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Propolis in the control of bacterial bovine mastitis: a tool
for the production of organic milk

Prépolis no controle de mastite bovina bacteriana: uma
ferramenta para a producao de leite organico
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Highlights

Natural antiseptic based on propolis promoted had an antibacterial effect.
Greatly reduced concentrations of Enterobacteriaceae and Staphylococcus spp. in vivo.
lodine-free compound neither compromised equipment nor harmed the skin.

Abstract

Bovine mastitis is one of the main causes of economic damage in dairy farms. Therefore, the control and
prevention of microorganisms involved in this disease, mainly Escherichia coli, Staphylococcus aureus, and
Streptococcus agalactiae, are essential. One of the most important steps for the prevention of the disease
is the use of antiseptic products before and after the milking process to avoid bacteria from infecting the
udder of the animal. Currently, the most used antiseptic product in dairy farms is iodine-based, and organic
dairy farms, which follow several strict regulations, including the use of natural products whenever possible,
are often forced to adopt non-natural antiseptic products, such as iodine-based ones, because of the lack
of natural alternatives. Propolis, a natural substance produced by honeybees, has been extensively studied
for its various properties, one of which is antimicrobial activity. Therefore, a new natural antiseptic product
containing 1% propolis in 10% hydroalcoholic solution for the pre-dipping, and 10% glycerol solution
added with 0.2% citronella oil for the post-dipping was analyzed for its capacity to reduce bacteria in vivo
in order to prevent bovine mastitis, allowing its use on organic dairy farms. A total of 128 samples were
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analyzed in terms of bacterial growth for Enterobacteriaceae and Staphylococcus spp. using the spread-
plate technique. The reduction in the bacterial concentration after the application of the products was
compared between two antiseptic solutions, an iodine-based solution as the control and a propolis-based
one as the natural alternative. The results obtained show a similar efficiency for both products in terms of
total bacterial reduction, indicating considerable antimicrobial activity against bacteria most commonly
associated with bovine mastitis. Molecular analysis was carried out for the identification of Streptococcus
agalactiae; the PCR results were negative for the presence of S. agalactiae in all samples, indicating that
the animals most likely did not have any form of the disease. The efficiency of the natural antiseptic was
satisfactory, indicating an important find facilitating organic milk production worldwide, showcasing a
natural antiseptic solution with efficient antimicrobial activity.

Key words: Biological control. Pest insects. Egg parasitoid. Enthomopatogenic fungi.

Resumo

A mastite bovina é uma das principais causas de prejuizo econdmico na industria leiteira, portanto o
controle e prevengcdo de microrganismos envolvidos nessa doenca, principalmente Escherichia coli,
Staphylococcus aureus e Streptococcus agalactiae é essencial. Uma das principais etapas na prevencgao
dessa doenca é o uso de produtos antissépticos antes e depois do processo de ordenha, a fim de evitar
contaminacdo bacteriana no Ubere do animal. Atualmente, o produto antisséptico mais utilizado na
industria leiteira é a base de iodo, e fazendas produtoras de leite organico, que precisam seguir uma série
de regulacdes estritas, incluindo o uso de produtos naturais sempre que possivel, sdo frequentemente
forcadas a adotar antissépticos nao-naturais, como os a base de iodo por falta de alternativas naturais.
Prépolis, uma substéncia natural produzidas por abelhas, tem sido extensivamente estudada por suas
varias propriedades, sendo uma delas antimicrobiana. Portanto, um novo produto antisséptico natural
contendo prépolis a 1% em solugdo hidroalcdolica 10% para o pré-dipping, e glicerinada 10% adicionada
de 6leo de citronela a 0,2% para o pds-dipping, foi avaliada quanto a sua capacidade de reduzir bactérias
in vivo e prevenir a mastite bovina, além de poder ser utilizado na industria leiteira organica. Um total
de 128 amostras foram analisadas em termos de crescimento bacteriano para Enterobacteriaceae e
Staphylococcus spp. utilizando a técnica de plagueamento em superficie, a redugao da concentragao
bacteriana apés a aplicacdo dos produtos foi comparada entre duas solu¢cdes antissépticas, uma solugao
a base de iodo servindo como controle, e uma solucdo a base de prépolis como a alternativa natural.
Os resultados obtidos mostraram uma eficiéncia similar entre os produtos a base de iodo e prépolis em
termos de reducao bacteriana total, indicando uma grande atividade antibacteriana contra as bactérias
mais comumente associadas com a mastite bovina. Realizou-se analise molecular para a identificacdo de
Streptococcus agalactiae, os resultados da PCR foram negativos para a presenca de S. agalactiae em
todas as amostras, indicando que os animais provavelmente ndo possuiam nenhuma forma da doenca.
A eficiéncia do antisséptico natural foi satisfatéria, indicando um achado importante para auxiliar o
crescimento da industria de leite organico de forma mundial, mostrando uma solug¢éao antisséptica natural
com atividade antimicrobiana eficiente.

