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ABSTRACT 
The rising demand for safer and sustainable skincare solutions has positioned natural compounds, particularly 
antioxidants and tyrosinase inhibitors, at the forefront of cosmetic innovation. These bioactive ingredients, derived 
from plants, offer multifaceted benefits by addressing key skin concerns such as oxidative stress, aging, and 
hyperpigmentation. Antioxidants like flavonoids, phenolics, and vitamins C and E provide robust protection against 
environmental aggressors, enhance collagen synthesis, and maintain skin hydration and elasticity. Simultaneously, 
natural tyrosinase inhibitors, such as chlorogenic acid and ellagic acid, effectively reduce melanin production, 
promoting an even skin tone without the adverse effects associated with synthetic chemicals. The synergy between 
these compounds allows for comprehensive skincare solutions that cater to diverse skin needs while aligning with the 
global shift toward eco-conscious and sustainable beauty. Advances in formulation technologies, including 
nanoemulsions and phytosomes, have further amplified the efficacy and stability of these natural ingredients, ensuring 
optimal consumer satisfaction. This review explores the potential of natural antioxidants and tyrosinase inhibitors in 
revolutionizing the cosmetic industry, highlighting their role in fostering innovative, effective, and environmentally 
responsible skincare formulations for the future.   
Keywords: Natural compounds; Antioxidant activity; Tyrosinase inhibitors; Cosmetics formulations; Future 
technologies.  
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INTRODUCTION 
Skin aging and pigmentation disorders affect over 50% of individuals aged 30 and above globally, with 
prevalence rising due to UV exposure, pollution, and oxidative stress.1 These external aggressors trigger an 
overproduction of reactive oxygen species (ROS), which leads to lipid peroxidation, DNA damage, and 
premature cellular aging. In response, antioxidants have become fundamental ingredients in modern 
skincare formulations to counteract oxidative damage and preserve skin health.2 Synthetic antioxidants, 
although effective, raise safety concerns due to potential cytotoxicity and long-term instability.3 
Consequently, attention has shifted toward natural antioxidants from plant sources, which offer 
biocompatibility and multifunctional therapeutic benefits. Flavonoids, phenolics, tannins, and vitamins 
derived from various botanicals demonstrate potent antioxidant, anti-inflammatory, and tyrosinase-
inhibiting properties.4 Plants such as banana peel, moringa leaves, rice bran, and aloe vera have been 
scientifically validated for their skin-protective effects. These compounds not only neutralize ROS but also 
improve skin tone, texture, and elasticity, making them suitable for anti-aging and brightening applications. 
With growing consumer preference for clean-label cosmetics, incorporating plant-derived antioxidants has 
become both a scientific and commercial priority.5 Therefore, exploring and characterizing natural 
antioxidants is vital for advancing safe, effective, and sustainable skincare solutions. 
 

Natural Antioxidant in Cosmetics 
Flavonoids 
Flavonoids are essential antioxidants widely found in plants like banana peel, moringa leaves, 
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chrysanthemum flowers, and morus alba. These compounds are highly effective in neutralizing free 
radicals, primarily through hydrogen atom donation, which reduces oxidative stress and prevents cellular 
damage.6,7 In banana peel (Musa paradisiaca var. Sapientum), the combination of flavonoids, phenolics, 
and tannins provides an impressive antioxidant activity, as evidenced by an IC50 value of 44.91 ppm at a 
5% concentration.8 This highlights its suitability for anti-aging and protective skincare formulations, 
particularly for preventing oxidative stress-induced skin damage. Moringa leaves (Moringa oleifera Lam.), 
rich in quinic acid and flavonoids, further demonstrate the antioxidant capacity to protect the skin from 
environmental pollutants and improve elasticity, though specific IC50 values are not provided.9 Similarly, 
chrysanthemum flower (Chrysanthemum indicum L.) contains flavonoids and triterpenoids, which 
significantly neutralize reactive oxygen species (ROS), achieving IC50 values between 73.51-114.02 ppm.10 
This makes it effective in calming inflamed skin and promoting regeneration. Flavonoids in Morus alba 
contribute to tyrosinase inhibition, reducing melanin production and brightening skin tone. With IC50 values 
ranging from 50-100 ppm, Morus alba is widely used in brightening and even-toned skincare products.11 
Furthermore, flavonoids provide a multifaceted approach to skincare by combating oxidative damage, 
improving skin tone, and promoting elasticity, making them indispensable in anti-aging and protective 
skincare formulations. 
 

