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Abstract: Throughout history, bee products have been recognized for their remarkable bioactive properties, particularly their
antibacterial capabilities. Honey, royal jelly, propolis, bee venom, and bee pollen are among the most notable substances exhibiting
exceptional biological properties. Bee products contain biologically active substances naturally rich in antimicrobial components such
as pollen, propolis, and honey. However, encapsulation methods, such as micro or nano-sized encapsulation techniques, are required
to harness these ingredients in food applications effectively. Encapsulation enhances the stability of the biologically active components
of bee products, ensuring their controlled release and significantly increasing the resistance of food products to microbial spoilage. In
the last few years, techniques for encapsulation have become a practical way to enhance the durability and absorption of beneficial
substances present in bee products.

In conclusion, the review underscores the substantial potential of encapsulated bee products in various domains, including food
preservation, owing to their enhanced antimicrobial properties. Encapsulation techniques ensure bioactive components' stability and
controlled release, significantly bolstering resistance against microbial spoilage. As the global challenge of antimicrobial resistance
continues to escalate, additional exploration and advancement in this field are crucial for harnessing the full antimicrobial potential of
encapsulated bee products and contributing to advancements in public health standards.
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Enkapsule Ari Urlinlerinin Antimikrobiyal Aktivitelerine Genel Bakig

Ozet: Tarih boyunca ari Griinleri, 6zellikle antibakteriyal yetenekleri olmak lizere dikkat ceken biyoaktif 6zellikleriyle taninmistir. Bal, ari
sutd, propolis, ar zehri ve ar poleni gibi Urlinler, dikkate deger biyolojik aktiviteler sergileyen en 6ne ¢ikan ari Uriinlerindendir. Bu
uriinler, dogal olarak antimikrobiyal bilesenler acisindan zengin biyolojik aktif maddeler igerir. Ancak bu bilesenlerin gida
uygulamalarinda etkili bir sekilde kullanilabilmesi i¢cin mikro veya nano boyutlu kapsilleme teknikleri gibi yéntemlerin kullaniimasi
gerekmektedir. Kapstlleme, ari Uriinlerinin biyolojik olarak aktif bilesenlerinin stabilitesini artirir, bilegenlerin kontrollii salinimini saglar
ve gida Urlnlerinin mikrobiyal bozulmaya karsi direncini dnemli lglide giiglendirir. Son yillarda enkapsilasyon teknikleri, ari Griinlerinde
bulunan faydali bilegenlerin dayanikliigini ve biyoyararlanimini artirmanin pratik bir yolu olarak 6ne ¢ikmistir.

Bu derleme, enkapsiile edilmis ar Grtnlerinin artirnimis antimikrobiyal 6zellikleri sayesinde gida muhafazasi gibi farkli alanlardaki
potansiyelini vurgulamaktadir. Enkapstilasyon teknikleri, biyoaktif bilesenlerin stabilitesini saglayarak ve kontrolli salinimini mimkin
kilarak mikrobiyal bozulmaya karsi direnci énemli dlglide artirmaktadir. Antimikrobiyal direngle ilgili kiiresel zorluklar artmaya devam
ederken, bu alanda daha fazla arastirma ve ilerleme yapilmasi, kapsullenmis ari Grnlerinin antimikrobiyal potansiyelini tam anlamiyla
degerlendirmek ve halk sagligi standartlarina katkida bulunmak ac¢isindan blyltk 6nem tagimaktadir.

Anahtar Kelimeler: Ari Grlnleri, enkapstilasyon, enkpastle edilmis ari drinleri, antimikrobiyal aktivite.
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1. Introduction

For centuries, bee-derived products have been esteemed for
their numerous bioactive qualities, encompassing both
antibacterial and antioxidant capabilities. Propolis, bee venom,
honey, and bee pollen are some substances that stand out for
their exceptional biological properties. The most widely
recognized bee product is honey, which has several uses in
medicine, nutrition, and cosmetics and is a natural sweetener
(Visweswara et al.,, 2017). Worker bees secrete a milky
substance called royal jelly, which is notable for its high
nutritional value and possible health benefits (Bogdanov, 2009).
It is also believed to have anti-aging and immune-boosting
characteristics. Because of its emollient, protective, and
preservation qualities, beeswax finds extensive use in the food,
pharmaceutical, and cosmetics sectors. Bees gather resinous
material known as propolis from tree buds and sap. It is used in
traditional medicine and health supplements because it has
antibacterial, antioxidant, and anti-inflammatory qualities. Bees
collect pollen and utilize it as a source of protein (El Ghouizi et
al., 2023). It is prized for its high nutritional content, which
includes vital amino acids, vitamins, minerals, and antioxidants.
These elements may be used in functional meals and dietary
supplements. The complicated process by which these bee
products are synthesized inside the hive is a testament to
honeybee biology's incredible complexity and inventiveness,
providing a wealth of opportunities for study, innovation, and
application in various fields.

Bee products contain biologically active substances rich in
natural antimicrobial components, such as pollen, propolis, and
honey. However, for these ingredients to be used effectively in
foods, encapsulation methods, that is, micro or nano-sized
encapsulation techniques, are required. Encapsulation
increases the stability of the biologically active components of
bee products, ensures their controlled release, and thus
significantly increases the resistance of food products to
microbial spoilage. Honey is an excellent opportunity to replace
sugar healthily, and propolis's significant antioxidants and
antibacterial qualites may be further improved by
microencapsulating it (Yupanqui Mieles et al., 2022). Pollen is
a food that may be used in a wide range of goods. Furthermore,
the quality and preservation of ecologically friendly meals have
significantly improved over time thanks to the inclusion of
beeswax in oleo gels and its usage as a coating.

Encapsulation methods have been a viable approach to
improving the stability and bioavailability of bioactive chemicals
found in bee products in recent years (Shahidi and Han, 1993).
Encapsulation protects delicate substances, permitting targeted
delivery and controlled release. Microencapsulation is an
excellent method that extends shelf life by covering up
unwanted odours and flavours. It pertains to the containment of
small particles, liquids, or gases within a protective barrier to
safeguard them from external influences such as water and
heat.

Various encapsulation techniques are used to maintain the
bioactivity of bee products. Shahidi & Han (1993) states that
starch, starch derivatives, proteins, gums, lipids, or any
combination can be utlized as encapsulating or wall
components. Spray-drying, freeze-drying, fluidized bed coating,
extrusion,  cocrystallization, molecular inclusion, and
coacervation are techniques used to encapsulate food
components (Mohammed et al., 2020).

The antibacterial properties of bee products, especially those
encapsulated, are of significant interest for various uses, such
as cosmetics, medications, and food preservation.
Antimicrobial qualities are essential to tackle the rising problem
of germ resistance and uphold public health standards. This
review aimed to examine the antimicrobial effects of bee
product encapsulation since, to our knowledge, a publication

has yet to review the numerous research on the antimicrobial
effects of encapsulated bee products.

2. Bee Products and Their Antimicrobial Activities

In medical care, bee products' antibacterial properties have
garnered more attention lately. This review looked at the
possible impacts of bee products on bacteria, specifically
focusing on how encapsulating these products may increase
their antimicrobial qualities. Products, including honey,
propolis, and royal jelly, were also evaluated. Al-Waili et al.
(2012) investigated the potential synergistic effect between
propolis and honey regarding their antibacterial properties.
Their research, conducted using honey sourced from Saudi
Arabia and Egypt, supported the notion that the combined use
of propolis and honey amplifies their antimicrobial efficacy
against Staphylococcus aureus and Escherichia coli.

