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Abstract

Plant-derived extracts have gained substantial attention in dermatology for their potential to provide effective and safer alternatives to
synthetic compounds in skin care applications. This review explores the mechanisms and efficacy of various plant extracts, including licorice root,
mulberry, bearberry, cherry blossom, aloe vera, calendula, tea tree oil, and comfrey, in skin whitening, anti-aging, and wound healing. These extracts
exhibit diverse bioactive compounds that target key pathways involved in skin pigmentation, collagen synthesis, and tissue regeneration. The
skin-whitening effects are primarily mediated through the inhibition of tyrosinase activity, while anti-aging benefits are linked to the promotion
of collagen production and antioxidant properties. Additionally, the wound-healing capabilities of these extracts are attributed to their ability
to enhance cellular regeneration, reduce inflammation, and prevent infection. The methods of extraction and preparation play a critical role in
maximizing the therapeutic potential of these plant-based agents, making them integral components in the formulation of dermatological products.
Further research is warranted to fully elucidate the molecular mechanisms and optimize the clinical application of these extracts in skincare.
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Introduction

Plant extracts have been utilized across various cultures for
centuries, valued for their medicinal and cosmetic properties.
Derived from different parts of plants such as leaves, roots,
flowers, seeds, and other plant components, these extracts have
played a significant role in cosmetics due to their fragrance
and healing capabilities. Historically, they have been revered as
natural alternatives to synthetic chemicals, offering a rich source
of bioactive compounds. The use of plant extracts in cosmetics can
be traced back to ancient civilizations, where they were integral in
the formulation of ointments, perfumes, and beauty products. Each
plant extract is complex, often containing hundreds of different
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compounds. This complexity presents challenges in terms of batch
variability and the definition of precise mechanisms of action [1].

Plant extracts are available in various forms, including liquids,
oils, solids, and powders. Notably, most of the oils derived from
plant extracts are water-insoluble and are commonly referred to
as essential oils. These oils are particularly prized in the cosmetic
industry for their therapeutic and aromatic properties [2].

Plant extracts serve diverse functions in cosmetics due to their
varied bioactive components. Certain plant extracts exhibit potent
antifungal properties. For example, Curcuma zedoaria, Aristolochia,
Mentha x piperita, Baccharis trimera, and Cymbopogon citratus
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have been shown to combat fungal infections, making them valuable
in formulations aimed at treating or preventing skin conditions
caused by fungi [3]. Compounds such as carvacrol, cinnamaldehyde,
eugenol, grape seed oil, and rose essential oil are known to inhibit
the production of pro-inflammatory cytokines and chemokines.
These extracts are often used in cosmetics to soothe irritated skin
and reduce redness [4]. Extracts from thyme, clove, oregano, and
lavender are rich in antioxidants. These compounds help protect
the skin from oxidative stress, a major factor in skin aging and
damage caused by environmental factors such as UV radiation and
pollution [5]. Vegetable oils like flaxseed oil and safflower oil are
commonly used in anti-aging formulations due to their ability to
nourish the skin and promote the repair of damaged skin cells [6].

The extraction of plant compounds is a critical process that
influences the efficacy and quality of the final product. Various
methods are employed based on the type of compound, plant
material, solvent compatibility, and the desired efficacy and yield.
Common extraction methods include Maceration: This is a simple
extraction method where plant material is soaked in a solvent over
time to extract the desired compounds. Percolation: Similar to
maceration, percolation involves passing a solvent through the plant
material to extract the compounds. Soxhlet Extraction: This method
is particularly effective for extracting non-volatile substances. It
involves continuously washing the plant material with a solvent in
a specialized apparatus to maximize yield [7]. Steam Distillation:
Ideal for volatile oils, steam distillation involves passing steam
through plant material to vaporize the volatile compounds, which
are then condensed and collected. Cold Pressing: Commonly used
for citrus peels, cold pressing mechanically extracts oils without the
use of heat, preserving the integrity of the compounds. Supercritical
Fluid Extraction: This method uses supercritical fluids, like COZ2, to
extract compounds at high efficiency and purity. It is particularly
useful for large-scale operations. Ultrasonic Extraction: This
method uses ultrasonic waves to enhance the extraction process,
improving the yield and preserving sensitive compounds [8]. The
choice of extraction method depends on several factors, including
the type of compound being extracted, the nature of the plant
material, solvent compatibility, and the need to preserve bioactive
compounds. For instance, steam distillation is preferred for volatile
oils, while soxhlet extraction is better suited for non-volatile
substances. Cold pressing is ideal for extracting oils from citrus
peels, whereas maceration is commonly used for herbs. Advanced
methods like soxhlet extraction and supercritical fluid extraction
offer higher yields and purities but are more suitable for large-scale
operations. In contrast, simpler methods like maceration are often
used for smaller-scale extractions [9].

