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Abstract

The aim of this study was to evaluate the antimicrobial activity of the extract, fractions and purified punicalagin from
peel pomegranate fruit of the granada and wonderful varieties against Coagulase Positive Staphylococcus (CPS) and
Coagulase- negative Staphylococcus (CNS), isolated from cows with mastitis. The pomegranate pods were dried in an
oven, ground and the ethanol extract was prepared by maceration and percolation. The fractions were obtained by liquid-
liquid fractionation, and the purification of punicalagin was carried out in a chromatographic column filled with
Diaion® HP-20. HPLC and NMR (*H and *C -Acetone-d6) were used for identification, quantification and structural
elucidation of punicalagin and MIC (CLSI-M7A10) were determined for 23 clinical isolates. The punicalagin content
was higher in the extract and fractions of the granada variety, reaching 81.5% in the purified punicalagin sample, which
showed good antimicrobial activity against clinical isolates, with emphasis on S. aureus and S. schleiferi schleiferi,
where the MIC was 31.75 pg/ml. Thus. punicalagin was defined as an important metabolite for the antimicrobial
potential of P. granatum fruits, however, the synergism of metabolites of ethyl acetate fractions and aqueous fraction
of the granada variety, had considerable importance for the good antimicrobial activity of these fractions, compared to
100 % of the CPS and CNS. Thus, the results obtained confirm the antimicrobial activity of the metabolites present in
the pomegranate peel, which may support new research on pharmaceutical formulations based on P. granatum, as an
alternative for the treatment, prevention and control of mastitis.

Keywords: Pomegranate, Granada varieties; Wonderful varieties; Minimum Inhibitory Concentration (MIC); High
Performance Liquid Chromatography (HPLC).
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Resumo

O objetivo deste estudo foi avaliar a atividade antimicrobiana do extrato, fragdes e punicalagina purificada da casca do
fruto da roma, das variedades granada e wonderful, frente a Staphylococcus Coagulase Positivo (SCP) e Staphylococcus
Coagulase Negativa (SCN), isoladas de vacas com mastite. As cascas dos frutos de roméd foram secas em estufa, moidas
e 0 extrato etandlico foi preparado por maceracgdo e percolagdo. As fracBes foram obtidas por fracionamento liquido-
liquido, e a purificacdo da punicalagina realizada em coluna cromatografica preenchida com Diaion® HP-20. CLAE e
RMN (*H e °C -Acetona-ds) foram utilizados para identificacdo, quantificacdo e elucidacdo estrutural da punicalagina
e a CIM (CLSI-M7A10) foi determinada para 23 isolados clinicos. O teor de punicalagina foi maior no extrato e frac6es
da variedade granada, chegando a 81,5% na amostra de punicalagina purificada, que apresentou boa atividade
antimicrobiana frente aos isolados clinicos, com énfase para S. aureus e S. schleiferi schleiferi, onde a CIM foi de 31,75
ug/mL. Desta forma. a punicalagina foi definida como importante metabdlito para o potencial antimicrobiano dos frutos
de P. granatum contudo, o sinergismo dos metabolitos das fracdes acetato de etila e fracdo aquosa da variedade granada,
teve consideravel importancia para a boa atividade antimicrobiana dessas fracdes, frente a 100% dos SCP e SCN. Assim,
os resultados obtidos confirmam a atividade antimicrobiana dos metabélitos presentes na casca da roma, podendo
fundamentar novas pesquisas de formulagdes farmacéuticas baseadas em P. granatum, como alternativa para o
tratamento, prevencdo e controle da mastite.

Palavras-chave: Romd, Variedade granada; Variedade wonderful; Concentracdo Inibitéria Minima (CIM);
Cromatografia Liquida de Alta Eficiéncia (CLAE).