Phenolics 
Phenolic compounds are powerful natural antioxidants found in various plants, including dragon fruit peel, 
stevia, and rice bran. These compounds protect the skin by scavenging free radicals and inhibiting enzymes 
like elastase, which degrade proteins essential for skin firmness and elasticity.12,13 Dragon fruit peel 
(Hylocereus polyrhizus (F.A.C.Weber) Britton & Rose) showcases robust antioxidant activity, with IC50 
values ranging from 74.27 to 144.60 ppm.14 This high activity level helps prevent the breakdown of elastin, 
supporting the skin's structural integrity and reducing signs of aging. Stevia (Stevia rebaudiana (Bertoni) 
Bertoni), known for its phenolic content, demonstrates significant antioxidant effects, with an IC50 of less 
than 0.75 mg/mL.15 It offers anti-inflammatory and skin-repair benefits, making it valuable in formulations 
targeting oxidative damage. Rice bran (Oryzanol and tocopherols) is another noteworthy source of 
phenolics, offering strong photoprotection and antioxidant activity, with a reported effectiveness of up to 
87.23%.16 Its combination of phenolics and tocopherols helps combat lipid peroxidation, ensuring long-
lasting hydration and protection from environmental stressors. Phenolic compounds also play a critical role 
in reducing hyperpigmentation by inhibiting tyrosinase activity, as seen in mulberry (Morus alba L.)17 
These versatile compounds are essential for anti-aging, brightening, and soothing skincare formulations, 
delivering comprehensive protection and repair benefits for the skin. 
 

Tannins 
Tannins are polyphenolic compounds renowned for their antioxidant and astringent properties, commonly 
found in plants such as banana peel, chrysanthemum flower, and Morus alba. These compounds form 
protective layers on the skin, helping tighten pores and reduce the appearance of wrinkles.18 
Chrysanthemum flower (Chrysanthemum indicum L.) tannins work alongside flavonoids to neutralize ROS 
and support skin regeneration, achieving IC50 values between 73.51-114.02 ppm.10 This activity level makes 
chrysanthemum extracts ideal for anti-aging and calming formulations, promoting smoother and healthier 
skin. In Morus alba, tannins contribute to skin-brightening effects by inhibiting tyrosinase activity and 
reducing melanin production. These properties make Morus alba a popular ingredient in formulations 
targeting uneven skin tone and hyperpigmentation.19,20 Banana peel tannins, combined with phenolics and 
flavonoids, further enhance the peel’s antioxidant capacity, providing both anti-aging and firming benefits. 
The astringent properties of tannins also make them suitable for toners and masks aimed at refining skin 
texture.21,22 By reducing oxidative stress, calming inflammation, and promoting skin firmness, tannins offer 
comprehensive benefits for anti-aging and soothing skincare formulations.  
 

Vitamins (Tocopherols and Ascorbic Acid) 
Vitamins such as tocopherols (vitamin E) and ascorbic acid (vitamin C) are essential components in skincare 
formulations, offering potent antioxidant and regenerative properties. Rice bran (Kalpatali and Padi 64) is 
a rich source of tocopherols and oryzanol, known for their photoprotective abilities and antioxidant activity, 
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with effectiveness rates of up to 87.23%.16 Tocopherols prevent lipid peroxidation and protect the skin from 
oxidative damage caused by UV radiation, making rice bran a key ingredient in sunscreens and anti-aging 
products.23 Ascorbic acid, present in high concentrations in aloe vera (Aloe barbadensis Mill.), 
synergistically works with vitamin E to promote collagen synthesis, brighten skin tone, and reduce 
hyperpigmentation.24 Ascorbic acid's mechanism involves neutralizing ROS and inhibiting tyrosinase, 
crucial for achieving an even skin tone. Aloe vera's blend of flavonoids, polyphenols, and vitamins enhances 
its antioxidant capacity, making it a multifunctional ingredient for hydration, repair, and skin protection.25 
These vitamins' ability to protect, repair, and rejuvenate the skin highlights their indispensable role in anti-
aging and brightening formulations.   
 

