¥ FIMEK

Journal of Agronomy, Technology and Engineering Management
ISSN 2620-1755

Review

Plant-Derived Bioactive Compounds in Cosmetic
Products: Opportunities for Sustainable Agricultural
Production

Miljan Adamovic 1?*, Emina Sher Karahmet 3, Merima Beca-Zeco 4, Radmila Kazanovi¢  and
Ana Adamovi¢ 12

1 Faculty of Medical Sciences, University of Kragujevac, Svetozara Markovica 69, 34000 Kragujevac, Serbia

2 Pharmacy Institution “Zdravlje lek”, Prvomajska 100, 11000 Belgrade, Serbia

3 Department of Biosciences, School of Science and Technology, Nottingham Trent University, Clifton Lane,
Nottingham NG11 8NS, United Kingdom

4 Department of Pharmacy, Faculty of Health Sciences, Victoria International University, Zalik bb, 88000
Mostar, Bosnia and Herzegovina

5 Naut Group doo., Stefana Decanskog 297 V, 76300 Bijeljina, Bosnia and Herzegovina

* Correspondence: miljan.adamovic@ffbg.edu.rs

Received: 5 November 2025; Accepted: 28 January 2026

Abstract: Plant materials are increasingly considered valuable components in contemporary
cosmetic formulations. Different medicinal and aromatic plant species provide biologically active
compounds that may support skin maintenance. These compounds are increasingly incorporated
into cosmetic formulations due to their potential antioxidant, anti-inflammatory and protective
effects. Such cosmetic formulations may contribute to maintaining skin condition through the
presence of plant-derived compounds. In examining cosmetic products, the paper highlights plant-
derived bioactive compounds and considers their potential role within sustainable agricultural
production. The paper considers selected medicinal plants commonly used as sources of cosmetic
ingredients and outlines the connection between plant cultivation, raw material availability and
cosmetic product development. Stronger interaction between farmers and cosmetic producers may
improve the use of plant resources and encourage wider use of plant materials in cosmetic products.
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1. Introduction

In recent decades, cosmetic formulations have increasingly incorporated ingredients obtained
from natural sources. This development is closely associated with changes in consumer attitudes,
particularly greater awareness of environmental concerns and stronger interest in products based on
natural components, which has stimulated the growth of so-called “green” cosmetics [1]. Bioactive
compounds present in plants have attracted research attention due to their potential role in
maintaining and protecting the skin. Plant extracts, essential oils, and other botanical substances are
widely studied for their antioxidant, anti-inflammatory, and protective properties. Recent studies
indicate that plant-based ingredients are now incorporated into cosmetic formulations more
frequently than before [2]. This trend reflects the broader development of cosmetic products
formulated with natural components aimed at improving skin care and protection.

Medicinal and aromatic plants represent an important source of biologically active compounds,
including polyphenols, flavonoids, essential oils, and other secondary metabolites. These compounds
have attracted considerable scientific interest because of their antioxidant, anti-inflammatory, and
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protective properties, which may contribute to maintaining skin structure and function. Studies show
that plant extracts and their constituents can exert various biological effects on the skin, including
antioxidant, antimicrobial, and regenerative activities [3]. Recent research also highlights the wide
range of biological activities of bioactive compounds derived from medicinal plants and their
potential applications in different scientific and industrial fields [4]. Consequently, plant-derived
substances are increasingly considered in formulations intended for skin care and protection,
contributing to the development of cosmetic products that incorporate natural ingredients to enhance
their functional and protective properties [5].

The growing use of plant-based ingredients in cosmetic products highlights the importance of
medicinal plants as a source of raw materials for the cosmetic industry. Plant extracts, essential oils,
and other botanical compounds are incorporated into cosmetic formulations due to their functional
characteristics and their potential contribution to skin health. Essential oils and their individual
constituents are of particular interest because of their anti-inflammatory, antimicrobial, and
antioxidant activities, which explains their frequent use in products intended for skin and hair care
[6]. Recent studies also indicate that many plant extracts contain bioactive compounds with
antioxidant, anti-inflammatory, and protective effects, suggesting considerable potential for their
application in dermocosmetics and skin care products [7]. Medicinal plants therefore represent an
important source of natural ingredients for the development of modern cosmetic formulations.