Plant Extract Effect on Skin Whitening

Plant extracts have been increasingly recognized for their
potential in dermatological applications, particularly in skin
whitening treatments. The interest in plant-based agents stems
from their natural origins and their ability to offer effective, safer
alternatives to synthetic compounds. Plant extracts such as licorice
root, mulberry, bearberry, and cherry blossom have demonstrated
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notable skin whitening effects due to their bioactive compounds
that inhibit melanin production, the pigment responsible for skin
coloration. These extracts often target key enzymes involved in
melanin synthesis, such as tyrosinase, and modulate oxidative stress
and inflammatory pathways, contributing to their efficacy in skin
lightening [10]. Recent studies have highlighted the mechanisms
through which these plant extracts exert their skin-whitening
effects. For instance, licorice root extract contains glabridin, which
effectively inhibits tyrosinase activity, thus reducing melanin
production [11]. Similarly, mulberry extract has been shown to
impact melanin synthesis through its bioactive compounds that
influence key enzymatic pathways involved in pigmentation [12].
The efficacy of these extracts not only lies in their direct inhibitory
effects on melanogenesis but also in their ability to modulate
cellular responses related to oxidative stress and inflammation,
which are critical in the context of skin pigmentation [13].

Licorice root extract is obtained from the Glycyrrhiza glabra
plant, which has been widely used in traditional medicine and
modern dermatological applications. The preparation process
begins with the collection of licorice roots, which are then dried
and ground into a fine powder. This powdered root is subsequently
mixed with a solvent, typically ethanol or water, to extract the
active ingredients. After mixing, the solution undergoes filtration
to remove any remaining solid particles, followed by formulation
to create the final product suitable for various applications in
skincare [14]. Licorice root extract is renowned for its significant
skin-whitening and anti-inflammatory effects, which are primarily
attributed to its active compounds: glabridin and glycyrrhizin.
Glabridin is the most potent compound found in licorice root extract
and plays a crucial role in skin whitening. It inhibits the activity of
tyrosinase, an enzyme responsible for the production of melanin, the
pigment that gives skin its color. By inhibiting tyrosinase, glabridin
effectively reduces the formation of melanin, thereby leading to a
lighter skin tone [15]. Glycyrrhizin, another significant component
of licorice root, has strong anti-inflammatory and antibacterial
properties. These properties help in soothing irritated skin,
reducing redness, and preventing bacterial infections. Glycyrrhizin
works by modulating the inflammatory response, making it an
ideal ingredient for skincare products aimed at calming sensitive
or inflamed skin [16]. Licorice root extract has been incorporated
into various skincare products due to its beneficial properties. For
instance, “Tone Maker Licorice Essence” is a popular product that
utilizes the skin-whitening and soothing effects of licorice root
extract to improve skin tone and texture [17].

Mulberry extract, derived from the leaves of the Morus genus,
has gained attention for its potential in dermatological applications,
particularly in skin whitening. The leaves are the most utilized
part of the mulberry plant, and their extracts are prepared using
various solvents to obtain a range of bioactive substances, including
flavonoids, phenols, and alkaloids. The preparation typically
involves boiling the powdered leaves in water using a decoction
method, followed by filtration, concentration, and purification to
isolate the active components [18]. This process ensures that the
resulting extract retains the beneficial properties of the plant’s
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bioactive compounds. The mechanisms through which mulberry
extract exerts its skin-whitening effects are multifaceted. Arbutin,
a primary compound found in mulberry leaves, inhibits tyrosinase,
an enzyme crucial for melanin production, thereby reducing
pigmentation [19]. Additionally, quercetin, a flavonoid present in
the extract, functions as an antioxidant that helps protect the skin
from oxidative stress and inflammation [20]. Vitamin C, another
significant component, contributes to skin brightening through its
antioxidant properties, which also support collagen synthesis and
skin repair [21]. Furthermore, anthocyanins, which are also present
in mulberry extract, offer antioxidant benefits and enhance skin
brightness by mitigating oxidative damage [22]. Collectively, these
components contribute to the effectiveness of mulberry extract in
improving skin tone and reducing pigmentation.

