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ARTICLE INFO ABSTRACT
Keywords: Over the past eight years, bee products such as wax, honey, propolis, and pollen have generated
Bee products intense curiosity about their potential food uses; to explore these possibilities, this review ex-

Chemical properties
Future foods
Fat substitutes

amines the nutritional benefits and notable characteristics of each product related to the food
industry. While all offer distinct advantages, there are challenges to overcome, including the risk
of honey contamination. Indeed, honey has excellent potential as a healthier alternative to sugar,
while propolis’s remarkable antibacterial and antioxidant properties can be enhanced through
microencapsulation. Pollen is a versatile food with multiple applications in various products. In
addition, the addition of beeswax to oleogels and its use as a coating demonstrate significant
improvements in the quality and preservation of environmentally sustainable foods over time.
This study demonstrates that bee products and apitherapy are essential for sustainable future food
and innovative medical treatments.

1. Introduction

In the food industry, the constant search for innovative and sustainable solutions to improve food quality, safety, and functionality
has led to increasing attention to bee products, such as wax, propolis, honey, and pollen [1,2]. These products obtained from the work
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of bees have a unique chemical composition and bioactive properties with great potential to replace sweeteners, preservatives,
coatings, and fat substitutes of chemical origin in the modern food industry [3].

In an environment where society is striving to reduce the consumption of added sugar and replace artificial ingredients with
healthier alternatives [4], the incorporation of bee products into food products is emerging as a promising strategy [5]. The demand for
natural sweeteners has arisen due to concerns about the adverse effects of excess sugar on health and the increase in chronic diseases
[4].

Likewise, to fully exploit the potential of bee products in the food industry, a detailed knowledge of their chemical composition,
functional properties, and multiple applications is essential [6,7]. Honey, pollen, propolis, and wax have not only unique nutritional
content but also natural antioxidant, antibacterial, and antiseptic properties, which play an essential role in improving food quality
and prolonging shelf life [8,9].

Due to the relevance of bee products in the current food industry landscape, it is necessary to identify how these products can be
effectively incorporated into a variety of food products, providing natural solutions that improve not only nutritional value but also
enhance sensory aspects such as flavor and texture, and contribute to food safety. To this end, a systematic search of the literature used
for the review was conducted, covering articles related to honey, wax, propolis, and bee pollen. The search covered an interval of the
last eight years and included topics related to nutrition and human health, biotechnology, food toxicology, food chemistry, and
packaging technology.

Therefore, this review aims to report current knowledge and identify specific opportunities for practical applications of bee
products in food improvement. This review aims to provide a solid foundation for future research and technological development in
the food industry and to promote the adoption of healthier and more sustainable alternatives to meet the changing needs of society.

2. Chemical properties of bee products

The composition of bee products depends mainly on their floral origin and external factors such as beekeeping manipulations,
packaging, storage conditions [10] and above all on the different chemical reactions (Fig. 1) through which honey, wax, pollen and
propolis go through, involving processes such as oxidation, fermentation and hydrolysis [11,12] (Table 1).

2.1. Bee honey

Honey, in general, consists of about 200 components, mainly sugars; 75 % are monosaccharides, 10%-15 % are disaccharides with
traces of other sugars [18], oligosaccharides and traces of proteins were also found [43]. Low & Sporns [44], with gas chromatography
technique, identified 16 polysaccharides and 11 disaccharides such as maltose, turanose, sucrose, palatinose, cellobiose, isomaltose,
neotrehalose, nigerose in honey. However, various flowers in the vicinity of bee hives can affect the sugar composition of honey, as
each flower harbors different proportions of glucose and fructose [18,45]. There are also other varieties of sugars, such as sucrose,
being detected in small amounts [46]. In this sense, the interaction between the different sugar components plays a fundamental role
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Fig. 1. Reactions involved in the production of beekeeping products.
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Table 1
Reported chemical composition of beekeeping products.
Family Components Beekeeping products References
Honey Pollen Propolis Wax

Aminoacids Proline 0.01 % a 0.05 % 04%al% ND ND [6,13-17]
Leucine 0.01 % 0.2% a 0.4 %
Alanine
Arginine ND 0,007 % a 1,13 %
Tyrosine 0,002 % a 1,06 %

Sugars Glucose 22% a 38 % 6%al0% - - [13,17-21]
Fructose 28 % a 44 % 13 % a 20 %
Sucrose 02%a5% 14%al19 %
Others 0.1%a8% 1%a3%

Proteins Diastase 02%a2% 10 % a 40 % 7,28 % a 9,41 % - [22-27]
Invertase
Glucose oxidase