The increasing use of plant-based ingredients in cosmetic products has also intensified interest
in medicinal and aromatic plants as potential sources of bioactive compounds for modern cosmetic
formulations. At the same time, their cultivation within agricultural production systems may provide
an important and stable supply of raw materials for the cosmetic industry while supporting the
development of more sustainable production systems [8]. Recent studies indicate that plant extracts
and their derivatives have considerable potential in cosmetic products intended for skin and hair care
because of their antioxidant, anti-inflammatory, and antimicrobial properties [9]. Moreover, the
growing demand for natural and sustainable cosmetic products further encourages the use of
medicinal and aromatic plants as sources of cosmetic ingredients [10]. This paper therefore focuses
on plant-derived bioactive compounds used in cosmetic products and examines the role of medicinal
and aromatic plants as sources of bioactive ingredients in cosmetic formulations, as well as the
potential for their production within sustainable agricultural systems capable of providing a stable
and environmentally acceptable supply of raw materials for the cosmetic industry.

2. Major groups of plant bioactive compounds

Medicinal and aromatic plants represent a rich source of bioactive compounds that play important
roles in plant defence and in the development of products intended for skin care and protection. These
compounds belong to different groups of secondary metabolites that may exhibit various biological
activities, including antioxidant, anti-inflammatory, antimicrobial, and photoprotective effects [11].
Because of these properties, plant-derived bioactive compounds show considerable potential for use in
cosmetic formulations aimed at protecting the skin from oxidative stress and other external factors. The
most important groups include phenolic compounds, terpenoids, essential oils, and other secondary
metabolites that contribute to the functional properties of cosmetic formulations.

2.1. Phenolic Compounds

Phenolic compounds are among the most widespread and important groups of secondary
metabolites in medicinal and aromatic plants. They are characterised by the presence of one or more
phenolic rings and include several subgroups such as phenolic acids, flavonoids, stilbenes, and
lignans [12,13]. These compounds occur in various plant organs, including leaves, fruits, seeds, and
bark, where they contribute to plant protection against stress factors such as ultraviolet radiation,
oxidative stress, and pathogenic microorganisms. In addition, phenolic compounds participate in
several physiological processes, including growth regulation, defence responses, and interactions
with the environment.
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From the perspective of biological activity, phenolic compounds are particularly important
because of their pronounced antioxidant properties. Their ability to neutralise free radicals
contributes to the reduction of oxidative stress and the protection of cellular structures from damage
[14]. The antioxidant activity of polyphenols is associated with their capacity to donate electrons or
hydrogen atoms, as well as their ability to chelate metal ions that may participate in the formation of
reactive oxygen species. Oxidative stress is strongly associated with skin photoaging and the
degradation of collagen and elastin. Consequently, phenolic compounds may contribute to protecting
the skin from adverse environmental influences, including ultraviolet radiation and environmental
pollution and other external stress factors.

In addition to their antioxidant activity, phenolic compounds also exhibit anti-inflammatory,
antimicrobial, and photoprotective properties. These biological effects contribute to their importance
in cosmetic formulations intended for skin protection and regeneration. Phenolic compounds may
modulate inflammatory processes and influence signalling pathways involved in the skin response
to stress. Plant extracts rich in phenolic compounds are widely used in skin care products because
they may support skin structure, improve elasticity, and slow skin ageing [15,16]. Examples of plants
rich in phenolic compounds include Camellia sinensis, Vitis vinifera, Punica granatum, and Rosmarinus
officinalis, whose extracts are commonly used in cosmetic formulations aimed at protecting the skin
from oxidative stress and maintaining skin health.

2.2. Terpenoids and essential oils

Terpenoids represent one of the most diverse and biologically important groups of plant
secondary metabolites. They are biosynthesised from isoprenoid units and include several structural
classes such as monoterpenes, sesquiterpenes, diterpenes, and triterpenes [17]. Differences in the
number of isoprene units and their chemical structure contribute to the remarkable diversity of
terpenoids and their functions in plants. In plants, terpenoids play a key role in defence mechanisms,
providing protection against herbivores, pathogenic microorganisms, and various abiotic stress
factors. Many terpenoids are also responsible for the characteristic aroma of plants and represent an
important group of bioactive compounds widely used in the pharmaceutical and cosmetic industries.