Different bee products exhibit varying effectiveness against
Gram-positive and Gram-negative bacteria, yeasts, molds,
dermatophytes, and biofilm-forming microorganisms. Notably,
Pseudomonas aeruginosa demonstrates significant resistance
to bee products. Analysis of the average minimum inhibitory
concentration (MIC) values indicates that bee venom displays
the most potent antibacterial activity, while royal jelly exhibits
the weakest effectiveness. Using bee products for medical
purposes presents challenges related to dosage and safety.
These products' complex and variable composition
necessitates standardization before achieving safe and
predictable clinical applications (Ratajczak et al., 2021).

2.1 Propolis

Propolis is a natural resinous blend crafted by honeybees from
materials gathered from various plant sources, making it
significant in both food and health contexts (Gunhan et al.,
2022). Raw propolis comprises roughly 50% resins, 30%
waxes, 10% essential oils, 5% pollen, and 5% other organic
components (Burdock, 1998). Gabrys et al. (1986) found
propolis rich in proline and arginine, critical components of
cationic antimicrobial peptides. These peptides are known for
their broad-spectrum antimicrobial properties, capable of
inhibiting bacteria, fungi, viruses, and protozoan parasites.
Gao et al. (2008) discovered that pinocembrin (5,7-dihydroxy
flavanone) is a compound in high levels of propolis.
Pinocembrin is the predominant flavonoid in propolis and has
been demonstrated to be the agent behind its antimicrobial
properties. Propolis is a rich source of esters and cinnamic acid
because it is made chiefly of plant exudate. Hydroxycinnamic
acid has been shown in numerous studies to have
antimicrobial properties against a variety of microorganisms,
including Streptococcus pyogenes, Micrococcus flavus,
Pseudomonas aeruginosa, Salmonella enterica serotype
Typhimurium, Enterobacter cloacae, Escherichia coli, Listeria
monocytogenes, Mycobacterium tuberculosis, Bacillus spp.,
and Staphylococcus spp. (Yilmaz et al., 2018). Propolis has
such a robust antimicrobial effect that the London
pharmacopeias of the seventeenth century approved it as a
medication.

Disc diffusion is one of the most often utilized techniques for
determining antibacterial activity. Agar-based plates are
infected by evenly distributing a suspension of an effective
indicator bacterium across their surface, followed by the
placement of blank paper discs holding the sample that will be
examined for antimicrobial activity on top. Following ideal
temperature incubation, the diameter of the growth inhibition
zones around the disc is used to assess antibacterial
effectiveness (Kujumgiev et al., 1999). Propolis's antibacterial
capabilities have been studied, and the results confirm that the
substance is primarily active against Gram-positive bacteria
and either completely inert or has minimal action against
Gram-negative bacteria (Yaghoubi et al., 2007).
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2.2 Pollen

In addition to propolis, pollen is another bee product with
remarkable biological properties. Pollen is the male
reproductive cell that carries the reproductive cells of flowers
and is vital for the reproduction of plants. It is also a nutritious
food source for humans. Pollen contains many nutrients such
as vitamins, minerals, proteins, and antioxidants and is thought
to affect health positively. For this reason, pollen is a frequently
used and well-known functional food. About 50% of pollen
comprises polysaccharides, 1-20% of fats and lipids, 6-28% of
protein, 6% of amino acids, and 4-60% of simple sugars.
Terpenes, carotenoids, and flavonoids are also some of the
secondary plant products (Kadi Hizir, 2019). Exosome-like
vesicles, polyphenols, fatty acids, and alkaloids give pollen an
antimicrobial effect (Didaras et al., 2020). Pollen contains
flavonoids (1.4%), primarily kaempferol, isorhamnetin, and
quercetin, and 0.2% of it contains phenolic acids, which are
chlorogenic (Ramnath et al., 2013). The collection of pollen
and pollen products from bees has managed benign prostatitis
and the oral desensitization of allergic children effectively
(Campos, 1997; Mizrahi, 1997). Furthermore, bee pollen
exhibits antimicrobial properties (Kacaniova et al., 2012).

The active compounds derived from the Greek pollen under
investigation and the individual flavonoids isolated from it were
assessed for their ability to inhibit the growth of six Gram-
negative and Gram-positive bacteria and three different
pathogenic fungi. The findings, detailed in Table 1, indicated
that the dichloromethane extract exhibited minimal activity. In
contrast, the methanol and aqueous extracts demonstrated
noteworthy antibacterial effects, particularly against Gram-
positive bacteria (with MIC values ranging from 0.50 to 0.80
mg/mL). The examined extracts and isolated flavonoids
displayed varying levels of antifungal activity, with MIC values
ranging from 3.00 to 5.95 mg/mL. The isolated flavonoids
exhibited strong antimicrobial activity against Gram-positive
bacteria. Among the tested bacterial strains, E. coli
demonstrated the highest resistance, impervious to all the
examined extracts and isolated compounds. The observed
antimicrobial potency of the methanolic and water pollen
extracts can be primarily attributed to their substantial flavonoid
content, particularly the presence of quercetin and kaempferol
glucosides, renowned for their antibacterial efficacy (Loizzo et
al., 2004). Furthermore, the literature suggests that the
antimicrobial activity of pollen extracts, especially against
human pathogenic bacteria and fungi, has been infrequently
investigated. Among the existing studies, the extract of Turkish
bee pollen has been reported to exhibit potent antibacterial
activity against plant pathogenic bacteria while displaying
weaker activity against food-related microorganisms (Graikou
etal., 2011).

2.3 Bee Venom

Moving from pollen to another potent bee product, bee venom
is a highly complex mixture of peptides, enzymes, and amines.
It is well-recognized that bee venom has antibacterial, anti-
inflammatory, neuroprotective, and anticancer properties. It
has been demonstrated that bee venom has antimicrobial
capabilities against bacteria, viruses, and fungi both in vitro and
in vivo. There have also been reports of bee venom and
antibiotics having synergistic therapeutic interactions.
Moreover, bee venom has demonstrated trypanocidal action
and seems to shield neurons against prion peptide-induced cell
death (Didaras et al., 2020).

Bee venom demonstrates antibacterial properties against both
gram-positive and gram-negative bacteria owing to its diverse
composition of peptides, amines, phospholipids, volatile
compounds, aminocytes, sugars, and enzymes (Carpena et
al., 2020). Melittin, apamin, and phospholipase C are the
fundamental constituents responsible for these properties. The
presence of active ingredients in bee venom that induce the

formation of pores in cell membranes and the destruction of
membrane phospholipids underscores its significance as an
antibacterial agent (Funayama et al., 2012; Gékmen et al.,
2023).

2.4 Beeswax

Building upon the wide range of antimicrobial properties seen in
bee venom, another notable bee product with significant
potential is beeswax. Beeswax is a naturally occurring
compound consisting of esters (67 wt%), hydrocarbons (14
wt%), fatty acids (12 wt%), alcohol (1 wt%), and various other
chemicals, such as aromatic compounds and colors (6 wt%)
(Fratini, 2016). Beeswax has been shown to possess
antibacterial properties against a variety of microorganisms,
including molds from Aspergillus and Geotrichum, yeast from
the genera Rhodotorula and Candida, and bacteria from the
genera of Bacillus, Escherichia, Listeria, Proteus,
Pseudomonas, Salmonella, and Staphylococcus (Kacaniova,
Vukovi¢ et al., 2012). Beeswax has moisturizing and emollient
properties that can help reduce skin water loss. Squalene, 10-
hydroxy-trans-2-decenoic acid, and flavonoids like chrysin are
some of the components that give it antibacterial activity, the
capacity to protect the skin from pathogenic microorganisms,
and the ability to reduce trans-epidermal water loss. This
product's antibacterial properties come from the inclusion of
squalene, 10-hydroxy-trans-2-decenoic acid, and flavonoids
(chrysin) found in beeswax, which shield the skin from
pathogenic microorganisms (Gupta & Anjali, 2023).

