making tailored solutions more accessible to consumers [9]. Biotechnology partnerships, such as
Givaudan’s Z-biome™ initiative, leverage metagenomic technologies to analyse skin microbial
compositions for advanced fragrance development [46]. Educational efforts emphasize the skin
microbiome’s influence on wellness and sensory experiences, increasing consumer awareness [9].
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Additionally, fragrance molecules are known to interact with skin chemistry to produce varied
olfactory effects, laying the groundwork for biologically optimized scent design [10].

From these findings, it is reasonable to extrapolate that biodegradable formulations likely
enhance sustainability by supporting environmentally safe degradation pathways, contributing to
long-term ecological balance. Mobile-based personalization tools may democratize access to
microbiome-informed fragrance recommendations, particularly for enthusiasts and individuals
experiencing underperformance with standard perfumes. Strategic integration of metagenomics in
biotech partnerships could substantially refine fragrance compatibility with an individual's microbial
signature, boosting olfactory performance. As education grows around the microbiome's role in
sensory experiences, consumer acceptance of microbiome-personalized fragrances is likely to
increase. Together, these developments redefine perfumery as a biologically intelligent and eco-
conscious discipline.

Conclusions

Fragrance personalization is emerging as a scientifically grounded approach to address the
variability in scent performance observed across individuals. By incorporating insights from skin
microbiome research, it becomes possible to tailor fragrances to an individual’s biological profile,
potentially enhancing olfactory performance, reducing adverse reactions, and aligning with
sustainability goals. The skin microbiome, through its enzymatic and metabolic interactions with
volatile organic compounds, can play a critical role in modulating the sensory expression of
perfumes. Understanding these interactions provides a mechanistic basis for developing more
precise and consistent fragrance formulations.

Personalization, long a goal in cosmetics and healthcare, finds a robust scientific foundation in
microbiome-based strategies. Integrating metagenomic profiling into fragrance design adds an
additional layer of sophistication, allowing for the prediction and modulation of fragrance
performance based on microbial diversity and site-specific skin chemistry. Such approaches may be
particularly beneficial for individuals who experience poor scent longevity or altered olfactory
perception due to microbiome variation.

Advancements in biotechnology, consumer microbiome testing, and computational modelling
are likely to facilitate the practical application of these insights. As educational efforts increase public
awareness of the biological factors influencing fragrance experience, acceptance of microbiome-
guided personalization is expected to grow. Future research should aim to refine the predictive
models linking microbial taxa and metabolic pathways to specific fragrance molecule interactions
and validate them through controlled human studies.

In summary, microbiome-informed fragrance personalization represents a promising
interdisciplinary frontier, combining dermatological science, analytical chemistry, microbial ecology,
and perfumery. It holds the potential to redefine how fragrances are developed, selected, and
experienced — transitioning from generalized formulations to biologically optimized solutions.
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