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Abstract

The aim of this study was to evaluate the antimicrobial potential of the aqueous extract of green propolis in vitro
against mastitis-causing and in vivo bacteria, evaluating the efficacy of treatment in Lacaune sheep. In the in vitro
test, the minimum inhibitory concentration (MIC) was used; first, the MIC was obtained from the aqueous extract of
green propolis for the strain of Staphylococcus. aureus ATCC 25523, defined as 1 mg/ml. For bacterial agents
isolated from sheep with mastitis (Staphylococcus epidermidis, Staphylococcus intermedius, Staphylococcus hyicus,
Corynebacterium spp. and Acinetobacter spp.), The concentration of 10 mg/ml was determined, while for
Streptococcus equinus, Escherichia coli, and hemolytic E. coli, also isolated from sheep with mastitis, the
concentration capable of reducing bacterial growth was 100 mg/ml. In the in vivo test, ten sheep were used,
distributed in two treatments, five in the control group (CG) that received 2.5 ml of saline (vehicle), and five in the
treated group (GT) that received 2.5 ml of aqueous (saline) propolis extract by the mammary route. The propolis dose
tested (0.1 g/ml) was not effective for the treatment of mastitis, because the sheep remained positive in the racket test
(CMT). The main microorganism isolated in the cases of mastitis in this study was Staphylococcus epidermidis. These
results are preliminary; however, at the tested dose, the aqueous extract of green propolis delivered by the mammary
route had no curative effect of mastitis.

Keywords: Dairy sheep; Subclinical mastitis; Staphylococcus sp.; Green propolis; In vivo.

Resumo

O objetivo deste estudo foi avaliar o potencial antimicrobiano do extrato aquoso de prépolis verde in vitro contra
bactérias causadoras de mastite e in vivo, avaliando a eficcia do tratamento em ovinos da raga Lacaune. No teste in
vitro, utilizou-se concentracdo inibitéria minima (CIM); primeiro, a CIM foi obtida a partir do extrato aquoso de
prépolis verde para a cepa de Staphylococcus aureus ATCC 25523, definido como 1 mg/ml. Para agentes bacterianos
isolados de ovelhas com mastite (Staphylococcus epidermidis, Staphylococcus intermedius, Staphylococcus hyicus,
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Corynebacterium spp. e Acinetobacter spp.) a concentracdo de 10 mg/ml foi determinada, enquanto para
Streptococcus equinus, Escherichia coli e E. coli hemolitica a concentragio capaz de reduzir o crescimento bacteriano
foi de 100 mg/ml. No teste in vivo, foram utilizados dez ovinos, distribuidos em dois tratamentos, cinco no grupo
controle (CG) que receberam 2,5 ml de soro fisiologico (veiculo), e cinco no grupo tratado (GT) que receberam 2,5 ml
de extrato aquoso de propolis (salina) via intramamaria. A dose de propolis testada (0,1 g/ml) ndo foi eficaz para o
tratamento da mastite, pois as ovelhas permaneceram positivas no teste de raquete (CMT). O principal microrganismo
isolado nos casos de mastite neste estudo foi o Staphylococcus epidermidis. Estes resultados sdo preliminares; no
entanto, na dose testada, o extrato aquoso de propolis verde via intramamaria ndo teve efeito curativo.
Palavras-chave: Ovelha leiteira; Mastite subclinica; Staphylococcus sp.; Prépolis verde; In vivo.