Resumen

El objetivo de este estudio fue evaluar la actividad antimicrobiana del extracto, fracciones y punicalagina purificada de
cascara de granada del granate y wonderful variedades contra Staphylococcus Coagulase Positive (SCP) y
Staphylococcus Coagulase Negative (SCN), aisladas de vacas con mastitis. Las vainas de granada se secaron en un
horno, se molieron y el extracto de etanol se prepar6 mediante maceracién y percolacion. Las fracciones se obtuvieron
mediante fraccionamiento liquido-liquido y la purificacién de punicalagina se realizé en una columna cromatografica
Ilena de Diaion® HP-20. Se utilizaron HPLC y RMN (1H y 13C -Acetona-d6) para la identificacién, cuantificacion y
elucidacién estructural de punicalagina y se determiné MIC (CLSI-M7A10) para 23 aislamientos clinicos. El contenido
de punicalagina fue mayor en el extracto y fracciones de la variedad granate, alcanzando el 81,5% en la muestra de
punicalagina purificada, que mostro buena actividad antimicrobiana frente a aislados clinicos, con énfasis en S. aureus
y S. schleiferi schleiferi, donde la CIM fue de 31,75. pug / ml. De esta forma. La punicalagina se definié como un
metabolito importante para el potencial antimicrobiano de los frutos de P. granatum, sin embargo, el sinergismo de los
metabolitos de las fracciones de acetato de etilo y la fraccion acuosa de la variedad granate, tuvo una importancia
considerable para la buena actividad antimicrobiana de estas fracciones, en comparacién con 100 % del SCP y SCN.
Asi, los resultados obtenidos confirman la actividad antimicrobiana de los metabolitos presentes en la cascara de la
granada, lo que puede sustentar nuevas investigaciones sobre formulaciones farmacéuticas basadas en P. granatum,
como alternativa para el tratamiento, prevencion y control de la mastitis.

Palabras clave: Granada, Variedade granate; Variedade wonderful; Concentracion Minima Inhibitoria (CMI);
Cromatografia Liquida de Alta Resolucion (CLAR).

1. Introduction

Punica granatum L., belonging to the Lythraceae family and popularly known as pomegranate, originated in Asian
countries such as Iran, Afghanistan, and India, and later started to be cultivated in the Mediterranean region, from where it broke
European borders, reaching tropical regions such as South America (Moga et al., 2021; Melgarejo-Sanchez et al., 2021). It is
usually found as an ornamental pomegranate, with white flowers, small fruits and hard seeds, or edible pomegranate, of medicinal
value, with red flowers, large fruits and soft seeds (Ge et al., 2021).

Source of several biologically active compounds, pomegranate is rich in flavonoids, anthocyanins, ellagitannins, ellagic
acid, gallic acid, punic acid, pedunculagin, punicalin, punicalagin, vitamins, terpenes, among others. Given its rich
phytochemical profile, the studies highlight a range of pharmacological properties, such as antimicrobial, anti-inflammatory,
antioxidant, antitumor, antidiabetic, antihypertensive and cardioprotective activities (Wang et al., 2018; Mahdavi et al., 2021;
Shaikh & Bhandary, 2021).

The extract of medicinal plants is commonly appointed as an object of research for alternative purposes to the use of
conventional antimicrobials (Shui et al., 2021). Thus, studies attribute the broad spectrum of antimicrobial activity of

pomegranate, against gram-positive and gram-negative bacteria, to the abundance of polyphenols, such as flavonoids and tannins
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(Ge et al., 2021). Among these compounds, punicalagin is the hydrolyzable tannin with the highest concentration in the bark of
P. granatum, which can occur in o and 3 anomeric forms (Oudane et al., 2018; Venusova et al., 2021). Its antimicrobial potential
is due to its ability to inactivate extracellular microbial proteins, through interaction with sulfhydryl groups, in addition to
reducing the pH of the environment, due to the delocalization of electrons and consequent formation of protons, by hydroxyl
groups present in its structure. In addition, punicalagin is capable of precipitating proteins from the protoplast and the plasma
membrane, leading to a change in their functionality and consequent loss of cytoplasmic content, standing out as an important
metabolite with antimicrobial activity (Kharchoufi et al., 2018; Bassari-Jahromi & Doostkam, 2019; Singh et al., 2019).

In this sense, one of the most important causes of impacts on animal health, milk production and quality is bovine
mastitis. Defined as an inflammatory process in the mammary gland, mastitis is usually caused by bacterial agents such as
Staphylococcus and Streptococcus. It can manifest in the form of Clinical Mastitis (CM), where signs of infection of the
mammary gland are apparent, or Subclinical Mastitis (MS), diagnosed through tests based on somatic cell counts (Pedersen et
al., 2021; Silva et al., al., 2021; Wang et al., 2021).

