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Abstract
The use of alternative medicine products has increased tremendously in recent decades. Honey bees (Apis
mellifera) create propolis naturally from a variety of botanical sources. Since ancient times, propolis has been
used for its antibacterial, antifungal, and anti-inflammatory properties. Due to functional benefits of propolis,
many food sectors have employed it to improve the quality and wellness of products. In this review, we focus on
compiling relevant information about propolis research related to the nutritional composition and the bioactive
compounds in propolis along with their therapeutic importance and their effectiveness against various types of
chronic medical conditions viz. diabetes, obesity, and cancer. The study could generate both new and accessible
alternatives and the use of propolis for the treatment of various diseases and will help to effectively evaluate
the safety of its use.
Keywords: Propolis; Good health & well-being; Bioactive compounds; COVID-19; Chronic diseases.

1. Introduction
Propolis is also known as “bee glue,” a word that refers to the
resinous substance collected by bees from a variety of plants. It is
a Greek phrase that means “defend” for “pro” and “city or community” for “polis,” or the beehive (Pasupuleti et al., 2017). It is (a
resinous substance) produced by the bee Apis mellifera from plant
exudates (Valenzuela-Barra et al., 2015). Tiny gaps [less than 6
millimeters (1/4 in)] are filled with propolis, whereas larger gaps
are filled with beeswax. Its hue varies according to the botanical
source, although dark brown is the most prevalent. It is sticky at
temperatures above 20 °C (68 °F), but becomes stiff and brittle
at lower temperatures. During foraging, worker bees collect pollen and nectar, as well as water and plant resin for propolis synthesis (Simone-Finstrom and Spivak, 2010). Propolis is used by
bees to seal the hive and protect it from the elements like rain and
cold winter winds. The chemical content and nature of propolis is
influenced by environmental circumstances and harvested materials (Ferreira et al., 2017). Traditional medicine has long use of

propolis, but there isn’t enough data to determine its usefulness in
treating any diseases. It has anti-inflammatory, antibacterial, antifungal (Sforcin, 2016), antiseptic, antioxidant, antimycotic, antiulcer, anticancer, and immune-modulatory properties, and is useful
to treat a variety of ailments (Li et al., 2015). Propolis activity is
highly dependent on seasonal and geographical conditions, with
Middle Eastern propolis demonstrating the strongest antibacterial
potency. Propolis and its primary flavonoid constituents should not
be discounted, and clinical trials should be conducted for better understanding of their potential applications in numerous sectors of
medicine. Clinical trials on the antibacterial potential of biotechnological products and their usage in novel medications should be
carried out. This review attempts to highlight some of the most
current scientific results related to propolis and its components’ antibacterial characteristics (Almuhayawi, 2020). Propolis has been
shown in several tests to have no toxicity or adverse effects in both
animal models and people (Demir et al., 2016). The most common
solvent for obtaining low wax propolis extracts rich in physiologically active chemicals is ethanol (Sforcin, 2016).
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Table 1. Major bioactive compound found in Propolis

Propolis

Major bioactive compounds

Therapeutic properties

References

Populus spp Ferula spp. Rutin, Apinegin, Genistein, Catechol,
Catechin, Esculetin, Tectochrysin

Antioxidant, reduce the symptoms of
menopause and control blood glucose

El-Guendouz
et al., 2019

Poplar spp.
Mediterranean cypress

Catechin, Quercetin, Rutin, Acacetin,
Apigenin, Pinocembrin, Chrysin, Kaempferol

Antioxidant, support blood circulation

Chaa et
al., 2019

Rosewood, Fabaceae

Quercetin, Naringenin, Isorhamnetin,
Quercetin 3-Odiglucoside

Control blood sugar, kill cancer cells, prevent Silva et al.,
heart disease, anti-myocardial ischemia
2019

Heterotrigona itama,
Geniotrigona thoracica

Phenolics and flavonoids

Antioxidants anti-inflammation,
anti-viral properties.

Ibrahim et
al., 2016

Poplar type

Pinocembrin, galangin and phenolic acids.

Anti-viral, anti-tumor, anti-microbial,
anti-mutagenic, antioxidant

Ristivojević
et al., 2015

Mangifera type

Cardols, cardanols, anacardic acid

Antioxidant, antimutagenic
and anti tumoral activity

Popova et
al., 2021

Brazilian Propolis

Sesquiterpenes, benezene propanoic
acids and longipinene

Anti-cancer, anti plasmodial and
anti-inflammatory activities

Berretta et
al., 2017

European propolis

Flavonoids, cinnamic acid

Anti oxidant and anti
inflammatory properties

Alotaibi et
al., 2019

Russian Propolis

Flavones and flavonols

Anti-inflammatory effects, prevent
the development of cardiovascular
disease, diabetes, cancer etc

Miguel and
Antunes, 2011

Cuban propolis

Prenylated benzophenones, propolones A–D, Anti-nociceptive, anti-inflammatory,
clusianone, hyperibone B, garcinielliptone
anti-cancer properties
I, xanthochymol, and guttiferone