Brazilin 
Brazilin, a phenolic compound derived from sappan wood (Caesalpinia sappan L.), is widely recognized 
for its potent antioxidant and anti-inflammatory properties. It works by scavenging reactive oxygen species 
(ROS) and reducing oxidative stress, protecting the skin from environmental pollutants and preventing 
premature aging.26,27 Brazilin also inhibits tyrosinase, a key enzyme in melanin production, making it 
effective for treating hyperpigmentation and uneven skin tone. With an IC50 value of 24.8% at 650 ppm, 
brazilin demonstrates strong efficacy in neutralizing oxidative damage.28 This dual action of reducing 
oxidative stress and suppressing melanin synthesis underscores its versatility in anti-aging and skin-
brightening products. In addition, brazilin promotes skin healing by calming inflammation and repairing 
damaged tissues, further enhancing its appeal in modern skincare formulations.29,30 Its ability to reduce fine 
lines and wrinkles makes it an excellent ingredient in anti-aging serums and creams.31 By combining 
antioxidant, anti-inflammatory, and melanin-inhibiting properties, brazilin serves as a comprehensive 
solution for achieving healthy, youthful skin. Its inclusion in both protective and restorative skincare 
products highlights its potential to address multiple skin concerns effectively. 
 

Table-1: Antioxidant Activity and Potential Applications of Natural Compounds in Skincare Formulations. 

Plant Name Active Compounds Antioxidant Mechanism 
Antioxidant Activity 

Percentage (IC50) 
Reference 

Banana peel (Musa 
paradisiaca var. 

Sapientum) 

Flavonoids, phenolics, 
tannins 

DPPH radical scavenging 
through hydrogen 

donation 

5% concentration: 44.91 ppm, 
7.5%: 10.887 ppm, 10%: 

61.93 ppm 

8 

Moringa leaves 
(Moringa oleifera 

Lam.) 

Quinic acid, linoleic 
acid, flavonoids 

Reduces free radicals via 
phenolic and flavonoid 

compounds 

Highest inhibition at 35%: 
66.04% 

9 

Chrysanthemum 
flower 

(Chrysanthemum 
indicum L.) 

Flavonoids, 
triterpenoids 

Neutralizes reactive 
oxygen species (ROS) and 

scavenges free radicals 

Extract: 32.78 ppm, serum 
gel: 73.51-114.02 ppm 

10 

Dragon fruit peel 
(Hylocereus 
polyrhizus 

(F.A.C.Weber) Britton 
& Rose) 

Phenols 
Scavenging DPPH 

radicals and elastase 
inhibition 

74.27-144.60 ppm 14 

Aloe vera (Aloe 
barbadensis Mill.) 

Flavonoids, 
polyphenols, vitamins 

Inhibits lipid membrane 
oxidation, reduces redox 

imbalance 
Not explicitly stated 24 

Stevia rebaudiana 
(Bertoni) Bertoni 

Phenolics, flavonoids 
Phenolic and flavonoid-

based free radical 
scavenging 

48.18 μg/ml 15 

Chlorella vulgaris 
Beijerinck 

Chlorophyll, proteins 
Chlorophyll-based 

scavenging of free radicals 
57.25 ppm (in acetone) 32 

Jotang herb (Acmella 
paniculata (Wall. ex 

DC.) R.K.Jansen) 

Flavonoids, alkaloids, 
tannins 

DPPH radical scavenging 
through flavonoids and 

tannins 
21.959 μg/ml 33 
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Arbutus unedo L. 
Phenolics, tannins, 

flavonoids 

Phenolic compounds with 
strong total antioxidant 

activity 
Not explicitly provided 34 

Morus alba L. Flavonoids, phenolics 
Scavenging of reactive 
oxygen species (ROS) 

50-100 ppm 17 

Rice bran (Kalpatali 
and Padi 64) 

Oryzanol, tocopherols, 
ferulic acid 

Prevention of oxidation 
via oryzanol and 

tocopherols 
FI: 87.23%, FII: 64.08% 16 

Corn silk (Zea mays L. 
Saccharata) 

Phenolics, flavonoids 
Free radical scavenging 

and UV protection 

SPF of 11.1, antioxidant 
activity not explicitly 

provided 

35 

Sappan wood 
(Caesalpinia sappan 

L.) 