Beeswax is a very versatile substance suitable for human skin.
It is used in textiles, candles, cosmetic, and pharmaceutical
industries. Some studies suggest that it may even be beneficial
for eczema. Beeswax is the material that makes up the
structure of a honeycomb, secreted by bees to construct the
cells that hold honey (Fratini et al., 2016a). Beeswax is
employed as a coating for cheese during the maturation
process or as a dietary supplement to enhance the luster of
food products.is used as a film to wrap cheese for maturing or
as a food additive (E901) to give the product shine (Fratini
,2016).

Up to the advent of modern medicine, honey was used as a
wound treatment in traditional medicine. New medications are
required to battle diseases due to the growth in antibiotic
resistance worldwide. As a result, there is renewed interest in
evaluating honey's antimicrobial and wound-healing properties.
Honey has been found to inhibit various bacteria, including
antibiotic-resistant strains and biofilms (Yupanqui Mieles et al.,
2022). It contains bioactive molecules such as flavonoids and
polyphenols, which act as antioxidants. These molecules
enable honey to exhibit antioxidant, antimicrobial, anti-
inflammatory, antiproliferative, anticancer, and antimetastatic
effects. Growing evidence supports using honey in managing
and treating wounds, diabetes mellitus, cancer, asthma,
cardiovascular, neurological, and gastrointestinal diseases
(Samarghandian et al., 2017).

Using an agar diffusion assay, the antifungal activity of many
kinds of honey against dermatophytes were assessed. The
strongest effectiveness against Trichophyton rubrum and
Trichophyton mentagrophytes was demonstrated by Agastache
honey at a 40% concentration, according to the findings. It had
an impact ranging from 20 to 10 mm on T. mentagrophytes and
19.5to 12 mm on T. rubrum. On the other hand, tea tree honey
had a less noticeable effect on dermatophytes. Manuka honey
had limited activity against T. mentagrophytes and no
discernible impact on T. rubrum. Other honeys, such as jelly
bush, super manuka, and jarrah, showed no antifungal activity
against the tested dermatophyte isolates.
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3. Encapsulation Techniques Used in Bee
Products

Encapsulation serves as a crucial method to enhance the
stability, bioavailability, and overall efficacy of bee products. To
prevent the breakdown of bioactive substances found in
products like propolis, bee pollen, and royal jelly and to enable
their targeted distribution within the human body, a variety of
encapsulating techniques have been developed. From
liposome encapsulation, which increases the bioavailability of
sensitive substances, to spray drying, which effectively retains
active components by quick water removal, each process has
specific benefits and uses. In addition, techniques like
coacervation and microencapsulation offer extra defenses and
regulated release, guaranteeing the effectiveness of these
priceless natural ingredients. The main encapsulation methods
used in bee products are reviewed in this section along with their
benefits, mechanics, and applications in food and medicine.
(Fernandes et al., 2014)

3.1. Spray Drying

Spray drying stands out as one of the most efficient methods for
quickly preserving liquid bee products by exposing them to fine
spray in a hot air stream. This technique allows the preservation
of products such as propolis and bee pollen in microcapsules. It
provides rapid water removal without exposure to high
temperatures, which helps preserve bioactive components.
Additionally, microcapsules produced by spray drying extend
shelf life and remain stable during storage and transportation.
Spray drying has been demonstrated to be more effective than
freeze-drying for the encapsulation of oils, despite the heat
energy required in the process (Mohammed et al., 2020).

3.2. Liposome Encapsulation

Moving from physical methods of encapsulation, another
highly efficient encapsulation method is liposome
encapsulation. Liposomes are vesicles composed of
phospholipid  bilayers  surrounding  biologically — active
components. Liposome encapsulation protects and increases
the bioavailability of flavonoid and phenolic compounds in bee
products. This technique protects the flavonoids and phenolic
components of propolis and other bee products from oxidation
and effectively transports them to target areas throughout the
digestive tract. Liposomes offer an ideal encapsulation
environment to achieve a controlled release of biomolecules
(Mozafari, Johnson, Hatziantoniou, & Demetzos, 2008). These
days, lipid-oriented encapsulation techniques are thought to be
the best option for encasing delicate ingredients. These
techniques concentrate on foods and dietary supplements that
contain both hydrophilic and hydrophobic molecules in addition
to bioactive compounds, and food ingredients that are
supplemental systems for medicinal purposes (Subramani et
al., 2020).

3.3. Microencapsulation

As another common encapsulation method,
microencapsulation serves to enclose active ingredients in tiny
capsules, protecting the nutritional and bioactive properties of
bee products. This method is advantageous for products like
bee pollen and propolis as it allows for targeted release in the
gastrointestinal  tract.  Additionally,  microencapsulation
enhances the sensory properties of products and significantly
extends their shelf life, making it a preferred method in both the
food and pharmaceutical industries (Bakry et al., 2016).

3.4. Coacervation

Following microencapsulation, coacervation represents another
important technique, particularly for encapsulating proteins and
polysaccharides in bee products. Coacervation helps stabilize
these bioactive compounds, providing protection from
environmental factors and ensuring their controlled release.

Compared to spray drying, coacervation offers a higher
encapsulation efficiency and more precise control over the
release of core materials, making it especially useful for
thermolabile components (Wang et al., 2018).

3.5. Emulsion-Based Techniques

Lastly, transitioning from coacervation, emulsion-based
techniques play a pivotal role in maintaining the stability of bee
products in both oil and water phases. These methods are
crucial for the preservation and controlled release of lipophilic
components in bee products such as royal jelly and beeswax.
Emulsions ensure homogeneous distribution and protect
against oxidation, making them widely used in the
pharmaceutical and skincare industries (Kakran et al., 2014).

4. Effects of Encapsulation on the Antimicrobial
Properties of Bee Products

Encapsulated bee products possess antibacterial and
antifungal effects. It is crucial to investigate their impact to
create novel therapeutic agents and to promote the use of
natural antibacterial resources.

Because encapsulated products maximize their interaction
with microorganisms by enhancing the stability of the active
components, encapsulation is an efficient technique to boost
the antibacterial benefits of bee products. Nanoencapsulation
of propolis can minimize the oxidation of flavonoids, thereby
enhancing their longevity and effectiveness. Furthermore, the
regulated and sustained release of antimicrobial compounds in
encapsulated products increases their efficacy and facilitate
usage. The encapsulating approach, therefore, makes it
possible to employ antibacterial activity more effectively and
may open an enormous variety of applications in diverse
clinical settings (Glinhan et al., 2022).

Table 1 presents a comprehensive overview of the various
methods of encapsulating bee products. It includes details on
the wall materials utilized in each method, the primary aims of
the respective studies, key findings derived from the research,
and the references for further reading. This summary aims to
facilitate a better understanding of the diverse encapsulation
techniques and their outcomes, offering valuable insights for
researchers and practitioners in the field.

4.1. Propolis

Propolis has a decisive antibacterial action, but its limited
solubility in water restricts its application in many other contexts.
Nanocapsules, among other microcapsules, could alter
propolis' solubility. Food ingredients or functional substances
(core) are encapsulated in a particular material (shell) in a
process known as microcapsules. Microcapsules are capable of
miscibility, evaporation, reactivity, stress, and controlled
release, among other things (Pang et al., 2020).

