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Abstract: Propolis is a resinous substance produced by bees that is known for its various biological
properties, including antimicrobial, antioxidant, anti-inflammatory, and immunomodulatory effects. These
properties make propolis a promising natural additive for managing the health of domestic animals,
including monogastric animals and ruminants. Propolis supplementation enhances growth performance,
improves gut health by modulating the microbiota, and boosts immune responses in poultry and swine.
Its antimicrobial properties help to reduce infections and promote overall health and productivity. Propolis
improves milk quality in ruminants such as cattle and sheep by increasing beneficial fatty acids and
improving antioxidant capacity. It also helps reduce the prevalence of mastitis by inhibiting pathogens, such
as Staphylococcus aureus. In addition, propolis helps protect udder health and ensures higher milk yields.
Moreover, propolis improves nutrient digestibility and feed efficiency, thereby improving animal growth
and production metrics. Overall, incorporating propolis into animal diets offers a natural and effective means
of enhancing animal health and productivity, reducing reliance on antibiotics, and supporting sustainable
agricultural practices. The multifaceted benefits of propolis underscore its potential as a valuable tool in
modern animal husbandry.
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Resumo: A propolis é uma substancia resinosa produzida pelas abelhas, conhecida por suas diversas
propriedades bioldgicas, incluindo efeitos antimicrobianos, antioxidantes, anti-inflamatérios e
imunomoduladores. Essas propriedades tornam a prépolis um aditivo natural promissor para o manejo
da saude de animais domésticos, incluindo monogastricos e ruminantes. A suplementacdo com
prépolis melhora o desempenho de crescimento, promove a saude intestinal por meio da modulacao
da microbiota e estimula as respostas imunes em aves e suinos. Suas propriedades antimicrobianas
ajudam a reduzir infeccbes e promovem a saude e produtividade geral. A prépolis melhora a qualidade
do leite em ruminantes, como bovinos e ovinos, aumentando os acidos graxos benéficos e aprimorando
a capacidade antioxidante. Ela também ajuda a reduzir a prevaléncia de mastite ao inibir patégenos,
como o Staphylococcus aureus. Além disso, a prépolis auxilia na protecdo da satde do Ubere e garante
maiores rendimentos de leite. Ademais, a prépolis melhora a digestibilidade dos nutrientes e a eficiéncia
alimentar, aumentando o crescimento e os indices produtivos dos animais. De forma geral, a incorporacao
da proépolis na dieta animal oferece um meio natural e eficaz de aprimorar a salde e a produtividade,
reduzindo a dependéncia de antibidticos e promovendo praticas agricolas sustentaveis. Os multiplos
beneficios da propolis ressaltam seu potencial como uma ferramenta valiosa na pecuaria moderna.

Palavras-chave: antimicrobiano; antioxidante; compostos fendlicos; monogastrico; ruminante.
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1. Introduction

Propolis is a resinous material collected by worker and stingless bees (Meliponini) from the buds
and secretions of numerous tree species. Once collected, this material is enriched in salivary and
enzymatic secretions and is used by bees to seal the hive wall, fill gaps or cracks, and embalm dead
insects that invaded the hive . The chemical composition of propolis is vast and complex, with phenolic
compounds (phenolic acids, esters, and flavonoids) as the primary components. Propolis has been
the subject of numerous pharmacological studies due to its antimicrobial, antifungal, antiviral, anti-
inflammatory, hepatoprotective, antioxidant, antitumor, immunomodulatory, and other properties .
This biological potential arises from the synergy between its diverse constituents, particularly phenolic
compounds. Driven by concerns regarding antibiotic use for therapeutic, prophylactic, or growth-
promoting purposes, its properties have heightened interest in using propolis in animal production.

These concerns stem from the emergence of antimicrobial resistance, further emphasized by the
finding that avoparcin, an antibiotic used in Europe to enhance animal growth, contributes to increased
resistance to vancomycin ©. lonophore additives, which are widely used in ruminant feed to reduce
methane and ammonia production and increase feed efficiency, have been banned in the European
Union since January 2006 .. It is essential to consider that including growth promoters in animal diets,
although a significant innovation in enhancing animal performance, can lead to increased feed costs.
This practice has faced criticism from consumer groups, government agencies, and research institutions,
who advocate either banning these substances or identifying alternatives to synthetic drugs to ensure
that final animal products are free from potentially harmful residues ©.

In recent years, propolis and its components have been thoroughly studied for their use in the
production and health of ruminants and monogastric animals. Research has shown that propolis has
great potential due to its bioactive components, which have antimicrobial, antioxidant, and anti-
inflammatory properties ©'". These properties can improve the overall health of domestic animals.
Propolis improves digestibility and feed efficiency in ruminants, leading to greater weight gain and
improved feed conversion?. Propolis has been effective in reducing enteric and respiratory diseases
and promoting healthier growth in monogastric animals, such as poultry 7. Additionally, propolis has
been studied as a natural alternative to antibiotics for mitigating antimicrobial resistance 4.