Pardo Andreu
et al., 2015

Red propolis

Flavonoids, benzophenones,
pterocarpens, triterpenes

Antifungal, antiviral, cytotoxic, anti-HIV

Rufatto et
al., 2017

Mediterranean type

Totarol, terpenic acids, ferruginol

Anti-bacterial, anti-cancer, anti-microbial

Bankova et
al., 2016

2. Historic usage of propolis

3. Chemical composition of propolis

Propolis has its medical applications from ancient time of Greeks,
Romans, Persians, and Egyptians (Rojczyk et al., 2020). Traditional medicine has employed propolis. Its use is as old as honey
and has been utilized by humans for thousands of years. Egyptian
people use propolis in the art of mummifying the corpses (Wali et
al., 2017). The bees use propolis and wax to hide the carcass of an
invader that was killed but could not be moved out of the hive. The
bees prevent the spread of infection produced by the decomposing body in this way. In the 1960s propolis was responsible for
the hive’s lower bacterial incidence. Propolis was a key element
in polyanthus, a perfume that included propolis, olibanum, styrax,
and fragrant plants for Greek people (Kuropatnicki et al., 2013).
Some of the medical characteristics of propolis, as well as its
usage as an antibacterial and wound healing agent were described
by Aristotle, Pliny, and Galen. Propolis was mostly employed by
Arabian physicians during the mediaeval period. It was employed
as an antipyretic by New World civilizations such as the Incas. It
has been classified as an official medication in the London pharmacopoeia since the 18th century. It has gained popularity in Europe
between the 17th and 20th century as a result of its antibacterial
properties. It was employed as an antibacterial and anti-inflammatory drug during World War II (Santos et al., 2020). Since 300
BC, man has been employed propolis as a traditional medicine. Its
medicinal properties were known to Roman and Greek doctors,
and other scientists like Dioscorides (Ferreira et al., 2017).

The chemical makeup of propolis varies depending on a variety of
environmental conditions, including climate, local vegetation, harvest season, and geographic origin (Pobiega et al., 2019a). Plant origin and chemical makeup separate the following types of propolis:
Green (Alecrim) propolis, red (Clusia) propolis, Pacific propolis,
and Canarian propolis. Different chemical compositions distinguish
propolis varieties, which defines their biological capabilities (Pobiega et al., 2017). Algerian propolis has a lot of action against food
borne pathogens such Gram-positive bacteria Bacillus cereus and
Staphylococcus aureus, while Korean propolis has a lot of inhibitory
effect, especially against B. cereus vegetative cells. Turkish propolis ethanol extract had robust antilisterial action, with slightly less
potent effect against Salmonella Enteritidis (Pobiega et al., 2019a).
More than 300 chemical compounds have been identified in
propolis such as polyphenols and terpenoids. These compounds are
considered to be the most active (Table 1) (Przybyłek and Karpiński,
2019).
Aromatic acids like ferulic, cinnamic, caffeic, benzoic, salicylic
and p-cumaric are also present in propolis. In propolis microelements
and macro-elements (Mn, Fe, Mg, Zn, Si, Ca, K, Na, Cu and vitamins B2, B1, B6, C and E) are also found. In propolis there is number of active ingredients present which makes it bacterial resistance
(Przybyłek and Karpiński, 2019). The main components in propolis
consist of plant resins (50%), waxes (30%), 10% essential oils, 5%
pollens and organic substances are discussed in Table 2.
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Table 2. Composition of propolis

Chemical
composition

Percentage

Properties

References

Plant resins

50%

Resin is a substance produced by trees that drips from their branches and trunks
in the spring. The bees collect plant resins in the hive, modify them, and utilise
them as a sealer, polisher, cleaner, and mummifier of dead insects in the hive.

Ahangari et al., 2018

Waxes

30%

It has anti-inflammatory and anti-oxidant activities.

Tinto et al., 2017

Organic
substances

5%

n-alkanes, n-alkenes, n-alkanals, and methyl n-alkanoates
were the most common chemicals found.

Alqarni et al., 2015

Pollens

5%

Pollens contain more than 96 different nutrients. Rich
in amino acids, hormones, vitamins, minerals.

Ahangari et al., 2018

4. Health benefits for humans
The usage of propolis has a significant impact on human health
and has a variety of purposes. In addition to cytotoxic effects, it is
now employed as an antibacterial, antifungal, anti-inflammatory,
antiviral, analgesic, antioxidant, antitumoural, antiprotozoal, anticancer, antihypertensive, anticarcinogenic, and anti-hepatotoxic
agent (Figure 1) (Anjum et al., 2019).
HSV-1, HSV-2, Influenza virus types A and B, Parainfluenza
virus, Adenovirus, Human immunodeficiency virus, infectious
bursal disease virus, and avian reovirus, Newcastle virus disease,
bovine rotavirus, pseudorabies virus, feline calicivirus, canine adenovirus type 2, and diarrhoea virus have all been shown to be
subject to potent and broad-spectrum antiviral activity in propolis
extracts from temperate climates (Scorza et al., 2020). Propolis
has been used by humans in different domains since ancient times,
most notably in traditional medicine, and as a result, it’s known
over the world in a natural way substance that improves health and
prevents illnesses (Figure 2) (Zabaiou et al., 2017). The chemical
makeup of propolis has pharmacological impact (Pobiega et al.,
2019b). Propolis has been tested against a variety of viral disease
organisms, with initial results prompting study into the most beneficial components, which might then be used to formulate more
active and targeted medications. In an in-vitro model, propolis
was found to have antiviral action against DNA and RNA viruses
(poliovirus, herpes simplex virus, and adenovirus) (cultured cells).
The propolis results at concentration 30 µg/ml observed highest
against poliovirus and herpes virus with 99.9% inhibition of the
later (Ripari et al., 2021).

Figure 1. Medicinal properties of propolis.

