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Abstract: Bee products have gained considerable attention in recent years as natural and 

multifunctional ingredients with significant potential for cosmetic and cosmeceutical applications. 

The increasing consumer demand for sustainable, biologically active, and naturally derived 

cosmetic products has stimulated extensive research into the composition, biological properties, and 

industrial utilization of honey, propolis, royal jelly, beeswax, bee pollen, and bee venom. These 

products represent a unique link between agriculture, apiculture, and cosmetic science, offering a 

wide range of bioactive compounds, including phenolic acids, flavonoids, peptides, proteins, fatty 

acids, vitamins, minerals, and enzymes. Such compounds are responsible for numerous biological 

activities relevant to skin health, including antioxidant, anti-inflammatory, antimicrobial, wound-

healing, moisturizing, regenerative, and anti-aging effects. This review provides a comprehensive 

overview of the agricultural and apicultural origins of major bee products, their chemical 

composition, biological properties, and current applications in cosmetic formulations. Particular 

attention is given to the mechanisms through which bee-derived ingredients contribute to skin 

protection, hydration, regeneration, and healthy aging. Furthermore, the review discusses safety 

considerations, quality control requirements, regulatory aspects, and the challenges associated with 

the standardization of bee-based cosmetic ingredients. Emerging trends, including advanced 

extraction technologies, nanotechnology-based delivery systems, sustainable cosmetic 

development, and personalized skincare approaches, are also highlighted as important directions 

for future research and innovation. The available evidence indicates that bee products possess 

substantial potential for the development of effective, multifunctional, and environmentally 

sustainable cosmetic products. Continued scientific investigation and technological advancement 

are expected to further enhance their value and expand their applications within modern cosmetic 

science and the growing global cosmeceutical market. 
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1. Introduction 

The growing consumer demand for natural, sustainable, and biologically active cosmetic 

ingredients has significantly transformed the global cosmetics industry over the past decade [1,2]. 

Modern consumers increasingly prefer products formulated with naturally derived compounds that 

offer both cosmetic and therapeutic benefits while minimizing the use of synthetic chemicals. This 

trend has stimulated extensive scientific interest in bioactive substances originating from agricultural 

and natural resources, particularly those produced through apiculture. Bee products, including 

honey, propolis, royal jelly, beeswax, bee pollen, and bee venom, have attracted considerable 

attention due to their diverse chemical composition and wide range of biological activities relevant 

to skin health and cosmetic applications [1,3,4]. 

Apiculture represents an important agricultural sector that contributes not only to food 

production and ecosystem sustainability but also to the generation of valuable natural products with 

significant industrial applications. Bees play a crucial role in crop pollination, thereby supporting 

agricultural productivity, biodiversity, and environmental stability [5-7]. In addition to their 

ecological importance, honeybees produce a variety of substances characterized by complex mixtures 

of bioactive compounds, including phenolic acids, flavonoids, peptides, proteins, enzymes, vitamins, 

minerals, fatty acids, and volatile constituents. The concentration and composition of these 

compounds are influenced by numerous factors, such as botanical origin, geographical location, 

climatic conditions, seasonal variations, bee species, and production practices [8-11]. 

The biological properties of bee products have been extensively investigated in recent years. 

Numerous studies have demonstrated their antioxidant, anti-inflammatory, antimicrobial, wound-

healing, moisturizing, and regenerative effects [12-15]. These activities are particularly relevant in 

cosmetic science, where maintaining skin integrity, preventing premature aging, enhancing skin 

hydration, and protecting against environmental stressors are primary objectives. Oxidative stress 

and chronic low-grade inflammation are recognized as major contributors to skin aging and the 

development of various dermatological disorders [16,17]. Consequently, ingredients capable of 

mitigating these processes have become increasingly valuable in cosmetic formulations. Bee-derived 

products have shown promising potential in this regard, offering multifunctional benefits that extend 

beyond conventional cosmetic effects. 

Honey is among the most widely utilized bee products in cosmetic formulations due to its 

humectant, antioxidant, and antimicrobial properties [2,18,19]. Propolis has gained attention for its 

rich phenolic profile and strong antimicrobial and anti-inflammatory activities, making it a valuable 

ingredient in products designed for acne-prone and sensitive skin [20-22]. Royal jelly contains unique 

proteins, fatty acids, and vitamins associated with skin nourishment and regeneration [23-25]. 

Beeswax is commonly employed as a natural emulsifier, stabilizer, and protective agent in creams, 

ointments, and lip care products [1,26]. Bee pollen provides a concentrated source of nutrients and 

antioxidants [27-29], while bee venom has emerged as an innovative cosmetic ingredient owing to its 

potential anti-aging and skin-rejuvenating effects [3,30,31]. 

The increasing incorporation of bee products into cosmetic and cosmeceutical formulations has 

encouraged researchers and manufacturers to explore their mechanisms of action, efficacy, safety, 

and commercial potential. Despite the growing body of literature, information regarding the 

agricultural origins, chemical composition, biological activities, and cosmetic applications of bee 

products remains dispersed across multiple scientific disciplines, including agronomy, food science, 

pharmacology, dermatology, and cosmetic technology. Therefore, an integrated evaluation of the 

available evidence is necessary to provide a comprehensive understanding of their role in modern 

cosmetic science. 

The aim of this review is to summarize current knowledge regarding the agricultural and 

apicultural origins of major bee products, their chemical composition and bioactive constituents, 

biological activities relevant to cosmetic applications, current utilization in cosmetic formulations, 

safety considerations, and future research perspectives. By integrating findings from diverse 

scientific fields, this review seeks to highlight the potential of bee-derived products as sustainable 
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and multifunctional ingredients for the development of innovative cosmetic and cosmeceutical 

products. 

 

 

2. Agricultural and apicultural origins of bee products 

Bee products have been utilized by human societies for centuries owing to their nutritional, 

medicinal, and commercial value [1,12]. Today, these natural substances represent an important link 

between agriculture, environmental sustainability, and various industrial sectors, including food 

production, pharmaceuticals, and cosmetics. The quality, composition, and biological properties of 

bee products are closely associated with agricultural and apicultural practices, as well as 

environmental conditions that influence the availability of floral resources [8-10]. Understanding the 

origins of bee products is therefore essential for evaluating their potential applications in cosmetic 

science and for ensuring product quality, safety, and efficacy. 

 

2.1. Importance of Apiculture in Agricultural Systems 

Apiculture constitutes a vital component of modern agricultural systems due to its contribution 

to pollination services and biodiversity conservation. Honeybees (Apis mellifera) are among the most 

important pollinating insects worldwide, facilitating the reproduction of numerous cultivated and 

wild plant species [5,6]. Pollination not only enhances crop yield but also improves the quality of 

fruits, vegetables, oilseeds, and forage crops. Consequently, beekeeping plays a significant role in 

supporting food security, ecosystem resilience, and sustainable agricultural development [6,7,32]. 

Beyond pollination, apiculture provides a diverse range of commercially valuable products, 

including honey, propolis, royal jelly, beeswax, pollen, and bee venom [1,33]. These products 

represent an important source of income for beekeepers and contribute to the economic sustainability 

of rural communities. In recent years, growing consumer interest in natural and environmentally 

friendly products has further increased the demand for bee-derived ingredients in the food, 

pharmaceutical, and cosmetic industries. 