Minerals Calcium 0.03 % 0.02 % a 0.58 % 0.01 % a0.1% ND [13,14,17,23,28-33]
Magnesium 0.01 % 0.02 % a 0.47 % 1.8%a27%
Potassium 0.1%a0.4% 0.25% a2 % 7.8% a9.9 %
Phosphorus 0.01 % a 0.06 % 0.08 % a 0.96 % 4.5 % a 5.06 %
Other 0.4 % 0.02% a 0.3 % 0.026 % a 0.084 %

Flavonoids ND 0.2%a3.2% 1%a6% - [14-16,21,23,34-36]

Vitamins Ascorbic acid 0.2% 0.02% a 0.7 % ND - [6,13,15,23,32,35,37]
Riboflavin 0.06 %
Niacin ND
other 0.08 %

Organic acids Citric acid® 0.1%a05% 1% - - [14,26,36,38]
Malic acid
Lactic acid
Gallic acid
Palmitic acid

Lipids Fatty acids ND - - 5%al8% [19,24,28,39-42]
Hydrocarbons 11 % a 28 %
Phospholipids 4%al2%

during storage, leading to various chemical reactions, such as the formation of solid crystals in the liquid, resulting in a thicker and
more granular texture due to environmental factors, such as temperature and humidity [47,48].

On the other hand, it is worth mentioning that caramelization and Maillard reaction may be present in bee honey during storage.
The Maillard reaction promotes a reduction in the nutritional value of foods by destroying essential amino acids such as the e-amino
group of lysine, which reacts with sugars and other amino acids such as r-arginine and r-histidine [49]. These reactions cause the
decomposition of sugars and the formation of aromatic and dark-colored compounds [50]. Consequently, the nutritional value of
honey can be affected because these reactions reduce its nutrient content in foods [51,52]. It is essential to mention these reactions, as
they play an important role in the transformation of honey.

In addition to the predominant sugars, another important component is amino acids. Honey contains amino acids vital for human
health; bees collect nectar from flowers and initiate a complex process in the hive; enzymes in their saliva break down the sugars in the
nectar and form simpler components such as amino acids [10]. These amino acids compose the nutritional profile of bee honey, an
elixir that stimulates immunity [53]. Amino acids in honey contribute to protein synthesis and hormonal regulation in the body and
provide energy. The vitamin and mineral content is also essential to understand its chemical composition. Calcium, magnesium,
potassium, vitamin E, C, and others [13] are found in honey and are helpful for the immune system as they provide essential nutrients
and antioxidant properties, thus contributing to the maintenance of health [10]. Diastase is an enzyme that can break down sugars into
simpler components in proteins. The diastase number is a measure of diastase enzyme activity. It is used to evaluate the quality of
honey and other honey-containing foods [54].

Honey has antibacterial properties due to the formation of hydrogen peroxide by enzymatic and non-peroxide activity based on
phenolic and organic acids. These properties vary according to the floral source of honey [55]. In addition, the antioxidant elements in
honey help to eliminate bacterial infections and the production of antibodies in the immune system. The presence of phenols and
flavonoids in honey is closely related to its antioxidant properties [56].

2.1.1. Adulteration and contamination

Due to the variety of compounds that give it its unique properties and the high demand for its consumption, there are challenges in
preventing its Adulteration [57]. For example, honey production in South Africa is hampered by the fact that 50 % of its demand is
imported [58].

Alarming concerns remain regarding adulterated honey, which often contains artificial sweeteners, corn syrup or banana flour,
wheat or indirectly through bee feeding [47], and honey contaminated by the presence of toxic metal concentrations [59]. Yohannes
et al. [60] reported metal concentrations with an abundance of iron followed by cadmium, a major contributor being the geographical
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origin of honey; similarly, Tibebe et al. [61] mentioned that despite the presence of iron in considerable quantities, followed by Ni, Zn,
Co, Mn, and Cu in honey, its physicochemical properties did not undergo any noticeable changes, its pH was from 4.11 to 4.33,
electrical conductivity from 0.10 to 0.29 mscm-1 and ash content from 0.17 to 0.46 %. This result is consistent with other studies that
indicate that, under normal conditions, honey has a pH between 3 and 5 [47]. According to the authors, despite the presence of heavy
metals, honey itself is still safe for human consumption. However, to minimize contamination in honey, it is recommended to keep bee
colonies away from chemical industries, contaminated water sources, and other potential sources of contamination to minimize im-
purities found in honey.

Color and aroma visualization can indicate honey quality, but they could also be helpful indicators of prolonged storage. It would
be interesting to explore techniques that detect the quality of honey and its storage time. Why not take full advantage of chemical
reactions to detect compounds that could provide information on honey quality and storage? These measurements could serve as a
detector of poor-quality products or prolonged storage of honey.

2.2. Propolis

Propolis is a highly complex material of natural constituents containing resins, waxes, aromatic compounds, pollen, and other
organic compounds [62-65]. More than 300 components have been identified during the chemical characterization of propolis types
[66].