Palavras-chave: Antisséptico. Mastite. Microrganismos. Natural. Propolis.
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Introduction

The milk industry has been growing
worldwide, and consequently, dairy farmers
are constantly searching for new products
and methods to increase productivity. Along
with this growth, the demand for organic
products around the world is also increasing,
including organic milk and dairy products.

Each country has its own set of
regulations regarding organic production. |
Brazil, the federal organization responsible
for overseeing organic milk productions
is the Ministério da Agricultura, Pecuéria
e Abastecimento - MAPA. According to
the Ministério da Agricultura, Pecuaria e
Abastecimento [MAPA] (2011), organic dairy
farms are bound to follow a set of rules,
including the administration of antibiotics
only in case of disease and the use of natural
products when available.

Assuring the quality of the milking step
is the mostimportantaspectin the production
process, and it should be properly performed
to avoid milk contamination (Ruegg, 2017).
The most common and one of the most
effective cleaning processes involves the use
of two antiseptic solutions. The first is known
as "pre-dipping” and used before the milking
equipment is attached to the udder or before
the manual milking process to remove any
dirt and contaminants. The second antiseptic
solution is applied after the milking has been
completed in a process known as “post-
dipping”, cleaning and helping to protect
the udder canal from bacteria. This cleaning
processisimportantto avoid contamination of
the udder by pathogenic bacteria, decreasing
the chances for the development of bovine
mastitis and for colonization by bacteria,

thereby meeting the quality control standards
(MAPA, 2018). The microbiological quality
control regulation for raw milk was chosen
because there are currently no regulations
regarding the bacterial population on the skin
of dairy cows.

Bovine mastitis is an inflammation of
the udder and can be caused by a variety of
microorganisms (Gomes & Henriques, 2016).
In Brazil, bovine mastitis is the cause of large
economic losses for dairy farms (Lopes et
al., 2012), and the most frequently isolated
bacterial agents associated with bovine
mastitis are Escherichia coli, Staphylococcus
aureus, and Streptococcus agalactiae (Gao et
al., 2019; Gomes & Henriques, 2016; Heikkila ,
Liski, Pyorala, & Taponen., 2018; Monistero et
al., 2018).

Organic dairy farms have limited
options to choose from in terms of antiseptic
solutions to perform the pre-and post-dipping
processes, as there are no natural antiseptics
available to fulfill the organic regulation. Often,
iodine is used because of the lack of a natural
alternative.

Propolis-based products are
constantly being developed for multiple
reasons, based on properties such as
antioxidative (Galeotti, Maccari, Fachini, &
Volpi, 2018) and immunomodulatory (Bufalo,
Bordon-Graciani, Conti, Assis Golim, & Sforcin,
2014) activity. Propolis also has antimicrobial
properties (Przybytek & Karpinski, 2019), and
this could potentially lead to the development
of natural products in the animal field,
contributing to a variety of industries such as
organic milk production.