The relationship between agriculture and apiculture is highly interconnected. Agricultural 

landscapes determine the availability of nectar and pollen sources, while healthy bee populations 

contribute to crop productivity through pollination activities. This mutual dependence highlights the 

importance of integrated agricultural and beekeeping practices that promote both environmental 

sustainability and the production of high-quality bee products. 

 

2.2. Botanical and Geographical Influences on Bee Product Quality 

The composition and biological characteristics of bee products are strongly influenced by 

botanical origin and geographical location. Floral resources serve as the primary source of nectar, 

pollen, resins, and other plant-derived materials collected by bees [8,9]. Consequently, variations in 

plant species, vegetation diversity, and flowering periods directly affect the chemical profile of bee 

products. 

Honey derived from different botanical sources exhibits considerable differences in sugar 

composition, phenolic content, antioxidant capacity, color, aroma, and physicochemical properties 

[10,18,34]. Similarly, the composition of propolis largely depends on the plant resins available in a 

particular region, resulting in substantial geographical variability [20,35]. Royal jelly, pollen, and bee 

venom may also display differences in nutritional and bioactive composition depending on 

environmental and ecological conditions. 

Geographical factors such as climate, altitude, soil characteristics, temperature, precipitation 

patterns, and seasonal changes further contribute to the variability of bee products. Regions 

characterized by diverse floral biodiversity often produce bee products with enhanced concentrations 

of bioactive compounds. These environmental influences are particularly important for cosmetic 
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applications, as the efficacy of bee-derived ingredients is closely linked to their chemical composition 

and biological activity. 

The increasing recognition of geographical influence has encouraged the development of quality 

certification systems and geographical indication labels aimed at protecting product authenticity and 

ensuring consumer confidence. Such approaches are particularly relevant for high-value bee 

products intended for pharmaceutical and cosmetic use. 

 

2.3. Sustainable Production and Environmental Considerations 

Sustainability has become a central concept in both agriculture and cosmetic manufacturing. Bee 

products are generally regarded as environmentally friendly resources because their production 

relies primarily on natural biological processes. However, the sustainability of apiculture depends 

on maintaining healthy bee populations and preserving suitable habitats that provide adequate 

nutritional resources. 

Several environmental challenges currently threaten global beekeeping, including habitat loss, 

intensive agricultural practices, pesticide exposure, climate change, emerging pathogens, and 

parasitic infestations [6,36,37]. These factors may negatively affect bee health, colony productivity, 

and the quality of bee-derived products. Consequently, sustainable apicultural management 

practices have become increasingly important for ensuring long-term production and ecosystem 

stability. 

The adoption of integrated pest management strategies, reduction of pesticide use, promotion 

of biodiversity, and establishment of pollinator-friendly agricultural systems can significantly 

contribute to the protection of honeybee populations [7,32,38]. Furthermore, organic beekeeping 

practices have gained popularity due to increasing consumer demand for products produced with 

minimal environmental impact. Such practices often emphasize natural disease control methods, 

responsible resource management, and strict quality standards. 

From a cosmetic industry perspective, sustainability is an important marketing and regulatory 

consideration. Consumers increasingly favor cosmetic products formulated with renewable, ethically 

sourced, and environmentally responsible ingredients. Bee products align well with these 

expectations, making them attractive candidates for inclusion in sustainable cosmetic formulations. 

 

2.4. Factors Affecting the Composition and Safety of Bee Products 

The quality and safety of bee products are influenced by multiple factors throughout the 

production chain. Environmental conditions, floral diversity, beekeeping practices, harvesting 

methods, storage conditions, and processing techniques all contribute to the final composition of bee-

derived materials. 

Improper handling or storage may result in the degradation of sensitive bioactive compounds, 

reducing their biological effectiveness [10,11]. Additionally, bee products may become contaminated 

with pesticide residues, veterinary drug residues, heavy metals, environmental pollutants, or 

microbial contaminants [39-42]. Such contamination can compromise product quality and pose 

potential health risks to consumers. 

Quality assurance measures are therefore essential for ensuring the safety and efficacy of bee 

products intended for cosmetic applications. Modern analytical techniques enable the 

characterization of chemical composition, authentication of botanical origin, detection of 

contaminants, and assessment of biological activity [11,40,43]. These approaches support the 

development of standardized raw materials that meet the quality requirements of the cosmetic 

industry. 

As interest in natural cosmetic ingredients continues to grow, the implementation of rigorous 

quality control systems and sustainable production practices will become increasingly important. 

Ensuring product authenticity, safety, and consistency remains a key prerequisite for the successful 

integration of bee products into modern cosmetic science. 
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3. Chemical composition and bioactive constituents of bee products 

The growing interest in bee-derived products for cosmetic applications is largely attributed to 

their complex chemical composition and the presence of numerous biologically active compounds 

[1,4]. These products contain a wide range of natural substances, including carbohydrates, proteins, 

peptides, amino acids, lipids, vitamins, minerals, phenolic compounds, flavonoids, enzymes, and 

volatile constituents. The concentration and distribution of these compounds vary depending on 

botanical origin, geographical location, environmental conditions, bee species, harvesting 

procedures, and storage practices. The biological activities associated with bee products, such as 

antioxidant, antimicrobial, anti-inflammatory, regenerative, and moisturizing effects, are primarily 

linked to these bioactive constituents [1,12,14]. 

 

3.1. Honey 

Honey is the most widely recognized and commercially important bee product [18,19]. It is a 

natural sweet substance produced by honeybees from plant nectar, secretions of living plant parts, 

or excretions of plant-sucking insects. Chemically, honey is a highly concentrated aqueous solution 

consisting predominantly of carbohydrates, accompanied by numerous minor compounds that 

contribute significantly to its biological activity [18,34]. 

The major constituents of honey are sugars, representing approximately 80-85% of its 

composition [18,34]. Fructose and glucose are the dominant monosaccharides, while smaller amounts 

of sucrose, maltose, and other oligosaccharides are also present. Water typically accounts for 15–20% 

of honey composition, influencing viscosity, stability, and shelf life. 

In addition to carbohydrates, honey contains organic acids, amino acids, proteins, enzymes, 

vitamins, minerals, and phenolic compounds. Gluconic acid is the most abundant organic acid and 

contributes to the acidic nature of honey. Enzymes such as glucose oxidase, catalase, diastase, and 

invertase play important roles in honey maturation and biological activity [18,44]. Honey also 

contains small quantities of B-complex vitamins, vitamin C, potassium, calcium, magnesium, 

phosphorus, zinc, and iron. 

The most important bioactive compounds in honey are phenolic acids and flavonoids [18,45]. 

Common phenolic acids include caffeic acid, gallic acid, ferulic acid, p-coumaric acid, and syringic 

acid, while predominant flavonoids include quercetin, kaempferol, chrysin, apigenin, pinocembrin, 

and luteolin. These compounds are largely responsible for the antioxidant and anti-inflammatory 

properties of honey, which are highly desirable in cosmetic formulations aimed at protecting the skin 

from oxidative damage and premature aging [2,16,18]. 

 

3.2. Propolis 

Propolis, often referred to as “bee glue,” is a resinous material collected by honeybees from buds, 

bark, and exudates of various plant species [20,35]. Bees mix these plant resins with wax and salivary 

enzymes to produce a substance used for sealing hive cracks and protecting the colony against 

microbial invasion. 