Brazilin, phenolic 
compounds 

Inhibition of ROS and 
MMP-1/3 expression 

24.8% at 650 ppm 28 

Pepino fruit (Solanum 
muricatum Aiton) 

Phenolic, flavonoids 
Free radical scavenging 

(DPPH) 
0.16 mg/mL 36 

Brazilian pine 
(Araucaria 

angustifolia (Bertol.) 
Kuntze) 

Flavonoids, 
biflavonoids 

Flavonoids acting as free 
radical scavengers and UV 

protection 
Not provided explicitly 37 

Arabica coffee (Coffea 
arabica L.) 

Flavonoids, tannins, 
saponins, alkaloids, 
steroidal compounds 

Prevention of oxidation 
via flavonoid and tannins 

Extract: 8.13 ppm, serum: 250 
ppm 

38 

Cocoa pod 
(Theobroma cacao L.) 

Polyphenol 
Free radical scavenging 
and tyrosinase inhibition 

17.21 ppm 39 

Andrographis 
paniculata (Burm.f.) 

Nees 

Andrographolide, 
flavonoids 

Reduces oxidative stress 
and regulates antioxidant 
enzymes like SOD, CAT 

52.10 μg/mL 40 

Syzygium aromaticum 
(L.) Merr. & 
L.M.Perry 

Eugenol, β-
caryophyllene, α-

humulene 

Free radical scavenging 
and reducing oxidative 

chain reactions 
4.82 μg/mL 40 

Pogostemon cablin 
(Blanco) Benth. 

Patchoulol, 
monoterpenes 

Free radical scavenging 
through monoterpenes 

1.21 mg/mL 40 

 

Chlorophyll and Proteins 
Chlorophyll, found in Chlorella vulgaris Beijerinck, is a powerful antioxidant known for its detoxifying 
and skin-soothing properties. It effectively neutralizes ROS, protecting the skin from environmental 
aggressors like pollution and UV radiation.41 With an IC50 value of 57.25 ppm, chlorophyll demonstrates 
significant antioxidant activity, making it ideal for anti-aging and hydrating formulations.32 Chlorella 
vulgaris also contains proteins that support collagen synthesis, essential for maintaining skin elasticity and 
firmness. This dual action of detoxification and hydration makes Chlorella an excellent choice for face 
masks, serums, and creams targeting stressed or aging skin. Chlorophyll also promotes the regeneration of 
damaged skin cells, reducing redness and enhancing overall skin tone.42,43 These properties make it suitable 
for sensitive skin formulations designed to calm irritation and provide long-term protection. The 
combination of chlorophyll and proteins in Chlorella supports comprehensive skin repair and 
rejuvenation.44 Its ability to address hydration, elasticity, and antioxidant defense underscores its value in 
restorative skincare. By promoting a radiant and youthful complexion, Chlorella is a critical ingredient in 
modern skincare formulations. 
 

Oryzanol and Tocopherols 
Oryzanol and tocopherols, found in rice bran (Kalpatali and Padi 64), are potent antioxidants that protect 
the skin from oxidative stress and environmental damage. Oryzanol absorbs UV light, preventing 
photoaging by reducing the formation of ROS that can damage skin cells.45 Tocopherols, or vitamin E, work 
synergistically with oryzanol to neutralize free radicals and prevent lipid peroxidation, which is essential 
for maintaining skin hydration and integrity. The combination of oryzanol and tocopherols ensures robust 
photoprotection, making rice bran an excellent ingredient in sunscreens and anti-aging products.46,47 While 
specific IC50 values are not provided, the reported antioxidant effectiveness of up to 87.23% highlights rice 
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bran’s efficacy in skincare.16 These compounds also enhance skin elasticity and reduce fine lines, 
contributing to smoother and firmer skin. Oryzanol’s ability to protect against oxidative damage 
complements tocopherols’ role in supporting collagen synthesis.48 Together, they ensure long-term skin 
health by promoting hydration and reducing signs of aging. The versatility of oryzanol and tocopherols in 
targeting sun damage, premature aging, and oxidative stress makes rice bran extracts essential in 
comprehensive skincare formulations. 
 