Essential oils are complex mixtures of volatile organic compounds mainly composed of
monoterpenes, sesquiterpenes, and their oxygenated derivatives [18]. They are obtained from
different plant organs, including leaves, flowers, fruits, seeds, and bark, most commonly by steam
distillation or extraction. Their chemical composition may vary depending on plant species,
geographical origin, cultivation conditions, and extraction method, which can influence their
biological properties. Essential oils exhibit a wide range of biological activities relevant to skin care,
including antioxidant, antimicrobial, and anti-inflammatory effects [19].

In cosmetic formulations, terpenoids and components of essential oils can inhibit the growth of
pathogenic microorganisms on the skin, reduce inflammatory responses, and support the integrity
of the skin barrier [20]. Their antioxidant activity is associated with the ability to neutralise reactive
oxygen species, thereby limiting oxidative damage to cellular structures and helping to prevent
premature skin ageing [21]. Consequently, terpenoids and essential oils are increasingly regarded as
valuable natural ingredients in cosmetic products designed to protect and maintain skin health [3].

In addition to their biological properties, essential oils also contribute to the sensory quality of
cosmetic products. Their characteristic aromas improve user experience and are widely utilised in
skin and hair care formulations such as creams, lotions, shampoos, and fragrances [22]. Plants
particularly rich in essential oils include Lavandula angustifolia, Mentha piperita, Melaleuca alternifolia,
and Rosmarinus officinalis, whose extracts and oils are widely used in the cosmetic industry.

2.3. Alkaloids, saponins and other bioactive metabolites

In addition to phenolic compounds and terpenoids, medicinal and aromatic plants contain
numerous other secondary metabolites with potential biological activity and applications in cosmetic
formulations. These include alkaloids, saponins, glycosides, plant sterols, and polysaccharides [8]. In
plants, these metabolites contribute to defence against pathogens, herbivores, and abiotic stress
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factors, while also regulating signalling pathways involved in stress responses [23]. They also
participate in various physiological processes, including plant adaptation to environmental changes
and interactions with other organisms. Their chemical diversity and broad range of biological
activities make them important candidates for the development of natural ingredients used in
cosmetic and dermocosmetic products.

Among these metabolites, alkaloids represent a large group of nitrogen-containing organic
compounds widely distributed in plants. They are typically derived from amino acids and
characterised by diverse chemical structures and broad biological activities [24]. Most alkaloids
contain heterocyclic nitrogen rings and may occur in different forms and derivatives. In plant
physiology, alkaloids contribute to defence mechanisms by acting as toxic or repellent substances
against herbivores and microorganisms. In cosmetic applications, certain alkaloids exhibit
antimicrobial, anti-inflammatory, and antioxidant properties, supporting their potential use in
formulations intended for skin care and protection.

Saponins are glycosidic compounds composed of a hydrophobic aglycone (sapogenin) linked to
one or more sugar residues. Their amphiphilic structure enables interactions with lipid and aqueous
phases, giving them pronounced surface-active properties. Consequently, saponins are often used as
natural surfactants in products intended for skin and hair cleansing. Studies indicate that saponins
exhibit anti-inflammatory, antimicrobial, and regenerative effects that may enhance functional
properties of cosmetic formulations [25]. They may support skin regeneration by stimulating
fibroblast proliferation, promoting collagen synthesis, and accelerating re-epithelialisation,
highlighting their potential in dermocosmetic products aimed at skin repair and protection.

Plants also contain other bioactive metabolites, including glycosides, sterols, and
polysaccharides, which may contribute to maintaining skin health. Plant polysaccharides can
enhance skin hydration and promote the formation of a protective film on the epidermal surface,
thereby improving moisture retention and supporting barrier stability [26]. These compounds may
also exhibit anti-inflammatory, antioxidant, and regenerative effects that help protect the skin from
oxidative stress and environmental factors associated with ageing [27]. In addition, plant sterols may
help stabilise the lipid barrier of the skin and support the maintenance of its structure and function.

Overall, different groups of bioactive compounds present in medicinal and aromatic plants show
significant potential for use in cosmetic formulations. Phenolic compounds, terpenoids, essential oils,
alkaloids, and saponins exhibit antioxidant, anti-inflammatory, and antimicrobial activities that may
help protect and maintain skin function. Owing to their chemical diversity and functional properties,
plant extracts containing these metabolites represent an important source of natural ingredients for
the development of modern cosmetic products, particularly those aimed at protecting the skin from
oxidative stress, maintaining barrier integrity, and supporting skin regeneration.