Resumen

El objetivo de este estudio fue evaluar el potencial antimicrobiano del extracto acuoso de propoleos verdes in vitro
contra las bacterias causantes de la mastitis e in vivo, evaluando la eficacia del tratamiento en ovejas lacaune. En la
prueba in vitro, se utilizé una concentracion minima de inhibicién (CIM); en primer lugar, CIM se obtuvo del extracto
acuoso de prop6leo verde para la cepa Staphylococcus aureus ATCC 25523, definida como 1 mg/ml. Para agentes
bacterianos aislados de ovejas con mastitis (Staphylococcus epidermidis, Staphylococcus intermedius, Staphylococcus
hyicus, Corynebacterium spp. y Acinetobacter spp.) se determin6 la concentracion de 10 mg/ml, mientras que para
Streptococcus equinus, Escherichia coli y E coli Hemolitica. En la prueba in vivo, se utilizaron diez ovejas,
distribuidas en dos tratamientos, cinco en el grupo de control (CG) que recibieron 2,5 ml de solucion salina
(vehiculo), y cinco en el grupo tratado (TG) que recibieron 2,5 ml de extracto acuoso de propdleo (salina) via
intramamaria. La dosis de propéleos probada (0,1 g/ml) no fue eficaz para el tratamiento de la mastitis, ya que las
ovejas siguieron siendo positivas en la prueba de raquetica (CMT). EIl principal microorganismo aislado en casos de
mastitis en este estudio fue Staphylococcus epidermidis. Estos resultados son preliminares; sin embargo, a la dosis
probada, el extracto acuoso de propéleos verdes a través de intramamaria no tuvo ningln efecto curativo.

Palabras clave: Ovejas lecheras; Mastitis subclinica; Staphylococcus sp.; Propéleos verdes; In vivo.

1. Introduction

In the Brazilian livestock industry, sheep farming is vying for a more prominent presence in the dairy sector
(Rohenkohl et al., 2011). Milk is a vital food and a nutritional supplementation deployed in the fight against hunger (Haenlein,
2001). This is because, when compared with bovine milk, sheep's milk has higher levels of protein, calcium, and phosphorus,
as well as high-quality fat [Souza et al., 2001; Revers et al., 2016). These authors reported that sheep milk facilitates digestion
owing to its lower lipid chain lengths and its ability facilitate the activity of digestive enzymes, giving rise to greater nutrient
use.

Nevertheless, sheep milk production can be significantly affected by mastitis, one of the main diseases that affect sheep.
Mastitis is caused by pathogenic microorganisms that cause local inflammation, compromising mammary gland function
(Santos et al., 2007). Mastitis directly affects milk production and quality, resulting in changes in milk composition (increased
somatic cell counts and reduced fat and protein levels) resulting from inflammation Rovai et al., 2015). This phenomenon
affects the industry as a whole as well as individual producers, changing the sensory characteristics of the final product and
causing economic losses for dairy farms.

Microorganisms produce biofilms or sludge that hinder the action of allopathic products (Clutterbuck et al., 2007; L6pez
et al., 2010). As a result, the resistance against commonly used products for the treatment of mastitis increases. Against this
background, there is a search for antimicrobial products with wide spectra of biological properties, for example, therapeutic
agents with anti-inflammatory, antioxidant, and immunostimulating properties that may improve the health of the animal as a
whole, not merely the mammary gland (Sperotto et al., 2012; Diarra et al., 2013; Wei et al., 2015). This has led to therapeutics
based on bee products gaining prominence (Pereira et al., 2002). Nevertheless, it is of utmost importance to understand the
mechanisms of bee products at the level of the animal, because their properties have already been tested and demonstrated at
the laboratory level.

Propolis can be used to prevent disease, with good performance when used as a prophylactic for various diseases

secondary to its antimicrobial properties, particularly flavonoids and terpenes (Teixeira et al., 2005). According to researchers,
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propolis is rich in artepillin C (3,5-diprenyl-4-hydroxycinnamic acid), which has immunomodulatory and anti-inflammatory
properties (Paulino et al., 2008; Messerli et al., 2009; Fischer et al., 2010) useful in the treatment of udder infections. Propolis
also has antioxidant properties (Cabral et al., 2009), an interesting and desirable factor when considering its use as a substitute
for synthetic products. Neto et al. (2009) found positive results with the use of an aqueous extract of propolis against
Staphylococcus sp. isolated from goats with mastitis, in which there were inhibition halos with diameters ranging from 8 to 15
mm (mean diameter 11.1 £ 1.7 mm).