Inflammation can be defined as a complex signalling pathway
interaction between the immune system and injured tissues that
aims to restore homeostasis. Flavonoids, phenolic acids and their
esters, terpenoids, steroids, and amino acids appear to be associated to propolis anti-inflammatory activities, with CAPE being the
most studied. The anti-inflammatory properties of propolis can be
mediated in a variety of ways (Braakhuis et al., 2019).
Propolis has been used to treat traumatic neurological disorders
such as ischemia and epilepsy. It is also used in degenerative disorders like Parkinson’s disease, Alzheimer’s disease, and multiple
sclerosis. Although the mechanisms and causes of neurological
dysfunction are uncertain, they appear to be connected to increased
oxidative stress, inflammatory signalling activation, and slow immunological responses in brain tissue (Braakhuis et al., 2019).
Propolis aids in mitigating both SARS-CoV-2 infection processes
and COVID-19 sickness. Propolis has carefully been investigated
and is now widely used as a natural treatment alternative in many
countries. It is important in veterinary medicine because of its antibacterial, antifungal, antiviral, antiparasitic, hepatoprotective, and
immunomodulatory characteristics. Because propolis products
are not standardized and differ in their components and biological
activity, their usage as a health-promoting supplement in human
medicine is limited in many countries. Propolis should be regarded
a resource in the fight against the COVID-19 pandemic as a nutraceutical or functional food. Propolis inhibits PAK-1, which may
aid in the prevention of lung fibrosis and the restoration of a normal immune response. Propolis has been demonstrated to interact
with ACE2 and TMPRSS2, which might help to prevent or reduce
SARS-CoV-2 host cell invasion. Chronic inflammation, characterized by systemically high amounts of pro-inflammatory cytokines,
is more frequent in the elderly, which can lead to a cytokine storm,
which is a primary cause of COVID-19 death. Antioxidants included in propolis could be assisting to halt or stop the ageing process
(Berretta et al., 2020). SARS researchers have been paying close
attention to quercetin, a flavonol found in propolis, because it has
been revealed to be an effective amino peptidase inhibitor when
paired with vitamin C. In vitro, quercetin and its derivatives inhibit SARS-CoV-1 and MERS-main CoV’s protease. The cellular
response to unfolded proteins is also affected by quercetin (UPR).
Because corona viruses can use the UPR to complete their whole
replication cycle, quercetin’s control of this pathway could have
anti-corona virus properties (Bachevski et al., 2020).
The study of optimum gut health and gastrointestinal bacterial
characterization is a topic of concern right now, with some claiming
that disease states are induced by microbiota imbalances in the gut
(Clemente et al., 2012). A diverse range of gut microbiota produces microbial bioactive compounds such as short chain fatty acids,
which have specific health advantages. An international group has
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Figure 2. Therapeutic benefits of propolis for human health.

designated polyphenols, including propolis components, as prebiotics because they are selectively digested by gut microbiota (Solanki
et al., 2016). Propolis polyphenols may help to maintain a healthy
gut microbiota by reducing pathogenic bacteria development and
prevents adhering to human gut cells (Alkhaldy et al., 2019). Antiseptic, antifungal, bacteriostatic, astringent, antioxidant, diastolic,
anti-inflammatory, and aesthetic properties are all present in propolis preparations (Grecka et al., 2019). Chemotherapy is very helpful
in treating all types of cancer but after the therapy cancer survivors
are at high risk for number of health problems and one of the major
problem is infertility. Indian propolis extracts can be helpful for the
protection and rejuvination of testicular tissues from chemotherapy
induced damage by reducing the DNA damage and elevating the
antioxidant activity (Kumari et al., 2017). Propolis has antimicrobial properties which stimulate the immune system that activates the
natural defense system of the organisms. The antimicrobial activity
of propolis is higher in gram positive than in gram negative bacteria
(Przybyłek and Karpiński, 2019).

proteins solely in PC3 cells. Cameroonian propolis also enhanced
the proportion of DU145 and PC3 cells in G0/G1 phase (Zingue et
al., 2020; Forma and Brys 2021).
5.2. Type-2-diabetes inhibition properties
Propolis influences hypoglycemic activity, according to current
studies, which may help prevent diabetes. Moreover, it modifies
metabolism of blood lipid levels and resultant reduces lipid peroxidation and scavenges free radicals. In one study consumption
of Iranian propolis for 90 days can improve insulin sensitivity in
Type-2-diabetes mellitus (T2DM) patients and dramatically lower
their serum levels of HbA1C, insulin, and 2-hpp glucose. Numerous researches reported that propolis improved insulin sensitivity
in T2DM models and reduced blood glucose, insulin, and HbA1C
levels (Zakerkish et al., 2019).
5.3. Anti-obesity properties

5. Some in-vitro, in-vivo and human clinical trials of propolis
5.1. Anti-cancerous properties
With 14 million new cases and 8.2 million deaths from cancer
in 2012, cancer is a terrible illness that affects people all over
the world (Khan et al., 2021). Utilizing organic compounds like
propolis can lessen the consequences of cancer. Propolis and its
constituents are thought to alter cell cycle regulators such cyclin
D, cyclin-dependent kinases Cdk-2/4/6, and cyclin-dependent kinase inhibitors. These inhibitors stop the progression of the cancer
cell cycle (G2/M phase) at stage G0/G1 by overexpressing p21
and p27 expression (Chiu et al., 2020). Studies show that ethanolextracted Cameroonian propolis up-regulated cell cycle proteins
(CDK1, pCDK1, and related cyclins A and B) in both the cell cultures (DU145 and PC3) while down-regulating CDK2 and pCDK2
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An important public health risk is obesity. Among other disorders,
it is linked to an increase in the occurrence of cancer, type 2 diabetes, dyslipidemia, and cardiovascular diseases (Smith and Smith,
2016; Rivera-Yañez et al., 2020). A study conducted on certain variety of Brazilian red propolis (0–100 µg/mL) reported an increase
in adiponectin mRNA in 3T3-L1 preadipocytes, which was most
likely caused by PPAR- activating the adiponectin promoter. In the
same study, propolis treatment for eight days restored adiponectin
expression in differentiated 3T3-L1 cells that had been exposed to
TNF. This finding suggests the efficacy of Brazilian red propolis
as a dietary supplement for the prevention and treatment of obesity and disorders linked to it (Iio et al., 2010; Rivera-Yañez et
al., 2020). Brazilian green propolis (100 µg/mL) directly increased
leptin expression, according to an in vitro test utilising differentiated 3T3-L1 adipocytes (Washio et al., 2015). Although in vitro
studies have contributed to a better understanding of propolis’ ac-
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Table 3. Propolis extracts and its current strategies for use in food technology