The presence of amino acids in propolis is because they are obtained from flowers and even by the same metabolism of bees
(Table 1) [67]. On the other hand, the flavonoids in this apiculture product are since this bee product is elaborated from excretions or
secretions of vegetable origin, such as buds and barks [15], in turn causing different chemical reactions such as polymerization in the
presence of oxygen and light producing compounds such as tannins [68]; enzymatic reactions producing compounds such as quinones
and lactones [69] and esterification reacting with alcohols to form esters [16,70]. These reactions characterize the product as anti-
microbial and antioxidant [63-65]. During the harvesting and processing of propolis by bees, beta-glucosidase, an enzyme that hy-
drolyzes the heterosides to aglycones, is secreted, thus improving the pharmacological action of the product and causing
physicochemical changes in the product [71]. The presence of fatty acids in propolis is not a defining feature, although they have been
identified. The fatty acids in propolis, which come mainly from the wax, vary according to the plant source [10,71].

In propolis, it is not only the antibacterial properties that make it attractive to the food industry, with its high concentration of
amino acids and other nutrients, propolis could be a valuable resource for human nutrition; in fact, it contains 20 of the 22 amino acids
that make up human proteins [72-74].

2.3. Pollen

Bees prepare their pollen by mixing their secretions with pollen collected from flowers, resulting in granules containing thousands
of pollen grains approximately 1.4 mm-4 mm in size [40]. It is the primary source of nutrients for bees due to its high composition [75,
76]. Bee pollen provides many health benefits to humans due to its abundance of proteins, carbohydrates, dietary fiber, and mainly
polyunsaturated fatty acids. In addition, this product is rich in various vitamins and minerals such as K, Mg, Ca, Na, Fe, and Cu, as well
as other valuable bioactive compounds such as phenolic acids in low amounts, flavonoids in high amounts, and phytosterols [13,77].
Nevertheless, Laaroussi et al. [7] mention that it is difficult to identify these beneficial ingredients due to their double-layered pro-
tective structure that protects against external factors such as climate, pollution, and microorganisms. In addition to their high mo-
lecular weight and similar polarity among sugars, they prevent the release of vitamins and minerals when used in foods [19].
According to research by Campos et al. [78] and Thakur & Nanda [79], daily administration of 40 g of pollen reduced cholesterol levels
and improved human cardiovascular health; this may be due to the high levels of vitamins found in pollen [80]. It is worth noting that
daily intake requirements may vary depending on the unique composition of bee pollen [81].

Alternatively, recent studies provide interesting information about the lipid composition of pollen. It varies greatly depending on
the botanical origin. In the study by Aylanc et al. [28] pollen collected from Plantago sp contained only 4.2 £.100 g* of lipids, whereas
pollen collected from Crepis capillaris contained almost twice as much, 9.3 g.100 g™. Furthermore, Mirgsoan et al. [82] observed the
presence of fourteen different fatty acids in pollen extracts, with a high amount of a-linolenic acid ranging from 21.53 % in samples
from Turkey to 43.26 % in samples from Romania. Turkish samples contained about 13.54 % linoleic acid. Romanian samples con-
tained 38.29 % linoleic acid. Palmitic acid ranged from 16.25 % in the Turkish pollen sample to 28.66 % in the Romanian sample. Oleic
acid was found to average 2.96 % in the Turkish samples and a higher value of 14.88 % in Romania. Finally, stearic acid ranged from
2.06 % to 5.75 % in the Romanian pollen sample.

Pollen enzymes in the environment and within the bodies of organisms, such as bees, can catalyze hydrolysis reactions upon contact
with pollen [23,34,35]. The action of enzymes, either in the natural environment or during digestion, leads to hydrolysis of the pollen,
which is necessary to extract valuable nutrients [10,71]. This decomposition process ensures the release of the nutrients contained in
the pollen and allows organisms to reap the benefits.

Variations in the nutritional content of the pollen, depending on its source, can be used as the key to identifying biomarkers
associated with better health. Differences between pollen regions can help determine how much nutritional quality is affected. Given
these changes, in vitro testing is critical to understand their benefits and potential health applications better. This approach could
provide valuable information on how pollen affects health in different regions, leading to a clearer understanding of its properties and
thus helping to develop strategies to harness its benefits more effectively.
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2.4. Beeswax

The absence of flavonoids in beeswax is attributed to the fact that it is produced by bees, rather than collected from plants. [4], its
composition is mainly highlighted by free hydrocarbons and fatty acids, linear wax monoesters and hydroxymonoesters, complex acids
[83,84] and long-chain fatty acid esters capable of crystallizing and forming a three-dimensional network that traps the liquid oil [85].
When beeswax is in contact with an alkaline solution, such as potassium or sodium hydroxide [86] a chemical reaction known as
saponification occurs, the beeswax esters hydrolyze to create fatty acid salts and glycerol [87]. In addition, esterification, a reaction
where fatty acids in beeswax combine with alcohols to form esters, can be observed [88].