Bearberryextract,obtained fromtheleaves ofthe Arctostaphylos
uva-ursi plant, is renowned for its skin lightening properties
and is a popular ingredient in dermatological formulations. The
preparation of bearberry extract involves maceration, where
powdered bearberry material is immersed in a suitable solvent
and left to macerate over time. This process allows the extraction
of active compounds, which are then separated through filtration
and concentrated for use [23]. The extraction method ensures that
the beneficial bioactive components are effectively captured in the
final product. The efficacy of bearberry extract in skin care can be
attributed to its active constituents. Arbutin, a major compound,
inhibits the enzyme tyrosinase, which plays a key role in melanin
production, thereby contributing to skin lightening [24]. Tannins
present in the extract provide additional benefits by tightening
the skin and reducing inflammation, enhancing the overall skin
appearance [25]. Moreover, the flavonoids in bearberry extract
possess anti-inflammatory properties, which further support skin
health by mitigating inflammation and promoting a more even
skin tone [26]. Bearberry extract has a valuable ingredient in skin
lightening and anti-inflammatory skincare products.

Cherry blossom extract, derived from the flowers of the cherry
blossom tree, is highly valued in dermatology for its diverse
benefits, including antioxidant and anti-inflammatory effects.
The preparation of cherry blossom extract commonly involves
two methods: hydroalcoholic extraction and steam distillation.
Hydroalcoholic extraction uses a mixture of water and alcohol
to dissolve and extract bioactive compounds from the cherry
blossoms, while steam distillation is employed to obtain essential
oils, which provide the characteristic floral scent [27].

The extract is rich in several key active ingredients. Flavonoids,
particularly quercetin, are known for their potent antioxidant
properties, which help protect the skin from oxidative damage
[28]. Phenolic compounds such as chlorogenic acid and caffeic acid
contribute to the antioxidant and anti-inflammatory effects of the
extract, making it effective in reducing inflammation and oxidative
stress [29]. Additionally, tannins in cherry blossom extract provide
astringent effects, which can tighten and tone the skin. Essential
oils extracted from cherry blossoms not only impart a pleasant
fragrance but also have additional benefits that enhance the overall
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appeal of the extract in cosmetic formulations [30].
Plant Extract Effect as Antiaging and Anti-Wrinkles

Resveratrol is a polyphenolic compound found in various
plants, including red grapes, blueberries, cranberries, and peanuts.
It has garnered significant attention in dermatology due to its
potent antioxidant and anti-aging properties. The preparation of
resveratrol involves several methods. Natural extraction from plant
sources uses solvents such as ethanol or methanol to isolate the
compound, followed by purification [31]. Alternatively, resveratrol
can be synthesized chemically or produced through microbial
fermentation processes, each method offering unique advantages
in terms of yield and purity [32]. The mechanisms of action of
resveratrol are primarily related to its antioxidant and anti-aging
effects. As an antioxidant, resveratrol helps neutralize free radicals,
thereby reducing oxidative stress and cellular damage [33]. In
terms of anti-aging, resveratrol enhances collagen production
and synthesis by stimulating collagen production and protecting
existing collagen from degradation. It achieves this by inhibiting
matrix metalloproteinases (MMPs), enzymes responsible for
collagen breakdown [34]. Additionally, resveratrol strengthens
the skin barrier function, which helps maintain moisture levels
and reduce transdermal water loss, contributing to improved skin
hydration and resilience [35]. A notable example of resveratrol’s
application in skincare is “The Ordinary Resveratrol 3% plus Ferulic
Acid,” which combines resveratrol with ferulic acid to enhance its
efficacy.