Thus, we evaluated the efficiency of
a newly produced natural antiseptic solution
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based on propolis in reducing the presence
of bacteria in the udder, including the main
agents of bovine mastitis, to be used as
an alternative on organic dairy farms while
conforming to the present regulations.

Materials and Methods

Sample collection

The samples were collected from dairy
cattle of the Girolando breed, between August
and October 2019, on an organic dairy farm
located in the city of Jaboticabal, Sdo Paulo,
Brazil.

A total of 128 samples were obtained
over four periods (1s-4%); each period
consisted of 32 samples from 8 previously
selected animals, 4 of which were treated as
a control using the commercially available
antiseptic based on iodine, namely povidone-
iodine, and for the remaining 4 animals, the
natural antiseptic was used, containing 1%
propolis (92% alcohol content, produced
by Schraiber. Brazil, batch: 6504) in 5L of
10% hydroalcoholic solution for the pre-
dipping, and 1% propolis in 5L of glycerol
solution for the post-dipping. All the samples
from each period were obtained from the
same eight animals specified above. For the
last two collection periods (3™ and 4%), the
natural antiseptic was reformulated by the
manufacturer, with the addition of citronella oil
as a repellent compound (2 drops in 1 liter of
solution, produced by Destilaria Bauru, Brazil,
batch: DBJM-OCT JV0167/18-1).

To verify the efficiency of the antiseptic
products, the samples were collected before
and after applying the antiseptic solutions
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to the skin of the animal. Samples collected
before the dipping process yielded the
current bacterial concentration on the skin,
whilst samples after the application displayed
the amount of bacterial reduction.

To collect the samples, sterile swabs
were rubbed three times around the skin of
the udder in a circular motion. The swabs
were stored in tubes containing 4.5 mL
of 0.1% peptone water (Kasvi, Brazil) and
transported to the Microbiology Laboratory
at the Universidade Estadual Paulista Julio
de Mesquita Filho, Faculdade de Ciéncias
Agrérias e Veterindrias - UNESP/FCAV in
thermal boxes at 5°C for microbiological and
molecular procedures.

Microbiological analysis

Serial dilutions up to 10° were
generated, and the samples were inoculated
in MacConkey Agar and Mannitol Salt Agar
(Oxoid, UK) for Enterobacteriaceae and
Staphylococcus spp. colony counting,
respectively. After inoculation, the media
were incubated at 37°C for 24 h, and the
colony-forming units per cm? (CFU/cm?) were
counted using the spread-plate protocol.

This process was repeated for each
collectionperiod,andthe CFUswerecompared
between the two antiseptic products in terms
of reduction in the total number of bacterial
agents both before and after the application
of the products. Following colony counting,
all the samples were inoculated in Eppendorf
tubes containing 500 pL of BHI broth (Kasvi,
Brazil) + 500 pL of 30% glycerol and stored at
-80°C for future molecular analysis.
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Molecular identification of Streptococcus
agalactiae

DNA extraction

For the DNA extraction, the samples
wereinoculatedin Eppendorftubes containing
500 pL of BHI broth using a sterile loop and
incubated at 37°C for 24 h. Following the
incubation, the genomic DNA was obtained
using a modified protocol for genomic
extraction (Kuramae, 2008). For this, 1 mL of
bacterial culture was transferred into a 2-mL
microtube and centrifuged at 13,400 rpm and
10°C for 2 minutes. Subsequently, the pellet
was suspended in 700 pL of extraction buffer
comprised of 160 mM Tris-HCI pH 8.0, 50
mM EDTA pH 8.0, 20 mM NaCl and 0.5% (w/v)
SDS, and the suspension was homogenized
and incubated in a water bath at 65°C for 40
minutes.