The consequences of bovine mastitis involve large economic losses for both producers and the dairy industry (Sharun
et al., 2021). It is estimated that annually, around the world, around one million cows are compromised, generating losses in the
order of 125 billion euros (Kabelitz et al., 2021). In addition to the expenses generated by the treatment, use of medication and
employment of personnel, there is a concern with the quality of life of the animals, which can be slaughtered as a result of
mastitis. Thus, measures to maintain the integrity of the mammary gland and animal welfare include hygiene practices, control
of disease-causing pathogens, and attention to the animal's housing and milking conditions, to reduce the incidence of mastitis
in the herd (Pedersen et al., 2021; Zigo et al., 2021).

The study of medicinal plants with an antimicrobial effect is an alternative for the treatment, prevention and control of
diseases responsible for great social impact. Therefore, considering the pharmacological properties of pomegranate, this study
aimed to evaluate the antimicrobial activity of the ethanol extract, fractions and purified punicalagin from the rind of the fruit of
P. granatum (pomegranate), granada and wonderful varieties, against Coagulase-positive Staphylococcus (CPS) and Coagulase-

negative Staphylococcus (CNS), isolated from cows with mastitis.

2. Methodology
2.1 Plant material

The fruits of P. granatum (Lythraceae family), from the granada and the wonderful varieties, were purchased at the
Central de Abastecimento de Goias (CEASA-GO), Goiania-BR. After cleaning and removing the inside parts of the fruits, such
as berries and seeds, the skins were dried in an oven with circulation and air renewal (Solab Cientifica® SL-102) at 40 °C for 3
days and then crushed in a Croton knife mill (Tecnal® TE-625). At the end of the process, the powder was stored at 25 °C, in a

suitable container, protected from light.

2.2 P. granatum fruit peel extract

The powder of P. granatum fruits of the granada and wonderful varieties was macerated under constant agitation at
300rpm (Tecnal® TE 039-1), for 24 hours, in 80% ethanolic solvent. Under constant flow, 10 cycles of percolation were
performed and, later, the ethanol extract was concentrated in a semi-industrial rotaevaporator (Buchi® R-220 SE). Finally, the

extract of the two varieties was collected and stored at -22 °C, protected from light.
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2.3 Liquid-Liquid fractionation and punicalagin purification

The fractionation of the extract of the granada and wonderful varieties was carried out in a separating funnel, using
increasing polarity solvents, such as hexane, dichloromethane and ethyl acetate. After separating the fractions and evaporating
the organic solvent, the Hexanic (Hex.F.), Dichloromethane (Dcm.F.), Ethyl Acetate (E.Ac.F.) and Aqueous (Ag.F.) fractions,
were lyophilized and stored protected from light at 25 °C. Punicalagin was purified on a chromatographic column (28 x 4 cm),
filled with Diaion® HP-20 vinyl polymer gel (Sigma, USA) and loaded with 62 g of Ag.F. of the granada variety. The mobile
phase used was water (100%); water/methanol in the ratios of 8:2; 6:4; 4:6 and 2:8; and methanol (100%). At the end of elution,

aliquots were collected, lyophilized and stored away from light.

2.4 ldentification, quantification and structural elucidation of punicalagin

HPLC was used to identify and quantify punicalagin in the extract and fractions of P. granatum, granada and wonderful
varieties, as well as in the aliquots obtained by column chromatography. The chromatographic analysis was carried out in a
Waters €2695 (Alience), equipped with a Diode Arrangement Detector (DAD) €2998 and an Empower 2.0 data processing
system. The stationary phase was a Waters XTerra® C18 column (250 x 4.6 mm, 5 pum), injection volume 10 pL, operating
temperature 40 °C, mobile phase flow 1.0 mL/min, detection at wavelength 260 nm and elution time of 25 min. The mobile
phase was composed of acetonitrile (A) and 0.01 M (v/v) phosphate buffer (B), using the following elution gradient: 5% A and
95% B in 5 min; 15% A and 85% B in 10 min; 30% A and 70% B in 16 min; 3% A and 97% B in 18 min and 3% A and 97% B
in 25 min as described by Chaibub et al. (2020), with adaptations. After purification by column chromatography, the structural
elucidation of punicalagin was determined by 1D and 2D Nuclear Magnetic Resonance (NMR) in a Bruker Avance I11 500

spectrometer, operating at a frequency of 500.13 MHz for *H and 125.76 MHz for the *3C.