Pomegranate extract, derived from the fruit of the Punica
granatum L. shrub, is obtained from both the crimson skin and the
berries of the pomegranate. This extract is renowned for its diverse
bioactive compounds that contribute to its dermatological benefits.
The preparation of pomegranate extract involves two primary
methods: cold press extraction and solvent extraction. Cold press
extraction involves mechanically pressing the seeds or peels to
obtain the extract, while solvent extraction uses solvents to dissolve
and separate the active compounds from the plant material [36].
The active ingredients in pomegranate extract include ellagic acid,
anthocyanins, hydrolyzed tannins, phytonutrients, and vitamin
C. Ellagic acid is known for its anti-inflammatory and antioxidant
effects, which help protect the skin from oxidative stress and
inflammation [37]. Anthocyanins, another key component, provide
significant antioxidant properties that contribute to skin protection
[38]. Hydrolyzed tannins offer additional protection against free
radical damage and help reduce inflammation [39]. Phytonutrients
in pomegranate extract promote cell growth in the epidermis,
while vitamin C enhances collagen synthesis and protects against
UV-induced damage [40]. The polyphenols and flavonoids present
in pomegranate extract are also crucial for their anti-aging effects,
as they stimulate the production and synthesis of collagen and
elastin by activating fibroblasts, the cells responsible for collagen
production [41]. An example of pomegranate extract’s application
in skincare is the “Argan Anti-Aging Face Cream with Pomegranate,”
which leverages these properties to enhance skin health and
appearance.
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Ginseng extract, derived from the root of Panax ginseng, is a
well-regarded component in dermatological applications due to its
rich array of bioactive compounds. The primary active ingredients
in ginseng include ginsenosides and polysaccharides. Ginsenosides,
the major active compounds, are known for their numerous
therapeutic effects, including antioxidative properties. These
compounds help neutralize free radicals, reducing oxidative stress
and protecting the skin from premature aging [42]. Polysaccharides
in ginseng contribute to skin hydration and repair, further
enhancing the extract’s skincare benefits [43]. The preparation
of ginseng extract involves two main methods: solvent extraction
and steam distillation. Solvent extraction utilizes various solvents
to dissolve and separate the active compounds from the ginseng
root. Steam distillation, on the other hand, is used to extract
essential oils from the ginseng, which contain volatile components
with potential therapeutic benefits [44]. Ginsenosides also play a
crucial role in stimulating fibroblast activity, leading to increased
collagen synthesis, which improves skin elasticity and firmness.
This mechanism underlies ginseng’s effectiveness in enhancing
skin appearance and mitigating signs of aging [45].

Rosemary extract, derived from the leaves of Rosmarinus
officinalis L., belongs to the Lamiaceae family and is utilized in
dermatology for its diverse therapeutic properties. The active
ingredients in rosemary extract include rosmarinic acid, phenolic
diterpenes (such as carnosic acid and carnosol), flavonoids
(including diosmin), and essential oils [46]. These components
collectively contribute to rosemary’s effectiveness in combating
skin photoaging, atopic dermatitis, pollution-induced damage, and
general skin aging. Rosmarinic acid exhibits potent antioxidant and
anti-inflammatory activities, which help reduce oxidative stress and
inflammation in the skin [47]. Phenolic diterpenes, such as carnosic
acid and carnosol, inhibit matrix metalloproteinase-9 (MMP-9),
thus protecting the skin from degradation caused by oxidative
stress and environmental pollutants [48]. Flavonoids like diosmin
and rosemary essential oil further enhance the extract’s efficacy
by providing antioxidant benefits and improving skin elasticity
[49]. Studies on aqueous and ethanolic extracts of rosemary have
demonstrated significant radical scavenging and anti-aging effects,
including increased skin elasticity, reduced wrinkle depth, and
reinforced skin barrier function [50]. The preparation of rosemary
extract typically involves solvent extraction using organic solvents.
This method efficiently isolates the active compounds from
rosemary leaves, enabling their incorporation into various skincare
products [51]. Examples of products incorporating rosemary
extract include Stimulating Rosemary Extract, Rosemary the
Ordinary, and Rosemary and Olive Oil Rejuvenating Cream.