Among all bee products, propolis exhibits one of the most complex chemical compositions 

[20,21]. More than 800 individual compounds have been identified in propolis samples from different 

regions worldwide [20,35]. The principal components include plant resins (approximately 50%), 

beeswax (30%), essential oils (10%), pollen (5%), and various organic substances (5%). 

Phenolic compounds represent the most biologically significant constituents of propolis. These 

include flavonoids such as pinocembrin, galangin, chrysin, quercetin, kaempferol, and apigenin, as 

well as phenolic acids and their esters. One particularly important compound is caffeic acid 

phenethyl ester (CAPE), which has attracted considerable scientific attention due to its potent 

antioxidant, anti-inflammatory, and antimicrobial activities [46,47]. 

Propolis also contains terpenoids, aromatic aldehydes, alcohols, fatty acids, amino acids, 

vitamins, and trace minerals. The precise chemical profile varies substantially according to 

geographical location and plant sources available to bees. This variability contributes to differences 
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in biological activity and may influence the effectiveness of propolis-containing cosmetic 

formulations. 

 

3.3. Royal Jelly 

Royal jelly is a milky-white secretion produced by the hypopharyngeal and mandibular glands 

of worker bees [23,24]. It serves as the exclusive food source for queen bees throughout their lifespan 

and plays a crucial role in caste differentiation within the colony. 

Royal jelly possesses a unique nutritional and biochemical composition [23-25]. Water represents 

approximately 60–70% of fresh royal jelly, while proteins account for 9–18%, carbohydrates 7–18%, 

and lipids 3–8%. It also contains vitamins, minerals, enzymes, nucleotides, and various bioactive 

substances. 

The major protein fraction consists of Major Royal Jelly Proteins (MRJPs), which constitute 

nearly 80-90% of total protein content [23,24]. These proteins are associated with numerous biological 

activities, including tissue regeneration, immune modulation, and cellular proliferation. Royal jelly 

also contains essential amino acids, contributing to its nutritional value. 

One of the most characteristic compounds of royal jelly is 10-hydroxy-2-decenoic acid (10-HDA), 

an unsaturated fatty acid considered a marker of authenticity and quality [24,25]. This compound has 

demonstrated antioxidant, antimicrobial, anti-inflammatory, and anti-aging properties, making it 

particularly relevant for cosmetic applications. 

Additionally, royal jelly contains acetylcholine, phenolic compounds, flavonoids, vitamins B1, 

B2, B3, B5, B6, biotin, folic acid, and trace elements such as calcium, potassium, magnesium, zinc, and 

iron. These components collectively contribute to the regenerative and skin-conditioning properties 

frequently associated with royal jelly-based cosmetic products. 

 

3.4. Beeswax 

Beeswax is a natural wax secreted by specialized abdominal glands of worker bees and is used 

for the construction of honeycomb structures within the hive [1,26]. It has been utilized for centuries 

in pharmaceutical, food, and cosmetic preparations due to its favorable physicochemical properties. 

Chemically, beeswax is composed primarily of esters of fatty acids and long-chain alcohols, 

which account for approximately 70-75% of its composition [26]. Other constituents include free fatty 

acids, hydrocarbons, monoesters, diesters, hydroxy esters, and small quantities of aromatic 

compounds. 

The major fatty acids present in beeswax include palmitic acid, cerotic acid, and oleic acid. 

Hydrocarbons such as pentacosane, heptacosane, and nonacosane also contribute to its structural 

characteristics. Although beeswax contains lower concentrations of bioactive compounds than honey 

or propolis, it possesses important functional properties relevant to cosmetic formulations. 

Its excellent emulsifying, film-forming, moisturizing, and protective characteristics make 

beeswax a valuable ingredient in creams, lotions, lip balms, ointments, and other personal care 

products. Beeswax creates a protective barrier on the skin surface, reducing transepidermal water 

loss while maintaining skin softness and elasticity. 

 

3.5. Bee Pollen 

Bee pollen is produced when honeybees collect pollen grains from flowering plants and combine 

them with nectar and salivary secretions [27,28]. It is considered one of the most nutritionally 

complete bee products due to its diverse composition. 

The chemical profile of bee pollen varies according to plant origin but generally includes 

carbohydrates (13-55%), proteins (10-40%), lipids (1-13%), dietary fiber, vitamins, minerals, and 

bioactive phytochemicals [27-29]. It contains all essential amino acids, making it a valuable source of 

high-quality protein. 
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Bee pollen is particularly rich in phenolic compounds and flavonoids, including quercetin, rutin, 

kaempferol, luteolin, and isorhamnetin [27,29]. Additional bioactive constituents include 

carotenoids, phytosterols, fatty acids, enzymes, and coenzymes. 

The antioxidant potential of bee pollen is largely attributed to these phenolic compounds, which 

help neutralize reactive oxygen species and protect biological tissues from oxidative damage. Such 

properties have generated increasing interest in the incorporation of bee pollen extracts into cosmetic 

formulations designed to support skin vitality and prevent premature aging. 

 

3.6. Bee Venom 

Bee venom, also known as apitoxin, is a complex secretion produced by the venom glands of 

worker bees as a defensive mechanism against predators [3,30]. Although traditionally associated 

with painful stings, bee venom has gained significant attention in cosmetic and biomedical research 

due to its unique pharmacological properties. 

The chemical composition of bee venom includes peptides, enzymes, amino acids, sugars, 

phospholipids, and volatile compounds. Peptides constitute the most biologically active fraction and 

account for a substantial proportion of venom dry weight. 

Melittin is the principal peptide, representing approximately 40-60% of bee venom dry matter 

[3,30]. It exhibits potent anti-inflammatory, antimicrobial, and immunomodulatory activities. Other 

important peptides include apamin, mast cell degranulating peptide (MCD peptide), adolapin, and 

secapin. 

Enzymatic components such as phospholipase A₂ and hyaluronidase contribute to the biological 

effects of bee venom by influencing cellular membranes and tissue permeability. Bee venom also 

contains biogenic amines, including histamine, dopamine, and norepinephrine. 

Recent cosmetic research has highlighted the potential of bee venom as an active ingredient in 

anti-aging formulations [3,31,48]. Its ability to stimulate microcirculation, promote collagen 

synthesis, and improve skin appearance has led to its incorporation into a variety of premium 

cosmetic products [31,48,49]. However, its use requires careful consideration due to the possibility of 

allergic reactions and individual hypersensitivity. 

Overall, the remarkable diversity of bioactive constituents present in bee products provides the 

biochemical foundation for their numerous biological activities and supports their growing 

application in modern cosmetic science (Table 1). 

 

 

Table 1. Chemical composition and major bioactive constituents of bee products relevant to 

cosmetic applications [18,20,23,26,27,30,34,35,45]. 