Andrographolide 
Andrographolide, the primary active compound in Andrographis paniculata (Burm.f.) Nees is renowned 
for its strong antioxidant and anti-inflammatory properties. It protects the skin from oxidative stress by 
scavenging ROS and inhibiting pro-inflammatory cytokines, making it particularly effective for sensitive 
or acne-prone skin.49,50 Although the specific IC50 value is not mentioned, andrographolide’s role in calming 
inflammation and promoting skin healing is well-documented.40 This compound also stimulates collagen 
synthesis, improving skin elasticity and reducing the appearance of fine lines and wrinkles. Its dual ability 
to protect against oxidative stress and support skin repair makes it an excellent ingredient in anti-aging 
formulations.51,52 Andrographolide is particularly useful in formulations targeting stressed or aging skin, 
offering comprehensive protection and rejuvenation. Its inclusion in skincare products ensures both 
immediate soothing effects and long-term benefits for skin health.53 The ability to address multiple skin 
concerns highlights andrographolide’s versatility as a key ingredient in modern skincare. By promoting a 
healthy, radiant complexion, it becomes indispensable in formulations designed for restorative and anti-
aging care.  
 

Eugenol and β-Caryophyllene 
Eugenol and β-caryophyllene, found in clove (Syzygium aromaticum (L.) Merr. & L.M.Perry), exhibit 
strong antioxidant and anti-inflammatory properties, making them highly effective in skincare. Eugenol, a 
phenolic compound, scavenges free radicals and reduces oxidative stress while also providing antimicrobial 
benefits.54 These properties make eugenol particularly suitable for formulations targeting acne-prone or 
inflamed skin. β-Caryophyllene complements eugenol by reducing inflammation, promoting healing, and 
calming irritated skin. Although specific IC50 values are not listed, their combined antioxidant and anti-
inflammatory activities are well-recognized.40 Eugenol also protects the skin from UV-induced damage by 
neutralizing ROS, maintaining a youthful appearance. Together, these compounds are widely used in 
serums, creams, and toners designed for skin repair and protection. β-Caryophyllene’s ability to enhance 
tissue repair further supports its use in anti-aging and soothing formulations.55,56 The dual mechanism of 
action, encompassing antioxidant protection and inflammation reduction, underscores the versatility of 
clove extract in addressing multiple skin concerns. Its inclusion in skincare formulations ensures 
comprehensive care for acne, aging, and stressed skin. 
 

Patchoulol and Monoterpenes 
Patchoulol and monoterpenes, derived from patchouli (Pogostemon cablin (Blanco) Benth.), are valued for 
their potent antioxidant and anti-inflammatory properties. Patchoulol neutralizes ROS and reduces 
oxidative stress, preventing collagen breakdown and maintaining skin elasticity. Monoterpenes contribute 
by calming inflammation, making patchouli extract suitable for sensitive or irritated skin formulations.57,58 
Although the specific IC50 values for these compounds are not provided, their documented effectiveness in 
skincare is well-established.40 Patchoulol’s role in preventing oxidative damage and promoting collagen 
synthesis makes it a key ingredient in anti-aging serums and creams. This combination of antioxidant and 
anti-inflammatory properties supports patchouli’s use in formulations designed to restore and rejuvenate 
the skin.59,60 Monoterpenes enhance patchouli’s effectiveness by providing additional soothing benefits, 
ensuring long-term skin health. Patchouli’s ability to improve skin texture, firmness, and hydration 
underscores its importance in modern skincare. Its versatility in addressing aging, irritation, and 
environmental damage makes it an essential ingredient in comprehensive skincare products. 

 

Natural Tyrosinase Inhibitors in Cosmetics 
Polyphenols and Flavonoids 
Polyphenols and flavonoids, abundant in plants like cocoa pods, are highly effective in inhibiting tyrosinase 
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activity and reducing melanin synthesis. These compounds work by suppressing the oxidation processes 
necessary for melanogenesis, the biochemical pathway responsible for melanin production.61,62 Cocoa-
derived polyphenols exhibit a strong inhibitory effect with an IC50 value of 199.98 ppm, showcasing their 
potential in skin-brightening formulations.39 Flavonoids provide additional benefits by protecting the skin 
from oxidative damage caused by environmental stressors, including UV exposure. Their antioxidative 
properties not only combat free radicals but also strengthen the skin's barrier function, reducing 
transepidermal water loss and maintaining hydration. Polyphenols enhance skin elasticity and slow down 
the signs of premature aging, such as fine lines and wrinkles.63,64 These compounds are particularly valued 
for their gentle mechanism of action, making them suitable for sensitive skin. Regular use of polyphenols 
and flavonoids in skincare ensures a brighter, even-toned complexion with long-lasting protective effects.  
 