Current strategies

Applications

References

Mixing with food

Antimicrobial, total bacterial, staphylococcus, and listeria counts are reduced. Reduction Pobiega et al., 2019a
in the number of spoiling bacteria and yeast. Example–fish, meat, milk, fruit juice.

Soaking and
washing of food

Antioxidant in fruits. Antimicrobial–reduction of yeast and molds contamination.
Reduction of total bacterial count. Improve quality, delayed ripening.
Reduction of water loss, maintaining firmness. Example–fruits, juices etc

Pobiega et al., 2019a

Active Packaging film

Nontoxic, bio-degradable, biopolymer based packaging. Example–beef, fruits etc

Yong and Liu, 2021

tivity against obesity, the majority only assess a chemical or molecular aspect, therefore its impact is still limited. The research did
not take into account the multifaceted nature of this disease; as
a result, in vivo investigations are crucial to the development of
clinical trials (Jensen et al., 2021; Aravani et al., 2021).
5.4. Anti-inflammatory effects
Strong anti-inflammatory properties have been attributed to propolis. The in vitro and in vivo research have been conducted in recent years on the effects of propolis on inflammation (Ying-Hua et
al., 2012; Pahlavani et al., 2020). Propolis, a product of honeybee
colonies that has anti-inflammatory properties, contains caffeic
acid phenethyl ester (CAPE), a significant component. A powerful
Arachidonic acid (AA) modulator, CAPE limits the release of AA
from the cell membrane and blocks the expression of the genes
for the lipoxygenase (LOX) and cyclooxygenase (COX) enzymes,
which are essential for the pathways leading to AA metabolism.
The ethanol extract of propolis suppressed leukotriene and prostaglandin synthesis in both in vitro and in vivo experiments. Propolis’s ability to inhibit prostaglandin endoperoxide synthase may be
due to its flavonoids, which have been shown to have this effect
(Mirzoeva and Calder, 1996; Pahlavani et al., 2020). Additionally,
it inhibits the activation of COX-1, COX-2, and the gene that controls COX-2 production (Pahlavani et al., 2020).
5.5. Benefits of propolis in food industry
Propolis is also used in food quality. The use of propolis extracts in
food industry has been briefly discussed in Table 3. It is a natural
preservative that can be applied directly to meat products, but its

effectiveness is dependent on concentration. The propolis ethanol
extract at low concentration (0.5–1%) prevented the growth of proteolytic and lipolytic bacteria, as well as moulds and yeasts, in fresh
oriental and Egyptian beef sausages (Pobiega et al., 2019b).
Propolis extracts can be eaten or administered typically to lower
the count or entirely remove food borne pathogens and saprophytic
bacteria in meals. Immersion of foods containing propolis extracts
or use of specially manufactured extracts of propolis in coatings
is a means of limiting propolis unique flavour and odour, which
may have a detrimental impact on the sensory characteristics of the
meal to which it is added (Pobiega et al., 2019a). Propolis is already
utilized in a variety of foods as a natural preservative. One study
substituted chemical preservatives with a propolis green extract in
a non-carbonated orange soft drink, therefore increasing the product’s bioactivity (Vasilaki et al., 2019). Propolis can be employed
as a natural preservative in dairy drinks in the food industry (ElGuendouz et al., 2019). Propolis can directly be added to the meat
products but its activity directly depends upon the concentration. In
low concentration propolis inhibits the growth of molds and yeast.
Propolis extracts can also inhibit the growth of food borne pathogens in meat (Pobiega et al., 2019b).
The different extracts of propolis and their effects on food products have been discussed in Table 4. Ethanol extract of propolis
(Iranian propolis) also work against fish bacterial pathogen that
increases the shelf life of the fish (Payandan et al., 2017). Propolis has been used as a natural preservative in several foods (Duman and Ozpolat, 2015). It proved efficient against oxidation and
change of quality indicators when added to dairy beverages and
traditional Turkish sausages, for example (Cottica et al., 2015).
The number of noroviral genome decreased when propolis water
extract is used in fresh juices (Liao et al., 2021). Propolis based
chewing gums helps in reduction of pathogenic microbial load

Table 4. Effects of propolis on food products

Food product

Propolis

Effect of propolis

References

Non-carbonated soft drinks

Propolis green extract

Increase the bioactivity of the product.

Vasilaki et al., 2019

Dairy drinks

Propolis extract

Act as natural preservatives.

El-Guendouz et al., 2019

Meat products

Propolis extract

Inhibit the growth of food borne pathogen.

Pobiega et al., 2019b

Fresh juices

Propolis water extract

Reduce the number of noroviral genome.