Bee 

product 
Major bioactive compounds Main biological activities Cosmetic relevance 

Honey 
Flavonoids, phenolic acids, 

enzymes 
Antioxidant, antimicrobial 

Hydration, skin 

protection 

Propolis CAPE, chrysin, galangin 
Antioxidant, anti-

inflammatory 

Acne care, sensitive 

skin 

Royal jelly MRJPs, 10-HDA Regenerative, antioxidant 
Anti-aging 

formulations 

Beeswax 
Fatty acid esters, 

hydrocarbons 
Protective, moisturizing Creams, lip balms 

Bee pollen 
Flavonoids, carotenoids, 

amino acids 
Antioxidant, nutritive Skin revitalization 

Bee venom Melittin, apamin 
Anti-inflammatory, 

regenerative 
Anti-aging products 
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4. Biological activities relevant to cosmetic science 

The increasing utilization of bee products in cosmetic and cosmeceutical formulations is 

primarily driven by their diverse biological activities [1,4]. Numerous studies have demonstrated that 

the bioactive compounds present in honey, propolis, royal jelly, beeswax, bee pollen, and bee venom 

exhibit antioxidant, anti-inflammatory, antimicrobial, regenerative, and anti-aging properties. These 

biological effects are highly relevant to skin health, as they contribute to the maintenance of skin 

barrier function, protection against environmental stressors, prevention of premature aging, and 

support of tissue repair processes. The multifunctional nature of bee-derived products has positioned 

them among the most promising natural ingredients in contemporary cosmetic science. 

 

4.1. Antioxidant Activity 

Oxidative stress is recognized as one of the principal mechanisms underlying skin aging and the 

development of various dermatological conditions [16,17]. It occurs when the production of reactive 

oxygen species (ROS) exceeds the capacity of endogenous antioxidant defense systems, leading to 

damage of cellular lipids, proteins, and nucleic acids. Environmental factors such as ultraviolet (UV) 

radiation, air pollution, cigarette smoke, and chemical exposure further accelerate oxidative damage 

within skin tissues. 

Bee products possess substantial antioxidant activity owing to their rich content of phenolic 

acids, flavonoids, vitamins, enzymes, and other redox-active compounds [14,18,27]. Honey and 

propolis are particularly abundant in antioxidant molecules, including quercetin, chrysin, galangin, 

pinocembrin, caffeic acid, ferulic acid, and gallic acid. These compounds act through multiple 

mechanisms, including free radical scavenging, metal ion chelation, inhibition of lipid peroxidation, 

and enhancement of endogenous antioxidant enzyme systems [16,45]. 

Royal jelly and bee pollen also contribute significant antioxidant potential through the presence 

of flavonoids, carotenoids, and various bioactive peptides. The antioxidant activity of these products 

has been associated with protection against UV-induced skin damage, reduction of oxidative stress-

related inflammation, and preservation of collagen and elastin integrity. Consequently, bee-derived 

ingredients are frequently incorporated into cosmetic formulations intended to prevent premature 

aging and maintain youthful skin appearance. 

 

4.2. Anti-inflammatory Activity 

Inflammation plays a central role in numerous skin disorders and is increasingly recognized as 

a major contributor to the aging process [17,50]. Chronic low-grade inflammation may accelerate 

collagen degradation, impair tissue repair mechanisms, and promote the development of wrinkles, 

pigmentation irregularities, and loss of skin elasticity. 

Several bee products have demonstrated remarkable anti-inflammatory properties. Propolis is 

particularly notable due to its high concentration of flavonoids and phenolic compounds, especially 

caffeic acid phenethyl ester (CAPE), which has been shown to modulate key inflammatory signaling 

pathways [21,46,47]. These compounds can inhibit the production of pro-inflammatory mediators, 

including cytokines, prostaglandins, and reactive oxygen species. 

Honey has also been reported to reduce inflammatory responses through both antioxidant and 

immunomodulatory mechanisms. Royal jelly contains fatty acids and proteins capable of influencing 

inflammatory processes and supporting tissue regeneration. Similarly, melittin, the principal peptide 

component of bee venom, has attracted considerable scientific interest because of its potent anti-

inflammatory effects observed in experimental studies [3,30]. 

The anti-inflammatory activity of bee products is highly relevant for cosmetic applications 

targeting sensitive, irritated, acne-prone, or environmentally stressed skin. By reducing 

inflammatory responses and supporting skin homeostasis, these natural ingredients may contribute 

to improved skin comfort and appearance. 
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4.3. Antimicrobial Activity 

Microbial contamination and imbalance of the skin microbiota are associated with numerous 

dermatological conditions, including acne vulgaris, dermatitis, and wound infections [22,50,51]. 

Therefore, antimicrobial ingredients are commonly incorporated into cosmetic formulations to 

support skin health and product preservation. 

Bee products possess broad-spectrum antimicrobial activity against a variety of bacteria, fungi, 

and viruses. Honey has been extensively studied for its antimicrobial properties, which are attributed 

to multiple factors including low pH, high osmotic pressure, hydrogen peroxide production, and the 

presence of phenolic compounds [19,44,52]. These characteristics create an unfavorable environment 

for microbial growth and contribute to honey's long-standing use in wound care and skin treatment. 

Propolis exhibits particularly strong antimicrobial activity due to its complex mixture of 

flavonoids, phenolic acids, and aromatic compounds [20-22]. Numerous studies have demonstrated 

its effectiveness against both Gram-positive and Gram-negative bacteria, as well as several fungal 

species. Royal jelly and bee venom have also shown antimicrobial potential, although their 

mechanisms of action differ from those observed in honey and propolis. 

In cosmetic formulations, antimicrobial bee products may help maintain skin microbiological 

balance, reduce acne-associated microorganisms, support wound healing, and enhance product 

stability. These properties are especially valuable in formulations intended for problematic or acne-

prone skin. 

 

4.4. Wound-Healing and Skin-Regenerative Effects 

Skin regeneration and wound repair are complex biological processes involving inflammation, 

cellular proliferation, extracellular matrix formation, and tissue remodeling [4,53]. Cosmetic products 

increasingly aim not only to improve appearance but also to support the skin’s natural regenerative 

capacity. 

Among bee products, honey is perhaps the most extensively studied regarding wound-healing 

activity [2,19,53]. Its ability to maintain a moist wound environment, inhibit microbial growth, reduce 

inflammation, and promote tissue regeneration has been documented in numerous experimental and 

clinical investigations. Honey has been shown to facilitate re-epithelialization, stimulate 

angiogenesis, and accelerate wound closure [19,53]. 

Royal jelly contributes to tissue regeneration through the action of its proteins, peptides, 

vitamins, and unique fatty acids. These compounds may stimulate cellular proliferation and support 

skin renewal processes. Propolis has also demonstrated regenerative effects through its combined 

antioxidant, antimicrobial, and anti-inflammatory activities. 

Bee venom has emerged as a promising bioactive ingredient capable of stimulating cellular 

activity and enhancing collagen production [31,48,54]. Several studies suggest that melittin and other 

venom peptides may promote fibroblast activation and extracellular matrix synthesis, thereby 

supporting skin regeneration and improving skin texture. 

The regenerative properties of bee products have encouraged their incorporation into cosmetic 

formulations designed for skin repair, post-procedure recovery, scar management, and intensive skin 

care treatments. 

 

4.5. Anti-Aging Potential 

Population aging and increasing consumer interest in youthful appearance have driven 

substantial growth in the global anti-aging cosmetics market [3,55]. Skin aging is influenced by 

intrinsic biological processes as well as extrinsic factors such as ultraviolet radiation, pollution, 

nutrition, and lifestyle. These factors collectively contribute to oxidative stress, chronic inflammation, 

collagen degradation, elastin fragmentation, and reduced skin hydration. 