Propolisin animal dietsimproves the quality of animal products, such as milk ™ and meat "9, thereby
enhancing their nutritional and commercial value. However, the lack of standardization of propolis
makes it challenging to interpret certain results. The term "propolis" does not effectively represent
its chemical composition, as propolis is derived from the predominant flora in the region where it is
produced. This indicates that the chemical composition of propolis can vary significantly across different
regions. Comparing samples of propolis from different parts of the world, such as Bulgaria and Brazil,
is similar to analyzing extracts from two plants belonging to different botanical families 7. To address
this issue, recent publications on the biological activity of propolis include chemical characterization
of the substances used ©. This facilitates the grouping and comparison of results, helping us to better
understand the action of propolis as an alternative to antibiotic growth promoters. This understanding is
crucial for future research, enabling the correct use of specific types of propolis with particular biological
properties in animal production.

This article reviews the main studies on the use of different types of propolis for the production and
health of monogastric and ruminant animals. The objective was to discuss the contributions of propolis
to animal science and identify areas that require further investigation in future studies.
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2. Types of propolis and their constituents

Plants are vital sources of natural compounds. In addition to their role as food sources for humans
and animals, plants provide essential resources for insects to create valuable natural products. This was
particularly evident in the relationship between honeybees and melliferous plants. Bees gather nectar,
pollen, and resin from the outside of the hive to produce honey, bee pollen, beebread, and propolis 8.

n

The word “propolis” derives from the Greek pro (“in front of,“in defense of”) and polis (“community
or “city”), and, as the name suggests, it is a substance for the defense of the hive . Propolis is a resinous
material collected from the buds and secretions of numerous tree species by worker bees. Bees can also
collect materials actively secreted by plants or from their exudates (e.g., lipophilic material on leaves
and resins) to produce propolis 9. Once collected, the material is enriched with salivary and enzymatic
secretions from the hive. As a resinous substance, propolis is prepared by honeybees to seal cracks
and smooth walls, and to maintain moisture and temperature stability throughout the year. It is also
important for the defense against invading microorganisms ?%2", Raw propolis is typically composed of
50 % plantresin, 30 % wax, 10 % essential and aromatic oils, 5 % pollen, and 5 % other organic substances
20, The botanical source of resin is a key characteristic of this type of propolis. In temperate regions, most
propolis is produced from cultivated poplar species (Populus spp.), which serve as the primary botanical
source of the resins used by honeybees, whereas tropical propolis originates mainly from wild plants 2.
The color of propolis can range from green to brown or reddish, depending on its botanical source 3.
Table 1 presents the main types of propolis, their botanical sources, and origins.

Table 1. Main types of propolis, their botanical sources, origin, and main chemical composition.

Type of

Main chemical

. Botanic source Origin L. Reference
propolis composition
Green Baccharis Southeast Artepillin C (21,24, 25)
dracunculifolia DC region of Brazil Baccarin
(Cerrado areas) Drupanin
Red Dalbergia ecastaphyllum Northeastern Retusapurpurin A 21,26.27)
(L), Symphonia coast of Brazil, Retusapurpurin B
globulifera Lf. (Brazil) Cuba, Mexico, Formononetin
Clusia scrobiculata, China, Venezuela Biochanin A
C. minor, C. major Medicarpin
(Venezuela)
C. rosea (Cuba)
Brown Pinus spp. Northeast of Pinocembrin (24,29)
Eucalyptus spp. Brazil, Mexico, Pinobanksin
Araucaria angustifolia Europe, North Galangin
Hyptis divaricata America, Asia Chrysin
Caffeic acid phenethyl
ester (CAPE)
Yellow Undetermined Central-Western Triterpenoids 28)
region of (oleanane, lupane, ursane,
Brazil, Cuba lanostane skeletons)
Dark Mimosa hostilis Benth. Northeastern 3,4-dihydroxybenzoic acid @5)
of Brazil Rutin

Trans-cinnamic acid
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For optimal utilization of the phenolic compounds in propolis, they should be purified through
solvent extraction. This process removes inert materials and preserves the phenolic fraction ®. The
most popular technique for producing propolis extracts is ethanol extraction, as the active substances
in propolis are soluble in ethanol ©%, However, extraction with hydroalcoholic solutions has also shown
significant effects on the extraction of phenolic compounds from propolis ©7.

The chemical composition of propolis is vast and complex. It includes phenolic compounds
(phenolic acids, their esters, and flavonoids) as the primary components, and fatty acids, carbohydrates,
aldehydes, amino acids, ketones, chalcones, dihydrochalcones, terpenoids, vitamins, and inorganic
substances as the minor components > ", The chemical complexity of propolis is attributable to the
wide variety of plants from which the bees collect it. The composition of propolis varies depending on
factors such as its botanical origin, the type of bees that collect it, and local climate and vegetation.
The chemical composition of propolis is more complex in areas with higher vegetation diversity ©3.
According to Bankova ©), it is important for researchers studying the biological activity of propolis to be
aware of the standardization concern and to distinguish between different types of propolis. Propolis
has been the subject of numerous pharmacological studies due to its antimicrobial, antifungal, antiviral,
anti-inflammatory, hepatoprotective, antioxidant, antitumor, and immunomodulatory properties 3439,
This biological potential is due to the synergism among its many constituents ©", including phenolic
compounds.