Turmeric extract, primarily derived from the rhizomes of
Curcuma longa, is well-regarded for its anti-aging properties,
largely attributed to its bioactive compound, curcumin. The
primary objective of recent studies has been to optimize the
topical delivery of curcumin through the development of curcumin-
loaded spanlastics, incorporating these into anti-aging gels for
enhanced skin benefits [52]. Curcumin, along with its derivatives
demethoxycurcumin and bis-demethoxycurcumin, is known for its
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potent antioxidant, anti-inflammatory, and anti-aging properties
[53]. These compounds work by neutralizing free radicals, reducing
oxidative stress, and inhibiting inflammatory pathways, which
collectively contribute to skin rejuvenation and the mitigation of
aging signs [54]. Polyphenols present in turmeric extract further
enhance these effects by protecting skin cells from damage and
promoting cellular repair processes. In the preparation of turmeric
extract, curcumin is separated from the turmeric rhizomes using
extraction techniques, followed by incorporation into spanlastics
through ethanol injection. These spanlastics are then formulated
into gels, optimizing the delivery and efficacy of curcumin for
topical anti-aging applications [55]. Examples of products utilizing
this technology include Curcumin Radiance Serum and Turmeric
and Hyaluronic Acid Facial Serum.

Plant Extract Effect on Wound Healing

Aloe vera extract, derived primarily from the leaf gel of Aloe
barbadensis, is widely recognized for its therapeutic properties,
particularly in wound healing, scar reduction, and the soothing
of burns [56]. The preparation of aloe vera extract typically
involves solvent extraction or the decolorized whole leaf extract
method, ensuring the preservation of the bioactive compounds
that contribute to its healing properties [57]. The efficacy of
aloe vera in skin care is largely attributed to its rich composition
of polysaccharides, vitamins, and minerals. Acemannan, a key
polysaccharide, plays a significant role in cellular regeneration and
hydration, promoting the healing of wounds and burns by reducing
inflammation through the inhibition of pro-inflammatory cytokines
[58]. Aloe vera is also rich in vitamins A, C, and E, which provide
antioxidant protection, helping to mitigate oxidative stress and
support skin repair [59]. Additionally, the presence of essential
minerals such as zinc and magnesium further enhance skin repair
processes [60]. Aloe vera also contains several unique compounds,
including aloe emodin, aloin, and aloe sin, which contribute to its
anti-inflammatory, antimicrobial, and wound-healing properties
[61]. These compounds help keep wounds hydrated and prevent
infection, while also supporting the regeneration of damaged
tissue through cell proliferation and the provision of essential
vitamins and enzymes [62]. An example of a product utilizing
aloe vera extract for these purposes is Mamma Earth Aloe Vera
Gel, specifically formulated to soothe sunburns and promote skin
healing.

Calendula (Calendula officinalis), commonly known as
marigold, has long been valued for its potent wound-healing
properties. The extract derived from this plant is known to promote
tissue regeneration, enhance collagen synthesis, and stimulate
epithelialization, primarily by enhancing fibroblast activity at
wound sites [63]. Calendula extract facilitates wound healing by
increasing angiogenesis, collagen synthesis, and the metabolism
of nuclear proteins and glycoproteins, resulting in improved local
circulation and granulation tissue formation [64].

The therapeutic effects of calendula extract can be attributed to
its rich composition of bioactive compounds, including flavonoids,
triterpenoids, carotenoids, and essential oils such as calendulin,
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lutein, and quercetin [65]. These compounds work synergistically
to enhance the wound healing process, with flavonoids and
triterpenoids playing key roles in reducing inflammation and
promoting collagen production, while carotenoids and essential oils
contribute to antioxidant protection and further tissue repair [66].
Calendula extract is commonly prepared using various methods
to maximize its efficacy. The solvent casting method is often used
to produce calendula-based films, which are applied directly to
wounds for controlled release of the active ingredients [67]. Other
extraction methods include CO2 extraction, dry extraction, and
maceration, each of which preserves the bioactive compounds
differently, depending on the intended use and formulation of the
final product [68].

Tea tree oil, derived from the leaves of the Melaleuca alternifolia
plant, is widely recognized for its therapeutic properties,
particularly in wound healing and skin care. The oil is primarily
prepared through steam distillation, a method that effectively
extracts the essential oils while preserving their potent bioactive
compounds [69]. The mechanism of action of tea tree oil in wound
healing and skin care is multifaceted. One of its primary effects
is the modulation of the immune response, where it influences
the production of cytokines, which are signaling proteins that
regulate inflammation and immune reactions [70]. By reducing
inflammation, tea tree oil not only alleviates discomfort but
also promotes a conducive environment for the healing process.
Additionally, tea tree oil plays a critical role in the reepithelization
phase of wound healing, during which new skin cells form over the
wound, aiding in faster recovery [71].