The method of extracting propolis has a substantial influence on its antimicrobial activity; for example, researchers
evaluated several solvents for the extraction of propolis and found that with the water, olive oil, coconut oil, and polyethylene
glycol, the proportions extracted from flavonoids were 0.33%, 0.22%, 0.20-0.25%, and 0.55%, respectively (Pujirahayu et al.,
2014). According to Xu et al. (2009) the most commonly used solvents for the extraction of propolis are ethanol and methanol;
however, water is also used, because some propolis substances are soluble only in water.

Because of the great relevance that mastitis has in the sheep milk production chain, in the present study, we aimed to
evaluate the antimicrobial potential of aqueous green propolis extract in vitro against mastitis-causing bacteria and in vivo,

evaluating the effectiveness of treatment in sheep from the Lacaune breed.

2. Materials and Methods
This research had an exploratory and quantitative nature (Pereira et al., 2018). The project was approved by the Ethics
Committee for Animal Well-Being at the State University of Santa Catarina-UDESC, under protocol n® 8954200520.

2.1 Production and composition of propolis

Propolis used was purchased from a commercial apiary. The extraction was carried out according to a methodology
adapted from (Kubilene et al., 2015). Crude propolis was ground in a porcelain mortar with the aid of liquid nitrogen. The
preparation condition included 10 g of propolis, 100 ml of water, and 20 g of polyethylene glycol (PEG) 400, subjected to high
pressure at 120 °C for 5 minutes in a horizontal-type autoclave. After extraction, the extract was filtered on n°® 1 Whatman
paper. The solution was stored in an amber bottle, protected from light.

The determination of total phenolic compounds (TPC) was performed using the Folin-Ciocalteu colorimetric method
modified by Bonoli et al. (2004). A 0.5-ml aliquot was mixed with 0.5 ml of Folin-Ciocalteu reagent and was stirred for 1
minute. Then, 2 ml of sodium carbonate (20%) was added to the mixture and stirred for 30 s. After 2 h of incubation, the
absorbance was read at 750 nm. The standard curve was prepared using various concentrations of gallic acid in methanol. The
concentration of TPC was calculated using an equation derived from the standard curve of gallic acid (expressed as mg of
gallic acid equivalent per g of dry sample; mg GAE/g). The data were expressed as the mean + SD of three experiments.

2.2 Minimum inhibitory concentration (MIC)

The inoculum preparation was performed with Staphylococcus aureus ATCC 25523 and with the agents isolated from
the milk S. epidermidis, S. intermedius, S. hyicus, Streptococcus equinus, E. coli, and hemolytic E. coli culture, in 5 ml of brain
heart infusion broth (BHI) and the Acinetobacter spp. in 5 ml of Tryptone Soya Broth (TSB) incubated at 37 + 1 °C for 24
hours or until turbidity corresponding to 0.5 on the McFarland scale was obtained. Corynebacterium spp. was inoculated in
brain and heart infusion broth (BHI) + Tween 80 (1%) incubated at 37 + 1 °C for 48 hours.

The minimum inhibitory concentration (MIC) performed in accordance with the Institute of Clinical and Laboratory
Standards (2008), was determined by serial dilution of the aqueous propolis extract in Mueller—Hinton broth in 96-well sterile

microplates, using 150 pl of diluted solution and 10 pl of inoculum. The plates were incubated for 24 hours at 37 = 1°C; after
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this period, 15 pl of 1% 2,3,5-triphenyltetrazolium chloride solution was added as a developer. The production of red color
after 3 hours of incubation indicates microbial growth. The minimum inhibitory concentration was defined as the lowest
concentration of propolis that did not show visible growth after incubation.

2.3 Animals, feeding and experimental design

The experiment was carried out in Cabanha Chapeco, located in Chapec6, SC, Brazil. Ten Lacaune ewes were
selected at random, standardized by age, sex, and race, during a lactation period of approximately 90 days. The animals were
divided into two groups: five animals for the control group (GC) that received 2.5 ml of saline solution and five animals in the
treated group (GT) that received 2.5 ml of the extract; through the intra-mammary route. The applications occurred
immediately after milking at 12-h intervals, totaling three applications. All animals had a positive diagnosis on the racket test
(California Mastitis Test - CMT) and had a history of subclinical mastitis for more than 30 days; therefore, they were already
in feedlot isolated from the rest of the herd. No animal had systemic involvement such as fever, loss of appetite, apathy,
dyspnea, or difficulty in walking. The confinement was carried out in a covered shed, with wood shavings and access to water
ad libitum. The animals were fed twice a day (at 8:00 am and 5:00 pm), based on 400 g of concentrate (18% crude protein), 3.5

kg of corn silage, and hay at will.