3. Uses of bee products in the food industry
Different uses of bee products have been reported, and are highlighted in Table 2.
3.1. Sweeteners

Bee products offer a wide range of possibilities for food incorporation. Their unique properties, such as taste, nutritional value and
functional properties, have attracted the interest of consumers and food manufacturers. Currently, sugar consumption in sugar-
sweetened beverages is a significant public health problem that has gained popularity in recent years [123] due to the increase in
type 2 diabetes [124,125] and the consumption of 500 calories per day on average from added sugar alone [18]. Therefore, product
reformulation by partial or total sugar substitution is the most studied strategy in most investigated food categories, such as bakery,
chocolate, ice cream and desserts, jams, and jellies [126]. Because of this, natural sweeteners based on bee honey have come to be
researched and developed as alternatives to sugar [54,89].

Honey is a unique sweetening agent humans can use without processing because it has important nutritional and medicinal benefits
[127-129]. As a natural sweetener, it needs to be researched at present. However, Engin Giindogdu et al. [71] mention that in food
production, the use of honey as a natural sweetener could meet the needs of customers who focus on natural foods and new product
formulations capable of satisfying low glycemic index dietary regimens [90,91], thanks to its nutritional properties and aromatic
profile and chemical composition [130-132]. Furthermore, in their study, Mutlu et al. [54] investigated the possibility of producing
healthy jelly candies for children by using honey as a sugar substitute and incorporating fruit juices. The study found that the cold
mixing technique resulted in a higher diastase number, and the incorporation of fruit juices significantly affected the jelly candies’ pH,
acidity, and diastase number. In addition, these authors found a significant difference in the sugar and proline profile between jellies
made with honey and those made with sugar. These findings suggest that honey as a sweetener can produce more appealing and
healthier jelly candies and other products for consumers in the bakery and beverage—industries due to its multiple components.

3.2. Food preservatives

The versatility of honey goes beyond its sweetness and dietary functions. Thanks to its bioactive and antimicrobial activity and its
low pH, it can be used as a natural preservative in foods, helping to prevent spoilage [107,133]. Thus, due to non-peroxide compounds,
it is more effective against Gram-negative bacteria [134] and able to inhibit the growth of pathogenic microorganisms and fungi such
as E. coli, Bacillus cereus and so forth [100]. In many scientific studies, propolis has shown significant antibacterial activity against
E. coli, S. aureus, Streptococcus species, Salmonella typhi, Enterococcus sp., Bacillus sp., and Pseudomonas aeruginosa [72]. The antibacterial
properties of propolis are due to the different ways it acts on Gram-positive and Gram-negative bacteria. Propolis stands out for its
greater efficacy against Gram-positive bacteria than Gram-negative bacteria, attacking cell membranes, weakening them, and making
them more susceptible to antimicrobial treatments [135,136].

The high concentration of sugar in honey exerts an osmotic pressure on bacterial cells, inducing the outflow of water from these
cells. Recent studies have shown that high osmotic pressure can inhibit biofilm formation in bacteria such as Pseudomonas aeruginosa
and Staphylococcus aureus. However, preserving food can be challenging and although honey is often considered a reliable option, it is
not always the best choice compared to chemical preservatives. It is essential to remember that the stability and efficacy of honey
varies depending on the food to be preserved. Therefore, each situation must be evaluated separately to determine if honey is a suitable
preservation method.

Propolis can be used as a preservative in foods such as fruit juices [137], meats [138], fruits [139], and dairy products [140]. Its
antiseptic properties have been demonstrated against a wide variety of microorganisms such as bacteria, fungi, viruses, yeasts, and
parasites [64,141,142], in addition to possessing antifungal activity against Aspergillus niger and Penicillium spp [143]. The concen-
tration of phenolic acids and flavonoids in propolis extract is essential in inhibiting the growth of bacteria, molds, and yeasts in food
products [64].

Bacterial cell membranes are weakened when attacked by propolis, making it an excellent tool against Gram-positive bacteria [144,
145]. One of its many strengths is that it can prevent the creation of biofilms, which are defensive structures that Gram-positive
bacteria often use to resist antimicrobial treatments [105]. Because of the water-insoluble serous substance, bitter taste and its
contamination with external agents, propolis must undergo purification processes [146,147] or maceration processes using aqueous
ethanol as a solvent for extraction [148]. The efficacy of hydroalcoholic propolis extracts (at various concentrations) in inhibiting
fungal growth has been demonstrated by external application to various foods [24]. For this reason, using methods for propolis



Table 2
Main uses of bee products in foodstuffs.
Function Honey Pollen Propolis Wax References
Sweeteners It is used in liquid form as a sweetener in beverages, — - - [54,89-93]
nutritional as a coating in bakery products, and in molten form As a food ingredient, - - [7,94-99]
supplements as a component in preparing dressings, desserts,  providing nutrients and
Antioxidant agent- and industrial products. flavor to various It is applied as an ethanolic extract and by - [14,67,
products. encapsulation. These methods allow the precise 100-102]
Preservatives It is added directly to food to maintain quality and — and efficient incorporation of propolis in food - [34,100,
prolong shelf life. formulations. 103-107]
Fat substitutes - - - It is used as oleogels, hybrid gels, and hydrogels as [39,

Coating

substitutes for traditional fats. These approaches enable 108-113]

the formulation of foods with alternative lipid profiles
and additional health benefits.