2.5 Determination of Minimum Inhibitory Concentration (MIC)

The Minimum Inhibitory Concentration (MIC) was determined for inocula supplied by the department of bacteriology
of the Institute of Tropical Pathology and Public Health of the Federal University of Goias (IPTSP/UFG). We used 14 CPS
strains of the species Staphylococcus aureus, Staphylococcus haemolyticus, Staphylococcus hyicus, Staphylococcus schleiferi
schleiferi and Staphylococcus schleiferi coagulans, and 9 CNS strains, totaling 23 clinical isolates from cows with mastitis. The
study was performed based on the description of the Clinical and Laboratory Standard Institute (CLSI-M7A10). Thus, 20 mg of
each sample was previously diluted in dimethylsulfoxide (DMSO) and serially distributed in 96-well microplates, filled with
Muiller Hinton broth, starting from a concentration of 2000 pg/mL to 1.95 ug/mL. line G was used as a control for contamination
of the culture medium and samples, while line H was the DMSO control. Column 12 was used as a control for microplate
contamination. Inoculums were distributed in duplicate on the microplates and incubated at 35°C+2 for 24 hours (Figure 1).
Finally, Triphenyl Tetrazolium Chloride (TTC) developer was added to each well of the plate and MIC was expressed as the
first well free of red staining. Antimicrobial activity was classified as described by Alves et al. (2021), where it is considered
good activity when MIC < 125 ng/mL, moderate when MIC is between 126 and 500 pg/mL, weak when MIC is between 501
and 1000 pg/mL, and inactive for MIC >1000 pug /mL.
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Figure 1. Schematic model for MIC determination in 96-well microplates. Inoculums were distributed in duplicate, line G was
used as a control for contamination of the culture medium and samples, while line H was the control of DMSO and column 12
was used as a control for contamination of the microplate.
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3. Results and Discussion
3.1 Plant material

The fruits of P. granatum, granada and wonderful varieties, had an oval shape, peculiar odor, smooth skin surface and
crown-like upper structure, as described by The Ayurvedic Pharmacopoeia of India (API, 2004). The skin color varied between
shades of yellow, for the granada variety, to red, for the wonderful variety, which was considerably larger than the fruits of the
grana variety (Figure 2). At the end of the drying process, 30.46% of the plant material of the granada variety and 30.89% of the
wonderful variety was recovered, which is in accordance with the literature, since after conditioning the fresh raw material for
drying, the loss of humidity can reach 75% (Borgo et al., 2010).

Figure 2. General aspects of P. granatum fruits and peels, granada and wonderful varieties: A1-P. granatum fruits, granada

variety; A2-P. granatum fruit peel, granada variety; B1-P. granatum fruits, wonderful variety; B2-P. granatum fruit peel,
wonderful variety.

Source: Authors.
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3.2 Extract from the peel of P. granatum fruits

The extraction solvent was determined based on the study by Loures (2013), which optimized the extraction of tannins
present in the pomegranate peel, based on the use of ethanolic solvents in different proportions. According to Sridhar et al.
(2021), due to its advantages, such as low cost, low amount of energy used and simplicity, maceration is one of the most used
methods for the extraction of phenolic compounds. Furthermore, prior use of this technique helps to soften tissues and facilitate
extraction. Therefore, the joint use of the percolation technique reinforces the diffusion and osmosis movement of the secondary
metabolites present in the vegetable raw material, to the solvent (Naviglio et al., 2019). Thus, the choice of the appropriate
extraction solvent for better tannin extraction, combined with low cost and simple extraction techniques, proved to be efficient

in obtaining the ethanol extract of the peel of P. granatum fruits, of the granada and marvelous varieties.

