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Review Article

"Royal Jelly as a Nutraceutical Natural Product: Comprehensive Review of Antibacterial and Biological Properties
"
ABSTRACT 
	Royal jelly is a natural product produced by young worker bees and is rich in bioactive compounds that provide various health benefits
. This journal comprehensively reviews the antibacterial, immunomodulatory, antioxidant, and antitumor activities of royal jelly based on a review of the scientific literature of the past 10 years. Key components such as Major Royal Jelly Proteins (MRJPs), antimicrobial peptides, and 10-hydroxy-2-decenoic fatty acid (10- HDA) contribute significantly to royal jelly's spectrum of antibacterial activity against various Gram- positive and Gram-negative bacteria, including resistant and biofilm-forming pathogens. In addition, royal jelly also plays a role in enhancing immune system function and protecting cells from oxidative damage. The antitumor potential of royal jelly is also discussed as a supporting agent for cancer therapy with mechanisms of inhibiting cell proliferation and modulating immune signaling pathways. The variability of royal jelly composition is a challenge in product standardization, so further research is needed to optimize its clinical application. Royal jelly is a potential candidate as a multifunctional nutraceutical for the prevention and therapy of various diseases, especially those related to infection, immune disorders, and abnormal cell proliferation.
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1. INTRODUCTION

Royal jelly is a secretion from the hypopharyngeal glands of worker bees. The organs in bees involved in the production of royal jelly are the hypopharyngeal and mandibular glands (Ramanathan et al., 2018). Royal jelly is a food for the queen bee that makes the queen bee's life longer. Royal jelly has a yellowish white color, thick texture, distinctive phenol odor, with a pH value of 3.4-4.5, the acid component in royal jelly can prevent some test microbes from growing (Besari et al., 2020). The content of the composition present in royal jelly varies depending on the season and ecology of the place of residence and where the bees look for food sources, the type of bee, physiological differences, harvest time, and metabolism of worker bees. The content in royal jelly includes (60-70% w/b) water, (9-18% w/b) protein, (7-18% w/b) sugar, and (3-8% w/b) lipids (Ahmad et al., 2020).
Royal jelly (RJ) as a natural product rich in nutrients and bioactive compounds has long been recognized as having various health benefits and is now starting to be widely studied as a nutraceutical material with potential pharmaceutical and medical applications (Bagameri et al., 2022). Nutraceuticals are secondary metabolite compounds or products obtained from plants, microbes, or animals, which can be consumed by humans and provide positive effects on health, including disease prevention and improvement of physiological functions (McClements et al., 2015). Nutraceuticals contained in beverages and foods such as cereals, soups, eggs, and vegetables can be consumed directly (Ardiansyah, 2015). Nutraseuticals can be processed first into other forms such as tablets, powders, liquids, and capsules so that they can be added to food as additives or supplements (Nasri et al., 2014).
The complex chemical composition of royal jelly consists of proteins, antimicrobial peptides, specialized fatty acids such as 10-hydroxy-2-decenoic (10-HDA), vitamins, minerals, as well as other bioactive compounds that contribute to its biological activity. One area of research that has received great attention is the antibacterial activity of royal jelly. Under current global conditions, the increasing resistance of bacteria to synthetic antibiotics has prompted the search for effective and safe alternatives to natural antimicrobial agents. Various studies have shown that antimicrobial peptides in royal jelly, such as royalisins and jelleines, as well as 10-HDA fatty acids, have a broad ability to inhibit the growth of Gram-positive and Gram-negative pathogenic bacteria, including bacteria that form biofilms and are resistant to conventional antibiotics (Bagameri et al., 2022). In addition to antibacterial activity, royal jelly is also known to possess immunomodulatory, antioxidant, and antitumor properties that contribute significantly to the strengthening of the immune system as well as protection against oxidative damage and abnormal cell proliferation. Empirical evidence from in vitro, in vivo, and clinical trials shows that royal jelly can enhance immune responses and act as a protective agent against various pathological conditions, thus strengthening its position as a multifunctional nutraceutical.
Royal jelly has many health benefits, one of which is that it can inhibit tumor growth due to the content of free amino acids, polypeptides, free amino acids, polypeptides, sugars, fatty acids, and minerals present in royal jelly (Khoob et al., 2022; Besari et al., 2023). Another benefit of royal jelly is that royal jelly is an anti-fungal
, anti-tumor, anti-hypertensive, and anti-diabetic agent. This potential opens up opportunities for the development of royal jelly as an active ingredient in infection therapy, health supplementation, and chronic disease prevention. However, the development of royal jelly as a therapeutic product faces challenges related to compositional variability influenced by geographical factors, environment, and harvesting and storage techniques. Therefore, quality standardization efforts and further research on safety and long-term effectiveness are needed. Comprehensive studies on the antibacterial activity and biological properties of royal jelly are essential as a scientific foundation for clinical utilization and future nutraceutical product development.
2. METHODOLOGY