2.4 Milk measurement

The milking of the animals was mechanized and performed twice daily (at 07:30 and 17:00 hours). The individual
volumetric verification of milk was performed for all animals, obtained using a “Milk Meter” type meter (True Test®,
Auckland, New Zealand), measuring the volume produced at the morning and afternoon milking.

2.5 Sample collection

From day 1 to day 8 of the experiment, and later on days 14 and 21, milk samples were collected from each animal's
teats in sterile flasks, after cleaning the roof (papilla) with 70% alcohol and disposing of the first three jets to the microbial
isolation and total bacterial count. In the same period, 40 mL of milk was collected from each animal using WB HI/Pullout
Tru-Test© equipment, which allows the collection of a milk sample from the complete milking of the animal.

Before the morning milking, still fasting, the animals were manually restrained to collect blood samples, via the
jugular vein using vacuolized tubes. A volume of 4 mL of blood was placed in a tube containing EDTA (ethylenediamine
tetraacetic acid) for the performance of erythrogram and leukogram, and another 4 mL were placed in tubes without

anticoagulant to obtain the serum for biochemical analysis.

2.6 Hemogram and serum biochemistries

The total count of erythrocytes and leukocytes, as well as the hemoglobin concentration, was performed using a
semiautomatic cell counter (model CELM CC530). Differential leukocyte counting was performed using blood smears stained
by the method of Romanowsky (1891) and visualized under optical microscopy. The hematocrit was obtained using capillary
tubes for microhematocrit centrifuging at 11,000 g for 5 minutes.

The tubes without anticoagulant were centrifuged (5100 g for 10 minutes) to separate the serum. The supernatants
were transferred to 1.5-ml microtubes, identified and stored at —20 ° C until analysis. In these samples, the levels of total
proteins, albumin, and urea were measured using a semiautomatic analyzer (Bio-2000 BioPlus®) and commercial Kits

(Analisa®). Globulin values were calculated as the difference between total protein and albumin levels.
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2.7 Milk analyses
2.7.1 Centesimal composition and somatic cell counts

The proximate composition (fat, protein, lactose, and total dry extract) was determined using an infrared analyzer
(LactoStar Funke Gerber®) and somatic cell counts (SCC) were made using a digital counter (Ekomilk Scan Somatic Cells
Analyzer®).

2.7.2 Total bacterial counts (TBC)

Plate count agar (PCA) was used to perform the TBC; 100 uL of milk, previously diluted in peptone water to 10-fold
concentration, was inoculated into sterile Petri dishes using a Drigalski loop, following the spread plate method. Then, the
plates were incubated in a bacteriological oven at 37 + 1 °C for 48 hours for later reading. The samples were kept refrigerated

until the moment of the analysis.

2.7.3 ldentification of causative agents

The samples were cultured on blood agar supplemented with 5% defibrinated sheep blood, MacConkey agar and
Sabouraud agar using the striation technique. The plates were incubated at 37 °C for 24 to 72 hours, and the microorganisms
were identified according to the morpho-tinting characteristics presented according to the description of the National Mastitis
Council (2004) and Markey et al. (2013).

2.8 Racket test (California Mastitis Test — CMT)
The test was carried out on days 1, 7, 14, and 21 of the experiment, using a white racket with four compartments and
reagent type CMT - Solution (TADABRAS®). After cleaning the teats with 70% alcohol and removing the three first jets. The

results were interpreted as positive or negative.