Phenols are the main components of the poplar type propolis, constituting approximately 28 + 9
% of its total mass. Within this, 8 + 4 % consists of flavones/flavonols, and 6 + 2 % consists of flavanones/
dihydroflavonols. Phenols, including flavonoids, lignans, caffeoylquinic acid derivatives, hydroxycinnamic
acid derivatives, and terpenes, are considered the primary active molecules in propolis from temperate
and tropical climates and some Mediterranean regions. Among these, flavonoids are the most important
and function as the main biologically active ingredients in propolis 7.

Propolis is typically divided into different groups such as Poplar, Birch, Green, Red, Pacific, and
Mediterranean, based on its botanical sources and primary constituents ©®. These categories are closely
linked to geographical zones, including temperate, Mediterranean, subtropical, and tropical global
regions ®9, Different plant sources influence the chemical composition of propolis, particularly its phenolic
profile. In temperate zones (Europe, Asia, and North America), propolis is characterized by high levels of
flavanones and flavones and low levels of phenolic acids and their esters “°. Complex profiles of phenolic
compounds have been described in propolis from tropical regions, including prenylated p-coumaric
acids, prenylated flavonoids, caffeoylquinic acid derivatives, and lignans “' 42, Tropical propolis samples,
especially those from Brazil, showed significant differences in their chemical compositions compared
to propolis from temperate zones. Therefore, Brazilian propolis has become a subject of great interest
for scientists. Among the flavonoids found in Brazilian propolis, acacetin, pinobanksin, kaempferol,
apigenin, pinocembrin, chrysin, galangin, isosakuranetin, and betuletol are notable “3-49,

Brazilian green propolis is one of the most extensively researched propolis types worldwide. The
chemical composition of green propolis it a promising natural product with diverse applications in
the pharmaceutical industry. This explains its empirical use over the centuries #”. Among the phenolic
compounds found in Brazilian propolis, Artepillin C (Figure 1) has attracted the most attention from
researchers and has been extensively studied in recent years.
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Figure 1. Artepillin C, a phenolic compound of Brazilian green propolis.

Artepillin C was first discovered in Brazilian propolis in 1994 by Aga et al. *® who identified its
antibacterial activity. This discovery, and its structural similarity to caffeic acid phenethyl ester (CAPE)
(the presence of a trans-cinnamoyl system) increased interest in this compound. Several important
pharmacological activities have been identified over a short period, and some studies have revealed the
mechanism of action of Artepillin C “?,

Recently, various biological activities, such as antioxidant, antimicrobial, and antitumor, have been
attributed to Artepillin C ©% 5V, Several studies have reported the presence of Artepillin C in Brazilian
propolis.Chang et al. “ analyzed ethanol extracts of Brazilian green propolis (Baccharis dracunculifolia)
and identified Artepillin C (63 % of the base peak) in the analyzed extracts. Other researchers have also
found this compound in Brazilian propolis extracts, with Artepillin C becoming an important indicator of
the quality of Brazilian propolis '3,

Therefore, propolis has been studied for use in ruminants and monogastric animals, aiming to
replace or complement commonly used drugs and growth-promoting additives in livestock.

2.1 Main applications of propolis in the production and health of livestock

Propolis is a promising additive for animal production owing to its antimicrobial, antioxidant, and
anti-inflammatory properties. Its use can reduce the need for antibiotics, thereby decreasing the risk
of antimicrobial resistance. Additionally, propolis contributes to improved gastrointestinal health by
promoting balanced microbiota and increasing feed efficiency. Studies have shown improvements in
weight gain and immunity in poultry, swine, and ruminants. Propolis also aids in wound healing and the
prevention of respiratory diseases, contributing to the overall health of animals and, consequently, to
the productivity and quality of animal products.
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2.2.1 Monogastric animals

The use of propolis in monogastric livestock such as swine and poultry has evolved significantly
in recent decades. Initially, its use was limited and poorly studied; however, with increased research, its
antimicrobial, antioxidant, and anti-inflammatory properties have been discovered.

Ma et al. ®® conducted two experiments to compare the immune-enhancing effects of propolis,
oil emulsion, and aluminum salt in guinea pigs vaccinated with an inactivated porcine parvovirus (PPV)
vaccine. PPV primarily affects pigs and causes reproductive failure in breeding herds. Vaccination is the
primary control method used to protect breeding sows and gilts to ensure the birth of healthy litters.
The authors observed that all three adjuvants increased the antibody titer, T lymphocyte proliferation,
and IL-2 and IL-4 secretion from splenic lymphocytes. Propolis performed similarly to oil emulsions and
was better than aluminum salt, especially during the early vaccination period. In a subsequent immune
protection test, propolis and oil emulsions enhanced the antibody titer, increased IL-2 and IL-4 levels in
serum, and reduced PPV content in the blood and organs. Propolis was particularly effective atimproving
the cellularimmune response, suggesting its potential as an effective adjuvant for inactivated vaccines.
This highlights propolis as a promising alternative to vaccine formulations.