3.3 Liquid-liquid fractionation and purification of punicalagin

Even when dealing with the same species, medicinal plants of different varieties can show variability in the proportion
and concentration of secondary metabolites. Furthermore, the phytochemical profile can be influenced by factors such as
seasonality, temperature, availability of water and nutrients, the incidence of ultraviolet radiation, altitude, among others (Gobbo-
Neto & Lopes, 2007; Rezende et al., 2015). Thus, it was noted that the yield of Hex.F. and Dcm.F. of the granada variety were
higher than that observed for the wonderful variety fractions, while the E.Ac.F. and Ag.F. showed similar yields in both varieties
(Table 1).

For the purification of punicalagin, a chromatographic column packed with Diaion® HP-20 was chosen, due to its
hydrophobic character and the large contact surface, ideal for purification of high molecular weight organic compounds (Sa et
al., 2018; Wang et al., 2019; Santos et al., 2021). The Aq.F. of the granada variety was chosen for purification, as it confers good
yield and good antimicrobial capacity in previously performed MIC tests. These factors suggest that the phytochemical profile
of the granada variety of pomegranate presents a relevant concentration of bioactive compounds responsible for the antimicrobial
activity, which would explain the good performance observed for F.Aq. of this variety. At the end of the chromatography, 141

aliquots (20 mL) were collected and named A.1 to A.141.

Table 1. Yield (%) of Hex.F., Dcm.F., E.Ac.F. and Aq.F., after liquid-liquid partition of the peel extract of P. granatum, granada
and wonderful varieties.

P. granatum granada variety P granatum wonderful variety
Hex.F. 3.7% 1.46 %
Dcm.F. 5.78 % 0.38 %
E.Ac.F. 14.88 % 15.38 %
Aq.F. 77.49 % 82.78 %

Subtitle: Hex.F.: Hexanic Fraction; Decm.F.: Dichloromethane Fraction; E.Ac.F.: Ethyl Acetate Fraction; Aqg.F.: Aqueous Fraction. Source:
Authors.

3.4 Identification, quantification and structural elucidation of punicalagin

The chromatographic method allowed the identification and quantification of punicalagin in P. granatum samples.
Typically, the o and B anomeric structures of the hydrolyzable tannins show up as two peaks in the chromatograms (Chaibub et
al., 2020). Thus, the chromatographic profile of the P. granatum extract showed two intense peaks with a retention time of 13.214
min and 14.132 min, respectively (Figure 3A). The maximum absorption bands were 257.2 and 379.9 nm, identical for the two
peaks (Figure 3B and 3C), suggesting that the peaks refer to the a and  anomers of punicalagin, according to the punicalagin
absorption spectrum reported in the literature, such as 258 and 380 nm (Hernandez-Corroto et al., 2019); 260 and 380 nm (Gosset-
Erard et al., 2021); and 254 and 378 nm (Veloso et al., 2020).
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Figure 3. A. Chromatographic profile of P. granatum extract, highlighting the retention time of peak 1 at 13.214 min and peak
2 at 14.132 min; B. Absorption spectrum at 260 nm of peak 1 of P. granatum extract; C. Absorption spectrum at 260 nm of peak
2 of P. granatum extract.

Al

Source: Authors.

The punicalagin content in the extract and fractions of P. granatum, granada and wonderful varieties, as well as in the
aliquot purified by column chromatography, is shown in Table 2. The punicalagin content in the extract of the granada variety
was 20.8%, while for the wonderful variety it was only 8.5%. The study of different varieties of plants of the same species may
indicate variation in their phytochemical composition and the consequent possibility of variation in therapeutic, nutraceutical
and attractiveness effects, such as smell, color and size characteristics (Melgarejo-Sanchez et al., 2021). In this sense, the
quantitative and qualitative monitoring of five pomegranate cultivars, carried out by Di Stefano et al. (2019), pointed out
statistically significant differences between its phenolic compounds. Furthermore, the study of the nutritional characteristics of
the pomegranate as a function of the maturation stage of seven cultivars showed an accentuated concentration of punicalagin in
acidic and semi-acidic varieties, to the detriment of sweet ones (Tozzi et al., 2021).