3. Plant-derived bioactive compounds in cosmetics and sustainable production

Plant-derived bioactive compounds represent an important group of natural ingredients widely
used in the modern cosmetic industry. Medicinal and aromatic plants contain various secondary
metabolites, including phenolic compounds, terpenoids, alkaloids, and saponins, which exhibit
antioxidant, anti-inflammatory, and antimicrobial properties. These compounds help protect the skin
from oxidative stress, reduce inflammatory processes, and maintain the integrity of the skin barrier,
which explains their increasing use as active ingredients in cosmetic formulations intended for skin
care and protection [2,3]. Their application includes a wide range of cosmetic products, including
preparations for skin and hair care as well as various dermocosmetic formulations.

The increasing use of plant-derived bioactive compounds in cosmetic products has also
strengthened interest in medicinal and aromatic plants as an important source of natural raw
materials. The development of cosmetic formulations based on plant extracts highlights the need for
a stable and sustainable supply of plant material containing desired bioactive compounds. In this
context, the organised agricultural cultivation of medicinal and aromatic plants is becoming
increasingly important, as it allows controlled production, consistent raw material quality, and
reduced pressure on plant species traditionally collected from the wild [7,8]. This approach links the
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development of cosmetic products with sustainable systems for producing plant raw materials,
supporting environmentally responsible and economically viable agricultural practices.

3.1. Application of plant-derived bioactive compounds in cosmetic products

Plant-derived bioactive compounds are widely used in modern cosmetic formulations due to
their diverse biological activities that support skin health. Extracts rich in polyphenols, terpenoids,
alkaloids, and other secondary metabolites are frequently incorporated as active ingredients in
products designed to protect the skin from oxidative stress, reduce inflammatory processes, and
maintain skin barrier integrity. Their antioxidant activity is particularly relevant in formulations
aimed at preventing photoageing, as it may help neutralise reactive oxygen species generated by
exposure to ultraviolet radiation and other environmental factors [3,5]. Consequently, plant extracts
are increasingly included in skin care products intended for epidermal protection and regeneration.

Plant-derived bioactive compounds are widely used in the cosmetic industry in products such
as moisturising and anti-ageing creams, serums, lotions, skin cleansing preparations, and hair care
formulations. Phenolic compounds are frequently included in formulations designed to protect the
skin from oxidative stress and reduce visible signs of ageing, while terpenoids and components of
essential oils may provide antimicrobial protection and enhance the sensory properties of cosmetic
products. In addition, certain plant-derived bioactive compounds may play an important role in
regulating inflammatory processes and maintaining the functional condition of the skin, which is
why they are frequently included in dermocosmetic formulations intended for sensitive or
problematic skin [7,10]. Similar therapeutic approaches and biological activities have also been
reported in dermatological and cosmeceutical studies focused on skin treatments and care [11,28].
Their use therefore supports the development of cosmetic products that combine functional
effectiveness with natural sources of active ingredients.

In addition to their biological effects on the skin, plant-derived bioactive compounds also
contribute to the functional and sensory properties of cosmetic formulations. Extracts from medicinal
and aromatic plants may improve formulation stability, enhance product texture, and provide
pleasant aromas that influence the overall consumer experience during product use. For this reason,
essential oils and various plant extracts are widely incorporated into skin and hair care formulations,
including creams, lotions, shampoos, and fragrances [16, 29]. The use of these ingredients therefore
supports the development of cosmetic formulations that combine functional performance with
desirable sensory characteristics.

In addition to their biological effects on the skin, plant-derived bioactive compounds also play an
important role in improving the functional and sensory characteristics of cosmetic formulations.
Extracts from medicinal and aromatic plants may contribute to formulation stability, improved
product texture, and pleasant aromas that influence the overall consumer experience during the use
of cosmetic products. For this reason, essential oils and various plant extracts are frequently
incorporated into skin and hair care formulations, including creams, lotions, shampoos, and
fragrances [16,30]. The inclusion of these ingredients enables the development of cosmetic
formulations that combine functional performance with desirable aesthetic characteristics and
improved overall product quality.