Chlorogenic Acid and Caffeine  
Chlorogenic acid and caffeine, found in coffee plants, inhibit tyrosinase activity through complementary 
mechanisms that reduce melanin synthesis. Chlorogenic acid directly interacts with melanin substrates, 
decreasing pigmentation and achieving an IC50 value of 250 ppm.38 This compound also helps minimize 
dark spots, promoting an even skin tone and improving the overall radiance of the complexion. Caffeine 
enhances these effects by refreshing the skin, improving microcirculation, and reducing puffiness, 
especially around pigmentation-prone areas like the under-eyes. Together, they combat oxidative stress and 
protect against UV-induced damage, preserving collagen and preventing premature aging. Caffeine also 
accelerates skin cell regeneration, helping the skin appear revitalized and youthful.65,66 This combination is 
highly effective in brightening and revitalizing skincare products designed for daily use. The synergistic 
benefits of chlorogenic acid and caffeine make them indispensable for addressing pigmentation and fatigue-
related skin concerns. Their gentle yet powerful effects are suitable for all skin types, including sensitive 
skin. 
 

Stevioside and Rebaudioside 
Stevioside and rebaudioside, extracted from the Stevia plant, are effective natural inhibitors of tyrosinase, 
reducing melanin production through competitive enzyme binding. These compounds have a demonstrated 
IC50 value of 0.75 mg/mL, highlighting their efficacy at relatively low concentrations.67 Stevioside and 
rebaudioside are gentle on the skin, making them ideal for sensitive skin formulations. Their antioxidant 
properties provide additional protection against oxidative stress, which can lead to hyperpigmentation and 
premature aging. Stevia's calming effects on the skin further enhance its suitability for treating pigmentation 
caused by inflammation or environmental damage.68,69 These compounds promote an even skin tone while 
maintaining the skin's natural hydration and barrier function. Stevioside and rebaudioside offer a sustainable 
and natural alternative to synthetic brighteners in skincare products. Their dual action of brightening and 
protecting the skin ensures long-term benefits for users seeking gentle yet effective solutions for 
pigmentation issues. 
 

Quinic Acid and Linoleic Acid 
Quinic acid and linoleic acid inhibit tyrosinase activity by interfering with the oxidation processes necessary 
for melanin synthesis. Quinic acid acts as a competitive inhibitor, directly reducing pigmentation and 
brightening the skin. Linoleic acid complements this by strengthening the skin's barrier function, retaining 
moisture, and reducing free radical damage.70,71 This combination is particularly beneficial for addressing 
pigmentation in dry or sensitive skin types. Linoleic acid also exhibits anti-inflammatory properties, 
calming redness and irritation often associated with pigmentation issues. Together, they enhance skin 
texture, hydration, and brightness, making them ideal for formulations aimed at maintaining healthy skin. 
By reducing melanin production while preserving the skin's natural defenses, these compounds offer 
comprehensive care for pigmentation concerns.72,73 Their ability to protect and repair the skin ensures long-
term results, particularly in products targeting hyperpigmentation and uneven skin tone. Quinic acid and 
linoleic acid's synergistic effects provide an effective solution for brighter, healthier skin. 
 

Ascorbic Acid and Ellagic Acid 
Ascorbic acid (Vitamin C) and ellagic acid are powerful natural inhibitors of tyrosinase that work 
synergistically to reduce melanin production and brighten the skin. Ascorbic acid prevents the oxidation of 
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melanin precursors, while ellagic acid provides complementary antioxidant effects, protecting the skin from 
UV-induced damage.  
 

Table-2: Natural Tyrosinase Inhibitors for Skin Brightening Applications 

Plant Name Active Compounds 
Inhibition of Tyrosinase 

Mechanism 
Inhibition Tyrosinase 

Percentage 
Reference 

Cocoa pod 
(Theobroma cacao L.) 