Bee products possess multiple characteristics that directly address key mechanisms involved in 

skin aging. Their antioxidant activity helps protect cellular structures from oxidative damage, while 

anti-inflammatory effects may reduce chronic inflammatory processes associated with premature 
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aging. In addition, several bee-derived compounds have demonstrated the ability to stimulate 

collagen synthesis, support skin hydration, and enhance tissue regeneration. 

Royal jelly has attracted particular attention due to its nutrient-rich composition and its potential 

to improve skin elasticity and moisture retention [23-25]. Honey functions as a natural humectant, 

attracting and retaining water within the stratum corneum, thereby contributing to improved skin 

hydration and softness. Propolis supports skin protection through its antioxidant and antimicrobial 

properties [20,21], while bee venom has been investigated for its ability to enhance microcirculation 

and stimulate collagen production [31,48,49]. 

Recent advances in cosmetic science have further expanded interest in bee-derived ingredients 

as components of multifunctional anti-aging formulations. Their ability to simultaneously target 

several biological pathways associated with skin aging makes them attractive alternatives to 

synthetic cosmetic actives. As a result, bee products continue to gain recognition as valuable natural 

ingredients for maintaining skin health, improving skin appearance, and promoting healthy aging 

(Figure 1). 

Collectively, the biological activities of bee products provide a strong scientific foundation for 

their widespread use in cosmetic formulations. Their multifunctional properties not only support 

traditional skincare objectives but also align with current consumer demand for natural, effective, 

and sustainable cosmetic ingredients. 

 

  

 
Figure 1. Network visualization of biological activities of bee products relevant to cosmetic 

science [14,16,17,21,30,45,46,50,53] . 

 

5. Applications of bee products in cosmetic formulations 

The increasing demand for natural, multifunctional, and sustainable cosmetic ingredients has 

accelerated the incorporation of bee products into a wide variety of cosmetic and cosmeceutical 

formulations. Their favorable biological properties, including antioxidant, antimicrobial, anti-

inflammatory, moisturizing, regenerative, and anti-aging activities, have made them attractive 

alternatives or complements to synthetic cosmetic ingredients. Advances in cosmetic technology and 
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growing consumer awareness regarding naturally derived products have further expanded the use 

of bee-derived materials across numerous personal care applications. 

Today, honey, propolis, royal jelly, beeswax, bee pollen, and bee venom are incorporated into 

products designed for skin care, hair care, lip protection, wound management, and anti-aging 

treatments. Their multifunctional nature allows manufacturers to formulate products that provide 

both aesthetic and functional benefits while addressing consumer preferences for naturally sourced 

ingredients. 

 

5.1. Skin Care Products 

Skin care represents the largest area of cosmetic application for bee-derived ingredients [1,2]. 

Honey is widely utilized in facial cleansers, moisturizing creams, masks, serums, and body care 

products due to its humectant properties [2,18]. By attracting and retaining moisture, honey helps 

maintain skin hydration, improve skin softness, and support barrier function. Additionally, its 

antioxidant and antimicrobial activities contribute to overall skin protection and maintenance. 

Propolis has become a popular ingredient in products formulated for sensitive, irritated, and 

acne-prone skin [21,22,50]. Its anti-inflammatory and antimicrobial properties make it particularly 

suitable for reducing skin redness, controlling microbial growth, and supporting skin recovery. 

Cosmetic formulations containing propolis are frequently marketed for individuals experiencing 

acne, environmental stress, or compromised skin barriers. 

Royal jelly is commonly incorporated into premium skincare products because of its rich 

composition of proteins, vitamins, fatty acids, and bioactive compounds [23,25]. It is often included 

in nourishing creams, rejuvenating masks, and restorative serums designed to improve skin vitality 

and support cellular renewal. Bee pollen extracts are also increasingly utilized in skin care products 

due to their high antioxidant content and nutritional value. 

The combination of multiple bee products within a single formulation has become a common 

strategy for maximizing biological effectiveness. Such formulations aim to provide synergistic 

benefits by simultaneously addressing hydration, protection, regeneration, and anti-aging objectives. 

 

5.2. Hair Care Products 

The cosmetic potential of bee products extends beyond skin care and includes numerous 

applications in hair care formulations [1,56]. Healthy hair appearance depends on adequate 

hydration, scalp health, protection against environmental damage, and maintenance of structural 

integrity. Bee-derived ingredients offer several properties that may support these objectives. 

Honey is frequently incorporated into shampoos, conditioners, hair masks, and leave-in 

treatments because of its moisturizing and conditioning effects. Its ability to attract moisture can help 

improve hair softness, reduce brittleness, and enhance overall manageability. Furthermore, honey 

may contribute to scalp comfort through its soothing and antimicrobial properties. 

Propolis has gained attention in scalp care products due to its antimicrobial and anti-

inflammatory activities [21,22]. It is commonly included in formulations intended for individuals 

experiencing dandruff, scalp irritation, or excessive microbial colonization. Some studies have 

suggested that propolis extracts may contribute to maintaining a healthy scalp environment, which 

is essential for optimal hair growth and appearance. 

Royal jelly and bee pollen are occasionally incorporated into hair care products as nutrient-rich 

ingredients that may help improve hair strength and support scalp nutrition. Although further 

research is needed to fully establish their efficacy in cosmetic hair care applications, their inclusion 

continues to grow in premium and natural product segments. 

 

5.3. Anti-Aging Cosmetics 

Anti-aging cosmetics represent one of the fastest-growing sectors within the global beauty 

industry [3,55]. Bee products have become increasingly prominent in this market due to their ability 

to address multiple biological mechanisms associated with skin aging. 
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Honey contributes to anti-aging formulations through its moisturizing, antioxidant, and 

protective properties. Adequate skin hydration is essential for maintaining elasticity and minimizing 

the appearance of fine lines and wrinkles. The antioxidant compounds present in honey further assist 

in protecting skin structures from oxidative damage induced by environmental stressors. 

Royal jelly is frequently promoted as an anti-aging ingredient because of its capacity to support 

skin regeneration and improve skin appearance. Its unique combination of proteins, fatty acids, 

vitamins, and bioactive compounds has been associated with enhanced skin elasticity, improved 

hydration, and support of cellular renewal processes. 

Propolis provides additional anti-aging benefits through its antioxidant and anti-inflammatory 

activities, which may help reduce oxidative stress and chronic inflammation associated with skin 

aging. Bee venom has emerged as a particularly innovative cosmetic ingredient in this category 

[3,31,48]. Several cosmetic formulations incorporate purified bee venom due to its potential to 

stimulate microcirculation, support collagen production, and improve skin firmness. 

As consumer demand for naturally derived anti-aging solutions continues to increase, bee 

products are expected to remain important ingredients in the development of next-generation 

cosmetic formulations. 

 

5.4. Therapeutic and Cosmeceutical Products 

The distinction between cosmetics and pharmaceuticals has become increasingly blurred with 

the emergence of cosmeceuticals, a category of products designed to provide both cosmetic 

enhancement and biologically active benefits [55,57]. Bee products are particularly well suited for this 

sector because many possess scientifically documented biological activities relevant to skin health. 

Honey-based formulations have long been utilized in wound care and skin recovery 

applications [2,19,53]. Their ability to support tissue repair, maintain hydration, and inhibit microbial 

growth has contributed to their incorporation into specialized skin care products intended for 

damaged or compromised skin. 