This research uses the literature review method with the aim of collecting, evaluating, and summarizing the latest findings related to the antibacterial activity and biological properties of royal jelly as a nutraceutical product. The literature search was conducted on credible scientific databases, namely google scholar, researchgate, and ScienceDirect, using keywords such as "royal jelly antibacterial activity", "nutraceutical properties of royal jelly", "bioactive compounds in royal jelly", and "pharmacological effects of royal jelly". Inclusion criteria included original research articles, systematic reviews, published in the last 10 years (2015-2025). After an initial selection process based on titles and abstracts, articles that met the criteria were reviewed in depth to identify the main bioactive components of royal jelly, antibacterial activity spectrum, mechanism of action, and potential application as a nutraceutical. The results of the review were then presented descriptively and systematically to provide a comprehensive overview of royal jelly in the context of health and pharmaceuticals.
3. RESULTS AND DISCUSSION
3.1 Physicochemical Characteristics of Royal Jelly

Royal jelly is a secretion produced by the hypopharyngeal glands of worker bees and used to feed the queen bee. As a natural product with various health benefits
, royal jelly has several physical characteristics that are very important for understanding its quality and potential uses. Some of the main parameters that determine the physicochemical characteristics of royal jelly include pH, electrical conductivity (EC), and moisture content. Royal jelly (RJ) is a highly valuable natural product with various health benefits, both in the pharmaceutical, cosmetic, and food industries. The quality of RJ is greatly influenced by several physicochemical parameters, each of which plays an important role in ensuring its freshness and effectiveness
. The moisture content in fresh RJ ranges from 60% to 70% (Beykaya et al., 2023). Moisture content in RJ is an important quality criterion, and its determination is always part of quality control in raw royal jelly. The moisture content in fresh royal jelly is found to be over 60%, while in freeze-dried samples it decreases to 3.8% because during lyophilization or freeze-drying, water freezes and separates from the sample, initially through sublimation (primary drying) and then through desorption (Kausar and More, 2019). According to the results of the study, the pH of royal jelly ranges from 3.7-3.8. This is consistent with Beykaya et al. (2023), who found that RJ generally has an acidic pH, ranging from 3.1-3.9, which plays an important role in maintaining its stability and biological activity, including its antibacterial properties (Beykaya et al., 2023). The electrical conductivity of royal jelly is determined by its content of mineral elements, organic acids, amino acids, and proteins. The average electrical conductivity value of royal jelly is 647 (Alattal et al., 2025). 