Following the incubation, 300 pL of
5 M potassium acetate were added, and the
solution was homogenized and incubated at
-20°C for 30 minutes. After incubation, 650
pL of a solution containing chloroform and
isoamyl alcohol (24:1 v/v) were added to the
tube, and the samples were homogenized
and centrifuged at 13,400 rpm and 4°C for 10
minutes. After centrifugation, the supernatant
was transferred to a new tube, and 1 mL of
absolute ethanol was added; subsequently,
the tubes were again homogenized and stored
at-20°C for 18 h.

The final extraction step consisted of
centrifugation of the tubes at 13,400 rpm and
10°C for 10 minutes. The resulting supernatant
was discarded, and the sediment was allowed
to airdry at room temperature for 30 minutes,
followed by resuspensionin 30 yL of TE buffer
containing 10 mM Tris-HCI pH 8.0 and 1 mM
EDTA pH 8.0.
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PCR assay

For the PCR reaction, the following
calculation was used to make the PCR mix
solution for one sample; the values were then
multiplied by the number of samples used
in each PCR reaction: 0.4 yL DNTP (10 mM),
2 pL 10X buffer solution (100 mM Tris-HCI,
500 mM KCI, and 0.8% Nonidet P40), 0.8 L
MgCl, (25 mM), 0.8 pL primer (10 pM), 0.2 pL
(1U) Tag DNA polymerase (Fermentas Thermo
Scientific, EU) and 13.8 yL of molecular grade
water, bringing the final volume of the solution
to 18 pL. The final step consisted of the
addition of 2 pL of sample DNA, completing
the mix solution for the PCR reaction.

The primers used in the reaction were
SAGF (5-TAGATGGCGAATTCACTGAGA-3))
and SAGR (5'-ATTGAGCAATCCCTATCACG-3'),
and the cycles consisted of a first stage at
95°C for 2 minutes, followed by 25 cycles each
comprised of a denaturation phase at 94°C for
30 seconds, an annealing phase at the primer-
specific temperature for 45 seconds, and an
extension phase at 72°C for 45 seconds. The
final extension cycle was at 72°C for 7 minutes
(Chiang, Pai, Chen, & Tsen, 2008).

Following the PCR, 5 pL of front dye
(0.25% bromophenol blue in 50% glycerol)
were added to each amplified product. The
amplified products, together with 100-bp DNA
Ladder (Invitrogen, USA), were added to a 1%
agarose gel containing ethidium bromide (1
pg/mL) immersed in 10X Tris-Borate-EDTA
(TBE) buffer and separated by electrophoresis
(90 V for 40 minutes). The gel was read in a
transilluminator (Molecular Imager® Gel Doc™
XR System 170-8170, Bio-Rad Laboratories,
USA) under UV light and photographed.

The statistical analysis was performed
using the split-plot methodology, where the
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F-test was used to compare both products
(control and treatment) in terms of overall
reduction for all four collection periods.

Results and Discussion

We obtained a satisfactory reduction
in CFU/cm? in the population of bacteria
when using the natural product, achieving
an antiseptic efficiency = comparable
to that of the iodine product in all four
sample collections. This resulted in an
average population of 102 and 103 for
Enterobacteriaceae and Staphylococcus

Table 1

spp., respectively, after the application. The
average populations of bacteria in CFU/cm?
before and after the application are shown
in Table 1. An improvement in the reduction
of Staphylococcus spp. was observed in the
second formulation of the natural product
when compared to the first, as shown in
Figure 1. This is likely due to the addition
of citronella oil, a natural compound with
repellent properties, as shown in a study by
Kongkaew, Sakunrag, Chaiyakunapruk and
Tawatsin (2011), potentially decreasing udder
contamination via biological vectors (Dieme
et al., 2015), therefore decreasing the total
population of bacteria in the sample.