2.9 Statistical analysis

The animal was considered the experimental unit for all analyses. All dependent variables were tested for normality
using Univariate procedure of SAS (SAS Inst. Inc., Cary, NC, USA; version 9.4); only total bacterial counts and somatic cell
counts were not normally distributed and where transformed. Then, the binomial data of CMT (positive or negative) were
analyzed using the GLIMMIX procedure and all others data used the MIXED procedure of SAS. In both procedures, the
Satterthwaite approximation was used to determine the denominator degrees of freedom for the test of fixed effects. All
variables were analyzed as repeated measures. The results of milk production (mL/milking), milk composition and SCC were
tested for fixed effects of treatment, day, milking, and all possible interaction, and using animal(treatment) as random
variables, and animal(treatment) as subject. The results of hemogram, serum biochemistry, and milk microbiological count
variables were tested for fixed effects of treatment, day, and treatment x day, and using animal(treatment) as the random
variable and animal(treatment) as the subject. The compound symmetric covariance structure was selected for the milk
concentration of fat and lactose. The Toeplitz covariance structure was selected for hematocrit, and eosinophils and the first-
order autoregressive covariance structure was selected for all other variables. The covariance structures were selected
according to the lowest Akaike information criterion. Means were separated using PDIFF and all results were reported as
LSMEANS followed by SEM. Significance was defined when P < 0.05, and tendency when P > 0.05 and < 0.10.

3. Results
3.1 Total phenolic compounds (TPC)
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The content of total phenolic compounds present in the aqueous extract of propolis was 767.08 + 1.8 mg equivalent to
gallic acid/ml.

3.2 Isolated bacterial agents

From the milk samples collected, we obtained bacterial growth of Staphylococcus epidermidis (n = 29, corresponding
to 46% of the isolated agents), Staphylococcus hyicus (n = 11, corresponding to 17% of the isolated agents), Escherichia coli
(n = 10, corresponding to 16% of the isolated agents), hemolytic E. coli (n = 5, corresponding to 8% of the isolated agents),
Staphylococcus intermedius (n = 4, corresponding to 6% of the isolated agents), Corynebacterium spp. (n = 2, corresponding to
3% of the isolated agents), Acinetobacter spp. (n = 1, corresponding to 2% of the isolated agents), yeast (n = 1, corresponding

to 2% of the isolated agents), and Streptococcus equinus (n = 1, corresponding to 2% of the isolated agents) (Table 1).

Table 1: Microorganisms isolated from the right (D) and left (E) teats in the 80 sheep milk samples Lacaune with subclinical
mastitis. Right (R) and left (L) teat.

Agents isolated

Sheep 'Teat Dav1 Day 7 Day 14 Day 21
1 D Escherichia coli Staplnlococcus epidermidis Staplnvlococcus epidermidis Staphvlococcus epidermidis
E Escherichia coli No bacterial growth No bacterial growth Coryvnebacterium spp.
2 D Escherichia coli No bacterial growth No bacterial growth No bacterial growth
E Streptococcus equinus Staplylococcus Inicus No bacterial growth No bacterial growth
3 D Escherichia coli. No bacterial growth Staplnvlococcus epidermidis Staphvlococcus epidermidis
E Staphviococcus epidermidis No bacterial growth Stephvlococcus hyvicus Staphylococcus epidermidis
4 D S. epidermidis and 5. lyvicus Staplnilococcus epidermidis Staplyvlococcus epidermidis No bacterial growth
E Escherichia coli. Staplniococcus intermedius Staphylococcus epidermidis Staplpilococcus epidermidis
5 D E. coli and Hemolvtic E. coli Staplniococcus epidermidis Staplnvlococcus epidermidis Staphylococcus intemedius
E E. coli and Hemolvtic E. coli Staplnlococcus epidermidis Yeast No bacterial growth
6 D Acinerobacter spp. No bacterial growth No bacterial growth No bacterial growth
E Staphyvlococcus epidermidis No bacterial growth S. epidermidis and No bacterial growth
Corynebacterium spp.
7 D S. Inicus and Hemolvtic E. coli No bacterial growth No bacterial growth No bacterial growth
E S. epidermidis and Hemolviic E. Stapiniococcius epidermidis No bacterial growth Srapiniococeus epidermidis
coli
8 D S. epidermidis and E. coli Staplniococcus epidermidis Staphvlococcus hyvicus Staphvlococcus epidermidis
E Hemolvtic E. coli No bacterial growth Staplnvlococcus epidermidis Staphvlococcus epidermidis
9 D Escherichia coli. Stapiniococcus epidermidis No bacterial growth Stapiniococeus intermedius
E Staphviococcus epidermidis. No bacterial growth Staplplococcus hyvicus Staplpylococcus epidermidis
10 D Staplnlococcus hvicus Staplniococcus intermedius Staphyvlococcus epidermidis Staplnilococcus intermedius
E S. hvicus and E. coli Staplylococcus Inicus Staphvlococcus hyvicus Staplylococcus nicus