Propolis-containing products are frequently marketed for individuals experiencing acne, 

irritation, minor skin injuries, or inflammatory skin conditions [21,22,50]. The antimicrobial and anti-

inflammatory properties of propolis support its use in formulations targeting problematic skin. 

Royal jelly and bee venom have also gained popularity in premium cosmeceutical products. 

These ingredients are often included in formulations intended to improve skin texture, stimulate 

regenerative processes, and enhance overall skin appearance. The growing scientific evidence 

supporting their biological activities has strengthened their position within the expanding 

cosmeceutical market. 

The continued development of evidence-based formulations and advanced delivery systems is 

expected to further enhance the effectiveness and commercial value of bee-derived cosmeceutical 

products. 

 

5.5. Commercial Trends and Market Perspectives 

The global cosmetics industry has experienced a substantial shift toward natural, sustainable, 

and environmentally responsible products [55,57]. Consumers increasingly seek formulations 

containing ingredients perceived as safe, effective, and naturally derived, creating favorable market 

conditions for bee-based cosmetic products. 

Several international cosmetic brands now incorporate honey, propolis, royal jelly, beeswax, and 

bee venom into premium product lines. These ingredients are frequently highlighted in marketing 

campaigns emphasizing natural origins, multifunctional benefits, and sustainability. The popularity 

of Korean, European, and natural cosmetics has further contributed to the widespread 

commercialization of bee-derived ingredients. 

Market growth has also been supported by advances in extraction technologies [58-60], 

ingredient standardization, quality control systems, and scientific validation of biological activities 

[11,43]. As research continues to reveal new mechanisms of action and potential applications, 

additional opportunities for innovation are expected to emerge (Table 2). 
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Table 2. Applications of bee products in cosmetic formulations [2,18,21-23,25,31,50,55,57]. 

Bee product Cosmetic category Functional role 

Honey Moisturizers, masks Humectant, antioxidant 

Propolis Acne products Antimicrobial, anti-inflammatory 

Royal jelly Anti-aging creams Regenerative agent 

Beeswax Lip balms, creams Emulsifier, barrier former 

Bee pollen Revitalizing products Nutrient source 

Bee venom Premium anti-aging products Collagen stimulation 

 

 

Furthermore, increasing interest in green cosmetics, clean beauty products, and sustainable 

sourcing practices aligns closely with the characteristics of bee-derived ingredients. This alignment 

is likely to strengthen their commercial relevance in the coming years and encourage further 

investment in research and product development. 

Overall, bee products have established a significant presence within modern cosmetic science 

and industry. Their versatility, multifunctional biological properties, and compatibility with current 

market trends position them as valuable ingredients for future cosmetic and cosmeceutical 

innovations. 

 

  

6. Safety, quality control and regulatory considerations 

The growing incorporation of bee-derived ingredients into cosmetic and cosmeceutical products 

has increased the need for comprehensive evaluation of their safety, quality, and regulatory 

compliance [51,61]. Although bee products are generally perceived as natural and safe ingredients, 

their biological complexity and variability necessitate careful assessment to ensure consumer 

protection and product consistency. Factors such as allergenic potential, environmental 

contamination, compositional variability, and regulatory requirements represent important 

considerations for both manufacturers and regulatory authorities. 

As the global market for natural cosmetics continues to expand, ensuring the safety and 

standardization of bee-derived ingredients has become a critical component of product development 

and commercialization. Effective quality control systems and adherence to regulatory frameworks 

are essential for maintaining consumer confidence and supporting the sustainable growth of bee-

based cosmetic products. 

 

6.1. Safety Considerations and Allergenic Potential 

Despite their numerous beneficial properties, bee products may cause adverse reactions in 

susceptible individuals. Allergic responses represent one of the primary safety concerns associated 

with their use in cosmetic formulations. The risk of allergic reactions varies depending on the specific 

bee product, individual sensitivity, and route of exposure. 

Propolis is among the most frequently reported causes of contact allergies related to bee-derived 

cosmetic ingredients [51,62]. Certain phenolic compounds and resin constituents present in propolis 

may induce allergic contact dermatitis, particularly in individuals with pre-existing sensitivities. 

Clinical manifestations may include redness, itching, swelling, irritation, and localized inflammatory 

reactions. 

Royal jelly has also been associated with hypersensitivity reactions in some individuals, 

especially among those with a history of asthma, atopic dermatitis, or other allergic conditions. Bee 

pollen may contain allergenic proteins originating from plant pollen sources, potentially triggering 

reactions in sensitive users. 

Bee venom represents a particularly important safety consideration due to its highly bioactive 

nature [3,51,63]. Although increasingly utilized in anti-aging formulations, bee venom may cause 
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local irritation, swelling, pain, and, in rare cases, severe systemic allergic reactions. Consequently, 

cosmetic products containing bee venom require careful formulation and appropriate consumer 

warnings where necessary. 

Honey and beeswax generally exhibit a favorable safety profile and are associated with a lower 

incidence of allergic reactions compared with propolis or bee venom. Nevertheless, comprehensive 

safety testing remains essential for all bee-derived ingredients intended for cosmetic use. 

 

6.2. Environmental Contaminants and Product Purity 

The quality and safety of bee products may be influenced by environmental contamination 

occurring during production, collection, processing, or storage. Because honeybees forage over large 

geographical areas, bee products may reflect the environmental conditions of surrounding 

ecosystems [39,40]. 

Pesticide residues represent one of the most frequently discussed contaminants affecting bee 

products [8,39,41]. Agricultural chemicals used in crop production may be transferred to nectar, 

pollen, and plant resins collected by bees, potentially resulting in detectable residues within honey, 

propolis, pollen, and beeswax. Similarly, veterinary drugs used in apicultural disease management 

may contribute to contamination if not properly regulated. 

Heavy metals, including lead, cadmium, mercury, and arsenic, may accumulate in bee products 

when colonies are located near industrial zones, heavily trafficked roads, or polluted environments 

[40,42]. Environmental pollutants such as polycyclic aromatic hydrocarbons and persistent organic 

contaminants may also affect product quality under certain conditions. 

Microbiological contamination represents another important concern. Although many bee 

products possess inherent antimicrobial properties, improper handling, processing, or storage 

conditions may compromise product safety. Therefore, the implementation of good manufacturing 

practices (GMP) and appropriate quality assurance procedures is essential throughout the 

production chain. 

Regular monitoring of contaminants and adherence to established quality standards are critical 

for ensuring the safety of bee-derived cosmetic ingredients and protecting consumer health. 

 

6.3. Standardization and Quality Control 

One of the greatest challenges associated with the cosmetic use of bee products is the 

considerable variability in their chemical composition. Factors such as botanical origin, geographical 

location, climate, bee species, harvesting methods, and storage conditions can significantly influence 

the concentration of bioactive compounds [8-11]. 

This variability may affect biological activity, product performance, and reproducibility of 

cosmetic formulations. Consequently, standardization has become a major objective within both 

scientific research and industrial production. 

Modern analytical techniques play an important role in quality control and authentication. 

Chromatographic, spectroscopic, and molecular methods are commonly employed to characterize 

chemical composition, identify marker compounds, verify botanical origin, and detect adulteration 

or contamination [11,43]. These approaches support the production of standardized raw materials 

with consistent quality and biological activity. 