In another study, Li and Kim ©® assessed the effect of adding Saccharomyces cerevisiae cell
wall extract and poplar propolis ethanol extract (SPE) on the growth, digestibility, blood profiles, fecal
microbiota, and fecal noxious gas emissions in growing pigs. The pigs were divided into three dietary
groups: a control diet and diets with 0.05 % or 0.10 % SPE. The results indicated that the inclusion
of propolis extract improved the growth performance, nutrient digestibility, and fecal microbial
composition. Additionally, a significant reduction in the emission of harmful fecal gases such asammonia
and hydrogen sulfide was observed. These findings suggest that propolis can be a beneficial dietary
supplement for pigs, contributing to more efficient growth and reduced environmental impacts.

Additional properties of propolis have also been demonstrated in animal studies. Both red and
green propolis exhibited considerable antiviral activity against herpes viruses in animals. Simoni et al.
60 conducted a study that analyzed the antiviral potential of three types of propolis from two different
regions of Brazil against equine, porcine, and bovine herpes viruses. The authors also compared the
inhibitory effects of propolis obtained from these two bee species. The propolis samples included red
and green types from Africanized Apis mellifera and a third type from Tetragonisca angustula (jatai).
Additionally, Baccharis extracts were obtained from four species: B. oblongifolia, B. burchellii, B.
dracunculifolia, and B. uncinella. The study used nontoxic concentrations of the extracts that showed
no morphological changes in the cells during antiviral tests. The results indicated that red propolis
was effective against all three herpesviruses, green propolis was effective against equine and swine
herpesviruses, and jatai propolis showed no antiviral activity. Most Baccharis extracts displayed antiviral
activity against bovine and swine herpesviruses, and only the female B. oblongifolia extract inhibited
equine herpesviruses. The results of that study show that the botanical origin of propolis influences its
flavonoid and phenolic composition, which enhances some of its biological properties.

Plant-based additives such as propolis are included in animal feed because of their health benefits.
They can improve animal performance and well-being, and reduce the need for antibiotics due to their
antimicrobial properties. These additives are commonly included in pig diets worldwide, especially
during weaning. Weaning can be stressful for young pigs as they suddenly transition from their mother's
milk to dry feed, often leading to digestive issues and diarrhea, which is the primary cause of death at
this stage 7).
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In a study with weaned piglets, Stoli¢ et al. “® evaluated the influence of native propolis on the
growth performance by monitoring changes in selected biochemical parameters. The piglets were
divided into a control group fed standard feed and an experimental group supplemented with 1 g/kg
propolis. That study shows that the health effects of propolis depend on its composition, metabolism,
and dosage. Supplemented piglets presented higher levels of cholesterol, triglycerides, urea, and liver
enzymes than those in the control group, whereas albumin levels were reduced. These changes, which
are within the physiological range, suggest the immunomodulatory activity of propolis. The experimental
group had a lower incidence of diarrhea, likely due to the presence of antimicrobial compounds, such
as cinnamic acid. The increase in alanine aminotransferase indicates faster growth, which is influenced
by propolis ingredients such as isoflavonoids. That study showed that propolis-enriched foods positively
affect overall health, resulting in the faster growth of healthier and heavier animals in the long term.

More recently, Ma et al. ®® investigated the chemical composition, anti-PPV efficacy, and
immunological enhancement of a propolis flavone ethanolic extract. The authors identified specific
flavonoids responsible for immunomodulatory effects and highlighted their potential to boost the
immune response. Additionally, that study demonstrated the antiviral properties of propolis against
PPV, suggesting its efficacy as a natural alternative for disease prevention in pigs. These findings support
the use of propolis to improve animal health and reduce the reliance on synthetic drugs.

Recent studies have explored the use of propolis in poultry farming, particularly in broilers
and laying hens, emphasizing its potential to improve health and productivity. In broilers, propolis
supplementation has shown the potential to enhance growth rate, feed efficiency, and meat quality,
while also reducing the incidence of diseases and improving the birds' immune response. In laying hens,
propolis has been primarily evaluated for its effect on egg quality and bird health. Research on the use
of propolis in poultry farming is growing, and the results thus far are promising, suggesting that this
natural product could be a viable alternative to antibiotics and other synthetic additives, contributing to
more sustainable and healthy poultry production.

Shalmany and Shivazad ©” investigated the effects of dietary propolis supplementation in Ross
broiler chickens. The results showed that propolis supplementation significantly improved weight gain,
feed conversion, and productive efficiency of birds. Additionally, there was a reduction in mortality and
an improvement in the overall health of broilers, which was attributed to the antimicrobial and anti-
inflammatory properties of propolis. The supplemented birds also exhibited better intestinal integrity,
which favored nutrient absorption. Overall, the authors concluded that propolis could be an effective
dietary supplement for improving the performance and health of broiler chickens.

Propolis is also a beneficial supplement for mitigating the negative effects of heat stress in broiler
chickens and improving both behavior and feather quality. A previous study indicated that propolis
supplementation significantly reduced stress-related behaviors, such as aggression and agitation.
Additionally, there was an improvement in the feather score, suggesting better physical condition and
well-being of the birds. Broilers fed higher levels of propolis exhibit reduced mortality rates and increased
heat resistance ©".