It is used in a molten state to impart a protective surface [113-122]

and improve the appearance of food.
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extraction is crucial to eliminate the earthy odor, mainly when propolis is applied in food formulation [149,150] of animal origin to
protect it against microbiological spoilage [151].

Due to the rejection of chemical preservatives, there has been a growing interest in natural preservatives in food, and propolis is an
interesting alternative to consider in new food technology applications [135,136]. Propolis extracts are a promising future for the food
industry as they offer solutions to many problems encountered while storing different food products, such as preservatives in meat
products, nutritional supplements, and so forth. Currently, soft drinks and beverages have a high concentration of preservatives such as
sorbate salts and sugar [106,152,153] harmful to health.

Several researches show the use of propolis as a natural preservative in the processing of various foods; for example, in the incor-
poration of different propolis extracts in milk drinks where it improved their antioxidant capacities [154]; or in traditional Turkish
sausages, where it was effective against oxidation, maintaining quality parameters [155,156]. These results demonstrate that propolis can
be an effective alternative to traditional chemical preservatives, representing healthy and natural options for the food industry.

In addition, lipid oxidation in meat products is well recognized, due to the presence of free radicals damaging the cells, causing
rancidity, affecting the organoleptic properties and nutritional value of the food [157]. By playing an essential role in preventing lipid
oxidation, propolis acts as a natural antioxidant that preserves food quality and extends shelf life [158]. However, certain factors need
to be addressed before propolis can be widely used as a preservative agent. Different food matrices and storage conditions should be
evaluated to ensure the safety and stability of propolis. In addition, it is important to note that not all applications will be practical at
the same concentration, as propolis interacts with other ingredients and affects sensory quality. Due to geographical and climatic
differences, the propolis mixture is subject to variations that may affect its shelf life. Formulating consistent propolis extracts is
challenging, and further studies are recommended to determine best practices for use as a preservative in the food industry.

According to research, several food products have been successfully preserved using propolis, so the different concentrations of
propolis used are an important factor in preventing the growth of microorganisms and preservation [159]. Several studies have shown
that the efficacy of propolis as an antimicrobial agent may vary depending on the concentration used. Vasilaki et al. [106] demon-
strated that using higher concentrations of propolis extract is more effective in reducing the microbial load in non-carbonated bev-
erages by improving their antioxidant activity and total phenols. In addition, the concentration of propolis extract has been related to
its efficacy in prolonging the shelf life of sausages, as noted by Ref. [160], where it was found that 2 % propolis extract prolonged the
shelf life of sausages for 56 days.

Mazamba et al. [161] analyzed the use of propolis to preserve red tilapia fillets. Propolis was applied in two concentrations (15 %
and 30 %), which significantly reduced microbial growth and lipid oxidation at 15 % concentration, maintaining organoleptic
characteristics during storage up to 20 days [140]. evaluated propolis extract as a natural preservative in marine chicken breasts at
concentrations of 0 %, 4 %, 8 %, and 12 % w/w. The developed analyses showed that the 8 % concentration caused slow changes in
odor and texture. It also improved the product’s shelf life during 12 days of storage. However, Giingoren et al. [162], when investi-
gating the effects of propolis extracts on hot smoked vacuum-packed rainbow trout, observed that the lowest concentration of 0.25 %
had no noticeable effect on the shelf life, which remained similar to the control. However, higher 1 % and 3 % concentrations were
found to have a shorter shelf life, with the 1 % concentration having a longer shelf life. In particular, the 3 % concentration significantly
affected microbiological and chemical properties, indicating the potential of propolis as an antimicrobial and antioxidant agent.
Product aroma and flavor were negatively affected. Interestingly, the 1 % concentration showed more robust attributes regarding
color, aroma, and overall attractiveness. These findings imply that the 1 % concentration may be ideal for preserving the organoleptic
excellence of the product.

The variability in results from different studies highlights the need for a clear consensus and further research. Propolis concen-
trations in foods focus on its antimicrobial capacity and how these concentrations affect the organoleptic characteristics of the food and
consumer acceptability.

Fig. 2 shows the process of elaborating ethanol extract of propolis, according to different investigations [163-165].