Source: Authors.

3.3 Antimicrobial activity of propolis extract against isolates

The minimum inhibitory concentration (MIC) obtained from the aqueous extract of green propolis for S. aureus
ATCC 25523 was 1 mg/ml. For isolated bacterial agents S. epidermidis, S. intermedius, S. hyicus, Corynebacterium spp. and
Acinetobacter spp., a concentration of 10 mg/ml was obtained, while for Streptococcus equinus, E. coli, and hemolytic E. coli,

a concentration of 100 mg/ml capable of reducing bacterial growth was obtained.

3.4 Milk production, composition and quality

No effects of treatment x day x milking were detected (P > 0.48) for any variable of milk production and composition
(Table 2). Further, no effects of treatment x day (P > 0.39) or treatment (P > 0.33) were detected for CMT, milk production,
milk concentration of fat and minerals, density, or SCC (Table 2). However, effects of treatment x day (P < 0.05) but not
treatment (P > 0.20) were detected for milk concentration of protein, lactose, and solids-non-fat, and treated animals had lower

concentrations of these on d 2, 4, and 14, compared to control animals (Table 2).
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Table 2. Milk production and composition of Lacaune ewes with subclinical mastitis receiving intramammary application of

green propolis.

Treatments? P-value
Variables! Control Treated SEM Treat Trc;*:; x Treatr';‘ﬁf;ti:gday X
CMT (% of positive) 90.00 90.00 0.08 0.99 0.44 -
Production (mL/milking) 415.00 443.33 74.97 0.80 0.39 0.48
Production (mL/day) 830.00 886.67 149.94 0.80 0.39 -
Milk composition
Protein (g/kg) 0.23 0.05 0.99
d1l 3.89 3.90 3.89
d2 4.032 3.79° 4.03
d3 3.94 3.78 3.94
d4 4.242 4.01° 4.24
d5 4.18 4.01 4.18
deé 4.09 4.19 4.09
d7 4.11 4.06 4.11
ds8 4.12 4.02 4.12
d14 4.37* 4.06° 4.37
d21 4.23 4.02 4.23
Fat (g/kg) 6.99 7.37 0.37 0.49 0.49 0.99
Lactose (g/kg) 0.20 0.05 0.93
dl 5.52 5.56 0.13
d2 5.702 5.39° 0.13
d3 5.58 5.38 0.13
d4 6.028 5.69° 0.13
d5 5.91 5.69 0.13
dé 5.78 5.93 0.13
d7 5.82 5.74 0.13
ds8 5.82 5.68 0.13
d14 6.16% 5.76° 0.13
d21 5.97 5.69 0.13
Solids-not-fat (g/kg) 0.27 0.03 0.09
dl 10.46 10.53 0.26
d2 10.89a 10.25b 0.26
d3 10.68 10.22 0.26
da 11.45a 10.84b 0.26
d5 11.26 10.86 0.26
dé 11.01 11.35 0.26
d7 11.08 10.98 0.26
ds8 11.09 10.85 0.26
d14 11.78a 10.97b 0.26
d21 11.38 10.84 0.26
Density 10083.00 9739.07 234.46 0.33 0.50 0.74

7
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Minerals (g/Kg) 0.82 0.84 0.03 0.64 0.63 0.93
SCC (x103/mL) 213.90 242.30 44.10 0.66 0.60 0.52

1SCC, somatic cell count. CMT, California Mastitis Test.