3.2 Bioactive Composition of Royal Jelly
Royal jelly (RJ) is a complex natural product, produced by young worker bees and used as the main food of larvae and queen bees. The uniqueness of royal jelly lies in its chemical composition rich in bioactive compounds, which contribute to a wide range of biological and pharmacological activities. The main components of royal jelly are major proteins known as Major Royal Jelly Proteins (MRJPs), especially MRJP1 called royalactin, which plays an important role in the physiological development of queen bees and is also thought to have immunomodulatory and antibacterial activities (Guo et al., 2021; Maghsoudlou et al., 2019). In addition, royal jelly contains antimicrobial peptides such as royalisin and jelleines that have a mechanism of action by disrupting the bacterial cell membrane causing bacterial death, effective against both Gram-positive and Gram-negative bacteria (Botezan et al., 2023; Guo et al., 2021). The lipid component of royal jelly accounts for about 3-8% of the product weight, with 10- hydroxy-2-decenoic acid (10-HDA) as a typical fatty acid that acts as a biomarker of royal jelly quality and also contributes to antibacterial, anti-inflammatory, and antitumor activities (Maghsoudlou et al., 2019; Botezan et al., 2023). The 10-HDA content can be influenced by harvest season and geographical conditions, with the highest concentrations found in certain harvest periods (Emir, 2020). In addition, there are also other medium-chain fatty acids that support the biological activity of royal jelly in enhancing body defenses and reducing inflammation. Royal jelly also contains carbohydrates, mainly glucose and fructose, which function as energy sources and maintain the physical stability of royal jelly (Guo et al., 2021). These carbohydrates range from 7-18% of the weight of royal jelly and also act as an indicator of product quality.

In addition, royal jelly is rich in vitamins, especially vitamin B complex, vitamin C, and vitamin E which have important roles as antioxidants, protecting cells from oxidative stress and improving metabolic functions (Maghsoudlou et al., 2019; Botezan et al., 2023). Minerals such as potassium, magnesium, calcium, iron, zinc and copper are found in significant amounts and function as enzyme cofactors and support the antioxidant activity of royal jelly (Maghsoudlou et al., 2019; Botezan et al., 2023). Phenolic compounds and flavonoids, such as pinobanksin and chrysin, contribute greatly to the antioxidant and antimicrobial activities of royal jelly, protecting the body from oxidative stress and infection (Guo et al., 2021; Botezan et al., 2023). In addition, royal jelly contains nucleotides and hormones such as testosterone and estradiol in low concentrations that play a role in physiological regulation as well as nervous system function (Maghsoudlou et al., 2019).

The composition of royal jelly is strongly influenced by environmental factors, bee genetics, local flora types, harvest time, and collection and storage methods, leading to significant variations in its bioactive content (Emir, 2020; Guo et al., 2021). This variability poses challenges in quality standardization of royal jelly for clinical and nutraceutical applications, thus requiring strict quality control protocols to ensure consistency of royal jelly's biological benefits. Overall, the presence of these diverse bioactive components makes royal jelly a potential multifunctional nutraceutical product with antibacterial, immunomodulatory, antioxidant, and antitumor activities. In-depth understanding regarding the chemical composition and biological activity of royal jelly is essential to support the development of high-quality products and optimal therapeutic utilization.
3.2 Antibacterial Activity 

Table 1. Antibacterial Activity of Royal Jelly
	RJ Component/Formulation
	Bacterial Target Spectrum
	Mechanism of Action
	Reference

	Major Royal Jelly Proteins (MRJPs)
	Staphylococcus aureus, Listeria monocytogenes, Escherichia coli
	Damages cell membranes, increases permeability, causes cell death
	Park et al., 2019; Bagameri et al., 2022

	Antimicrobial Peptides (Royalisin, Jelleines)
	S. aureus, Bacillus subtilis, E. coli
	Membranolytic, disruption of membrane integrity
	Fratini et al., 2016; Guo et al., 2021

	10-HDA Fatty Acid
	S. aureus, E. coli, Pseudomonas aeruginosa
	Bactericidal, inhibits proliferation and metabolism
	Botezan et al., 2023; Maghsoudlou et al., 2019

	RJ + Silver Nanoparticles (AgNPs)
	Salmonella typhimurium, S. aureus
	Enhanced penetration, antibacterial synergy by nanoparticles
	Gevorgyan et al., 2021