Liao et al., 2021

Fish

Ethonal extract of Propolis

Increase the shelf life of the fish

Payandan et al., 2017

Chewing gum

Propolis extract

Reduce the pathogenic microbial load

Zulhendri et al., 2022

Beverages

Propolis extract

Inhibit the fungal growth and
degradation of ascorbic acid

Vasilaki et al., 2019

Craft beer

Propolis extract

Increase the anti-oxidant value

Ulloa et al., 2017

Orange juice

Propolis extract

inhibit bacterial growth,
degradation of L-ascorbic acid

Yang et al., 2017
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and improves dentin mineralization (Zulhendri et al., 2022). Commercial milk, yogurt, and Kefir with a 0.5 percent sugar boost of
propolis resulted in best organoleptic characteristics for each product (Luo et al., 2021).
6. Future prospects
Propolis has a lot of benefits, but there is still a lot to study on it
in terms of humans and food. Many individuals are still unaware
of the benefits of propolis. Because of its antifungal and antiviral properties it can be quite useful in the production of medications and other items during a COVID-19 period. Despite the fact
that it may be highly beneficial to human health by delivering a
variety of advantages, many people are ignorant of this. As per
today’s lifestyle human health is degrading day by day, so by
knowing the benefits of propolis one can make a little change in
human health. Propolis can also be very helpful in treating the
respiratory problems. Few studies have investigated the effect
of propolis on treating the lungs infection (Magnavacca et al.,
2022). Skin healing, neurodegenerative, gut health, atherosclerosis and wound healing properties are also found in propolis
(Braakhuis et al., 2019). Number of medicines can be prepared
in future also that can be helpful against oral diseases, gut health,
skin diseases, timorous disease, viral diseases, fungal diseases
respiratory diseases etc. In food industries also propolis is very
helpful as one can use it to increase the shelf life and make the
product bacteria free.
7. Conclusion
This paper highlights the importance of propolis in human health
and in food industries. Propolis has many properties that makes
it very beneficial for human health such as antiviral, anti-microbial, anti-bacterial properties. Propolis, also called bee glue, is
now in fashion to use in food industries as a natural preservative
and chemical preservative. It can be helpful in removing the food
borne pathogen and bacteria to make the food healthier, hence
helping in maintaining good health & well-being. By dipping the
food in propolis we can add a different aroma and flavour to the
food. In food packaging, propolis can be useful in increasing the
shelf life of the product. It can increase the bioactivity of the food
products. By considering all the usefulness of the propolis in human health and in food industries more weight should be brought
to the incorporation and use of it.
Acknowledgments
The authors acknowledge the scientists and researchers whose
work is cited in this manuscript.
Conflict of interest
The authors declare no conflict of interest.
References
Ahangari, Z., Naseri, M., and Vatandoost, F. (2018). Propolis: chemi-

82

cal composition and its applications in endodontics. Iran. Endod. J.
13(3): 285.
Alkhaldy, A., Edwards, C.A., and Combet, E. (2019). The urinary phenolic
acid profile varies between younger and older adults after a polyphenol-rich meal despite limited differences in in vitro colonic catabolism. Eur. J. Nutr. 58(3): 1095–1111.
Almuhayawi, M.S. (2020). Propolis as a novel antibacterial agent. Saudi J.
Biol. Sci. 27(11): 3079–3086.
Alotaibi, A., Ebiloma, G.U., Williams, R., Alenezi, S., Donachie, A.M., Guillaume, S., Igoli, J.O., Fearnley, J., de Koning, H.P., and Watson, D.G.
(2019). European propolis is highly active against trypanosomatids
including Crithidia fasciculata. Sci. Rep. 9(1): 11364.
Alqarni, A.S., Rushdi, A.I., Owayss, A.A., Raweh, H.S., El-Mubarak, A.H.,
and Simoneit, B.R. (2015). Organic Tracers from Asphalt in Propolis
Produced by Urban Honey Bees, Apis mellifera Linn. PloS one 10(6):
e0128311.
Andrade, J.K.S., Denadai, M., Andrade, G.R.S., da Cunha Nascimento, C.,
Barbosa, P.F., Jesus, M.S., and Narain, N. (2018). Development and
characterization of microencapsules containing spray dried powder
obtained from Brazilian brown, green and red propolis. Food Res. Int.
109: 278–287.
Anjum, S.I., Ullah, A., Khan, K.A., Attaullah, M., Khan, H., Ali, H., Bashir,
M.A., Tahir, M., Ansari, M.J., Ghramh, H.A., Adgaba, N., and Dash,
C.K. (2019). Composition and functional properties of propolis (bee
glue): A review. Saudi J. Biol. Sci. 26(7): 1695–1703.
Aravani, D., Kassi, E., Chatzigeorgiou, A., and Vakrou, S. (2021). Cardiometabolic syndrome: An update on available mouse models. Thromb.
Haemostasis 121(06): 703–715.
Bachevski, D., Damevska, K., Simeonovski, V., and Dimova, M. (2020). Back
to the basics: Propolis and COVID-19. Dermatol. Ther. 33(4): e13780.
Bankova, V., Popova, M., and Trusheva, B. (2016). New emerging fields
of application of propolis. Maced. J. Chem. Chem. Eng. 35(1): 1–11.
Berretta, A.A., Arruda, C., Miguel, F.G., Nathalia Baptista, N., Nascimento,
A.P., Marquele- Oliveira, F., Hori, J.I., Barud, H.D.S., Damaso, B., Ramos, C., Ferreira, R., and Bastos, J.K. (2017). Functional properties
of Brazilian propolis: from chemical composition until the market.
Superfood and Functional Food-an overview of Their Processing and
Utilization. Vol. 4. IntechOpen, London, UK, pp. 55–96.
Berretta, A.A., Silveira, M.A.D., Capcha, J.M.C., and De Jong, D. (2020).
Propolis and its potential against SARS-CoV-2 infection mechanisms
and COVID-19 disease. Biomed. Pharmacother. 131: 110622.
Braakhuis, A. (2019). Evidence on the health benefits of supplemental
propolis. Nutrients 11(11): 2705.
Busch, V.M., Pereyra-Gonzalez, A., Šegatin, N., Santagapita, P.R., Ulrih,
N.P., and Buera, M.D.P. (2017). Propolis encapsulation by spray drying: Characterization and stability. LWT 75: 227–235.
Chaa, S., Boufadi, M.Y., Keddari, S., Benchaib, A.H., Soubhye, J., Van Antwerpen, P., and Riazi, A. (2019). Chemical composition of propolis
extract and its effects on epirubicin-induced hepatotoxicity in rats.
Rev. Bras. Farmacogn. 29: 294–300.
Chaa, S., Boufadi, M.Y., Keddari, S., Benchaib, A.H., Soubhye, J., Van Antwerpen, P., and Riazi, A. (2019). Chemical composition of propolis
extract and its effects on epirubicin-induced hepatotoxicity in rats.
Rev. Bras. Farmacogn. 29: 294–300.
Chiu, H.F., Han, Y.C., Shen, Y.C., Golovinskaia, O., Venkatakrishnan, K., and
Wang, C.K. (2020). Chemopreventive and chemotherapeutic effect
of propolis and its constituents: a mini-review. J. Cancer Prev. 25(2):
70.
Clemente, J.C., Ursell, L.K., Parfrey, L.W., and Knight, R. (2012). The impact of the gut microbiota on human health: an integrative view. Cell
148(6): 1258–1270.
Cottica, S.M., Sabik, H., Bélanger, D., Giroux, H.J., Visentainer, J.V., and Britten, M. (2015). Use of propolis extracts as antioxidant in dairy beverages enriched with conjugated linoleic acid. Eur. Food Res. Technol.
241(4): 543–551.
Demir, S., Aliyazicioglu, Y., Turan, I., Misir, S., Mentese, A., Yaman, S.O., Akbulut, K., Kilinc, K., and Deger, O. (2016). Antiproliferative and proapoptotic activity of Turkish propolis on human lung cancer cell line.
Nutr. Cancer 68(1): 165–172.
Duman, M., and Özpolat, E. (2015). Effects of water extract of propolis
on fresh shibuta (Barbus grypus) fillets during chilled storage. Food

