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Abstract

:

A bovine mastitis is an infectious disease, which is usually treated with antibiotics. Alternatively, herbal medicine has been proposed due to bacterial resistance. The aim of this study was to determine the antibacterial activity of the acetonic and ethanolic extracts of dried flowers and leaves of Tanacetum vulgare L. against bovine mastitis-inducing clinical isolates such as Escherichia coli, Streptococcus agalactiae, Streptococcus uberis, Serratia liquefaciens, Staphylococcus aureus, and reference cultures of S. aureus and E. coli. The extracts of T. vulgare showed partial antibacterial activity against tested strains of S. aureus. The MIC and MBC values of a 70% ethanol extract of flowers (MIC = 3.4 mg/mL, MBC = 3.4–6.8 mg/mL) were lower than for the 70% ethanol extract of leaves (MIC = 15.7–31.4 mg/mL, MBC = 62.9–125.9 mg/mL). The flower extracts showed low activity against E. coli (MIC = 53.9 mg/mL, MBC = 53.9–107.8 mg/mL) and S. agalactiae (MIC, MBC = 53.9 mg/mL). T. vulgare leaf extracts had minimal antibacterial effects against Streptococcus strains (MIC = 31.4–62.9 mg/mL, MBC = 53.9–125.9 mg/mL) and Serratia liquefaciens (MIC, MBC = 125.9 mg/mL). However, flower extracts had a higher phenolic content that did not correlate with antibacterial effects. T. vulgare flower and leaf extracts could be combined to obtain broader antibacterial effects.
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1. Introduction


Bovine mastitis is an infectious disease of the udder, commonly caused by Staphylococcus aureus, other Staphylococci, Escherichia coli, Corynebacterium bovis, Streptococcus uberis, Streptococcus dysgalactiae, and Streptococcus agalactiae [1,2]. This disease reduces animal welfare and milk production and quality, causing financial losses to dairy industries. Due to climate changes—weather becoming warmer and more favorable for these bacteria—the issue might become even more prevalent [3,4]. Bovine mastitis is usually treated with antibiotics such as penicillin, ampicillin, tetracycline, gentamycin, etc. [5]. Consequently, the misuse and overuse of antimicrobials have led to microbial resistance and spread throughout the environment and in humans. Of particular concern is that antibiotic residue is found in milk and animals for long periods of time [5,6].



World Health Organization (WHO) guidelines [7] for the use of new and critical human antimicrobials emphasize the need to reduce antibiotic use in food-producing animals and plants [8]. To achieve the goals set, it is necessary to improve disease prevention and husbandry practices [7,8,9]. Alternative treatments and prophylactic measures have been suggested and used in conventional and organic farms [5,8,10].



As alternative therapy or co-combined with standard treatment, medicinal plants have a promising place in battling infections [5,10,11]. Although herbal medicine for the treatment and prevention of bovine mastitis has been in use for decades [11], research reports are lacking [8,12]. Additionally, Tanacetum vulgare has not been reported as an antibacterial agent against bovine mastitis and has only been mentioned once in ethnoveterinary studies previously [9].



Tanacetum vulgare syn. Chrysanthemum vulgare L., commonly known as Tansy (Common Tansy, Garden Tansy, Golden Buttons), is a perennial plant that belongs to the Asteraceae family. It has two varieties: var. vulgare which grows in Europe and North America, and var. boreale which is more typical to Russia and Asia. Typically, T. vulgare is found in meadows, along roads, and in hedges and wastelands [13,14]. T. vulgare is an aromatic herbaceous plant with a yellow inflorescence and deep green pinnatipartite to pinnatisect leaves [13]. The chemical composition of T. vulgare varies due to its high environmental adaptability [13,15,16]. Studies of T. vulgare provide information about the chemical composition and the properties of its aerial parts (flower, leaf, herb) and underground organ (root). Although secondary metabolite groups are similar, individual chemical compounds in the aerial parts of the plant differ. The aerial parts of T. vulgare contain essential oil, nonvolatile sesquiterpenes, polyphenolic compounds, phenolic acids, fatty acids, sugars, vitamins, and minerals [14,16,17,18,19].



Traditional uses of T. vulgare include anthelmintic effects, treatment of headaches, neuralgias, anorexia, respiratory infection, and rheumatisms, and some cultures have used it as an abortifacient [20,21]. Considering that T. vulgare essential oil contains toxic compounds such as thujones, it should be used with caution or externally [22]. In addition, people sensitive to the Asteraceae family experience allergic contact dermatitis to T. vulgare pollen [20]. T. vulgare has potential activity against herpes simplex [23]. Most of the studies focus on the antioxidant, anti-inflammatory, and antimicrobial effects of T. vulgare, which are thought to be linked to essential oil and phenolic compounds found in the plant [19,22,24]. Therefore, the pharmacological properties and medicinal use of T. vulgare plants vary depending on the part of the plant used and the extraction methods applied.