Recent studies underscore the antimicrobial potential of
propolis, particularly in addressing foodborne pathogens. For
example, it was demonstrated that a propolis-silver nanopatrticle
nanocomposite effectively inhibited the growth of bacteria
responsible for foodborne illnesses, including Escherichia coli
and Staphylococcus aureus (Khalil et al., 2021).

A promising anti-biofilm agent was identified in a chitosan-
propolis nano-formulation, showing potential for treating
infections associated with biofilm formation, particularly in
surgical site infections and chronic wounds (Ong et al., 2017).
Additionally, a comparative study revealed that encapsulated
propolis exhibited a lesser in vitro impact on bacterial inhibition
than its ethanolic extract, suggesting that encapsulated
compounds may have delayed release from their matrix,
affecting their immediate action on bacterial cell walls.

Moreover, microencapsulation of propolis extract via a complex
coacervation method utilizing gelatin and gum Arabic
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significantly  improved its  antimicrobial properties,
demonstrating substantial antibacterial effects against
Staphylococcus aureus and Listeria monocytogenes (Nori et al.,
2011). Besides, the encapsulation of propolis with cyclodextrins
was explored, focusing on its physicochemical properties and
antimicrobial activity. This study indicated that encapsulation
methods, particularly those involving silver nanoparticles or a
combination of gelatin and gum Arabic through complex
coacervation, exhibited the highest inhibitory effects against
common foodborne pathogens (Ferro et al., 2016; Righi et al.,
2013).

The study performed by Vaseghi et al. (2024) examined the
antimicrobial and antioxidant properties of propolis extracted
with methylal (PM) and ethanol (PE). Their experimental design
involved combining propolis with methylal and storing it for 24
hours, while ethanol extraction was performed at 37°C for 48
hours and then filtered using Whatman filter paper. The study
also assessed the efficacy of chitosan-encapsulated forms of
these extracts against both planktonic and biofilm-forming
Staphylococcus aureus and Staphylococcus epidermidis. The
results indicated that chitosan-encapsulated forms (PM-CH) at
a concentration of 300 pg/mL effectively reduced bacteria
viability, particularly against established biofilms, demonstrating
strong antibiofilm activity over a 24-hour period. In conclusion,
the investigation underscored that PM and its chitosan-
encapsulated forms (PM-CH and PE-CH) possess significant
antimicrobial and antioxidant properties. Notably, PM
demonstrated effectiveness against both gram-positive and
gram-negative bacteria, suggesting its potential as a natural
antibiotic. Moreover, chitosan encapsulation appears to
enhance these antimicrobial effects, although the study also
cautioned about the careful handling of methylal at higher
concentrations.

In another relevant study, the effects of varying concentrations
of propolis (5% and 7%, w/v) combined with surfactants like
poloxamer (1%, 3%, and 4%, w/v) and soy lecithin (0.25%,
0.7%, and 1%, w/v) was explored. The primary goal was to
assess the anti-Staphylococcus aureus properties in mammary
tissue while evaluating cytotoxicity on epithelial cells,
specifically mammary alveolar cell-T, ultimately aiming to
develop propolis nanoparticles for treating bovine mastitis
(Pinheiro Machado et al., 2019).

A recent study explored the encapsulation of propolis flavonoids
through liposome encapsulation using soy lecithin, aiming to
evaluate the physical and chemical properties of the
encapsulated flavonoids and their in vitro antioxidant activity.
The encapsulation efficiency peaked at an 8:1 weight ratio of
phosphatidylcholine to cholesterol, achieving approximately
85% efficiency (Ramli et al., 2021). A study using an emulsion
method with poly(lactic-co-glycolic acid) as the encapsulating
material demonstrated strong inhibition of biofilms formed by
Pseudomonas aeruginosa and Staphylococcus aureus (de
Mélo Silva et al., 2020).

The findings indicated that the MIC values of liposomes ranged
from 256 to 128 pug/mL for fungi and from 512 to 128 pg/mL for
bacteria. While blank liposomes showed no antibacterial
activity, the incorporation of propolis significantly enhanced their
effectiveness against microbial growth. Furthermore, all propolis
samples displayed antifungal activity against Candida albicans,
Candida parapsilosis, and Candida krusei, which are known to
cause superficial and systemic infections (Aytekin et al., 2020).

In 2023, the impact of nanoencapsulation of propolis at various
concentrations (0, 0.4, 0.8, 1.0, and 1.2%) within polyvinyl
alcohol (PVA) nanoparticles through the electro spraying
method was examined. The study evaluated the structural,
physical, antioxidant, antimicrobial, and thermal properties of
the encapsulated propolis. Antibacterial efficacy was evaluated
using the broth dilution method, revealing that PVA
nanoparticles containing propolis exhibited potent inhibitory

activity against S. aureus at lower concentrations, while no
inhibitory effect was observed against E. coli O157:H7.

The study concluded that the PVA nanoparticles produced
through electro spraying have the potential to serve as a novel
natural and bioactive agent in the food and pharmaceutical
industries (Subagi-Zarbaliyev et al., 2023).

4.2. Pollen

Encapsulation of pollen can enhance its antimicrobial effects by
increasing the stability of pollen's biologically active components
and increasing their effectiveness by providing controlled
release. As a result, encapsulated pollen is anticipated to have
more potent antibacterial properties than wild pollen. A variety
of techniques have achieved pollen encapsulation. These
approaches include emulsion techniques, nanoparticle
technologies, complicated coacervation, spray drying, and
freeze-drying. The benefits of each method for boosting pollen's
antibacterial properties could vary.

A study investigating the antimicrobial and antioxidant
properties of chitosan compounds encapsulated with pollen and
apple cider vinegar revealed significant effectiveness against
various pathogens. The research focused on two different
encapsulated chitosan formulations: one designated as
Chitosan Compound X (CSx) and the other as Chitosan
Compound Y (CSy). According to the antibacterial analysis
results, both CSx and CSy demonstrated varying levels of
effectiveness against bacterial species, including Listeria
monocytogenes, Staphylococcus aureus, Escherichia coli, and
Salmonella Typhimurium. The most notable inhibitory effect was
observed against Listeria monocytogenes, with the CSy
compound exhibiting an inhibitory zone measured at 1134 mm2.
In comparison, the inhibitory zone for the CSx compound
against the same bacterial species was determined to be 804
mm2. Furthermore, the CSy compound, which was similarly
effective against other bacteria, produced inhibitory zones of
707 mm2, 314 mm?, and 616 mm?2 against Staphylococcus
aureus, E. coli, and Salmonella Typhimurium, respectively.
These findings show that chitosan compounds enriched with
pollen and apple cider vinegar, particularly the CSy formulation,
exhibit strong antimicrobial properties against pathogenic
bacteria. As such, these encapsulation methods could be
effectively employed in food packaging materials. The
encapsulation process enhances the molecular weight and
antimicrobial activity of chitosan, ensuring adequate protection
and use of the bioactive compounds derived from pollen (Baysal
et al., 2022). To quantify the encapsulation success, the %
encapsulation efficiency (%EE) formula was used. The
antibacterial and surface activity characteristics of the produced
CSx and CSy compounds were thoroughly examined against
Salmonella, E. coli, Staphylococcus aureus, and Listeria
monocytogenes using good diffusion techniques. Detailed
results are provided in Table 1.