Journal of Food Bioactives | www.isnff-jfb.com

Kalia et al.

Therapeutic potential of propolis

Chem. 189: 80–85.
El-Guendouz, S., Lyoussi, B., and Miguel, M.G. (2019). Insight on propolis from mediterranean countries: chemical composition, biological
activities and application fields. Chem. Biodivers. 16(7): e1900094.
El-Guendouz, S., Lyoussi, B., and Miguel, M.G. (2019). Insight on propolis from mediterranean countries: Chemical composition, biological
activities and application fields. Chem. Biodivers. 16(7): e1900094.
Ferreira, J.M., Fernandes-Silva, C.C., Salatino, A., Negri, G., and Message,
D. (2017). New propolis type from north-east Brazil: chemical composition, antioxidant activity and botanical origin. J. Sci. Food Agric.
97(11): 3552–3558.
Forma, E., and Bryś, M. (2021). Anticancer activity of propolis and its compounds. Nutrients 13(8): 2594.
Grecka, K., Kuś, P.M., Okińczyc, P., Worobo, R.W., Walkusz, J., and Szweda,
P. (2019). The anti-staphylococcal potential of ethanolic Polish propolis extracts. Molecules 24(9): 1732.
Ibrahim, N., Niza, N.F.S.M., Rodi, M.M., Zakaria, A.J., Ismail, Z., and Mohd,
K.S. (2016). Chemical and biological analyses of Malaysian stingless
bee propolis extracts. Malaysian J. Anal. Sci. 20(2): 413–422.
Iio, A., Ohguchi, K., Inoue, H., Maruyama, H., Araki, Y., Nozawa, Y., and
Ito, M. (2010). Ethanolic extracts of Brazilian red propolis promote
adipocyte differentiation through PPARγ activation. Phytomedicine
17(12): 974–979.
Irigoiti, Y., Navarro, A., Yamul, D., Libonatti, C., Tabera, A., and Basualdo, M.
(2021). The use of propolis as a functional food ingredient: A review.
Trends Food Sci. Technol. 115: 297–306.
Khan, F.M., Morya, S., and Chattu, V.K. (2021). Probiotics as a boon in Food
diligence: Emphasizing the therapeutic roles of Probiotic beverages
on consumers' health. J. Appl. Nat. Sci. 13(2): 700–714.
Jensen, V.F., Mølck, A.M., Dalgaard, M., McGuigan, F.E., and Akesson, K.E.
(2021). Changes in bone mass associated with obesity and weight
loss in humans: Applicability of animal models. Bone 145: 115781.
Kumari, S., Nayak, G., Lukose, S.T., Kalthur, S.G., Bhat, N., Hegde, A.R., Mutalik, S., Kalthur, G., and Adiga, S.K. (2017). Indian propolis ameliorates the mitomycin C-induced testicular toxicity by reducing DNA
damage and elevating the antioxidant activity. Biomed. Pharmacother. 95: 252–263.
Kuropatnicki, A.K., Szliszka, E., and Krol, W. (2013). Historical aspects of
propolis research in modern times. Evidence-Based Complementary
Altern. Med. 2013: 964149.
Li, B., Wei, K., Yang, S., Yang, Y., Zhang, Y., Zhu, F., Wang, D., and Zhu, R.
(2015). Immunomodulatory effects of Taishan Pinus massoniana pollen polysaccharide and propolis on immunosuppressed chickens. Microb. Pathog. 78: 7–13.
Liao, N., Sun, L., Wang, D., Chen, L., Wang, J., Qi, X., Zhang, H., Tang, M.,
Wu, G., Chen, J., and Zhang, R. (2021). Antiviral properties of propolis
ethanol extract against norovirus and its application in fresh juices.
LWT 152: 112169.
Luo, X., Dong, Y., Gu, C., Zhang, X., and Ma, H. (2021). Processing technologies for bee products: An overview of recent developments and
perspectives. Front. Nutr. 8: 727181.
Magnavacca, A., Sangiovanni, E., Racagni, G., and Dell’Agli, M. (2022).
The antiviral and immunomodulatory activities of propolis: An update and future perspectives for respiratory diseases. Med. Res. Rev.
42(2): 897–945.
Miguel, M.G., and Antunes, M.D. (2011). Is propolis safe as an alternative
medicine? J. Pharm. BioAllied Sci. 3(4): 479.
Mirzoeva, O.K., and Calder, P.C. (1996). The effect of propolis and its components on eicosanoid production during the inflammatory response.
Prostaglandins, Leukotrienes Essent. Fatty Acids 55(6): 441–449.
Pahlavani, N., Malekahmadi, M., Firouzi, S., Rostami, D., Sedaghat, A.,
Moghaddam, A.B., Ferns, G.A., Navashenaq, J.G., Reazvani, R., Safarian, M., and Ghayour-Mobarhan, M. (2020). Molecular and cellular
mechanisms of the effects of Propolis in inflammation, oxidative
stress and glycemic control in chronic diseases. Nutr. Metab. 17(1):
1–12.
Pardo Andreu, G.L., Reis, F.H., Dalalio, F.M., Nuñez Figueredo, Y., Cuesta
Rubio, O., Uyemura, S.A., Curti, C., and Alberici, L.C. (2015). The cytotoxic effects of brown Cuban propolis depend on the nemorosone
content and may be mediated by mitochondrial uncoupling. Chem.
Biol. Interact. 228: 28–34.