Ethanol Supernatant Ethanolic extract
Storage addition obtained of propolis
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Processed Centrifuge x Rotary
propolis powder 20 min evaporator

Fig. 2. Elaboration process of propolis ethanol extract of propolis.
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Propolis is also helpful in forming microcapsules widely used in the food industry [166]. Encapsulation technology emerges as a
possible solution to improve the application of bioactive compounds of propolis in the pharmaceutical and food industries [156]. It
serves for processing and protection in foods that are unstable in the environment, improving their physicochemical properties and
allowing, in turn, to potentiate flavors and odors, among others. Encapsulated and microencapsulated active ingredients can be
bioactive molecules (flavoring agents, sweeteners, colorants, and vitamins) or living cells such as probiotics [167].

Microencapsulation consists of storing an active ingredient or a mixture of substances, which can be small particles, liquid or
gaseous, inside a coating or layer that provides protection against external components (water, heat); this is why microencapsulation is
a valuable technology that prolongs shelf life, masking undesirable odors and flavors [166]. Encapsulation uses several processing
technologies, primarily based on spray drying, freeze drying, vacuum drying, etc. [168]. Vacuum encapsulation is a fast and
economical technique compared to other methods, such as freeze-drying, since it works at a temperature above the solvent’s freezing
point [169,170]. For example, Piedrahita Marquez et al. [171] encapsulated propolis extracts with the spray drying method in order to
study the effects of edible chitosan and propolis coatings on the stability of chilled and vacuum-packed cachama fillets, reporting that
the encapsulated propolis coatings increased shelf life, preventing microbiological proliferation and improving the texture profile.
Likewise, it is mentioned that spray drying was the most used technique for the encapsulation of bioactive compounds of products such
as propolis due to its ability to preserve the bioactive properties [172]. However, it should be noted that the choice of encapsulation
techniques depends on factors such as the type of compound to be encapsulated, the stability of the compound throughout encap-
sulation and the desired properties of the final product [173].

The re-evaluation of topical systems and their impact on biofilms is crucial in understanding antimicrobial agents’ efficacy. In this
context, the importance of conducting studies to determine the optimal concentration to inhibit microbial growth and biofilm for-
mation without negatively affecting the product’s sensory qualities is emphasized. Higher levels of propolis may effectively inhibit
microorganisms but may compromise sensory attributes. This highlights the need for careful consideration when selecting concen-
trations. It is essential to consider each product’s characteristics and to find a balance between the concentration needed to conserve
and preserve organoleptic properties.

3.3. Nutritional supplements

There is considerable interest in using pollen in food systems as a functional ingredient to enrich product quality characteristics [80,
174]. It has been used to enrich yogurt, cheese, bread, and fermented beverages as a biotechnofunctional ingredient with strong
antioxidant and antimicrobial activities, improving the nutritional and functional characteristics of the final products [175]. Krystyjan
et al. [96] mention that bee pollen can be used as a fortifier in foods such as cookies, as it increases their chemical and physical
properties. However, Sokmen et al. [97] point out that with the addition of pollen, cookies have low amount of bioactive compounds
due to the external layer (exine) of the pollen, which act as a protective barrier that preserves the bioactive compounds inside the
pollen and provides chemical and enzymatic resistance hindering the release [94]. Although Krystyjan et al. [96] recommends that
pollen enriches flour-based foods such as cookies, and improves their chemical and physical properties, there is debate as to how
effective this enrichment actually is in releasing beneficial compounds to the consumer. Ares et al. [94] mentions that this difficulty
between retention and release of bioactive compounds raises doubts about the real use of pollen to improve the properties of the final
product.

3.4. Fat substitutes

Another contribution of bees to the food industry is beeswax. Fats and oils are essential nutrients in our diet and are widely used in
food formulation for their nutritional value, sensory quality, and textural effect [176,177]. However, the negative impact of saturated
and trans fatty acids has prompted researchers to search for substitutes with similar properties to solid fats [178], suggesting that these
substitutes are safe and healthy, with good texture, plasticity, and shelf life [179].

Nowadays, substitutes such as oleogels, with viscoelastic properties similar to semi-solid fats, are gradually being applied in the
food industry and other fields [180,181], is made by converting edible liquid oil into a gel-like solid structure with the help of various
oleogels such as vegetable waxes, phytosterols, alcohols, fatty acid esters and phospholipids [182]. Natural wax-based oleogels can act
as structuring agents in fatty foods such as margarine, chocolate, meat, and dairy products [177]. Combining liquid oil and beeswax in
an oleogel can result in a semi-solid matrix that can effectively retain encapsulated bioactive compounds during storage [13].