Furthermore, tea tree oil stimulates collagen production, a
key factor in wound repair and skin rejuvenation. Collagen is a
structural protein that provides strength and elasticity to the skin,

Table 1: Side effects associated with some commonly used plant extracts.

and its enhanced production under the influence of tea tree oil
contributes to more effective wound healing and scar reduction
[72].

Comfrey (Symphytum officinale) extract, obtained primarily
from the roots and leaves of the plant, is renowned for its potent
healing properties, particularly in wound repair and tissue
regeneration. The extract is typically prepared using organic
solvent extraction, often employing alcohol to efficiently draw out
the bioactive compounds from the plant material [73].

The key active ingredients in comfrey extract include allantoin
and rosmarinic acid. Allantoin is widely recognized for its ability to
promote cell proliferation, which is crucial for the regeneration of
damaged tissues and the acceleration of the wound healing process
[74]. This compound not only supports the growth of new cells but
also enhances collagen production, contributing to the structural
integrity and elasticity of the skin, which are essential for effective
wound repair [75]. Rosmarinic acid, another significant component
of comfrey, is known for its strong anti-inflammatory properties.
This compound plays a critical role in reducing inflammation at
wound sites, thereby facilitating a more rapid and efficient healing
process. The combined effects of these active ingredients make
comfrey extract a powerful agent in promoting epithelialization
and improving tissue regeneration, leading to faster recovery and
reduced scarring [76].

Side Effect of Using Plant Extract

Plant extracts, while beneficial for various dermatological
applications, can also pose certain risks. These side effects as
shown in (Table 1) can vary based on the plant extract used, the
concentration, the individual's skin type, and the method of
application [77].

Tea Tree Oil Skin irritation, allergic contact dermatitis, burning sensation, and dryness when used in high concentrations. [77]
Comfrey Extract Hepatotoxicity (when ingested), allergic reactions, arllcc)iig;)tential carcinogenic effects due to pyrrolizidine alka- (78]
Licorice Root Extract Hypokalemia (low potassium levels), hypertension (high blood pressure), and allergic skin reactions. [79]
Mulberry Extract Skin irritation and sensitivity to sunlight lead to phototoxicity in some individuals. [80]
Bearberry Extract Mild skin irritation and potential photosensitivity with prolonged use. [81]
Cherry Blossom Extract Allergic reactions including skin rashes, itching, and redness, especially in individuals with pollen allergies. [82]
Resveratrol Skin irritation and redness, especially with high concentrations or in sensitive skin types. [83]
Pomegranate Extract Allergic skin reactions, including itching, redness, and inflammation. [84]
Ginseng Extract Skin irritation, rashes, and possible hormone-like effects when used in high concentrations. [85]
Turmeric Extract Allergic reactions, including contact dermatitis, and yellow staining of the skin. [86]
Rosemary Extract Skin irritation, allergic reactions, and increased sensitivity to sunlight leading to phototoxicity. [87]

The side effects associated with plant extracts can range from
mild skin irritation to more severe allergic reactions and systemic
effects. These reactions often depend on the concentration of the
extract, the individual’s skin type, and their overall sensitivity to

botanical ingredients. While plant extracts offer numerous benefits,
it is crucial to use them cautiously, particularly in individuals with
sensitive skin or known allergies [77-83].
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Conclusion

The utilization of plant extracts in dermatology offers promising

alternatives to synthetic compounds, particularly in areas like skin
whitening, anti-aging, and wound healing. Through mechanisms
such as the inhibition of melanin production, stimulation of
collagen synthesis, and modulation of inflammatory responses,
these extracts have demonstrated significant therapeutic potential.
The active compounds in extracts like licorice root, mulberry,
bearberry, and comfrey, among others, work synergistically to

promote skin health, making them valuable ingredients in modern

skincare formulations. Their natural origins and multifaceted
benefits underscore the importance of continuing research
and development in the application of plant-based agents in
dermatological treatments.
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