Royal jelly (RJ) has broad and significant antibacterial activity against various types of pathogenic bacteria, both Gram-positive and Gram-negative. The main components responsible for this antibacterial effect are Major Royal Jelly Proteins (MRJPs) and antimicrobial peptides such as royalisins and jelleines. MRJPs, especially MRJP2, have a structure that allows direct interaction with the bacterial cell wall, causing disruption of the membrane and increasing its permeability resulting in leakage of cell contents leading to the death of microorganisms. Royalisin and jelleines peptides exhibit broad activity with an antibacterial spectrum that includes important pathogens such as Staphylococcus aureus, Listeria monocytogenes, and Escherichia coli, making them effective in inhibiting the growth of both Gram-positive and Gram-negative bacteria (Park et al., 2019; Fratini et al., 2016; Guo et al., 2021).
In addition to proteins and peptides, royal jelly's signature fatty acid, 10-hydroxy-2- decenoic (10-HDA), also contributes greatly to antibacterial activity. This compound has bactericidal properties that can inhibit the proliferation of various pathogenic bacteria while exhibiting anti-inflammatory and antitumor activities. The 10-HDA content, which varies based on environmental factors and harvest time, affects the overall antibacterial potential of royal jelly (Botezan et al., 2023; Maghsoudlou et al., 2019). This combination of bioactive components makes royal jelly not only capable of inhibiting bacterial growth, but also effective in blocking biofilm formation, an important mechanism by which bacteria defend themselves against antibiotics and the host immune system (Bagameri et al., 2022).
Several studies have also shown that royal jelly can be combined with nanomaterial technologies, such as silver nanoparticles (AgNPs), to enhance antibacterial effectiveness, especially against Gram-negative bacteria that are naturally more resistant to antimicrobial agents due to their complex outer membrane structure. Green synthesis of silver nanoparticles using royal jelly extract as a reducing agent showed enhanced penetration and antibacterial activity, which significantly decreased the growth of bacteria such as Salmonella typhimurium and Pseudomonas aeruginosa (Gevorgyan et al., 2021). Overall, the antibacterial mechanism of royal jelly involves synergistic interactions between antimicrobial peptides that disrupt bacterial cell membranes, fatty acid compounds that inhibit bacterial metabolism and proliferation, and the ability to prevent biofilm formation that strengthens microbial resistance. This potential makes royal jelly a promising natural antibacterial agent, especially in an era of increasing global antibiotic resistance.
3.3 Immunomodulatory and Antioxidant Activities
Royal jelly (RJ) is a natural product rich in bioactive compounds, including major proteins (MRJPs), fatty acids such as 10-hydroxy-2-decenoic (10-HDA), polyphenols, and vitamins, which contribute to significant immunomodulatory and antioxidant activities. The immunomodulatory activity of RJ involves the stimulation and regulation of immune cell functions, including macrophages, T and B lymphocytes, and the production of cytokines that are important in the regulation of the body's immune response (El-Seedi et al., 2022). Several in vitro and in vivo studies showed that the 10-HDA component is able to inhibit the maturation of dendritic cells stimulated by lipopolysaccharide (LPS) and reduce the production of proinflammatory cytokines such as IL- 8, IL-12, and TNF-α, while balancing Th1 and Th2 immune responses (El-Seedi et al., 2022). In addition, royal jelly also increases lymphocyte proliferation and antibody production, and can stimulate the differentiation of immune cells, which helps the body fight infection and regulate inflammation.

The antioxidant activity of royal jelly is also supported by the content of polyphenols, flavonoids, and vitamins such as vitamins C and E. These compounds play an important role in counteracting free radicals and reactive oxygen species (ROS), which are the main cause of oxidative damage to cells. Research using DPPH and EPR methods showed that royal jelly has a high free radical scavenging capacity, which helps reduce oxidative stress and potential tissue damage (Aleksieva et al., 2025). Endogenous antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx) can also have their activity enhanced by royal jelly, thus supporting cellular protection from oxidative damage (Botezan et al., 2023).

In addition, royal jelly is able to inhibit major inflammatory signaling pathways such as NF-κB and MAPK that play a role in the production of proinflammatory cytokines, thus providing anti-inflammatory effects that support immunomodulatory activity (Botezan et al., 2023; El-Seedi et al., 2022). This combination of effects makes royal jelly an effective natural product in improving the body's immune balance and reducing chronic inflammation associated with various degenerative and autoimmune diseases.