2Control and Treated represents 2.5 ml of saline solution and 2.5 ml of aqueous propolis extract, respectively.
@bDjffers (P < 0.05) between treatments.

Source: Authors.

3.5 Hemogram, Bioquimica Sérica and Contagem Bacteriana Total
No effects of treatment x day (P > 0.14) and treatment (P > 0.31) were detected for hemogram or serum biochemistry

variables (Table 3) and also for milk microbiological counts (Table 4).

Table 3. Hematological and biochemical variables of Lacaune ewes with subclinical mastitis receiving intramammary

application of propolis.

Treatments! P-value
Variables SEM
Control Treated Treat Treat x day

Hemogram

Erythrocytes (x10° pL) 9.77 10.77 0.65 0.31 0.47

Hematocrit (%) 34.95 37.96 2.01 0.32 0.27

Hemoglobin (g/dL) 11.65 12.46 0.66 0.41 0.92

Leukocytes (x10° pL) 67.41 81.99 11.24 0.38 0.55

Neutrophils (x10° pL) 34.88 34,51 6.15 0.97 0.33

Lymphocytes (x10° pL) 30.46 41.37 8.15 0.37 0.16

Monocytes (X103 pL) 0.88 1.24 0.35 0.46 0.93

Eosinophils (x103 uL) 1.19 1.85 0.47 0.35 0.23
Biochemistry

Total Protein (g/dL) 8.40 8.76 0.45 0.59 0.57

Albumin (g/dL) 3.22 3.02 0.20 0.51 0.42

Globulin (g/dL) 5.19 5.73 0.44 0.40 0.23

Urea (mg/dL) 37.90 32.40 6.01 0.54 0.65

Control and Treated represents 2.5 ml of saline solution and 2.5 ml of aqueous propolis extract, respectively.
#bDjffers (P < 0.05) between treatments.
Source: Authors.
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Table 4. Milk microbiological count of Lacaune ewes with subclinical mastitis receiving intramammary application of green

propolis.
Treatments? P-value
Variables SEM
Control Treated Treat Treat x day
Right teat (x 10 UFC/mL) 200.07 263.20 94.51 0.65 0.36
Left teat (x 101 UFC/mL) 271.49 324.09 71.54 0.62 0.14
Both teats, mean (x 10" UFC/mL) 235.78 293.65 75.97 0.60 0.22

Control and Treated represents 2.5 ml of saline solution and 2.5 ml of aqueous propolis extract, respectively.
P > 0.05 no difference between groups.
Source: Authors.

4. Discussion

The microorganisms most found in the milk samples in this study were from the genus Staphylococcus sp. According
to the literature, coagulase-negative Staphylococci (CNS) are the most common causative agents of subclinical mastitis in dairy
ruminants (Deinhofer & Pernthaner 1995; Contreras et al., 1997; Arznabarreta et al., 2002). In addition to the prevalent
isolation of CNS, Corynebacterium sp. was found in two samples. Subclinical mastitis caused by this agent does not cause any
major problems, as it allows rapid diagnosis and treatment by visualizing the increase in CCS, unlike infection caused by the
Staphylococcus sp. which cause destruction of the cells of the glandular epithelium, causing significant losses in milk
production (Barkema et al., 2006).

In a study on subclinical mastitis in Lacaune ewes in Western Santa Catarina, 92% of the isolates were
Staphylococcus sp. and only 8% were Corynebacterium sp. (Alba et al., 2019). In the present study, strains of E. coli and
hemolytic E. coli were also isolated. According to Radostits et al. (2000), infections by microorganisms of this genus are
transmitted through the feces of the animals, and probably contaminate the mammary gland of the sheep when they lie down in
the stall immediately after milking, because the orifice and canal of the teat are still dilated, or “open.” According to Farshad et
al. (2012), the presence of this microorganism in raw milk and dairy products is serious, as it can cause diseases such as uremic
hemolytic syndrome, hemorrhagic colitis, and bloody diarrhea; this is why we seek to reduce bacterial contamination of milk
to the greatest extent possible. In a recent study with cattle, 14 isolates from milk were identified as E. coli (Ismail &
Abutarbush, 2020), a zoonotic bacterium that needs to be under constant surveillance.