In another study, Daneshmand et al. 2 analyzed the complementary effects of an 70 % ethanolic
extract of Iranian propolis combined with probiotics in male broiler chickens. The combination of propolis
and probiotics significantly improved growth performance, as reflected by increased weight gain and
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improved feed conversion. Additionally, the immune response was enhanced, with increased antibody
levels and phagocytic activity. Analysis of serum metabolites revealed improvements in lipid and protein
profiles, indicating better metabolic health in birds. In conclusion, the combination of propolis extract
and probiotics can potentiate the beneficial effects of both supplements by promoting growth, immune
health, and metabolic balance in broiler chickens.

The combination of propolis and bee pollen in the diet can effectively improve liver health and
reduce the incidence of hepatic pathologies in broiler chickens ©*. The effects of dietary supplementation
with propolis and bee pollen on liver pathology in broilers were examined. Supplementation with
both compounds resulted in a significant reduction in liver lesions, including degeneration and fatty
infiltration. Histopathological analysis revealed an improvement in the integrity and function of the liver
in the supplemented birds. Additionally, a decrease in hepatic oxidative stress markers was observed,
indicating a protective antioxidant effect.

Including raw propolisand bee pollenin the diet can promote intestinal health and enhance nutrient
absorption and the structural integrity of the intestine in broiler chickens. Prakatur et al. ¥ investigated
the effects of propolis and bee pollen supplementation on the intestinal morphology of broilers. They
observed that the supplemented birds showed a significant increase in villus height and crypt depth,
indicating an improved nutrient absorption capacity. Additionally, there was a reduction in intestinal
lesions and inflammation. Supplementation also increased digestive enzyme activity, suggesting an
improved digestive efficiency.

Propolis has also been studied for use in the production of laying hens. It can be an effective
supplement for improving immunity and antibody production in laying hens, thereby contributing to
their health and productivity. A study evaluated the effects of a propolis extract supplementation (30
g of propolis in a volume of 100 mL with 70 % ethanol) on antibody production in laying hens and
observed that hens supplemented with propolis showed a significant increase in antibody production,
specifically against common antigens used in vaccination. Supplementation resulted in an improvement
in the humoral immune response, as indicated by increased antibody titers. The supplemented birds
also exhibited better infection resistance and a lower incidence of disease ©°.

Another study investigated the effects of different levels of dietary propolis on hematological and
immunological parameters in laying hens ©. The researchers found that including Turkish propolis
prepared with 70 % ethanol at a dose of 3 g/kg of diet could enhance the production of IgG and IgM
compared to those at lower or higher doses. They also suggested that the propolis dosage could play
a crucial role in immune stimulation in laying hens. Additionally, laying hens are frequently exposed to
various environmental, nutritional, physical, social, and pathological stresses, which can weaken their
immune function and make them more susceptible to starvation and infectious diseases. Therefore,
incorporating 3 g/kg propolis into the diet may help protect birds from the detrimental effects of stress
and reduce their vulnerability to infectious diseases.

The first study on the effect of propolis on fatty liver in laying hens was recently published ©”. The
aim of that study was to investigate the effects of propolis supplementation on the performance, liver
fat ratio, egg quality, and antioxidant enzymes in laying hens fed a high-energy diet that can lead to fatty
liver. The results showed that the liver fat ratio increased significantly and egg production decreased in
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hens fed the high-energy diet. However, when 200 mg/kg propolis was added to the diet, egg production
increased, liver fat ratio decreased, low-density lipid and triglyceride levels decreased, and antioxidant
enzyme activities, such as superoxide dismutase, catalase, and glutathione peroxidase, increased. This
suggested that adding 200 mg/kg propolis to laying hen diets can positively affect various parameters.

Propolis has also been studied in aquaculture, primarily as a growth promoter for fish. Abd-El-
Rhman ©® evaluated the increased resistance of Oreochromis niloticus to Aeromonas hydrophila
using raw propolis and its ethanolic extract as nonspecific immunostimulants, and studied their effects
on growth performance. They found that the best growth rate and feed conversion ratio were obtained
using the ethanolic extract. The increase in average daily gain, specific growth rate, and feed efficiency
ratio was highly significant in the ethanolic extract group, followed by that in the raw propolis, compared
to that in the control group. It was also verified that raw propolis and its ethanolic extract reduced A.
hydrophila-induced mortality compared to the control group. These results indicated that raw propolis
and its ethanolic extract activated the immune system of Nile tilapia. It is important to note that the
performance of the tilapia extract was superior to that of the ethanolic extract of propolis, compared to
raw propolis. This likely occurred because of the greater action of the extracted phenolics, as with other
components of propolis, such as waxes and resins, which impeded the action of the active compounds

in propolis.

Propolis has demonstrated significant effects as a growth promoter, a hepatoprotective agent,and a
nonspecificimmunostimulantin rainbow trout. Deng et al. ®® studied the effect of graded concentrations
of an ethanolic extract of propolis (EEP) on the growth performance and plasma biochemical parameters
of rainbow trout (Oncorhynchus mykiss). The authors found that supplemental EEP improved feed and
protein efficiency ratios. Additionally, dietary EEP supplementation typically increases plasma superoxide
dismutase, lysozyme, total antioxidant capacity, glutathione peroxidase, and catalase activities, while

decreasing plasma malondialdehyde levels.