For example, phenolic compounds are frequently used as quality indicators for honey and 

propolis, while 10-hydroxy-2-decenoic acid (10-HDA) serves as an important marker of royal jelly 

authenticity and quality. Standardized analytical procedures contribute to improved product 

reliability and facilitate comparisons among scientific studies. 

The development of internationally recognized quality standards remains essential for 

supporting the broader integration of bee products into cosmetic formulations and ensuring 

consistent product performance. 

 

 

 



J Agron Technol Eng Manag 2026, 9(3), 1985-2007. https://doi.org/10.55817/AUZT4597 1999 

 

6.4. Regulatory Frameworks and Cosmetic Compliance 

Regulatory requirements for cosmetic ingredients vary among countries and regions, but all 

regulatory systems share the common objective of ensuring product safety for consumers [61,64]. 

Bee-derived ingredients used in cosmetics are generally regulated within existing cosmetic legislation 

rather than under specialized regulations specific to apicultural products. 

In many jurisdictions, manufacturers are responsible for demonstrating the safety of cosmetic 

products before they are placed on the market. This process typically involves ingredient safety 

assessments, toxicological evaluations, stability studies, microbiological testing, and documentation 

of manufacturing procedures. 

Within the European Union, cosmetic products must comply with the requirements established 

under the Cosmetic Products Regulation, which emphasizes consumer safety, ingredient 

transparency, product traceability, and post-market surveillance [61,64]. Similar regulatory 

approaches exist in other major markets, including North America and Asia. 

The increasing popularity of natural and organic cosmetics has also stimulated the development 

of voluntary certification systems that address ingredient sourcing, sustainability, environmental 

responsibility, and manufacturing practices. Such certifications may enhance consumer confidence 

and provide additional market value for bee-derived cosmetic products. 

As scientific knowledge continues to expand, regulatory authorities may further refine 

guidelines related to the safety assessment, standardization, and labeling of bee-based cosmetic 

ingredients. Ongoing collaboration among researchers, industry stakeholders, and regulatory 

agencies will be essential for supporting innovation while maintaining high standards of consumer 

protection. 

Overall, ensuring the safety, quality, and regulatory compliance of bee products represents a 

fundamental prerequisite for their successful utilization in modern cosmetic science. Continued 

advances in analytical technologies, quality assurance systems, and regulatory frameworks will 

further strengthen the reliability and commercial potential of bee-derived cosmetic ingredients. 

  

7. Future perspectives and emerging research directions 

The increasing demand for natural, sustainable, and multifunctional cosmetic ingredients 

continues to drive scientific and industrial interest in bee-derived products. Although honey, 

propolis, royal jelly, beeswax, bee pollen, and bee venom have been used in cosmetic formulations 

for many years, ongoing advances in biotechnology, cosmetic science, analytical chemistry, and 

material engineering are creating new opportunities for their application. Future research is expected 

to focus not only on improving the efficacy and safety of bee-based ingredients but also on 

developing innovative technologies that maximize their biological potential while supporting 

sustainability and environmental responsibility [57-60]. 

The growing convergence of cosmetic science, biotechnology, and agricultural sustainability 

places bee products in a unique position within the future landscape of natural cosmetics and 

cosmeceuticals. Continued interdisciplinary research will be essential for expanding scientific 

knowledge and supporting the development of next-generation cosmetic formulations. 

 

7.1. Advanced Extraction and Processing Technologies 

One of the primary challenges associated with bee products is the variability of their chemical 

composition and the preservation of sensitive bioactive compounds during processing. Conventional 

extraction techniques may result in the degradation of valuable constituents, reducing biological 

activity and limiting product performance (Figure 2). 

Future research is increasingly directed toward the development of advanced extraction 

technologies that improve extraction efficiency while minimizing environmental impact. Techniques 

such as ultrasound-assisted extraction, microwave-assisted extraction, supercritical fluid extraction, 

and enzyme-assisted extraction have demonstrated considerable potential for enhancing the recovery 
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of phenolic compounds, flavonoids, peptides, and other bioactive constituents from bee products 

[14,58-60,69]. 

 

 

 
Figure 2. Emerging technologies and future directions for bee products in cosmetic science 

[58,59,60,65,66,67,68,69]. 

 

These technologies may improve ingredient standardization, increase extraction yields, and 

support the production of high-quality cosmetic raw materials. Furthermore, the implementation of 

environmentally friendly extraction methods aligns with the growing demand for sustainable and 

green cosmetic products. 

 

7.2. Nanotechnology and Novel Delivery Systems 

The effectiveness of cosmetic ingredients is often influenced by their stability, solubility, skin 

penetration, and bioavailability. Many bioactive compounds present in bee products exhibit limited 

stability under environmental conditions such as light exposure, temperature fluctuations, and 

oxidation. 

Nanotechnology offers promising solutions for overcoming these limitations. Various nanoscale 

delivery systems, including liposomes, nanoemulsions, nanocapsules, solid lipid nanoparticles, and 

polymeric nanoparticles, have been investigated as carriers for bee-derived bioactive compounds [65-

67]. 

Encapsulation technologies may protect sensitive ingredients from degradation, improve 

controlled release, enhance skin penetration, and increase overall biological effectiveness. Propolis 

flavonoids, royal jelly proteins, bee venom peptides, and honey-derived antioxidants have all 

demonstrated potential for incorporation into advanced delivery systems [58,65-67]. 

The integration of nanotechnology with bee-derived ingredients may significantly improve the 

performance of cosmetic formulations and contribute to the development of highly targeted skin care 

products capable of delivering bioactive compounds more efficiently to specific skin layers. 
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7.3. Sustainable Cosmetics and Green Beauty Trends 

Sustainability has become one of the most influential drivers of innovation within the global 

cosmetics industry [55,57]. Consumers increasingly seek products that combine efficacy with 

environmental responsibility, ethical sourcing, and minimal ecological impact. 

Bee products naturally align with many principles of sustainable cosmetics due to their 

renewable origin and close connection to ecosystem services [7,32]. However, future development 

must ensure that increased commercial demand does not compromise bee welfare, biodiversity, or 

environmental sustainability. 

Research efforts are expected to focus on sustainable sourcing strategies, responsible apicultural 

practices, biodiversity conservation, and environmentally friendly manufacturing processes. The 

adoption of circular economy principles may also contribute to improved resource utilization and 

waste reduction throughout the production chain. 

Additionally, growing interest in organic cosmetics, clean beauty products, and 

environmentally certified formulations is likely to further increase demand for responsibly sourced 

bee-derived ingredients. This trend creates opportunities for collaboration among beekeepers, 

agricultural producers, cosmetic manufacturers, and environmental organizations. 

 

7.4. Personalized and Precision Cosmetics 

Recent advances in skin biology, genomics, artificial intelligence, and digital health technologies 

have contributed to the emergence of personalized cosmetic approaches [67,68]. Modern consumers 

increasingly expect products tailored to their individual skin characteristics, environmental 

exposures, and lifestyle factors. 

Bee-derived ingredients possess diverse biological activities that may support the development 

of personalized cosmetic formulations. Variations in antioxidant, antimicrobial, anti-inflammatory, 

moisturizing, and regenerative properties allow manufacturers to design products targeting specific 

skin conditions and consumer needs. 

Future research may explore the use of bee products in customized formulations developed 

according to individual skin profiles, microbiome composition, genetic predisposition, and aging 

characteristics. Such approaches may enhance treatment effectiveness while improving consumer 

satisfaction and product performance. 