The use of royal jelly as an immunomodulator has also been tested in animal models, showing an increase in leukocyte count and increased phagocytic activity of neutrophils, as well as positive regulation of cytokine production that aids the immune response against pathogens (Yulianti et al., 2020). Early clinical studies have also reported that royal jelly consumption can improve immune function and reduce inflammatory symptoms in several chronic conditions, although further research is needed to confirm its widespread clinical benefits. Overall, royal jelly has potential as a potent immunomodulatory and antioxidant agent, with mechanisms of action involving stimulation and regulation of immune cell function, reduction of oxidative stress, and suppression of inflammatory pathways. This makes royal jelly a promising candidate in the development of nutraceutical supplements and supportive therapies to improve immune health and address inflammation- and oxidation-related diseases.
3.4 Antitumor Activity and Other Therapeutic Potentials
Natural products have long attracted the attention of scientists due to their powerful therapeutic benefits and relatively low risk of side effects. Among these products, royal jelly acid—scientifically known as 10-hydroxy-trans-2-decenoic acid (10-HDA) —stands out as a bioactive unsaturated fatty acid with the chemical structure HO-CH₂-(CH₂)₆CH=CHCOOH(C₁₀H₁₈O₃), which is a unique unsaturated fatty acid found in royal jelly. This acid is the main active compound in royal jelly and plays an important role in regulating the genetic pathways associated with its biological effects. Various studies have highlighted the great pharmacological potential of royal jelly acid, including its ability to regulate glycolipid metabolism, provide anti-inflammatory effects, and offer neuroprotection.

Royal jelly (RJ) is a natural product rich in bioactive compounds such as major royal jelly proteins (MRJPs), 10-hydroxy-2-decenoic fatty acid (10-HDA), polyphenols, and vitamins that provide various therapeutic benefits, including significant antitumor activity. RJ has long been recognized as a "superfood" that not only supports general health, but also shows potential in inhibiting cancer cell growth and proliferation through various molecular mechanisms (Salama et al., 2022; Miyata & Sakai, 2018). In vitro studies have shown that RJ is able to inhibit the proliferation of various human cancer cell lines, including breast, colorectal, and glioblastoma cancer cells. For example, RJ can inhibit the proliferation of MCF-7 breast cancer cells triggered by estrogen or chemicals with estrogenic activity such as bisphenol A, via suppression of proliferation signaling pathways without direct estrogen receptor binding (Miyata & Sakai, 2018). This antiproliferative activity is also reported in colorectal cancer and glioma, although the effectiveness of RJ as a single therapy is sometimes less significant, so RJ is more recommended as a supporting or prophylactic agent (Salama et al., 2022).

In animal models, oral administration of RJ during the period before tumor cell inoculation showed a significant reduction in tumor volume and a dose-dependent prolongation of the life span of mouse models of breast cancer and Ehrlich ascites tumor. These antitumor effects are thought to be related to immune system regulation, such as decreased prostaglandin E2 (PGE2) levels that play a role in cancer cell proliferation and invasiveness and inhibition of apoptosis (Miyata & Sakai, 2018). RJ is also able to increase the activity of endogenous antioxidants such as superoxide dismutase (SOD), which plays a role in protecting tissues from oxidative damage that contributes to cancer development (Botezan et al., 2023). The compound 10-HDA is a typical fatty acid of royal jelly that is a biomarker of RJ quality and has various biological activities, including antitumor. Classical studies have shown that 10-HDA can effectively prevent tumor formation in various types of experimental animal cancers. In addition, 10-HDA also plays a role in regulating inflammatory responses and oxidative stress that contribute to the antitumor mechanism (Zhi et al., 2025; Miyata & Sakai, 2018). However, despite its promising antitumor potential, further research is needed to clarify the specific effects of 10-HDA on various cancer types and the molecular mechanisms involved in detail.