Based on these results, propolis acts as a natural growth promoter, improving the feed efficiency
and overall growth performance of monogastric animals. Propolis also possesses strong antimicrobial
properties that prevent infections and reduce the need for antibiotics. In addition, it serves as an effective
immunostimulant, enhancing the immune response and resilience against diseases. Their antioxidant
properties contribute to improved health and reduced oxidative stress in monogastric animals. Overall,
propolis is a valuable natural additive that supports healthy and efficient monogastric production.

2.2.2 Ruminant animals

The use of propolis is aligned with the increasing demand for natural and sustainable farming
practices. Integrating natural additives such as propolis into livestock production offers a viable pathway
to meet the expectations of consumers who are becoming more health-conscious and environmentally
aware. Propolisisapromising natural additive that can enhance the health, productivity, and sustainability
of ruminants. Several studies have investigated the effects of propolis as a performance-enhancing
additive in ruminants. In dairy cattle, propolis improves milk yield and quality, thereby contributing to
higher economic returns for farmers 9. Its anti-inflammatory properties help reduce mastitis,a common
and costly issue in dairy farming. Additionally, propolis promotes gut health by modulating the microbial
population in the rumen, leading to improved digestion and nutrient utilization 7,
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De Aguiar et al.®V evaluated the antimicrobial activities of different Brazilian green propolis extracts
against selected ruminal bacteria belonging to the main functional groups (cellulolytic, amylolytic, and
proteolytic). They found that of the 11 strains tested, eight were sensitive to propolis extracts. The authors
also evaluated the effect of some of the main flavonoids and phenolic acids present in Brazilian propolis
(including Artepillin C) on these same strains. They found that only naringenin exhibited inhibitory
effects against all strains, suggesting that the antimicrobial action of propolis does not rely on a single
component but rather on the synergism between them.

Aguiar et al. " evaluated the effects of three propolis-based products (PBP) (with different
concentrations of green propolis and alcohol content) on intake, digestibility (ruminal and intestinal), and
blood parameters. They observed that all three PBPs reduced the ruminal digestibility of crude protein
(CP), suggesting that PBPs increase nitrogen metabolism in the rumen by reducing the population of
ammonia nitrogen (NH,-N)-producing bacteria, thereby increasing the flow of microbial protein to
the intestine. The authors also reported that one of the PBPs reduced ruminal NH;-N concentration,
indicating a positive effect on protein metabolism. In another study, Aguiar et al. "V observed that
the dietary inclusion of PBP improved milk quality by modifying the fatty acid profile, enhancing CLA
(cis9,trans11-18:2), increasing mono-and polyunsaturated FAs, reducing saturated FAs and the né:n3
ratio, and boosting the antioxidant capacity of milk.

In 2014, the first study characterizing propolis-tolerant isolates from the rumen of Brazilian
cattle was published 72, In that study, the authors used phenotyping and 16S rRNA identification.
These bacteria belong to the phyla Firmicutes and Proteobacteria, predominantly streptococci (likely
Streptococcus bovis) with amylolytic activity, as well as Escherichia coli, along with some strains of
Clostridium bifermentans and Mitsuokella jalaludinii. Most of the isolated strains exhibited amylolytic
and/or saccharolytic activities and were gram-positive bacteria.

Silva et al. " studied the effects of Brazilian green propolis extracts on the presence of gram-
positive and gram-negative bacteria in the ruminal fluid of cattle. They concluded that the products
used as additives in this experiment could influence the characteristics of ruminal flora by altering its
bacterial composition. The authors observed that propolis-based treatments were selected for both
gram-positive and gram-negative bacteria, corroborating the findings of Aguiar et al. ", who concluded
that the mechanism of action of propolis on bacteria does not depend on the permeability of the
bacterial outer membrane, as is the case with ionophore additives.

Gomes et al. " tested the addition of different concentrations and doses of brown propolis extract
to the diet of ruminants, investigated the effects of this supplementation on diet degradation in ruminal
fluid, and evaluated the kinetics of cumulative gas production in vitro using nonlinear logistic and dual
exponential models. The authors found that diets supplemented with 100 % ethanolic extract of brown
propolis promoted dietary degradability and cumulative gas production in vitro, concluding that the
ethanolic extract of brown propolis can be included as a nutritional additive in ruminant diets.

The addition of propolis and vitamin E to diets containing flaxseed oil for dairy cows proved beneficial,
as it did not negatively affect digestive parameters (antimicrobial effect) and had a positive effect on
milk quality due to its antioxidant properties 7. that study also found that the addition of propolis to the
diet increased the production of ¢is9,trans11-18:2 CLA in milk and the count of Butyrivibrio fibrisolvens
in the rumen, without influencing the effects of flaxseed oil on other studied parameters.
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These studies show that propolis acts on rumen microorganisms through its antimicrobial and
antioxidant properties. Studies have shown that propolis can selectively inhibit certain harmful bacteria
while promoting the growth of beneficial bacteria. It affects rumen microbial composition by reducing
the abundances of gram-positive and gram-negative bacteria, such as Escherichia coli, and enhancing
the growth of beneficial species, such as Butyrivibrio fibrisolvens. Propolis also alters fatty acid profiles,
increases CLA production, and improves antioxidant capacity, contributing to overall rumen health and
nutrient utilization in ruminants. Its mechanism of action is distinct from that of ionophore additives
because it does not rely on altering bacterial membrane permeability.