Average reduction in the populations of Enterobacteriaceae and Staphylococcus spp. for all products
tested in each collection period, before and after the application

Enterobacteriaceae
population
(Pre-dipping)

Product used and

collection period

Enterobacteriaceae
population
(Post-dipping)

Staphylococcus
spp. population
(Pre-dipping)

Staphylococcus
spp. population
(Post-dipping)

UFC/cm?

UFC/cm?

UFC/cm? UFC/cm?2

lodine 15t period 1.1x103 0 2.8x105 4.4x103
Propolis 15t period 4.2x102 0 7.2x104 5.9x103
lodine 2" period 3.1x102 0 5.2x103 6.5x102
Propolis 2" period 1.4x103 2.3x102 1.8x104 6.6x103
lodine 3™ period 5.4x103 2.1x102 3.0x104 2.0x103
Propolis 3 period 1.2x103 1.0x102 1.2x104 1.3x103
lodine 4" period 1.2x103 2.0x102 1.6x104 2.9x103
Propolis 4*" period 1.0x103 1.0x102 3.8x104 7.0x103
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93%

Propolis (1st Formulation)

® Propolis (2nd Formulation)
81%

0.0% 10.0% 20.0% 30.0% 40.0% 50.0% 60.0% 70.0% 80.0% 90.0% 100.0%

Figure 1. Comparison between both formulations of the natural propolis antiseptic in regards of

total bacterial population reduction.

Enterobacteriaceae suffered
a larger reduction when compared to
Staphylococcus spp. for both products,
often being completely eliminated after the
application of the products. This result is in
contrast with the findings of Sforcin (2016),
where propolis showed higher antimicrobial
activity against Gram-positive bacteria than
Gram-negative ones, most likely because
of the membrane-specific components and
the production of hydrolytic enzymes by
these bacteria, disrupting the components
present in propolis. This difference in the
results could be explained by a possible
upregulation of efflux pump mechanisms of
resistance by the bacteria after the products
were applied (Jang, 2016), decreasing the
concentrations of chemical compounds
inside the bacterial cell and, consequently,
decreasing the antimicrobial effect. Some
studies have demonstrated this mechanism
regarding different antiseptic solutions (El
Sayed Zaki, Bastawy, & Montasser, 2019;
Htun, Hon, Holden, Ang, & Chow, 2019; Kampf,
2018). This is further supported by a study

Semina: Ciénc. Agrar. Londrina, v. 43, n. 2, p. 869-882, mar./abr. 2022

by Ignak, Nakipoglu. & Gurler (2017), where
a high prevalence for antiseptic resistance
genes was found for staphylococci regarding
various antiseptic compounds. Another
possibility is the change in proteins of the
membrane surface, granting resistance in the
presence of antiseptic agents, as observed
by Verspecht et al. (2019) regarding oral
pathogens. A recent study by Foster (2017)
has also shown a mechanism of resistance
to triclosan, a biocide that, like propolis and
povidone-iodine, has multiple cellular targets,
indicating that a resistance mechanism to
those antiseptics could be possible.

Both antiseptics usedinthis studyhave
multiple mechanisms of action (Almuhayawi,
2020; McDonnell & Denver Russell, 1999).
In the case of povidone-iodine (PVP-I), a
complex formed by the synthetic polymer
povidone and the halogeniodineg, freeiodine is
released into the solution and must penetrate
the cell to produce an antimicrobial effect,
such as oxidizing fatty acids, nucleotides, and
enzymes (Bigliardi et al., 2017).
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Regarding the natural antiseptic, the
reduction in the bacterial population could
be justified by the multiple components
in propolis with antimicrobial activity
(Almuhayawi, 2020), such as flavonoids
disrupting enzymatic activities (Plaper et al.,
2003; Tsai et al., 2012; Veloz, Alvear, & Salazar,
2019), phenolic compounds (Veiga et al.,
2017; Yoshimasu et al., 2018), and cinnamic
acids (Guzman, 2014; Vasconcelos, Croda, &
Simionatto, 2018), as well as compounds that
can stimulate the immune system (Adachi et
al., 2019).