The liquid-liquid fractionation aimed at the partial purification of secondary metabolites, through the affinity between
the analyte and extracting solvent. Therefore, bioactive compounds with greater polarity, such as tannins and flavonoids, were
mostly expected in E.Ac.F. and Ag.F. (Cechinel Filho & Yunes, 1998; Fernandes et al., 2019). Thus, it was observed that the
punicalagin content in Hex.F. was similar in both varieties, while in Dcm.F., the metabolite was identified only in the granada
variety. For fractions E.Ac.F. and Ag.F., the punicalagin content was higher in the granada variety, with emphasis on the Aq.F.,
which exceeded by more than 2 times the content observed for the Aq.F. of the wonderful variety.

Table 2. Punicalagin content in the extract and fractions of P. granatum, granada and wonderful varieties, as well as for the

purified aliquot of punicalagin.

P. granatum granada variety (Content %) P. granatum wonderful variety (Content %)
Extract 20.8 8.5
Hex.F. 25 2.3
Dcm.F. 4.7 -
E.Ac.F. 18.6 14.3
Aq.F. 17.1 7
Purified Punicalagin 81.5 -

Subtitle: Hex.F.: Hexanic Fraction; Dcm.F.: Dichloromethane Fraction; E.Ac.F.: Ethyl Acetate Fraction; Aq.F.: Aqueous Fraction.
Source: Authors.

The identification of the chromatographic profiles of the purified aliquots pointed to the presence of a and B anomers

of punicalagin in aliquots A.73-85, referring to the use of the mobile phase H,O/Methanol (8:2). After quantification, the content
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of 81.5% punicalagin in the A.78 aliquot was reached, confirming the efficiency of column chromatography for purification. A
similar result was obtained in aqueous two-phase systems, however, the high cost of some polymers, associated with slow phase
separation, are some of the factors that limit the application of this technique (Indurkar & Rathod, 2018; Chen et al., 2020).
Furthermore, systems sized to achieve purity greater than 99% are expensive, as is the case with the preparative HPLC technique
(Oudane et al., 2018; Sun et al., 2021).

The *H NMR spectrum of purified punicalagin (A-78) contains a doublet in 5.1 (J 3.49) coupled with *C 89.2,
corresponding to the resonance set of the a-anomer of punicalagin, and a doublet in 4.78 (J 8.03) coupled with *3C 93.5 of the
glucose ring, corresponding to the § anomer of punicalagin. The 3.49 Hz coupling constant of the glucose anomeric resonance
(H1) at 5.1 ppm allows the assignment of the most intense resonances to the a anomer of punicalagin. The attribution to glucose
protons (5 *H 2 to 5) was evidenced in the form of multiplets and triplets in the region between 2.69 and 5.22. For the 3C
resonance assignments of the sugar moiety, the spectrum provided the bond correlations pointed out by HMBC (Heteronuclear
Multiple Bond Correlation) and HSQC (Heteronuclear Single Quantum Coherence). Signals of punicalagin aromatic protons
were performed by observing the correlation by HMBC and observed between carbonyl carbons and aromatic and aliphatic
protons. Interactions between gallagic acid H23 and ellagic acid H18 were observed with the glucose of each anomer. The
attributions of *H and **C resonance (Acetone-d6) and structure of a- and B-punicalagin are shown in table 3, and the results

were compared to those in the literature (Kraszni et al., 2013; Carneiro et al., 2016).

Table 3. 'H and *C NMR(Acetone-d6) assignments and structure with enumeration scheme of a- and B-punicalagin.

3H (Jin Hz) S13C
Position Anomer o Anomer f Anomer o Anomer
1 5.1(d, 3.49) 4.78 (d, 8.03) 89.2 935
2 4.7 2 4.8 (m) 5.22 (t, 9.45) 78.0 76.2
3 4.89 (t,9.32) 4.89 (t,9.32) 74.0 78.5
4 4.65 (3) 4.8 (m) 75.9 736
5 3.27 (d, 1.44) 2.69 (td, 1.76, 9.87) 66.0 717
6a 4.15 (g, 10.62) 4.15 (q, 10.62) 63.4 63.4
6b 2.11 (m) 2.2 (m) 63.4 63.4
7 168.0 168.0
8 1235 1235
9 6.518 (s) 6.517 (s) 104.4 106.5
10 144.5 144.5
11 135.2 134.8
12 144.5 144.5
13 113.8 112.9
14 113.8 113.8
15 144.5 144.5
16 135.2 135.2
17 1445 1445
18 6.586 (s) 6.588 (s) 106.6 106.8
19 123.5 1235
20 168.0 168.0
23 6.99 (s) 7.00 (s) 109.1 109.5
26 138.4 138.4
27 1114 1114
42 113.8 117.0
43 144.5 144.7
44 1354 136.8
45 1445 1447
46 6.60 (s) 6.66 (s) 108.8 110.9
47 123.5 1235
48 168.0 167.0