As a result, encapsulating pollen with chitosan increases its
antioxidant and antibacterial activities, making pollen a more
effective biomaterial. This method could increase pollen's
usability in a broader range of biomedical applications and offer
a potential alternative for treating various infections.

In a study on the microencapsulation of bioactive bee pollen
protein hydrolysate with maltodextrin and whey protein using
the spray drying method and the examination of the structural
changes and stability of the resulting microcapsules treated with
UV radiation as an accelerated oxidation model system,
encapsulation significantly increased the strength and
antioxidant capacity of the pollen over time. It has improved
dramatically with whey protein concentrate and maltodextrin
(Magsoudlou et al., 2020).

Encapsulated pollen's bioactive chemicals become more stable
and bioavailable over time and exhibit a more regulated and
prolonged release. This implies that encapsulated pollen might
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be a more valuable component of functional meals and dietary
supplements that support good health.

Further study assesses the effects of date pollen (Phoenix
dactylifera L.) nanoencapsulation on fortified yogurt's functional
and nutritional qualities. The study results showed that date
pollen has a high potential for antioxidants, particularly catechin,
and is rich in protein, carbs, minerals, unsaturated fatty acids
(w-3, w-6, and w-9), and phenolic compounds. Yogurt was
enhanced as part of the study, utilizing date pollen in three
distinct ways: grains, ethanol extract, and nano-encapsulated
extract. Nanoencapsulation was a particularly effective
technique for enhancing yogurt, which increased the date
pollen's functional qualities. Yogurts displayed probiotic
qualites and excellent Date pollen nanoencapsulation
enhanced sensory and microbiological quality. These results
support the viability of nanoencapsulation in food fortification
procedures (El-Kholy et al., 2019).

4.3. Bee Venom

Bee venom is a natural product with many therapeutic
properties, such as anti-inflammatory, analgesic, anti-cancer,
and immunomodulatory. However, its direct use may be
problematic because its pure form may cause side effects.
Therefore, researchers have developed various methods to use
bee venom more safely and effectively. One of these methods
is to encapsulate bee venom. Bee venom can be encapsulated
in a variety of ways. These include polymer-based
encapsulation techniques, liposomes, nano emulsions, and
microencapsulation. While each approach has benefits and
drawbacks, bee venom may be preserved and released in a
regulated manner by encapsulation, which can generally boost
its medicinal effectiveness. Numerous uses exist for bee venom
encapsulation. For instance, rheumatoid arthritis and other
inflammatory conditions can be treated with encapsulated bee
venom. It could potentially help enhance immune function and
treat cancer. In dermatology and cosmetics, encapsulated bee
venom is used to develop anti-aging products and acne
remedies, among other things (Bava et al., 2023). Because the
Poly (lactic-co-glycolic acid)-encapsulation method prevents
immediate exposure to the allergen components of bee venom,
such as histamine, melittin, phospholipase A, and apamin, it
may be a potential approach to reduce the unpleasant side
effects of bee venom (Lariviere & Melzack, 1996). Poly(lactic-
co-glycolic acid is a biodegradable copolymer made from lactic
acid and glycolic acid, commonly used in various biomedical
applications.

4.4. Beeswax

Beeswax is commonly utilized as an encapsulation material for
pharmaceuticals. Itis available in stores in both white and yellow
wax forms. Encapsulation processes may involve granulation,
emulsion coagulation, and mechanical mixing. Beeswax's
capacity to encapsulate molecules significantly enhances the
controlled release of pharmaceuticals. This controlled-release
feature allows certain medications to remain effective for
extended periods, boosting their antibacterial properties.
Beeswax delays the release of medicines, providing long-term
benefits. Research indicates beeswax can be a controlled
release mechanism to enhance medications' antibacterial
properties and effectiveness (Kiing and Onal, 2021). In
particular, the encapsulation of drugs such as salicylate,
clozapine, ranolazine, and flurbiprofen using wax has yielded
significant results in slowing down the release rates of these
drugs and thus ensuring longer-term effectiveness. The data
obtained from encapsulation showed that the release time was

prolonged, and the release rate increased as the wax
concentration increased, which reveals that wax is a potential
material for controlled release systems in pharmaceutical
applications (Shaltooki and Farahbakhsh, 2015).

Beeswax is commonly used as an encapsulation material for
pharmaceuticals. Itis available in stores in both white and yellow
wax forms. Encapsulation processes may involve granulation,
emulsion coagulation, and mechanical mixing. Beeswax's ability
to encapsulate molecules significantly enhances the controlled
release of pharmaceuticals. This feature allows certain
medications to still be effective for extended periods, boosting
their antibacterial properties. Beeswax delays the release of
medicines, providing long-term benefits. According to research,
beeswax can be a controlled-release mechanism to enhance
medications' antibacterial properties and effectiveness (Shakeri
et al., 2024).

Based on the studies mentioned, the table below illustrates the
use of beeswax for encapsulating different bioactive
components and the areas where these techniques are applied.
Beeswax provides benefits such as improving stability, enabling
controlled release, and enhancing the bioavailability of bioactive
components. Many factors affect the encapsulation efficiency of
beeswax. Among these, the wax type plays an important role.
Different waxes have different properties and may perform
differently during the encapsulation process (Jankovi¢ et al.,
2018). The encapsulation material is also essential; the
properties of the material may affect encapsulation efficiency
(Silva et al., 2018). Additionally, the encapsulation method used
also has a significant impact. Different techniques may give
different results (Seijo et al., 2012). The environmental
conditions in which the encapsulation process takes place are
also necessary. Temperature, humidity, and other factors can
affect encapsulation efficiency (Fernandes et al., 2014). The
ratio between wax and seed material is also essential; this ratio
must be balanced. Finally, the stabilization agents used in the
encapsulation process also play an indispensable role. These
substances may increase or decrease encapsulation efficiency.
All these factors can affect the encapsulation efficiency of the
wax and should be considered to achieve the best results.
When the results were evaluated, it was observed that
encapsulation efficiency was most effective in the omega-3 fatty
acids.

4.5. Honey

Honey has been utilized for its medicinal properties. Recent
research has revealed that encapsulating honey can heighten
its antibacterial effects. Mandal and Mandal's research indicated
that encapsulated honey exhibited more potent antibacterial
action against both Gram-positive and Gram-negative bacteria
when compared to free honey (Ranneh et al., 2021). In contrast
to salt encapsulation, a recent study by a new research team
discovered that encapsulated honey increases the longevity of
Bifidobacterium strains, well-known probiotics, in
gastrointestinal simulation (Favarin 2015). Similarly, Albaridi
found that encapsulation techniques like freeze-drying and
spray-drying may significantly enhance honey's antibacterial
qualites by shielding its bioactive components during
transportation and storage (Yupanqui Mieles et., 2022). The
previously discussed studies provide important insights into the
enhanced antibacterial effectiveness of encapsulated honey.
They also highlight the potential benefits of using encapsulation
techniques to preserve and enhance honey's antimicrobial
properties.
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Table 1. Overview of encapsulation methods of bee products, including wall materials, key findings, and references.
Tablo 1. Duvar malzemeleri, temel bulgular ve referanslar da dahil olmak (izere ari iriinlerinin kapstilleme yéntemlerine genel bakis.