Current trends in the cosmetic industry increasingly focus on the development of formulations
based on natural plant-derived ingredients. Growing consumer interest in natural cosmetics has
stimulated intensified research into plant bioactive compounds and their potential applications in
cosmetic products. As a result, medicinal and aromatic plants are becoming an important source of
functional ingredients used in skin and hair care formulations [2]. The development of cosmetic
formulations based on plant-derived bioactive compounds therefore supports the concept of natural
and sustainable cosmetics.

3.2. Sustainable agricultural production of medicinal and aromatic plants

The increasing use of plant-derived bioactive compounds in cosmetic products has led to
growing interest in medicinal and aromatic plants as an important source of natural raw materials.
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The cosmetic industry increasingly utilises plant extracts and their bioactive components due to their
functional properties and applications in formulations intended for skin care and protection. Recent
research has shown that plant-derived extracts can significantly influence the rheological and sensory
properties of cosmetic formulations, highlighting their multifunctional role in developing stable and
consumer-appealing products [31]. This trend has increased demand for plant raw materials capable
of providing a stable and high-quality source of active ingredients for the cosmetic industry. In this
context, the organised cultivation of medicinal and aromatic plants is becoming increasingly
important for ensuring a sustainable supply of natural raw materials [7,10]. Such production systems
support more efficient resource management and help reduce pressure on natural plant populations
traditionally harvested from the wild. In addition, medicinal and aromatic plants are recognised as
valuable resources for sustainable agriculture because their extracts and bioactive compounds can
contribute to environmentally friendly agricultural practices [32], while also enabling integration of
cosmetic product development with sustainable agricultural practices.

Modern agricultural approaches increasingly incorporate innovative technologies that support
more efficient and sustainable production of medicinal plants. Precision agriculture enables
monitoring and optimisation of cultivation conditions through tools such as remote sensing,
geographic information systems, and sensor-based monitoring. These technologies improve the
efficiency of water, fertiliser, and other input use while enhancing the yield and quality of plant
biomass used as raw material in various industries, including the cosmetic sector [33]. In addition,
advanced agricultural technologies may support the standardisation of plant material used for
obtaining extracts and other bioactive components [34]. Consequently, technological innovations in
agriculture play an important role in ensuring a stable and high-quality supply of plant raw materials
for the cosmetic industry. Guidelines for Good Agricultural and Collection Practices (GACP) are also
important, as they include quality control of planting material, proper soil management, optimisation
of cultivation conditions, and standardisation of harvesting and processing procedures [35]. The
implementation of these principles helps maintain consistent chemical composition and quality of
plant materials used in the pharmaceutical and cosmetic industries.

The link between the agricultural production of medicinal and aromatic plants and the cosmetic
industry creates new opportunities for the development of sustainable value chains based on natural
resources. Organised cultivation of these plants can provide a stable supply of bioactive compounds
used in cosmetic formulations, while also supporting rural development and the diversification of
agricultural activities. The integration of medicinal and aromatic plants into modern farming systems
may represent an important economic opportunity for producers, as these crops can contribute to
higher farm incomes and the strengthening of local economies [36,37]. Sustainable cultivation of
medicinal and aromatic plants therefore plays an important role in ensuring a reliable supply of
natural raw materials for the cosmetic industry and supports the development of products based on
the principles of sustainability and responsible use of natural resources.

5. Conclusions

Plant-derived bioactive compounds represent an important group of natural ingredients that
play an increasingly significant role in the modern cosmetic industry. Medicinal and aromatic plants
are a rich source of secondary metabolites, particularly phenolic compounds, terpenoids, alkaloids,
and saponins, which exhibit antioxidant, anti-inflammatory, and antimicrobial activities. Due to these
properties, plant extracts and their bioactive constituents are increasingly incorporated into cosmetic
formulations intended to protect, maintain, and improve skin condition. At the same time, the
growing demand for plant-based cosmetic ingredients highlights the importance of medicinal and
aromatic plants as a sustainable source of raw materials and emphasises the need for their cultivation
within environmentally responsible agricultural systems.