Source: Authors.
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3.5 Determination of Minimum Inhibitory Concentration (MIC)

MIC can be defined as the lowest concentration necessary for an antimicrobial agent to be able to inhibit the growth of
a microorganism (Tan et al., 2021). In our study, the use of the broth microdilution technique was of great importance, as it is
the most sensitive method for promoting quantitative results on antimicrobial activity. Other techniques, such as diffusion in a
petri dish, only show qualitative results, limiting themselves to preliminary data (Nascimento et al., 2007; Scorzoni et al., 2016).

The MIC of the extract and fractions of P. granatum, granada and wonderful varieties, as well as aliquot A. 78, are
shown in Table 4. The samples of ethanol extract of the two studied pomegranate varieties showed antimicrobial potential, with
a MIC of 125 pg/mL for at least one strain of the species tested, except for the two subspecies of S. schleiferi. Thus, the
antimicrobial capacity of the ethanol extract of the granada variety was predominantly moderate, while for the wonderful variety
it was moderate to good, for 39.1% and 43.5% of the strains tested (Table 5). Studies with the pomegranate peel extract attributed
MIC of 171 pg/mL against S. aureus and 555 pg/mL against Salmonella enterica (Fourati et al., 2019), 62.500 pg/mL for
Salmonella typhimurium (Tadi et al., 2020), 10000 pg/ml for Escherichia coli and Clostridium perfringens (Skenderidis et al.,
2019) and 1870 pg/ml against Listeria monocytogenes (Demir, 2021). Variations observed in the inhibition profiles of the P.
granatum bark extract can be attributed to plant variety, choice of extraction solvent, geographic position of the planting and
consequent exposure to different climatic conditions (Choi et al., 2011). Thus, the results obtained for the extract samples confirm
the pomegranate's ability to delay the development and growth of pathogenic microorganisms, in addition to an eventual
impairment of the morphology and integrity of the bacterial membrane (Sateriale et al., 2020).

Polyphenols and tannins, the main metabolites responsible for the antimicrobial activity of pomegranate (Ko et al.,
2021), tend to have low concentration in Hex.F and Dcm.F, since they are non-polar character fractions. Thus, no antimicrobial
potential of these fractions was observed against the tested microorganisms. The E.Ac.F. and Aqg.F. of the granada variety,
reached MIC values ranging from 31.25 pug/mL to 125 pg/mL, showing good activity against 100% of the strains tested. However,
like the granada variety, the same efficiency was not verified for the wonderful variety fractions, where E.Ac.F. and Ag.F. even
presented weak or inactive MIC against strains of the species S. aureus, S. hyicus, S. schleiferi coagulans and CNS (Tables 4
and 5).

If compared with E.Ac.F. and Ag.F. of the granada variety, purified punicalagin was more effective against strains of
S. aureus and S. schleiferi schleiferi, reaching a MIC of up to 31.75 pg/mL. For the other species, the punicalagin MIC was the
same observed for at least a fraction of the granada variety, except for the CNS, 3, 4 and 6 strains (Table 4). Thus, punicalagin
is confirmed as a metabolite of great importance for expression of the antimicrobial potential of pomegranates (Rongai et al.,
2019; Gosset-Erard et al., 2021). The E.Ac.F. and Aq.F. of the granada variety, received the same antimicrobial classification as
the purified punicalagin, showing good activity against 100% of the evaluated microorganisms (Table 5). Such occurrence may
be related to the synergistic effect of secondary metabolites, noticed in conditions where only semi-purification of phyto complex
compounds occurs, as it happens in E.Ac.F. and Ag.F. (Fawole et al., 2012; Casanova & Costa, 2017).
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Table 4. MIC of extract and fractions of P. granatum, granada and wonderful varieties, as well as purified punicalagin, against

CPS and CNS, isolated from cows with mastitis.