Encapsulated Encapsulation Wall-Materials Findings References

Product Method

Propolis Spray drying Whey protein With the rise in inlet air temperature and the fall in  (Baysan et al.,

isolate and output air temperature, the moisture content and 2019)
maltodextrin water activity of the products increased, leading to
encapsulation efficiency varying between 29.79%
and 99.73%
Propolis Emulsion Poly (lactic-co- The nanoparticle demonstrated antimicrobial (de Mélo Silva
glycolic acid) potential, with a MIC of 15.6 to 125 ug/mL. et al., 2020)
Propolis Liposomes Liposomes The liposome's MIC values varied from 512 to 128 (Aytekin et al.,
pg/mL for bacteria and 256 to 128 pyg/mL for fungi. ~ 2020)
Propolis Hot solvent Soy lecithin (Lipoid  All propolis nanoparticles demonstrated (Pinheiro
diffusion S75®) and ethanol  antimicrobial activity against Staphylococcus Machado et
method aureus, with a MIC ranging from 156 to 310 yg/mL. al., 2019)
The total phenolic content encapsulation efficiency
ranged from 73% to 91%.
Propolis lonic gelation Chitosan The nanoformulation completes bacterial growth (Elnaggar et
eradication of K. pneumoniae within 2 hours, and al. 2020)
the MIC is 6.25 pg/mL.

Propolis Complex Soy protein and The microencapsulated propolis showed inhibitory  (Nori et al.,
coacervation pectin effects on S. aureus at a concentration of 200-400 2011)

pg/mL. Free propolis also exhibited inhibitory
activity against S. aureus at around 50-100 pg/mL
concentrations.

Propolis Spray drying Chitosan The MIC value of PM-CH for E. coliwas 12.8 ug/mL  (Vaseghi et

nanoparticles The MIC values for S. aureus, S. epidermidis, and al., 2024)
L. monocytognes were 2, 2.8 and 5.38 g/mL,
respectively.

Propolis lonic gelation Chitosan The solution prevented the formation of E. faecalis (Ong et al.,
method with nanoparticles biofilm and decreased the bacteria in the biofilm by 2017)
modification approximately 90% at a concentration of 200 ug/mL.

When used on existing biofilms, the solution
reduced the bacterial count by about 40% and 75%
at 200 pg/mL and 300 pg/mL, respectively.

Propolis Electrospraying Polyvinyl alcohol PVA-NPs demonstrated strong inhibitory effects on  (Subasi-

method nanoparticles S. aureus at low concentrations by broth dilution Zarbaliyev et
method. However, it did not show any inhibitory al., 2023)
effects against E. coli O157:H7.
Pollen Freeze-drying Chitosan After extracting the pollen with alcohol, the total (Baysal et al.,
polyphenol content rose from 21.4 mg/g to 26.6 2022)
mg/g. The strongest antibacterial activity was seen
for Listeria monocytogenes. With encapsulated
compounds, 1134, 707, 314, and 616 mm? inhibition
zones were achieved against Salmonella, E. coli, S.
aureus, and Listeria monocytogenes.
Honey - Freeze-drying Sodium alginate The protective effect of suspending free cells of both  (Favarin et.,
Bifidobacterium 3% strains of Bifidobacterium in honey solutions was 2015)
the same as that of simple microencapsulation with
3% sodium alginate. It is determined that
Bifidobacterium’s in vitro tolerance of
gastrointestinal conditions was enhanced by
microencapsulation and the addition of honey. In the
presence of honey, both strains of Bifidobacterium
showed a substantial increase in cell survival under
simulated gastrointestinal circumstances
Omega 3 Nanoencapsula Beeswax As a result, nanoparticles demonstrated excellent (Shakeri et al.,
tion stability in the face of adversity, acting as a suitable 2024)
carrier with a reasonable loading capacity-all critical
for using sensitive nutrients
Flurbiprofen Emulsion Beeswax Flurbiprofen was shown to have a high loading (Ranjhaetal.,
congealing encapsulating efficiency ranging from 8 to 94%. 2020)
technique According to this study, beeswax microspheres

loaded with flurbiprofen can distribute drugs
continuously.
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5. Conclusion

In summary, encapsulating bee products has demonstrated a
notable enhancement in their antimicrobial properties,
opening new opportunities for their utilization in medicine,
cosmetics, and food preservation. Encapsulation techniques
ensure hioactive components' stability and controlled release,
leading to increased resistance against microbial spoilage.
This comprehensive review emphasizes the significance of
further exploration and advancement in leveraging the
antimicrobial potential of encapsulated bee products to
address the challenge of antimicrobial resistance and
contribute to the progression of public health standards.

As consumer interest in health-boosting foods continues to
grow, bee-collected pollen and bee bread promise to serve as
functional foods with significant nutritional benefits. However,
a more thorough investigation is still required before concrete
data backs up health claims and uses of bee bread and bee-
collected pollen as sources of antimicrobials in clinical
practice. As a result, the encapsulation of bee products is an
area that merits further research and development. These
endeavors can expand the use of bee products in healthcare
and enable us to harness their healing properties more
effectively.

6. Conflict of Interest
The authors do not declare any conflicts of interest.
7. References

Al-Waili, N., Al-Ghamdi, A., Ansari, M. J., Al-Attal, Y., & Salom,
K. (2012). Synergistic effects of honey and propolis
toward drug multi-resistant Staphylococcus aureus,
Escherichia coli, and Candida albicans isolates in single
and polymicrobial cultures. International Journal of
Medical Sciences, 9(9), 793-800.
https://doi.org/10.7150/ijms.4722

Aytekin, A. A., Tuncay Tanriverdi, S., Aydin Kése, F., Kart, D.,
Eroglu, i., & Ozer, 0. (2020). Propolis loaded liposomes:
Evaluation of antimicrobial and antioxidant activities.
Journal of Liposome Research, 30(2), 107-116.
https://doi.org/10.1080/08982104.2019.1599012

Bakry, A. M., Abbas, S., Ali, B., Majeed, H., Abouelwafa, M.
Y., Mousa, A., & Liang, L. (2016). Microencapsulation of
oils: A comprehensive review of benefits, techniques,
and applications. Comprehensive Reviews in Food
Science and Food Safety, 15(1), 143-182.
https://doi.org/10.1111/1541-4337.12179

Bava, R., Castagna, F., Musella, V., Lupia, C., Palma, E., &
Britti, D. (2023). Therapeutic Use of Bee Venom and
Potential Applications in  Veterinary Medicine.
Veterinary Sciences, 10(2), 119.
https://doi.org/10.3390/vetsci10020119

Baysal, G., Olcay, H. S., Keresteci, B., & Ozpinar, H. (2022).
The antioxidant and antibacterial properties of chitosan
encapsulated with the bee pollen and the apple cider
vinegar. Journal of Biomaterials Science, Polymer
Edition.
https://www.tandfonline.com/doi/abs/10.1080/0920506
3.2022.2031463

Baysan, U., Elmas, F., & Kog, M. (2019). The effect of spray
drying conditions on physicochemical properties of
encapsulated propolis powder. Journal of Food Process
Engineering, 42(4), e13024.
https://doi.org/10.1111/jfpe.13024

Burdock, G. A. (1998). Review of the biological properties and
toxicity of bee propolis (propolis). Food and Chemical
Toxicology: An International Journal Published for the
British Industrial Biological Research Association,
36(4), 347-363. https://doi.org/10.1016/s0278-
6915(97)00145-2

de Mélo Silva, I. S., do Amorim Costa Gaspar, L. M., Rocha,
A. M. O., da Costa, L. P, Tada, D. B., Franceschi, E., &
Padilha, F. F. (2020). Encapsulation of red propolis in
polymer nanoparticles for the destruction of pathogenic
biofilms. AAPS PharmSciTech, 21(2), 49,
https://doi.org/10.1208/s12249-019-1576-8