In addition to their importance in cosmetic formulations, medicinal and aromatic plants also
represent a valuable resource for the development of sustainable agricultural systems. Their cultivation
can ensure a stable and high-quality supply of plant raw materials for obtaining bioactive compounds
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used in the cosmetic industry. Sustainable production of these plants, supported by modern
agricultural technologies and the principles of Good Agricultural and Collection Practices, contributes
to improving the quality and standardisation of plant material while promoting the responsible and
efficient use of natural resources, agricultural inputs, and available environmental resources. In this
context, closer integration between the production of medicinal and aromatic plants and the needs of
the cosmetic industry may support the development of sustainable value chains and more efficient
utilisation of plant resources in the manufacture of cosmetics based on natural ingredients.

Conflicts of Interest: The authors declares no conflict of interest.

References

1.  Praharjo, A.; Wijaya, R. Consumer's behavior intention in using green skincare products. In Environmental
Issues and Social Inclusion in a Sustainable Era; Taylor & Francis: Boca Raton, FL, USA, 2023; pp. 176-183.
doi:10.1201/9781003360483-20

2. Bandyopadhyay, A.; Selvan, S.A.; Patial, P.K; Pal, T. Plant-based ingredients in cosmetic science: Current
applications, limitations, and prospects. Int. . Cosmet. Sci. 2025, 1-27. d0i:10.1111/ics.70034

3. Michalak, M. Plant extracts as skin care and therapeutic agents. Inf. |. Mol. Sci. 2023, 24, 15444.
doi:10.3390/ijms242015444

4. Latif, R,; Nawaz, T. Medicinal plants and human health: A comprehensive review of bioactive compounds,
therapeutic effects, and applications. Phytochem. Rev. 2025, 1-45. doi:10.1007/s11101-025-10194-7

5. Gdlbau, C.-S; Irimie, M.; Neculau, A.E.; Dima, L.; Pogacnik da Silva, L.; Varciu, M.; Badea, M. The potential
of plant extracts used in cosmetic product applications —antioxidants delivery and mechanism of actions.
Antioxidants 2024, 13, 1425. d0i:10.3390/antiox13111425

6.  Guzman, E; Lucia, A. Essential oils and their individual components in cosmetic products. Cosmetics 2021,
8, 114. doi:10.3390/cosmetics8040114

7. Vitalone, A.; D’Andrea, L.; Di Sotto, A.; Caruso, A.; Parente, R. Officinal plants as new frontiers of cosmetic
ingredients. Cosmetics 2025, 12, 140. d0i:10.3390/cosmetics12040140

8.  Kumar, V,; Zadokar, A,; Kumar, P.; Sharma, R.; Sharma, R.; Siddiqui, M.W.; Irfan, M.; Chandora, R.
Advancing medicinal plant agriculture: Integrating technology and precision agriculture for sustainability.
Peer] 2025, 13, €19058. doi:10.7717/peer;j.19058

9.  Babich, O, Ivanova, S.; Bakhtiyarova, A.; Kalashnikova, O.; Sukhikh, S. Medicinal plants are the basis of
natural cosmetics. Process Biochem. 2025, 154, 35-51. d0i:10.1016/j.procbio.2025.04.009

10. Bouissane, L.; Elfardi, Y.; Khatib, S.; Fatimi, A.; Pereira, C.; Cruz-Martins, N. Medicinal plants and their
derivatives for skin and hair: A Mediterranean perspective of women care. Arch. Dermatol. Res. 2025, 317,
710. doi:10.1007/s00403-025-04202-1

11. Bolatkyzy, N.; Shepilov, D.; Turmanov, R.; Berillo, D.; Vassilina, T.; Ibragimova, N.; Berganayeva, G,;
Dyusebaeva, M. Medicinal plants for skin disorders: Phytochemistry and pharmacological insights.
Molecules 2025, 30, 3281. https://doi.org/10.3390/molecules30153281

12. Rahman, M.M.; Rahaman, M.S.; Islam, M.R.; Rahman, F.; Mithi, F.M.; Alqahtani, T.; Almikhlafi, M.A,;
Alghamdji, S.Q.; Alruwaili, A.S.; Hossain, M.S.; Ahmed, M.; Das, R.; Emran, T.B.; Uddin, M.S. Role of phenolic
compounds in human disease: Current knowledge and future prospects. Molecules 2021, 27, 233.
doi:10.3390/molecules27010233