Although the propolis used in this study showed positive results in reducing bacterial growth in in vitro tests, it was
not possible to observe the same result when applied to the animals' mammary glands. In the case of its action against E. coli,
for example, we found a higher concentration of product required to inhibit growth. According to Sforcin et al. (2000), gram-
negative bacteria have lipid content and greater chemical complexity in the cell wall that limits the action of propolis.
However, regarding Staphylococcus sp., researchers found that 1 mg/ml had a bactericidal effect against a strain of S. aureus
(Santana et al., 2012), as found in the in vitro tests here. A study using aqueous and ethanol extract of propolis against sheep
milk isolates found that the concentration of 0.05 mg/ml (50 pg/ml) had strong in vitro activity against strains of
Staphylococcus sp. (Santos Neto et al., 2009). Researchers found that higher concentrations against anaerobic gram-positive
bacteria (1,024 pg/ml) may be effective (Santos et al., 2002), while in another study, it was found that the inhibitory
concentration against S. aureus was 3,650 pg/ml (Miorin et al., 2003), both using ethanol extract of propolis. This fluctuation
in the inhibitory concentrations against strains of the same genus can be explained by the distinct resistance that bacteria can
present, as well as the activity of propolis, which, regardless of its extraction mode, has a seasonal dependence, because in each

season it can present changes in its compounds and this may be reflected in its antimicrobial action (Lu et al., 2005).
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In the present study, the proximate composition of milk was not altered by the treatment with the aqueous extract of
propolis. Furthermore, according to the Technical Regulation of Production, Identity and Quality of raw sheep milk (2019)
from ABCOL (Brazilian Breeders Association Dairy Sheep), the parameters were in accordance with the recommended values.
The absence of a negative control group (free of mastitis) in this study limits our interpretation, that is, whether the milk
composition was affected by local disease. In a recent study conducted on the same farm (Alba et al., 2019), lower levels of
protein, fat and total solids were obtained, and milk production was lower for the group of animals with mastitis when
compared to healthy animals of the control group. This was also observed in another study conducted on the same property,
where the animals had lower levels of fat, protein, lactose, non-fat solids and total solids, as well as a milk production
difference of 0.1-0.4 L/ewe/day when evaluated in relation to those who received some type of treatment (Jaguezeski et al.,
2018). Regarding biochemical and hematological variables, we did not obtain significant results between the groups; however,
if we evaluate the data obtained and relate it to what mastitis changes in terms of animal health, we note that the numbers of
defense cells changed, that is, they increased; this is similar to the results described by Alba et al. (2019). Corroborating the
findings of our study, Ebrahimi et al. (2014) commented that, in the face of invasion of microorganisms in the mammary
gland, the number of these cells, mainly neutrophils, rises in order to combat the infectious process. Pinheiro Junior et al.
(2006) found that, in case of acute mastitis affected by Corynebacterium pseudotuberculosis, there were elevated leukocyte
numbers, in view of the adrenocortical substances produced at the beginning of the infection. We believe that as subclinical
mastitis became chronic in the sheep used in our study, the phase of metabolic disorders had already occurred; that is, the
sheep were able to adapt to the presence of microorganisms; alternatively, the infection was mild, unable to alter the
metabolism of protein, lipids, and carbohydrates in the blood of these animals.

This was a preliminary study, which involved only one dose of propolis, as well as a small number of sheep with
chronic subclinical mastitis. In future studies by our research group, we intend to evaluate a greater number of doses, as well as

the effect of red propolis extracted with water solvent against cases of mastitis in vitro, and, in case of success, in vivo.

5. Conclusion

Sheep with mastitis had high total leukocyte counts as a result of increases in neutrophils and lymphocytes. The main
microorganism isolated in the cases of mastitis in this study was Staphylococcus epidermidis. The aqueous extract had a strong
antimicrobial effect in vitro against strains isolated from cases of mastitis. In vivo, the dose of aqueous propolis used had no

curative effect, just as there was no influence on milk production or quality, or on sheep health.
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