Didaras, N. A., Karatasou, K., Dimitriou, T. G., Amoutzias, G.
D., & Mossialos, D. (2020). Antimicrobial Activity of Bee-
Collected Pollen and Beebread: State of the Art and
Future  Perspectives.  Antibiotics, 9(11), 811.
https://doi.org/10.3390/antibiotics9110811

El Ghouizi, A., Bakour, M., Laaroussi, H., Ousaaid, D., El
Menyiy, N., Hano, C., & Lyoussi, B. (2023). Bee Pollen
as Functional Food: Insights into Its Composition and
Therapeutic Properties. Antioxidants, 12(3), 557.
https://doi.org/10.3390/antiox12030557

El-Kholy, W. M., Soliman, T. N., & Darwish, A. M. G. (2019).
Evaluation of date palm pollen (Phoenix dactylifera L.)
encapsulation: Impact on the nutritional and functional
properties of fortified yoghurt. PLOS ONE, 14(10),
€0222789.
https://doi.org/10.1371/journal.pone.0222789

Favarin, L., Laureano-Melo, R., & Luchese, R. H. (2015).
Survival of free and microencapsulated Bifidobacterium:
Effect of honey addition. Journal of Microencapsulation,
32(4), 329-335.
https://doi.org/10.3109/02652048.2015.1017620

Fernandes, R. S., etal. (2014). The use of microencapsulation
to improve the bioavailability of bee products. Journal of
Functional Foods, 9, 141-152.
https://doi.org/10.1016/}.jff.2014.04.002

Fratini, F., Cilia, G., Turchi, B., & Felicioli, A. (2016). Beeswax:
A minireview of its antimicrobial activity and its
application in medicine. Asian Pacific Journal of
Tropical Medicine, 9(9), 839-843.
https://doi.org/10.1016/j.apjtm.2016.07.003

Gao, M., Zhang, W., Liu, Q., Hu, J., Liu, G., & Du, G. (2008).
Pinocembrin prevents glutamate-induced apoptosis in
SH-SY5Y neuronal cells via decrease of bax/bcl-2 ratio.
European Journal of Pharmacology, 591(1), 73-79.
https://doi.org/10.1016/j.ejphar.2008.06.071

Gabrys, J., Konecki, J., Krol, W., Scheller, S., & Shani, J.
(1986). Free amino acids in bee hive product (propolis)
as identified and quantified by gas-liquid
chromatography. Pharmacological Research
Communications, 18(6), 513-518.
https://doi.org/10.1016/0031-6989(86)90146-3

Gokmen, T. G., Yazgan, H., Ozdemir, Y., Sevin, S., Turut, N.,
Karahan, S., Eski, F., Kivra, I., Sezer, O., & Utiik, A. E.
(2023). Chemical composition and antibacterial activity
of bee venom against multi-drug resistant pathogens.
Onderstepoort Journal of Veterinary Research, 90(1), 1-
5. https://doi.org/10.4102/0jvr.v90i1.2097

Graikou, K., Kapeta, S., Aligiannis, N., Sotiroudis, G.,
Chondrogianni, N., Gonos, E., & Chinou, I. (2011).
Chemical analysis of Greek pollen—Antioxidant,
antimicrobial and proteasome activation properties.
Chemistry Central Journal, 5(2), 33.
https://doi.org/10.1186/1752-153X-5-33

Kendir et al.

ITU 2025
50


https://doi.org/10.1080/08982104.2019.1599012
https://doi.org/10.3109/02652048.2015.1017620
https://doi.org/10.1016/j.ejphar.2008.06.071

ITU Journal of Food Science and Technology

iT(

Gupta, G., & Anjali, K. (2023). Environmentally Friendly
Beeswax: Properties, Composition, Adulteration, and its
Therapeutic Benefits. IOP Conference Series: Earth
and Environmental Science, 1110(1), 012041.
https://doi.org/10.1088/1755-1315/1110/1/012041

Ginhan, R. S., Keskin, S., Telli, N., Takma, C., & Kolayl, S.
(2022). Effect of Encapsulated Propolis on Microbial
Quality and Antioxidant Activity of Yoghurt. Progress in
Nutrition, 24(2).
https://doi.org/10.23751/pn.v24i2.11998

Jankovi¢, A., et al. (2018). Encapsulation of propolis by
various  techniques.  Molecules, 23(3), 671.
https://doi.org/10.3390/molecules23030671

Kacéaniova, M., Vukovic, N., Chlebo, R., Hascik, P., Rovna, K.,
Cubon, J., Dzugan, M., & Pasternakiewicz, A. (2012).
The antimicrobial activity of honey, bee pollen loads and
beeswax from Slovakia. Archives of Biological
Sciences, 64(3), 927-934.
https://doi.org/10.2298/ABS1203927K

Kadi Hizir, I. (2019). Encapsulation of phenolic extract of
pollen in chitosan coated liposomes and in-vitro
bioaccessibility studies [Master's thesis, Institute of
Science and Technology].
http://hdl.handle.net/11527/19759

Khalil, M., Mohamed, S., & El-Naggar, K. (2021). Green
Synthesis of Silver Nanoparticles using Egyptian
Propolis Extract and its Antimicrobial Activity. Egyptian
Journal of Chemistry, 65(7), 453-464.
https://doi.org/10.21608/ejchem.2021.104296.4838

Kujumgiev, A., Tsvetkova, |., Serkedjieva, Y., Bankova, V.,
Christov, R., & Popov, S. (1999). Antibacterial,
antifungal and antiviral activity of propolis of different
geographic origin. Journal of Ethnopharmacology,
64(3), 235-240. https://doi.org/10.1016/s0378-
8741(98)00131-7

Lariviere, W. R., & Melzack, R. (1996). The bee venom test: A
new  tonic-pain test. PAIN, 66(2), 271.
https://doi.org/10.1016/0304-3959(96)03075-8

Loizzo, M. R., Statti, G. A., Tundis, R., Conforti, F., Ando’, S.,
& Menichini, F. (2004). Antimicrobial activity and
cytotoxicity of Cirsium tenoreanum. Fitoterapia, 75(6),
577-580. https://doi.org/10.1016/j.fitote.2004.03.011

Magsoudlou, A., Sadeghi Mahoonak, A., Mohebodini, H., &
Koushki, V. (2020). Stability and structural properties of
bee pollen protein hydrolysate microencapsulated using
maltodextrin and whey protein concentrate. Heliyon,
6(5), e03731.
https://doi.org/10.1016/j.heliyon.2020.e03731

Mohammed, N. K., Tan, C. P., Manap, Y. A., Muhialdin, B. J.,
& Hussin, A. S. M. (2020). Spray drying for the
encapsulation of oils—a review. Molecules, 25(17),
3873. https://doi.org/10.3390/molecules25173873.

Mozafari, M. R., Johnson, C., Hatziantoniou, S., & Demetzos,
C. (2008). Nanoliposomes and their applications in food
nanotechnology. Journal of Liposome Research, 18(4),
309-327. https://doi.org/10.1080/08982100802465968.

Nori, M., Favaro-Trindade, C., Alencar, S., Thomazini, M.,
Balieiro, J., & Contreras-Castillo, C. (2011).
Microencapsulation of propolis extract by complex
coacervation. Lwt - Food Science and Technology, 44,
429-435. https://doi.org/10.1016/j.lwt.2010.09.010

Ong, T. H., Chitra, E., Ramamurthy, S., Siddalingam, R. P.,
Yuen, K. H., Ambu, S. P., & Davamani, F. (2017).