Pasupuleti, V.R., Sammugam, L., Ramesh, N., and Gan, S.H. (2017). Honey, propolis, and royal jelly: a comprehensive review of their biological actions and health benefits. Oxid. Med. Cell. Longevity 2017:
1259510.
Payandan, E., Sayyed-Alangi, S.Z., Shamloofar, M., and Koohsari, H. (2017).
Study of chemical composition and efficacy of different extracts of
Iranian propolis on the microbiological and sensory parameters of
minced Cyprinus carpio meat at 4 °C storage. J. Aquat. Food Prod.
Technol. 26(5): 593–603.
Pires, P.G.D.S., Pires, P.D.D.S., Cardinal, K.M., Leuven, A.F.R., Kindlein, L.,
and Andretta, I. (2019). Effects of rice protein coatings combined or
not with propolis on shelf life of eggs. Poult. Sci. 98(9): 4196–4203.
Pobiega, K., Gniewosz, M., and Krasniewska, K. (2017). Antimicrobial and
antiviral properties of different types of propolis. Zesz. Probl. Postęp.
Nauk Rol. 589: 69–79.
Pobiega, K., Kraśniewska, K., and Gniewosz, M. (2019a). Application of
propolis in antimicrobial and antioxidative protection of food quality–A review. Trends Food Sci. Technol. 83: 53–62.
Pobiega, K., Kraśniewska, K., Przybył, J.L., Bączek, K., Żubernik, J., WitrowaRajchert, D., and Gniewosz, M. (2019b). Growth biocontrol of foodborne pathogens and spoilage microorganisms of food by Polish
propolis extracts. Molecules 24(16): 2965.
Popova, M., Trusheva, B., Ilieva, N., Thanh, L.N., Lien, N.T.P., and Bankova,
V. (2021). Mangifera indica as propolis source: what exactly do bees
collect? BMC Res. Notes 14(1): 1–4.
Przybyłek, I., and Karpiński, T.M. (2019). Antibacterial properties of propolis. Molecules 24(11): 2047.
Ripari, N., Sartori, A.A., da Silva Honorio, M., Conte, F.L., Tasca, K.I., Santiago, K.B., and Sforcin, J.M. (2021). Propolis antiviral and immunomodulatory activity: a review and perspectives for COVID-19 treatment.
J. Pharm. Pharmacol. 73(3): 281–299.
Ristivojević, P., Trifković, J., Andrić, F., and Milojković-Opsenica, D. (2015).
Poplar-type propolis: chemical composition, botanical origin and biological activity. Nat. Prod. Commun. 10(11): 1869–1876.
Rivera-Yañez, N., Rivera-Yañez, C.R., Pozo-Molina, G., Méndez-Catalá, C.F.,
Méndez-Cruz, A.R., and Nieto-Yañez, O. (2020). Biomedical properties of propolis on diverse chronic diseases and its potential applications and health benefits. Nutrients 13(1): 78.
Rojczyk, E., Klama-Baryła, A., Łabuś, W., Wilemska-Kucharzewska, K., and
Kucharzewski, M. (2020). Historical and modern research on propolis
and its application in wound healing and other fields of medicine and
contributions by Polish studies. J. Ethnopharmacol. 262: 113159.
Rufatto, L.C., dos Santos, D.A., Marinho, F., Henriques, J.A.P., Ely, M.R., and
Moura, S. (2017). Red propolis: Chemical composition and pharmacological activity. Asian Pac. J. Trop. Biomed. 7(7): 591–598.
Santos, L.M., Fonseca, M.S., Sokolonski, A.R., Deegan, K.R., Araújo, R.P.,
Umsza-Guez, M.A., Barbosa, J.D., Portela, R.D., and Machado, B.A.
(2020). Propolis: types, composition, biological activities, and veterinary product patent prospecting. J. Sci. Food Agric. 100(4): 1369–
1382.
Scorza, C.A., Gonçalves, V.C., Scorza, F.A., Fiorini, A.C., de Almeida, A.C.G.,
Fonseca, M.C., and Finsterer, J. (2020). Propolis and coronavirus disease 2019 (COVID-19): Lessons from nature. Complement. Ther. Clin.
Pract. 41: 101227.
Sforcin, J.M. (2016). Biological properties and therapeutic applications of
propolis. Phytother. Res. 30(6): 894–905.
Silva, C.C.F.D., Salatino, A., Motta, L.B.D., Negri, G., and Salatino, M.L.F.
(2019). Chemical characterization, antioxidant and anti-HIV activities
of a Brazilian propolis from Ceará state. Rev. Bras. Farmacogn. 29:
309–318.
Silva, C.C.F.D., Salatino, A., Motta, L.B.D., Negri, G., and Salatino, M.L.F.
(2019). Chemical characterization, antioxidant and anti-HIV activities
of a Brazilian propolis from Ceará state. Rev. Bras. Farmacogn. 29:
309–318.
Simone-Finstrom, M., and Spivak, M. (2010). Propolis and bee health: the
natural history and significance of resin use by honey bees. Apidologie 41(3): 295–311.
Smith, K.B., and Smith, M.S. (2016). Obesity statistics. Primary care: clinics
in office practice 43(1): 121–135.
Solanki, I., Parihar, P., and Parihar, M.S. (2016). Neurodegenerative diseases: from available treatments to prospective herbal therapy. Neuro-