Other factors regarding the less
impressive reduction in Staphylococcus
spp. compared to Enterobacteriaceae
might include a higher concentration of
Staphylococcus spp. in the samples (around
190% higher), a non-ideal concentration or
contact time for Gram-positive bacteria to
achieve similar reduction levels since the
antiseptic solutions were pre-made and the
contact time with the skin of the animals could
vary during the milking process, a higher
expression of intrinsic or acquired resistance
mechanisms, reducing the diffusion of the
antiseptic molecules into the bacterial cell
(LaBreck et al., 2020), and a seasonal variation
of the natural propolis; since the collection
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of the samples spammed a period of a few
months, the variation in the climate could have
affected the local flora, consequently altering
structures within the propolis and therefore
modifying its antimicrobial activity (Castro et
al., 2007; Pina et al., 2017).

Regarding Streptococcus agalactiae
identification, molecular analysis using
PCR was negative for all 128 samples. The
absence of S. agalactiae is in agreement
with the conditions found in this study, since
all animals studied neither showed any
clinical signs of mastitis nor a reduction in
milk production, suggesting that subclinical
mastitis was unlikely (Ashraf & Imran, 2018;
Lakew, Fayera, & Ali, 2019).

The statistical analysis showed no
significant difference in the overall reduction
between both products tested, for both
Enterobacteriaceae and Staphylococcus
spp. in pre and post-dipping processes (Table
2). This result indicates that both products
showed similar level of bacterial reduction
after application, strengthening the idea
of propolis and citronella as viable natural
alternatives for being used in antiseptic
solutions, achieving similar results to iodine
products.
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Table 2

F-test results showing the reduction level between the iodine and propolis-citronella products to
be overall not statistically significant, for both Enterobacteriaceae and Staphylococcus spp. in each
collection period

Enterobacteriaceae pre-dipping F-test Enterobacteriaceae post-dipping F-test

Variance DF SS MS F P Variance DF SS MS F P
lodine w. 18x100 1.8x10° 007% 07889 _odinew. 0 0 @ )
Propolis 1c* Propolis 1c

lodinew. 4 5 41010 Bax100 021" 06449 UMW 4 550100 22x100 451 00382
Propolis 2¢ Propolis 2¢

lodinew. 1 2 1400 7.1x10° 282% 00988 _°9MEW 4 s5.101 7.5x10° 002% 0.9026
Propolis 3¢ Propolis 3¢

lodinew. 14 Hq010 1.2x10° 005" 08273 UMW 4 5501010 22x10 0.45% 05052
Propolis 4c Propolis 4c

Staphylococcus spp. pre-dipping F-test Staphylococcus spp. post-dipping F-test

Variance DF == e 7 P Variance DF SS MS F P
lodinew. 1 2 q0n 17x10" 711 001 lodinew. ——, g4 101 81x10° 0.15% 0701
Propolis 1¢c Propolis 1c

lodinew. 4 63100 68x10° 003 08693 PNV 1 14%100 1.4x10 267 01077
Propolis 2¢ Propolis 2¢

lodinew. 1 5 441010 6.4x10° 003 0873 lodinew. 1 61010 1.8x10° 0.03% 0853
Propolis 3¢ Propolis 3¢

lodinew. 4 g 9010 19x100 008" 07802 _°dinew 6.5x101° 65x1010 1.20% 0.2775
Propolis 4c Propolis 4c

*c = collection period, 1st to 4th
DF = Degress of Freedom

SS = Sum of Squares

MS = Mean Square

NS = Statistically non-significant

Conclusions

The natural product using propolis and
citronella showed a great overall antiseptic
efficiency, comparable to that of iodine
products. This is an important finding for
organic dairy farms, since the main antiseptic
being currently used is iodine-based, and a
natural alternative with similar efficiency could
greatly encourage organic milk production.
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