Chitosan-propolis nanoparticle formulation
demonstrates anti-bacterial activity against
Enterococcus faecalis biofilms. PLOS ONE, 12(3),
e0174888.

https://doi.org/10.1371/journal.pone.0174888

Pang, Y., Qin, Z., Shengwen, W., Yi, C., Zhou, M., Lou, H., &
Xueqing, Q. (2020). Preparation and application
performance of lignin-polyurea composite microcapsule
with controlled release of avermectin. Colloid and
Polymer Science, 298. https://doi.org/10.1007/s00396-
020-04664-x

Pinheiro Machado, G. T., Veleirinho, M. B., Mazzarino, L.,
Machado Filho, L. C. P., Maraschin, M., Cerri, R. L. A.,
& Kuhnen, S. (2019). Development of propolis
nanoparticles for the treatment of bovine mastitis: In
vitro studies on antimicrobial and cytotoxic activities.
Canadian Journal of Animal Science, 99(4), 713-723.
https://doi.org/10.1139/cjas-2018-0173

Ramli, N. A., Ali, N.,, Hamzah, S., & Yatim, N. |. (2021).
Physicochemical characteristics of liposome
encapsulation of stingless bees’ propolis. Heliyon, 7(4),
€06649. https://doi.org/10.1016/j.heliyon.2021.e06649

Ramnath, S., Puttalingappa, R., & Venkataramegowda, S.
(2013). Pollen morphology of selected bee forage
plants. 2(1), 82-90.

Ranjha, N. M., Khan, H., & Naseem, S. (2010). Encapsulation
and characterization of controlled release flurbiprofen
loaded microspheres using beeswax as an
encapsulating agent. Journal of Materials Science:
Materials in Medicine, 21(5), 1621-1630.
https://doi.org/10.1007/s10856-010-4034-4

Ranneh, Y., Akim, A. M., Hamid, H. Ab., Khazaai, H., Fadel,
A., Zakaria, Z. A., Albujja, M., & Bakar, M. F. A. (2021).
Honey and its nutritional and anti-inflammatory value.
BMC Complementary Medicine and Therapies, 21, 30.
https://doi.org/10.1186/s12906-020-03170-5

Ratajczak, M., Kaminska, D., Matuszewska, E., Hotderna-
Kedzia, E., Rogacki, J., & Matysiak, J. (2021).
Promising Antimicrobial Properties of Bioactive
Compounds from Different Honeybee Products.
Molecules, 26(13), 4007.
https://doi.org/10.3390/molecules26134007

Refaat, H., Mady, F. M., Sarhan, H. A., Rateb, H. S., &
Alaaeldin, E. (2021). Optimization and evaluation of
propolis liposomes as a promising therapeutic approach
for COVID-19. International Journal of Pharmaceutics,
592, 120028.
https://doi.org/10.1016/j.ijpharm.2020.120028

Samarghandian, S., Farkhondeh, T., & Samini, F. (2017).
Honey and Health: A Review of Recent Clinical
Research. Pharmacognosy Research, 9(2), 121-127.
https://doi.org/10.4103/0974-8490.204647

Seijo, M. C., et al. (2012). Microencapsulation of propolis
extract by spray drying for antimicrobial applications.
Industrial Crops and Products, 36(1), 28-34.
https://doi.org/10.1016/j.indcrop.2011.08.003

Shahidi, F., & Han, X. Q. (1993). Encapsulation of food
ingredients. Critical Reviews in Food Science and
Nutrition, 33(6), 501-547.
https://doi.org/10.1080/10408399309527645

Kendir et al.

ITU 2025
51



ITU Journal of Food Science and Technology

T

Shakeri, M., Ghobadi, R., Sohrabvandi, S., Khanniri, E., &
Mollakhalili-Meybodi, N. (2024). Co-encapsulation of
omega-3 and vitamin D3 in beeswax solid lipid
nanoparticles to evaluate physicochemical and in vitro
release properties. Frontiers in  Nutrition, 11.
https://doi.org/10.3389/fnut.2024.1323067

Shaltooki, P., & Farahbakhsh, A. (2015). Encapsulation of
material using beeswax. Journal of Food Science and
Technology. https://doi.org/10.1007/s13197-022-
05288-6

Silva, S. S., et al. (2018). Beeswax-based microcapsules for
encapsulation and controlled release of bioactive
compounds. Journal of Food Engineering, 226, 1-9.
https://doi.org/10.1016/j.jfoodeng.2017.09.002Stefan
Bogdanov. (2009). Royal Jelly, Bee Brood:
Composition, Health, Medicine: A  Review.
https://www.bienli.ch/data/html/rjbookreview.pdf

Subasi-Zarbaliyev, B., Kutlu, G., & Tornuk, F. (2023).
Polyvinyl alcohol nanoparticles loaded with propolis
extract: Fabrication, characterization and antimicrobial
activity. ADMET and DMPK, 11(4), 587-600.
https://doi.org/10.5599/admet.1740

Subramani, T., & Ganapathyswamy, H. (2020). An overview
of liposomal nano-encapsulation techniques and its
applications in food and nutraceutical. Journal of Food
Science and Technology, 57(10), 3545-3555.
https://doi.org/10.1007/s13197-020-04360-2

Toutou, Z., Fatmi, S., Taouzinet, L., Harrate, I., Skiba, M., &
Iguer-ouada, M. (2023). Cyclodextrins Propolis Extract
Encapsulation:  Physicochemical = Characterization,
Toxicity Effect and Application on Animal Sperm Cold
Preservation. Starch-Starke, 75(11-12), 2300017
https://doi.org/10.1002/star.202300017

Vaseghi, A., Parchin, R. A, Chamanie, K. R., Herb, M.,
Maleki, H., & Sadeghizadeh, M. (2024). Encapsulation
of propolis extracted with methylal in the chitosan
nanoparticles and its antibacterial and cell cytotoxicity
studies. BMC Complementary Medicine and Therapies,
24(1), 165. https://doi.org/10.1186/s12906-024-04472-
8

Pasupuleti, V. R., Sammugam, L., Ramesh, N., & Gan, S. H.
(2017). Honey, propolis, and royal jelly: A
comprehensive review of their biological actions and
health benefits. Journal of Medicinal Food.
https://pubmed.ncbi.nlm.nih.gov/28814983

Wagh, V. D. (2013). Propolis: A wonder bees product and its
pharmacological potentials. Advances in
Pharmacological Sciences, 2013, 308249.
https://doi.org/10.1155/2013/308249

Yaghoubi, M. J., Ghorbani, G., Soleimanian-Zad, S., & Satari,
R. (2007). Antimicrobial activity of Iranian propolis and
its chemical composition. Daru, 15, 45-48.

Yilmaz, S., Sova, M., & Ergun, S. (2018). Antimicrobial activity
of trans-cinnamic acid and commonly used antibiotics
against important fish pathogens and nonpathogenic
isolates. Journal of Applied Microbiology, 126(5), 1571-
1580. https://doi.org/10.1111/jam.14097

Yupanqui Mieles, J., Vyas, C., Aslan, E., Humphreys, G.,
Diver, C., & Bartolo, P. (2022). Honey: An Advanced
Antimicrobial and Wound Healing Biomaterial for Tissue
Engineering Applications. Pharmaceutics, 14(8), 1663.
https://doi.org/10.3390/pharmaceutics14081663

Zhu, L., Lan, H., He, B., Hong, W., & Li, J. (2010).

Encapsulation of menthol in beeswax by a supercritical
fluid technique. International Journal of Chemical
Engineering, 2010(1), €608680.
https://doi.org/10.1155/2010/608680

Kendir et al.

52