In the meat industry, oleogels are considered one of the most novel approaches that help to improve the nutritional properties of
products [177,183] and replace the fatty acids that naturally confer organoleptic properties by giving appearance and texture char-
acteristics [184]. Zhang et al. [181] highlighted the use of beeswax as an oleogel agent to improve the rheological properties of surimi
sausages. Their study revealed that the addition of wax to sausages not only improves the textural properties, but also contributes to a
denser gel structure. This improvement is attributed to the oleogel solids filling the voids in the protein network, generating a more
compact structure in the surimi gel [185].

While the findings of Zhang et al. [181] indicate that beeswax helps to improve the textural properties of surimi sausage,
Moghtadaei et al. [186] suggests a different perspective. Moghtadaei et al. [186] observed that patties absorbed less fat when infused
with beeswax, and elucidated this phenomenon through the gelling properties of beeswax, which forms a three-dimensional network
in the oil, limiting its ability to absorb fat during frying.
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These differences highlight the complexity of the role of beeswax in different food matrices. While Zhang et al. [181] focused on
improving the texture of surimi sausage, Moghtadaei et al. [186] emphasized the reduction of fat absorption and changes in texture
and color properties of hamburger. The differences in the results highlight the need to better understand how it interacts. Beeswax
forms a three-dimensional network in the oil, which reduces its ability to absorb fat during frying. In addition, the addition of beeswax
reduced the toughness, stickiness, and chewiness of the beef patties. This is because beeswax has a lower hardness than animal fat,
affecting meat’s textural properties [112]. Variations were also observed in different color parameters of beef patties due to the size of
lipid globules in the meat and the instability of the oil gel during cooking. Beeswax can affect the distribution and size of meat lipid
globules, which in turn affects the color of the patty [186].

In the confectionery industry, the application of oleogels has become a recent trend to improve physical and functional properties
[1871, developing heat-resistant chocolates, fat bloom control during storage, and as a substitute in cocoa butter [178,188]. Ghorghi
et al. [39] report that oleogel-based hybrid gels from beeswax in the formulation of a compound chocolate could be a promising
alternative that replaces hydrogenated vegetable oils in the production of chocolates, improving their texture, viscosity, and stability
by reducing fat and sugar bloom [188-190]. Additionally, the incorporation of beeswax oleogels prevents fat and sugar bloom in
functional chocolates because it promotes the transformation of monoglyceride crystals and the structural reorganization of crystals,
increasing their hardness [85]. When beeswax crystallizes in oil, a granular gel is formed due to the interaction of van der Waals
crystals and crystal aggregates, immobilizing the liquid oil [191], affecting the crystal configuration [108]. Importantly, oleogel in
chocolate can generate the same crystal shape as dark chocolate, providing a stable crystal lattice and preventing bloom [178]. It is
evident that despite the growing importance of oleogel research with beeswaxes in chocolates, it still needs to be improved. Further
studies are needed to determine whether oleogels affect the melting point and the physical stability and bloom of chocolate during
different storage and processing conditions.

3.5. Coatings

Beeswax as a coating is noted for its ability to preserve food freshness and quality by providing a physical barrier against moisture
loss, oxidation, and bacterial contamination [116]. In this regard, beeswax-based coatings offer great potential to reduce food loss,
such as in pears [120], mandarins [192], tomatoes [193,194], mangoes [121], guavas [116], citrus fruits [195], and in industrialized
products such as cheeses and meat sausages [115]. These beeswax-based coatings act as a protective layer on the surface of fruits and
vegetables, preserving their freshness and quality by minimizing moisture loss, oxidation, and bacterial contamination [117]. Ulti-
mately, by extending the shelf life of these perishable foods, beeswax coatings help prevent their wastage and contribute to food safety
and sustainability [120]; such coatings are applied directly on the food surface and consist of thin membranes that are invisible to the
naked eye [116].

It is important to promote research on the individual components present in beeswax and how they influence its antimicrobial
activity. In addition, the different environmental and geographical conditions of beeswax production should be taken into account to
understand their differences. These studies will help to fully exploit the potential of beeswax for various industrial applications such as
in oleogels to realize its full potential. By doing so, it will be possible to optimize compositions, fully understand the properties and
characteristics of the product, evaluate its stability and durability, as well as open new opportunities for its application in various
disciplines such as food industry, environmental, agriculture, among others.

4. Food of the future and medicinal treatments

In a world characterized by continued population growth, depletion of natural resources, and the urgent need to address climate
change, the search for sustainable and nutritious food has become a global imperative global [196,197]. In this context, bee products
become an invaluable resource that can play a central role in the nutrition of the future. In addition to being rich in taste and texture,
these bee products offer unique promises, as they provide nutritional sources rich in antioxidants, vitamins, and essential minerals and
are also in line with the growing awareness of sustainability and environmental ethics.

Pollination is a fundamental food production process, and beekeeping can contribute to crop pollination, making it an important
activity for future food production [198,199]. However, to ensure the production of these products, it is necessary to promote sus-
tainable beekeeping and bee conservation.