The integration of artificial intelligence, skin diagnostic technologies, and personalized 

ingredient selection may create entirely new opportunities for the utilization of bee-derived 

compounds in precision cosmetic applications. 

 

7.5. Expanding Scientific Evidence and Clinical Validation 

Although numerous experimental studies have demonstrated the biological activities of bee 

products, additional high-quality clinical investigations remain necessary to fully establish their 

efficacy and safety in cosmetic applications [1,3,51]. Future research should prioritize well-designed 

clinical trials, standardized methodologies, and long-term evaluations of product performance. 

Particular attention should be given to understanding molecular mechanisms of action, 

identifying novel bioactive compounds, and evaluating synergistic interactions among different bee-

derived ingredients. Further investigation of skin microbiome interactions, cellular signaling 

pathways, and regenerative mechanisms may provide valuable insights into their cosmetic potential. 

In addition, the establishment of internationally recognized standards for characterization, 

authentication, and quality assessment would facilitate comparisons among studies and support 

evidence-based product development. Such efforts are essential for strengthening consumer 

confidence and enhancing regulatory acceptance of bee-based cosmetic ingredients. 

 

7.6. Future Role of Bee Products in Cosmetic Innovation 

The future of cosmetic science is increasingly focused on multifunctional ingredients capable of 

providing measurable biological benefits while satisfying consumer expectations for sustainability, 
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safety, and natural origin [55,57,68]. Bee products possess many characteristics that position them 

among the most promising candidates for this evolving market (Table 3). 

 

Table 3. Advantages, limitations and future opportunities associated with bee products in 

cosmetic science [51,55,57,61,64,65,67,68]. 

Aspect Advantages Limitations Future opportunities 

Honey Safe, moisturizing Variability Advanced formulations 

Propolis Strong bioactivity Allergenic potential Standardization 

Royal jelly Regenerative effects Stability issues Encapsulation 

Beeswax Excellent functionality Limited bioactivity Sustainable sourcing 

Bee pollen Rich nutrient profile Composition variability Personalized cosmetics 

Bee venom Potent anti-aging activity Allergy risk Controlled delivery systems 

 

 

Their rich diversity of bioactive compounds, combined with advances in biotechnology, 

formulation science, and sustainable production systems, creates significant opportunities for 

innovation. Emerging technologies may enable the development of highly effective formulations that 

utilize bee-derived ingredients in ways that were previously unattainable. 

As scientific understanding continues to expand, bee products are expected to play an 

increasingly important role in the development of next-generation cosmetics and cosmeceuticals. 

Continued collaboration between agricultural scientists, apicultural specialists, cosmetic researchers, 

dermatologists, and industry stakeholders will be essential for unlocking their full potential and 

ensuring their sustainable utilization. 

Overall, the future prospects of bee products in cosmetic science appear highly promising. Their 

unique combination of biological activity, natural origin, and compatibility with current industry 

trends supports their continued growth as valuable ingredients in innovative and sustainable 

cosmetic formulations. 

 

 

8. Conclusions 

Bee products have attracted increasing scientific and commercial interest as valuable natural 

ingredients for cosmetic and cosmeceutical applications. Their importance extends beyond 

traditional apicultural products, representing a unique intersection between agriculture, 

environmental sustainability, biotechnology, and cosmetic science. The growing consumer 

preference for naturally derived, multifunctional, and environmentally responsible cosmetic 

ingredients has further accelerated research into the biological properties and industrial potential of 

honey, propolis, royal jelly, beeswax, bee pollen, and bee venom. 

The available scientific evidence demonstrates that bee products possess a diverse range of 

bioactive compounds, including phenolic acids, flavonoids, proteins, peptides, fatty acids, vitamins, 

minerals, enzymes, and other biologically active constituents. These compounds are responsible for 

numerous beneficial properties that are highly relevant to skin health and cosmetic applications. 

Antioxidant, anti-inflammatory, antimicrobial, regenerative, moisturizing, and anti-aging activities 

have been extensively documented and provide a strong scientific basis for the incorporation of bee-

derived ingredients into modern cosmetic formulations. 

Among the various bee products, honey remains one of the most widely utilized due to its 

moisturizing, antimicrobial, and antioxidant properties. Propolis has emerged as a particularly 

valuable source of phenolic compounds with potent antimicrobial and anti-inflammatory activities, 

making it suitable for products intended for sensitive and acne-prone skin. Royal jelly contributes 

unique proteins, fatty acids, and bioactive molecules associated with skin nourishment and 

regeneration, while beeswax serves as an important functional ingredient providing stability, texture, 

and protective properties within cosmetic formulations. Bee pollen offers a rich source of nutrients 
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and antioxidants, whereas bee venom has gained attention for its potential anti-aging and skin-

rejuvenating effects. 

The effectiveness of bee products in cosmetic applications is closely linked to their agricultural 

and apicultural origins. Botanical sources, geographical location, environmental conditions, and 

beekeeping practices significantly influence the chemical composition and biological activity of these 

products. Consequently, sustainable apiculture and responsible agricultural management play 

critical roles in ensuring the production of high-quality bee-derived ingredients suitable for cosmetic 

use. Protecting pollinator populations and preserving biodiversity are therefore not only ecological 

priorities but also essential factors supporting the long-term availability of valuable cosmetic raw 

materials. 

Despite their considerable potential, several challenges remain. Variability in chemical 

composition, potential allergenic reactions, environmental contamination, and the lack of universal 

standardization continue to present obstacles for broader industrial application. These challenges 

highlight the importance of rigorous quality control systems, advanced analytical techniques, and 

comprehensive safety assessments. Regulatory compliance and standardized production practices 

will remain fundamental requirements for ensuring product consistency, consumer safety, and 

market acceptance. 

Recent advances in extraction technologies, nanotechnology-based delivery systems, 

encapsulation strategies, and precision cosmetic approaches have created new opportunities for 

maximizing the effectiveness of bee-derived ingredients. These innovations may improve stability, 

bioavailability, skin penetration, and targeted delivery of bioactive compounds while supporting the 

development of highly sophisticated cosmetic formulations. At the same time, increasing emphasis 

on green chemistry, sustainable sourcing, and environmentally responsible manufacturing aligns 

closely with the characteristics of bee products and further strengthens their position within the 

evolving cosmetics industry. 

Future research should continue to investigate the molecular mechanisms underlying the 

biological activities of bee products, identify novel bioactive compounds, and validate cosmetic 

benefits through well-designed clinical studies. Greater efforts toward standardization, 

authentication, and quality assurance will also be essential for strengthening scientific evidence and 

facilitating the development of evidence-based cosmetic products. Interdisciplinary collaboration 

among agricultural scientists, apicultural experts, chemists, dermatologists, cosmetic researchers, 

and industry stakeholders will play a key role in advancing this field. 

In conclusion, bee products represent a highly promising group of natural ingredients with 

substantial potential for current and future cosmetic applications. Their rich chemical composition, 

broad spectrum of biological activities, and compatibility with contemporary trends in sustainability 

and natural cosmetics position them as valuable resources for the development of innovative 

cosmetic and cosmeceutical products. Continued scientific investigation and technological 

advancement will further expand their applications and contribute to the creation of safer, more 

effective, and environmentally sustainable cosmetic solutions. 
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