Journal of Food Bioactives | www.isnff-jfb.com

83

Therapeutic potential of propolis

Kalia et al.

chem. Int. 95: 100–108.
Šturm, L., Osojnik Črnivec, I.G., Istenič, K., Ota, A., Megušar, P., Slukan, A.,
Humar, M., Levic, S., Nedović, V., Kopinč, R., Deželak, M., Pereyra
Gonzales, A., and Poklar Ulrih, N. (2019). Encapsulation of non-dewaxed propolis by freeze-drying and spray-drying using gum Arabic,
maltodextrin and inulin as coating materials. Food Bioprod. Process.
116: 196–211.
Tinto, W.F., Elufioye, T.O., and Roach, J. (2017). Waxes. Pharmacognosy.
Academic Press, pp. 443–455.
Ulloa, P.A., Vidal, J., Ávila, M.I., Labbe, M., Cohen, S., and Salazar, F.N.
(2017). Effect of the addition of propolis extract on bioactive compounds and antioxidant activity of craft beer. J. Chem. 2017: 6716053.
Valenzuela-Barra, G., Castro, C., Figueroa, C., Barriga, A., Silva, X., de Las
Heras, B., Hortelano, S., and Delporte, C. (2015). Anti-inflammatory
activity and phenolic profile of propolis from two locations in Región
Metropolitana de Santiago, Chile. J. Ethnopharmacol. 168: 37–44.
Vasilaki, A., Hatzikamari, M., Stagkos-Georgiadis, A., Goula, A.M., and
Mourtzinos, I. (2019). A natural approach in food preservation: Propolis extract as sorbate alternative in non-carbonated beverage. Food
Chem. 298: 125080.
Wali, A.F., Mushtaq, A.H.L.A.M., Rehman, M.U., Akbar, S., and Masoodi,
M.H. (2017). Bee propolis (Bee’s glue): A phytochemistry review. J.
Crit. Rev. 4: 9–13.
Washio, K., Shimamoto, Y., and Kitamura, H. (2015). Brazilian propolis extract increases leptin expression in mouse adipocytes. Biome. Res.
36(5): 343–346.

84

Yang, W., Wu, Z., Huang, Z.Y., and Miao, X. (2017). Preservation of orange
juice using propolis. J. Food Sci. Technol. 54(11): 3375–3383.
Ying-Hua, L., Wei, Z., and Fu-Liang, H. (2012). Progress on Anti-inflammatory Effects and Mechanism of Propolis. Nat. Prod. Res. Dev. 24(6):
856.
Yong, H., and Liu, J. (2021). Active packaging films and edible coatings
based on polyphenol-rich propolis extract: A review. Compr. Rev.
Food Sci. Food Saf. 20(2): 2106–2145.
Zabaiou, N., Fouache, A., Trousson, A., Baron, S., Zellagui, A., Lahouel, M.,
and Lobaccaro, J.M.A. (2017). Biological properties of propolis extracts: Something new from an ancient product. Chem. Phys. Lipids
207: 214–222.
Zakerkish, M., Jenabi, M., Zaeemzadeh, N., Hemmati, A.A., and Neisi, N.
(2019). The effect of Iranian propolis on glucose metabolism, lipid
profile, insulin resistance, renal function and inflammatory biomarkers in patients with type 2 diabetes mellitus: A randomized doubleblind clinical trial. Sci. Rep. 9(1): 1–11.
Zingue, S., Maxeiner, S., Rutz, J., Ndinteh, D.T., Chun, F.K., Fohouo, F.T.,
Njamen, D., and Blaheta, R.A. (2020). Ethanol-extracted Cameroonian propolis: Antiproliferative effects and potential mechanism of
action in prostate cancer. Andrologia 52(9): e13698.
Zulhendri, F., Perera, C.O., Chandrasekaran, K., Ghosh, A., Tandean, S., Abdulah, R., Herman, H., and Lesmana, R. (2022). Propolis of stingless
bees for the development of novel functional food and nutraceutical
ingredients: A systematic scoping review of the experimental evidence. J. Funct. Foods 88: 104902.

Journal of Food Bioactives | www.isnff-jfb.com