4.1. Trends in the use of bee products in the food and beverage industry

Functional foods and nutraceuticals produced from bee products include food supplements, energy drinks, and sports foods [42].
Combining honey and propolis in the production of ice cream, sorbets, and in the production of alternative dairy products such as royal
jelly or yogurt based on almond, coconut, or soy milk sweetened with honey or royal jelly can lead to healthier product choices due to
the sweet taste, textural restorative capacity and nutritional value of honey, royal jelly and propolis [71].

Developing fermented beverages such as kombucha or probiotic beverages, including bee products, to improve taste and nutri-
tional quality would be an innovation, as they contain beneficial microorganisms that can contribute to fermentation [200]. The
development of herbal beverages sweetened with honey and enriched with propolis or pollen is an interesting trend in the food and
beverage industry because it combines the advantages of bee products such as antibacterial and anti-inflammatory properties of
propolis, honey as a natural sweetener and pollen as enrichment of proteins, vitamins, minerals and antioxidants [71]. The best of
beekeeping and herbal medicine can be combined in this drink.
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On the other hand, dehydrated foods using bee products, such as fruits with crystallized honey or nuts with propolis, can be other
alternatives to obtain healthy and delicious snacks since honey and propolis are rich in natural carbohydrates, antioxidants, and other
compounds that promote health [201]. Combining them with fruits and nuts in a dehydrated diet creates a snack that provides sus-
tained energy and essential nutrients. Beeswax, on the other hand, is a natural and biodegradable material that can be used in the
production of eco-friendly containers and packaging, such as food wrappers, storage bags, and cosmetic packaging [202-205], in the
manufacture of candies and chocolate as a coating agent and to give shine to the final product, in the manufacture of edible candles,
which can be used as decoration in cakes and desserts or as an ingredient in the manufacture of bakery products, such as bread and
cookies, helping to improve the texture and preservation of the product [206,207].

Sustainable beekeeping and bee protection are fundamental to ensure future food production. They involve practices that respect
the environment and the welfare of bees, thus ensuring the production of high-quality bee products and crop pollination [208].
Protecting bees is crucial as they are essential pollinators, and their decline can have severe consequences for food production [119,
2071].

4.2. Apitherapy and its possible applications in modern medicine

Apitherapy is an alternative therapy that uses bee products, such as honey, bee venom, and royal jelly, to treat various diseases and
ailments [209]. Although apitherapy has been used since ancient times, its use in modern medicine is still controversial and debated.
However, several studies suggest that apitherapy may have applications in medicine in the future. Although bee venom has not
been extensively studied at this time, this product contains a substance called melittin that has analgesic and anti-inflammatory
properties [210-212]. While some research suggests that bee venom apitherapy may be effective in the treatment of chronic pain,
such as arthritis, fibromyalgia and against cancer [213], bee venom apitherapy may be effective in the treatment of multiple diseases.

5. Conclusions and prospects

Bee products, such as honey, propolis, pollen, and beeswax, offer remarkable benefits to human health due to their unique
nutritional properties and characteristics. However, despite their contribution to the food industry, concerns persist about possible
contamination and adulteration in the composition of honey. These challenges demand effective regulation and quality control to
preserve the integrity of these products.

This review covers several areas of study, highlighting the potential health benefits and limitations of pollen as a bio-
technofunctional ingredient and the various aspects of honey quality and storage. The sweetening and preservative properties of honey
are emphasized, and further research is needed to understand its applications. In addition, it is stressed that it is crucial to maintain the
sensory properties of products by carefully considering the concentration of propolis and to promote the exploration of the applications
of beeswax components in various industries, with particular attention to optimizing their potential through factors such as the climate
and air of the geographical environment where beekeeping is practiced. The formation of oleogels, in combination with beeswax,
presents promising options for meat products, chocolates, and other foods. It is also perceived as an effective solution to extend the
shelf life and promote the sustainability of perishable foods by using beeswax as a coating, thus preserving their freshness and quality.

These researched bee products are a great resource for finding sustainable and nutritious foods. Their nutritional contribution to
the food industry indicates improvements in various innovative foods’ taste and nutritional quality. Also, together with apitherapy,
they are critical elements of a sustainable food future and innovative medical treatments, provided they are supported by ongoing
research and responsible beekeeping practices.

It is expected that research in this area will continue to advance to discover new applications and develop new technologies for
producing and processing products that will allow their large-scale use in the food industry. There is a need to promote research on the
individual components present in wax and honey and how they affect their antimicrobial activity. In addition, the different envi-
ronmental and geographical conditions of bee product production should be considered to understand their differences. These studies
will help to maximize the potential of these products in various industrial applications, optimize ingredients, gain an in-depth un-
derstanding of product performance and characteristics, evaluate stability and durability, and open new opportunities for their ap-
plications in various fields.
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