MIC Extract (ng/mL) MIC Fractions (ug/mL) MIC purified punicalagin (ng/mL)
Granada Wonderful
STRAINS Granada  Wonderful  —¢ ) e ™ A F EACE.  AqF. AT8
S. aureus
(SAL) 250 250 62.5 62.5 125 500 31.25
(SA2) 500 125 62.5 62.5 125 500 62.5
(SA3) 250 250 62.5 62.5 125 2000 31.25
(SA4) 125 250 62.5 62.5 125 500 31.25
(SA5) 2000 125 62.5 62.5 500 2000 62.5
(SA6) 500 125 62.5 62.5 125 2000 31.25
S. haemolyticus
(SH1) 250 125 62.5 125 125 125 62.5
(SH2) 500 125 62.5 62.5 125 125 62.5
S. hyicus
(SHY1) 1000 125 125 62.5 1000 500 62.5
(SHY?2) 500 250 62.5 62.5 500 2000 62.5
(SHY3) 250 125 62.5 62.5 125 500 62.5
S. schleiferi_schleiferi
(SSS1) 1000 250 125 62.5 1000 1000 62.5
S. schleiferi coagulans
(SSC1) 500 2000 62.5 125 1000 1000 125
(SSC2) 500 250 62.5 62.5 2000 2000 62.5
SCN
(SCN1) 1000 250 125 62.5 1000 2000 62.5
(SCN2) 500 250 62.5 62.5 250 250 62.5
(SCN3) 500 1000 62.5 62.5 1000 1000 125
(SCN 4) 500 250 62.5 62.5 2000 2000 125
(SCN 5) 125 125 31.25 31.25 125 125 31.25
(SCN 6) 250 125 62.5 31.25 250 250 62.5
(SCN7) 500 125 31.25 62.5 125 250 31.25
(SCN 8) 250 1000 62.5 62.5 500 1000 125
(SCNY9) 500 1000 62.5 62.5 500 500 62.5

Subtitle: E.Ac.F.: Ethyl acetate fraction; Aq.F.: Aqueous fraction; A.78: Purified Punicalagin. Source: Authors.

Table 5. Antimicrobial capacity of extract and fractions of P. granatum, granada and wonderful varieties, as well as purified

punicalagin, against CPS and CNS, isolated from cows with mastitis.

Extract Fractions Purified punicalagin
Intensity Granada Wonderful
Granada Wonderful EACE. AGLF. EACE. ALF. A.78
Good 8.7% 43.5% 100% 100% 43.5% 13% 100%
Moderate 73.9% 39.1% - - 26.1% 39.1% -
Weak 13% 13% - - 21.7% 17.4% -
Inactive 4.3% 4.3% - - 8.7% 30.4% -

Source: Authors.

4. Conclusion

The appearance of the fruits of P. granatum was satisfactory for the development of this study. After drying, the use of
maceration and percolation methods, combined with the appropriate solvent, proved to be efficient for extracting tannins from
the vegetable raw material, in addition to attributing simplicity and low cost to the technique. The liquid-liquid fractionation
enabled the semi-purification of secondary metabolites and obtaining organic fractions of the ethanol extract of pomegranate, of
the granada and wonderful varieties. Purification of Aq.F. of the granada variety was efficient, reaching 81.5% of purified
punicalagin. With a MIC of 31.75 ug/mL, purified punicalagin was effective against clinical isolates, especially S. aureus and S.

schleiferi schleiferi. Thus, punicalagin was determined as a metabolite of great importance for the expression of the antimicrobial
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potential of P. granatum fruits. However, the synergism between the secondary metabolites of the E.Ac.F. and Ag.F. fractions
of the granada variety was observed, since, under semi-purification conditions of the extract, the antimicrobial activity was good
for 100% of the CPS and CNS, just like for punicalagin. Thus, the potential of P. granatum fruits as a source of secondary
metabolites with antimicrobial potential against clinical isolates from cows with mastitis was confirmed. Thus, the results
obtained in this study can support research on pharmaceutical formulations based on P. granatum, as an alternative for the

treatment, prevention and control of mastitis.
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