Royal jelly acid has shown promising potential in fighting cancer in organs such as the liver, lungs, colon, and other types of cancer. In liver cancer research, royal jelly acid significantly reduced ANGPTL8 expression in HepG2 liver cancer cells (Inoue et al., 2022 ; Zhi et al., 2025). The viability of HepG2 cells decreased significantly with increasing doses. Additionally, royal jelly acid stimulated the apoptosis pathway by increasing the expression of the Caspase-3, Bax, and miR-34a genes, as well as increasing the expression of the Caspase-3, PARP, and Bax proteins (Saad et al., 2023). In another study, royal jelly acid was found to reduce the viability, migration, and proliferation of Hep3B and HCCLM3 liver cancer cells, as well as accelerate the apoptosis process. Multi-omics analysis showed that royal jelly acid disrupts the glycolysis metabolic pathway by reducing lactate production, thereby exerting effective antitumor effects in both in vitro and in vivo models (Xu et al., 2023 ; Zhi et al., 2025).
Royal jelly also has potential in reducing toxicity induced by conventional cancer therapies, such as chemotherapy and radiotherapy. The use of RJ can help reduce side effects such as bone marrow suppression, impaired kidney and liver function, and gastrointestinal disorders, thereby improving the quality of life of cancer patients (Miyata & Sakai, 2018). In addition, the combination of RJ with certain chemotherapy drugs such as cyclophosphamide and 5-fluorouracil has shown synergistic effects that improve therapeutic efficacy and reduce drug side effects, making it a safer and more effective therapeutic strategy (Salama et al., 2022). The mechanism of action of RJ in the context of cancer therapy involves modulation of various important molecular pathways such as MAPK, AKT pathways, and regulation of pro- and anti- inflammatory cytokine production, as well as reduction of oxidative stress all of which contribute to inhibition of tumor cell proliferation, induction of apoptosis, and improvement of immune function (Botezan et al., 2023; Salama et al., 2022). Royal jelly has promising antitumor potential both as a prophylactic agent and as a support for conventional cancer therapy. Bioactive ingredients such as MRJP and 10-HDA play a major role in anticancer mechanisms through proliferation inhibition, immune modulation, and antioxidant activity. RJ's ability to reduce chemotherapy toxicity also makes it an important candidate in the development of safer and more effective cancer therapies.
5. CONCLUSION
Royal jelly is a natural product rich in bioactive compounds such as major proteins (MRJPs), antimicrobial peptides, unique fatty acid 10-hydroxy-2-decenoic acid (10-HDA), vitamins, minerals, and phenolic and flavonoid compounds that synergistically provide various health benefits. The antibacterial activity of royal jelly is extensive, effective against a wide range of Gram-positive and Gram-negative bacteria, including resistant and biofilm-forming bacteria, making it a potential alternative in the face of resistance antibiotics. In addition, royal jelly also has immunomodulatory and antioxidant properties that can improve immune system function and protect the body from oxidative damage, supporting overall health. Royal jelly also exhibits antitumor potential through mechanisms of inhibition of cancer cell proliferation, induction of apoptosis, and modulation of immune signaling pathways and oxidative stress. This potential makes royal jelly not only a nutraceutical product but also a supporting agent in cancer therapy, especially in reducing chemotherapy toxicity and improving the quality of life of patients. Thus, royal jelly has great prospects to be developed as an active ingredient in multifunctional natural health products, both for the prevention and treatment of diseases, especially those related to infection, immune disorders, oxidation, and abnormal cell proliferation.
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�"Royal Jelly: A Multifunctional Nutraceutical with Antibacterial, Immunomodulatory, Antioxidant, and Antitumor Properties"





�Delete/Revise: Replace “various health benefits” with “antibacterial, immunomodulatory, antioxidant, and antitumor properties.”





�Add critical analysis of conflicting findings, remove or substantiate the antifungal claim, and include more quantitative data where possible.





�Add 1–2 references to support the antifungal claim or remove it, and consider including historical references for context.





�Revise for conciseness, standardize terminology (e.g., use “10-HDA” consistently), and improve sentence flow. A thorough proofreading is advised.
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�The phrase "various health benefits" is vague and repeated later in the section, reducing clarity. The second sentence is wordy, and "very important" is subjective.





�Please revise some sentences such as this sentences