13.  Zhang, Z.; Li, X; Sang, S.; McClements, D.J.; Chen, L.; Long, J.; Jiao, A.; Jin, Z.; Qiu, C. Polyphenols as plant-
based nutraceuticals: Health effects, encapsulation, nano-delivery, and application. Foods 2022, 11, 2189.
doi:10.3390/foods11152189

14.  Ahmad, Z; Rauf, A,; Orhan, LE.; Mubarak, M.S.; Akram, Z.; Islam, M.R.; Imran, M.; Edis, Z.; Kondapavuluri,
B.K.; Thangavelu, L.; Thiruvengadam, M. Antioxidant potential of polyphenolic compounds, sources,
extraction, purification and characterization techniques: A focused review. Food Sci. Nutr. 2025, 13, €71259.
doi:10.1002/fsn3.71259



J Agron Technol Eng Manag 2026, 9(1), 1886-1894. https://doi.org/10.55817/TGBU6881 1893

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Jesus, A.; Ratanji, S.; Cidade, H.; Sousa, E.; Cruz, M.T.; Oliveira, R.; Almeida, LF. Phenolics as active
ingredients in skincare products: A myth or reality? Molecules 2025, 30, 1423. doi:10.3390/molecules30071423
Babich, O.; Ivanova, S.; Bakhtiyarova, A.; Kalashnikova, O.; Sukhikh, S. Medicinal plants are the basis of
natural cosmetics. Process Biochem. 2025, 154, 35-51. d0i:10.1016/j.procbio.2025.04.009

Camara, J.S.; Perestrelo, R.; Ferreira, R.; Berenguer, C.V.; Pereira, ].A.M.; Castilho, P.C. Plant-derived
terpenoids: A plethora of bioactive compounds with several health functions and industrial applications —
A comprehensive overview. Molecules 2024, 29, 3861. doi:10.3390/molecules29163861

Masyita, A.; Mustika Sari, R.; Dwi Astuti, A.; Yasir, B.; Rahma Rumata, N.; Emran, T.B.; Nainu, F.; Simal-
Gandara, ]J. Terpenes and terpenoids as main bioactive compounds of essential oils, their roles in human
health and potential application as natural food preservatives. Food Chem. X 2022, 13, 100217.
doi:10.1016/j.fochx.2022.100217

Javed, S.; Mangla, B.; Salawi, A.; Sultan, M.H.; Almoshari, Y.; Ahsan, W. Essential oils as dermocosmetic
agents, their mechanism of action and nanolipidic formulations for maximized skincare. Cosmetics 2024, 11,
210. d0i:10.3390/cosmetics11060210

Puvaca, N.; Milenkovi¢, J.; Galonja Coghill, T.; Bursi¢, V.; Petrovi¢, A.; Tanaskovi¢, S.; Peli¢, M.; Ljubojevié
Peli¢, D.; Miljkovi¢, T. Antimicrobial activity of selected essential oils against selected pathogenic bacteria:
In vitro study. Antibiotics 2021, 10, 546. d0i:10.3390/antibiotics10050546

Siddiqui, T.; Khan, M.U.; Sharma, V.; Gupta, K. Terpenoids in essential oils: Chemistry, classification, and
potential impact on human health and industry. Phytomed. Plus 2024, 4, 100549. doi:10.1016/j.phyplu.2024.100549
Shaaban, H.A. Potential use of essential oils and their individual components in cosmeceuticals: A review.
Ann. Biomed. Sci. Eng. 2023, 7, 31-37. doi:10.29328/journal.abse.1001023

Divekar, P.A.; Narayana, S.; Divekar, B.A.; Kumar, R.; Gadratagi, B.G.; Ray, A.; Singh, A K,; Rani, V.; Singh,
V. Singh, A K,; Kumar, A.; Singh, R.P.; Meena, R.S; Behera, T.K. Plant secondary metabolites as defense tools
against herbivores for sustainable crop protection. Int. ]. Mol. Sci. 2022, 23, 2690. doi:10.3390/ijms23052690
Dey, P.; Kundu, A.; Kumar, A.; Gupta, M.; Lee, B.M.; Bhakta, T.; Dash, S.; Kim, H.S. Analysis of alkaloids
(indole alkaloids, isoquinoline alkaloids, tropane alkaloids). In Recent Advances in Natural Products Analysis;
Elsevier: Amsterdam, The Netherlands, 2020; pp. 505-567. d0i:10.1016/B978-0-12-816455-6.00015-9