Polyphenols, flavonoids 
Inhibits melanogenesis via 
polyphenolic compounds 

IC50: 199.98 ppm 39 

Moringa leaves 
(Moringa oleifera 

Lam.) 

Quinic acid, linoleic 
acid 

Flavonoids and phenolic 
compounds reduce tyrosinase 

activity 
Not explicitly stated 74 

Arabica coffee (Coffea 
Arabica L.) 

Chlorogenic acid, 
caffeine 

Inhibits tyrosinase via 
chlorogenic acid 

IC50: 250 ppm 38 

Pepino fruit (Solanum 
muricatum Aiton) 

Flavonoids, phenolics 
Flavonoid-based inhibition of 

oxidation process in 
melanogenesis 

IC50: 0.16 mg/mL 36 

Stevia rebaudiana 
(Bertoni) Bertoni 

Stevioside, rebaudioside 
Interferes with tyrosinase 

enzyme via stevioside 
IC50: 0.75 mg/mL 75 

Phyllanthus emblica 
L. 

Ascorbic acid, ellagic 
acid 

Potent inhibition when L-
DOPA is used as substrate 

%inhibition: 53.1% 75 

Chrysanthemum 
flower 

Flavonoids, 
triterpenoids 

Inhibits tyrosinase by 
reducing DOPA oxidation 

IC50: 73.51-114.02 ppm 10 

Syzygium aromaticum 
(L.) Merr. & 
L.M.Perry 

Eugenol, β-
caryophyllene 

Inhibits tyrosinase through 
essential oil components 

Not explicitly stated 40 

Pogostemon cablin 
(Blanco) Benth. 

Patchoulol, 
monoterpenes 

Competitive inhibition at 
enzyme's active site 

Not explicitly stated 40 

Gynostemma 
pentaphyllum 

(Thunb.) Makino 
Ginsenosides 

Tyrosinase inhibition through 
ginsenosides affecting 

melanin synthesis pathways 
%inhibition: 39.9% 75 

Rosa damascene Mill. Quercetin, kaempferol 
Reduces melanin synthesis by 

inhibiting tyrosinase 
%inhibition: 35.6% 75 

Hibiscus sabdariffa L. 
Phenolic acids, 
anthocyanins 

Flavonoid-based inhibition of 
tyrosinase and melanin 

formation 
Not explicitly stated 75 

Morus alba L. Flavonoids, phenolics 
Inhibits tyrosinase through 
interactions with phenolic 

compounds 
Not explicitly stated 75 

Aloe vera (Aloe 
barbadensis Mill.) 

Flavonoids, 
polyphenols, vitamins 

Inhibits lipid membrane 
oxidation, reducing 

melanogenesis-related 
oxidative stress 

Not explicitly stated 76 

Acmella paniculata 
(Wall. ex DC.) 

R.K.Jansen 
Flavonoids, saponins 

Inhibits tyrosinase and 
melanogenesis in skin cells 

Not explicitly stated 33 

Echinacea purpurea 
(L.) Moench 

Alkylamides, caffeic 
acid derivatives 

Reduces melanogenesis 
through anti-inflammatory 

and antioxidant effects 
Not explicitly stated 75 

Jasminum sambac (L.) 
Aiton 

Flavonoids, essential 
oils 

Essential oil-based inhibition 
of tyrosinase 

Not explicitly stated 75 

Pandanus 
amaryllifolius Roxb. 

Flavonoids, alkaloids, 
saponins 

Reduces tyrosinase activity by 
inhibiting melanin production 

Not explicitly stated 75 

 

This combination demonstrates significant inhibition at low concentrations, making it effective for 
achieving a brighter and more even complexion.77,78 Ascorbic acid is widely used in skincare products to 
lighten dark spots, reduce hyperpigmentation, and improve skin tone. Ellagic acid enhances these effects 
by neutralizing free radicals and reducing oxidative stress, which contributes to premature aging. Together, 
they strengthen the skin's resilience against environmental damage, promoting long-term health and 
radiance. Their inclusion in anti-aging and brightening formulations ensures both immediate and lasting 
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benefits.79 By combining protection, repair, and brightening effects, ascorbic and ellagic acids are essential 
components in comprehensive skincare routines. 
 