Varela et al. " evaluated whether feeding propolis extract (PE) influences nutrient intake, milk
production and composition, serum biochemistry, and physiological parametersin dairy cows under heat
stress. They observed that providing 64 mL/day of PE tended to increase milk production by 11.64 % and
improve the cows' gross feed efficiency by 12.04 %. The provision of PE did not affect milk composition
or blood parameters but reduced the cows' rectal temperature and respiratory rate. Propolis can help
reduce thermal stress in ruminants owing to its antioxidant and anti-inflammatory properties. It works by
neutralizing free radicals that can worsen the effects of high temperatures, thereby alleviating oxidative
stress. In addition, propolis helps regulate inflammatory responses, resulting in improved overall health
and comfort in animals. By enhancing immune function and reducing heat-induced oxidative damage,
propolis helps ruminants cope with heat stress more effectively.

In a study on small ruminants, de Melo Garcia et al. "® evaluated the effect of increasing levels of
red PE in the diet of confined sheep. They examined its effect on animal performance, morphometric
parameters of the rumen and intestine, and histopathological parameters of the liver and kidneys. It
was concluded that red PE can be used as a natural food additive to increase the absorptive areas of the
rumen and intestine, enhance intestinal health, improve the hepatic glycogen index, and promote total
weight gain in confined sheep without causing liver or kidney damage.

Propolis is also increasingly being used as a preventive measure against bovine mastitis due to its
potent antimicrobial and anti-inflammatory properties. When applied, it can help reduce the incidence
and severity of mastitis by inhibiting pathogen growth and soothing udder inflammation. Studies have
shown that propolis can decrease somatic cell counts in milk, indicating improved udder health. Some
studies have reported antimicrobial activity of propolis against certain bacteria responsible for bovine
mastitis. Loguercio et al. " assessed the in vitro activity of an ethanolic PE (EPE) (50 % propolis [w/v]
in alcoholic solution) and commonly used antimicrobials against bacterial agents of bovine mastitis.
That study used 36 coagulase-positive Staphylococcus sp. isolates and 27 Streptococcus sp. isolates,
with 94.4 % of Staphylococcus spp. and 85.2 % of Streptococcus spp. being susceptible to the PE.
Saeki et al. "® isolated Staphylococcus aureus from milk samples of mastitic animals and evaluated its
sensitivity to commercial antibiotics and a 30 % PE. They found that the antimicrobial effect of propolis
on Staphylococcus aureus was equally effective (above 90 %) as commonly used antimicrobials for
treating this disease. Barbosa et al. 7 determined the in vitro inhibitory potential of propolis against
Staphylococcus aureus and observed that propolis has an inhibitory action against this mastitis-causing
bacterium, making it an alternative to conventional bactericides for in vivo treatment studies. Meanwhile,
Klahr et al. ® evaluated the in vitro antimicrobial activity of an EPE at different concentrations against
the main mastitis-causing bacteria. They found that EPE exhibited inhibitory activity against 100 % of the
tested bacteria at concentrations above 10 % (w/v) propolis.
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Propolisisimportant in preventing bovine mastitis due to its strong antimicrobial properties against
mastitis-causing bacteria such as Staphylococcus aureus and Streptococcus sp. Studies have shown
that PEs can effectively inhibit these pathogens and sometimes outperform conventional antibiotics.
Its natural origin and reduced risk of antibiotic resistance make it a promising alternative for preventing
mastitis. In addition, propolis exhibits anti-inflammatory and healing properties, further supporting
the udder health of dairy cows. These attributes highlight its potential as a valuable tool in dairy herd
management.

2.3 Challenges in standardizing propolis for animal production: A brief discussion

The application of propolis in animal production has shown broad and diverse benefits, especially
in monogastric animals such as swine and poultry. EPEs have been used in various studies due to the
high bioavailability of phenolic compounds and flavonoids. For instance, their inclusion in swine diets
improves productive performance, nutrient digestibility, and fecal microbiota composition, while
reducing the emissions of harmful gases such as ammonia and hydrogen sulfide. These results suggest
that the active compounds, which are better extracted from ethanolic solutions significantly affect
intestinal health and the environment.

In poultry farming, ethanolic extracts of propolis have shown potential in combating heat stress
and promoting intestinal integrity, thereby favoring weight gain and feed efficiency in broiler chickens.
Additionally, in laying hens, propolis supplementation helped reduce liver fat and improve egg
quality, especially when fed high-energy-density diets. These results confirm the hepatoprotective and
antioxidant benefits of propolis extracted with ethanol.