Shaikh, S.S. Saponins and skin regeneration — A natural path to healing: Harnessing plant-based bioactives for
enhanced skin healing and renewal. Afr. ]. Med. Pharma Res. 2026, 3, 73-82. doi:10.18231/j.ajmpr.35030.1767590642
Albuquerque, P.B.S.; Oliveira, W.F.; Silva, PM.S,; Correia, M.T.S.; Kennedy, ].F.; Coelho, L.C.B.B. Skincare
application of medicinal plant polysaccharides—A review. Carbohydr. Polym. 2022, 277, 118824.
doi:10.1016/j.carbpol.2021.118824

Yang, J. Personalized skin health management and nutrition strategies: A comprehensive study based on genetic
polymorphisms and dietary factors. Front. Genet. 2025, 16, 1624960. doi:10.3389/fgene.2025.1624960

Mourelle, M.L.; Gémez, C.P.; Legido, J.L. Peloids in skin care and cosmeceuticals. Cosmetics 2024, 11, 202.
d0i:10.3390/cosmetics11060202

Xie, M,; Jiang, Z.; Lin, X.; Wei, X. Application of plant extracts cosmetics in the field of anti-aging,. ]. Dermatol. Sci.
Cosmet. Technol. 2024, 1, 100014. doi:10.1016/j.jdsct.2024.100014

Olivero-Verbel, J.; Quintero-Rincoén, P.; Caballero-Gallardo, K. Aromatic plants as cosmeceuticals: Benefits and
applications for skin health. Planta 2024, 260, 132. doi:10.1007/s00425-024-04550-8

Adamovic, M.; Adamovic, A.; Barjaktarevic, A.; Kostic, M.; Kostic, O.; Pecarski, D.; Andjic, M.; Dimitrijevic, J.;
Zivkovic, J.; Tomovic, M. Concentration-Dependent Rheological and Sensory Effects of Walnut Leaf Extract in
Cosmetic Emulsion Creams. Cosmetics 2026, 13, 6. d0i/10.3390/cosmetics13010006

Herndndez-Bolafios, E.; Sdnchez-Retuerta, V.; Matias-Herndndez, L. Promising applications on the use of
medicinal and aromatic plants in agriculture. Discov. Agric. 2025, 3, 36. doi:10.1007/s44279-025-00187-7

Gamage, A.; Gangahagedara, R; Subasinghe, S.; Gamage, J.; Guruge, C.; Senaratne, S.; Randika, T.; Rathnayake,
C.; Hameed, Z.; Madhujith, T.; Merah, O. Advancing sustainability: The impact of emerging technologies in
agriculture. Curr. Plant Biol. 2024, 40, 100420. doi:10.1016/j.cpb.2024.100420

Chen, X. The role of modern agricultural technologies in improving agricultural productivity and land use
efficiency. Front. Plant Sci. 2025, 16, 1675657. d0i:10.3389/fpls.2025.1675657

EUROPAM. Guidelines for Good Agricultural and Wild Collection Practices for Medicinal and Aromatic
Plants (GACP-MAP), Version 2022. Available online: https://www.europam.net/wp-content/uploads/2022/
11/EUROPAM-GACP-2022.pdf (accessed on 10 January 2026).

Macaluso, D.; Licciardo, F.; Carbone, K. Farming of medicinal and aromatic plants in Italy: Structural features
and economic results. Agriculture 2024, 14, 151. doi:10.3390/agriculture14010151



J Agron Technol Eng Manag 2026, 9(1), 1886-1894. https://doi.org/10.55817/TGBU6881 1894

37. Mbelebele, Z; Mdoda, L; Ntlanga, S.S. Growing wealth from nature: Analyzing the profitability and
determinants of high-value medicinal plants in smallholder production systems. Cogent Econ. Finance 2024, 12.
doi:10.1080/23322039.2024.2426536

© 2026 by the authors. Submitted for possible open access publication under the terms
@ ® and conditions of the Creative Commons Attribution (CC BY) license

(http://creativecommons.org/licenses/by/4.0/).