Flavonoids, Alkaloids, and Tannins 
Flavonoids, alkaloids, and tannins are a group of compounds that effectively inhibit tyrosinase activity and 
reduce melanin synthesis. Flavonoids and alkaloids work by suppressing the oxidation processes required 
for melanogenesis, while tannins act as astringents, tightening pores and improving skin clarity. These 
compounds also provide additional benefits such as UV protection, preventing pigment formation, and 
reducing signs of aging.80,81 Alkaloids offer anti-inflammatory and antioxidant properties, calming irritated 
skin and protecting against oxidative stress.82 Flavonoids and tannins support skin cell regeneration, making 
them effective for addressing pigmentation caused by acne scars or environmental damage. This 
combination is particularly beneficial for oily or acne-prone skin, as it reduces inflammation and 
pigmentation simultaneously.83 The synergistic effects of these compounds provide brightening, soothing, 
and protective benefits. Their versatility makes them valuable in formulations targeting uneven skin tone 
and pigmentation caused by external factors. 
 

Eugenol and β-Caryophyllene 
Eugenol and β-caryophyllene, found in clove oil, are potent natural inhibitors of tyrosinase. Eugenol 
reduces melanin synthesis by suppressing oxidation processes, while β-caryophyllene provides anti-
inflammatory benefits, calming irritated skin. Together, they effectively target hyperpigmentation and offer 
soothing effects for sensitive skin. Eugenol’s antimicrobial properties make it particularly suitable for acne-
prone skin, where it helps prevent bacterial growth and reduces inflammation.84,85 β-Caryophyllene 
enhances tissue repair, promoting skin healing and preventing pigmentation related to irritation or scarring. 
This combination delivers pigmentation control without irritation, making it ideal for long-term use in 
brightening formulations. Their ability to balance pigmentation reduction with skin protection ensures 
comprehensive care for users. By combining antioxidant, anti-inflammatory, and antimicrobial properties, 
eugenol and β-caryophyllene are versatile ingredients for addressing multiple skin concerns.86,87 
 

Patchoulol and Monoterpenes 
Patchoulol and monoterpenes, derived from patchouli, are natural compounds with potent tyrosinase-
inhibiting and antioxidative properties. Patchoulol neutralizes ROS, preventing oxidative stress that leads 
to pigmentation and collagen degradation. Monoterpenes complement this by reducing melanin synthesis 
and calming inflammation, making this combination suitable for sensitive and dry skin.88,89 Together, they 
improve skin hydration and elasticity while promoting a brighter complexion. Patchoulol’s role in 
preventing collagen breakdown enhances its effectiveness in anti-aging formulations.90 Monoterpenes also 
provide soothing benefits for irritated skin, ensuring comprehensive care for users. This combination is 
ideal for skincare products that target pigmentation while maintaining skin moisture and health. Their dual 
action of brightening and rejuvenation highlights their versatility in modern skincare. Patchoulol and 
monoterpenes are essential for achieving a youthful, radiant appearance. 

 

CONCLUSION 
Natural compounds offer transformative potential in shaping the future of cosmetics by addressing the 
growing demand for safe, effective, and environmentally friendly skincare solutions. Beyond their 
functional benefits, these compounds enable the development of innovative, multi-targeted formulations 
that align with evolving consumer expectations for personalized care. Advances in extraction and delivery 
technologies, such as encapsulation and nanoemulsions, have further enhanced the bioavailability and 
efficacy of natural ingredients, ensuring better absorption and long-lasting results. Moreover, the shift 
towards eco-conscious production practices amplifies the appeal of natural compounds as sustainable 
alternatives to synthetic chemicals, contributing to the reduction of environmental footprints in the cosmetic 
industry. Their adaptability to diverse skin types, combined with low toxicity and reduced risk of irritation, 
makes them accessible to a broad demographic. As natural cosmetics continue to evolve, they hold the 
potential to integrate seamlessly with emerging trends in biotechnology, enabling breakthroughs in skin 
health optimization. This integration underscores the critical role of natural bioactives not only in enhancing 
skin aesthetics but also in promoting a balanced relationship between nature, science, and beauty. Looking 
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ahead, the fusion of tradition and innovation will drive the widespread adoption of these compounds, 
making them central to future skincare advancements. 
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