Raw propolis, on the other hand, has also been used in studies with promising results. Although
the presence of wax and resins limits the bioavailability of their active compounds, their positive effects
on the immunity and performance of fish and poultry have been attributed to their antimicrobial
and immunomodulatory properties. However, compared to ethanolic extracts, raw propolis showed
less pronounced effects on growth and feed conversion, highlighting the importance of selecting an
extraction method based on the intended purpose. Notably, despite the positive results observed
with raw propolis, its practical use has become unfeasible. This is because, in addition to the high cost
of propolis sold in its raw form, its use in health and monogastric production is expensive. The large
number of animals used in farming operations, whether in poultry, swine, or fish production, makes the
use of raw propolis impractical. Moreover, the cost of raw propolis is very high because, without solvent
extraction, the action of its phenolic compounds is significantly reduced because other components
(such as wax) hinder the release of these compounds.

Another important observation is that when comparing these studies with the types of propolis
used, the influence of the chemical profile of propolis on its efficacy becomes evident. Based on the
above studies, red propolis demonstrated greater antiviral activity, whereas green propolis was effective
against herpes viruses in swine and horses. The botanical origin and species of bees producing propolis
also play crucial roles, as the composition of flavonoids and phenols varies depending on the location
and predominant flora.

In ruminants, the effects of propolis supplementation are significantly influenced by the type of
propolis used and the extraction methods employed to isolate the phenoliccompounds. This relationship
arises from variations in chemical composition among different types of propolis and the impact of
extraction techniques on the availability and efficacy of bioactive compounds.
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Studies have shown that green propolis exhibits strong antimicrobial and anti-inflammatory
activities, positively modulating ruminal microbial flora. For instance, it promotes an increase in beneficial
bacteria, such as Butyrivibrio fibrisolvens, which are responsible for synthesizing CLA, while reducing
the populations of ammonia-producing bacteria, such as Clostridium aminophilum. This modulation
enhances protein digestion and milk quality, as evidenced by increased levels of unsaturated fatty acids
and higher antioxidant capacity in milk.

Brown propolis, which contains a lower concentration of flavonoids than green propolis but remains
relevant for ruminant supplementation, has an efficacy tied to concentrations and extraction methods.
For example, ethanol extracts of brown propolis demonstrated improved dietary degradability and
increased cumulative gas production, indicating their potential as zootechnical additives.

Although less studied, red propolis, rich in isoflavones and polyphenols, suggests beneficial effects
on ruminant intestinal health. Studies on sheep have shown that red propolis can increase absorptive
areas in the rumen and intestines, promoting greater weight gain without causing organ damage.

The extraction methods also play a crucial role. The choice of solvent and technique affect the
concentration and bioavailability of phenolic compounds. Studies highlight that extracts obtained with
70 % or 100 % ethanol exhibit greater antimicrobial and antioxidant efficacy due to better solubilization
of flavonoids and phenolic acids. However, the choice of ethanol concentration can modulate the
results. For example, appropriate doses of ethanolic extracts of brown propolis result in improved feed
degradability in the rumen. Meanwhile, high-concentration alcoholic extracts demonstrated greater
efficacy in ‘in vitro’ studies against bacteria such as Staphylococcus aureus and Streptococcus spp.,
suggesting that concentrations above 10 % propolis in alcoholic solutions are necessary for consistent
results.

Importantly, the efficacy of propolis does not rely on a single compound but rather on the synergy
among its bioactive components. Therefore, the selection of the type of propolis and extraction method
should be strategic and based on specific supplementation goals such as improving ruminal health, milk
quality, and productive performance. Standardizing extracts and defining safe and effective doses are

fundamental steps in optimizing their use in ruminant nutrition.

The type and chemical composition of propolis are closely linked to local flora. The predominant
vegetation in the region where bees collect resins directly influences the type of propolis obtained,
such as brown, green, and red, resulting in distinct chemical compositions and biological properties.
Certain compounds serve as characteristic markers of the different types of propolis. A notable example
is Artepillin C, a phenolic compound identified in Brazilian green propolis. The high concentration in this
type of propolis is due to its specific botanical source, which gives it a unique chemical composition that
applies to all types of propolis.

Furthermore, some botanical sources are exclusive to or predominant in specific regions, making
it impossible to consider propolis a uniform substance with identical composition and biological
properties. Another critical factor is the extraction method used; the type of solvent (water, ethanol,
or methanol) and the ratio between them (water/alcohol ratio) influence the ability to extract phenolic
compounds and their concentrations. Because raw propolis does not exhibit significant effectiveness, it
is essential to extract its active compounds.
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These variables make it infeasible to standardize propolis, as the composition and concentration
of the extracted phenolic compounds depend on both the type of propolis and the extraction method
used. This directly affects its biological properties, such as antimicrobial and antioxidant activities.
Therefore, studies on the effects of propolis on animal health and production cannot be analyzed in
absolute terms. Instead, it was necessary to associate the observed effects with the specific propolis
extracts used in each study.

4. Conclusion

The use of propolis in animal production has gained prominence, particularly due to growing
concerns regarding increasing microbial resistance and the indiscriminate use of antibiotics. Propolis
improves the productive performance and health of monogastric animals and ruminants primarily due
to its antimicrobial properties. However, the type of propolis and the extraction methods used play
crucial roles in determining the composition and concentration of phenolic compounds responsible
for the observed effects. Therefore, to better interpret the results and develop more targeted future
studies, it is essential to link the types of propolis extracts to the extracted phenolic compounds, thereby
enabling a deeper understanding of their mechanisms of action on animal health and production.
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