Extraction methods, solvent, plant material-to-solvent ratio, time, pH, and temperature can influence the outcome of the extraction. More polar solvents generally lead to a higher yield of phenolic compounds [25]. The use of solvents of varying polarities leads to differing chemical compounds that are extracted from the same plant material. The highest rosmarinic acid yield was extracted by 50% methanol, but 70% acetone extracted a high yield of 3′-hydroxy-5,6,7,4′-tetramethoxyflavone. However, chloroform extraction provided the highest amounts of sinensetin and eupatorin [26]. Additionally, the concentration of solvent can change the outcome of extract yield and composition, as well as the properties of the extract. The highest antioxidant activity and polyphenol content was observed in 100% ethanol extracts, but the highest extraction yield was from 50% acetone [27].



To assess the effects of the crude extracts of T. vulgare flowers and leaves, we aimed to compare two types of solvents with varied concentrations. The total phenolic content was determined, and Fourier transform infrared spectroscopy was used to characterize the chemical composition of the extracts. This study was aimed to determine the in vitro antimicrobial properties of different T. vulgare flower and leaf extracts against bovine mastitis-inducing bacterial pathogens that are common in Latvia [28].




2. Materials and Methods


2.1. Plant Harvest and Identification


The aerial parts of Tanacetum vulgare were harvested during flowering in July 2020, from Allaži Parish (57.083579, 24.782287), Latvia. The plants were identified by Prof. D.B., Ph.D. in Pharmacy. The voucher herbariums of plants were kept in the internal collection of Riga Stradiņš University’s Pharmaceutical chemistry department and labeled BL-2020; BZ-2020. Flowers and leaves were separated by hand and dried in the shade, at ambient temperature. The dried material was stored in paper bags and kept away from the light. All procedures were conducted according to general WHO guidelines for plant collection and processing [29].




2.2. Extract Preparation


The dried plant material was ground in a grinder and sieved through 2 mm sieves. Powdered plant material was macerated in 100 mL of 30%, 50% and 70% acetone solutions (Chempur, PL) and 30%, 50%, 70% ethanol solutions (Kalsnavas Elevators, LV), using an orbital shaker (PSU-10i Biosan, Riga, Latvia) at an ambient temperature for 80 min (Figure 1) to obtain the extracts. Afterwards, mixtures were filtered through 9 mm diameter filter paper (Sartorius, FT-3-303-110, Germany). The solvent was removed from extracts via rotary vacuum evaporation (Heidolph Laborota 4002 control, Germany). Each semi-solid extract was quantitatively placed in ambient vials and freeze-stored until determination of total phenolic content, Fourier transform infrared spectroscopy (FTIR), and agar disc diffusion tests (Figure 2). Before testing, extracts were dissolved to 5 mL with distilled water. Water was purified using the Stakpure GmpH Water System (Niederahr, GE).



For the broth microdilution method, semisolid extracts were freeze-dried (by lyophilization at −80 °C, 0.05 mBar) to obtain the dry extract. The procedure is shown in Figure 2. Plant extracts chosen for the broth microdilution method were those corresponding to the data from agar disk diffusion test (Table 2).




2.3. Bacterial Cultures


Six clinical isolates of bovine mastitis, Escherichia coli (ID. V-2019-4), E. coli (ID. V-2019-252), E. coli (ATCC 25922), Streptococcus agalactiae (ID. V-2019-171), Streptococcus uberis (ID. V-2019-243), Serratia liquefaciens (ID. V-2019-251), Staphylococcus aureus (ID. V-2019-256), and S. aureus (ATCC 25923), were obtained from the Research Laboratory of Biotechnology of Latvia University of Life Sciences and Technology. The sensitivity to antibiotics of selected bacteria is shown in Figure 3. Susceptibility of bacteria was tested using standard reference antibiotics, and categorized according to standard procedure, the EUCAST European Committee on Antimicrobial Susceptibility Testing [30]. Reference strains S. aureus ATCC 25923 and E. coli ATCC 25922 were provided by Riga Stradiņš University’s Department of Biology and Microbiology.




2.4. Antibacterial Susceptibility—Agar Disc Diffusion Test


Bacterial suspensions were prepared according to the EUCAST (European Committee on Antimicrobial Susceptibility Testing) standards [31] with an optical density of 0.5 according to the McFarland standard measured with a McFarland optical densitometer (Biosan, Riga, Latvia). Bacterial suspensions were inoculated with a sterile cotton swab on Mueller–Hinton (MH) (Oxoid, Basingstoke, UK) agar or Mueller–Hinton agar with 5% sheep blood (MHBA) (Oxoid, UK). Four sterile filter paper disks (Ø = 5 mm) were impregnated with 15 µL of semi-solid extracts of T. vulgare flowers or leaves and placed on agar plates. The MH and MHBA agars were incubated in a thermostat (Memmert, Schwabach, Germany) for 24 h at 37 °C. The antibacterial properties of the extracts were examined by measuring the diameter of the sterile zones.



Since this disc diffusion test had some limitations for the determination of antibacterial activity of the plant material [32], we used the broth microdilution method to determine quantitative effects of extracts, which is described below.




2.5. Broth Microdilution Method for Determination of Minimum Inhibitory Concentration and Minimal Bactericidal Concentration


The broth microdilution method was used to determine the MIC (minimal inhibitory concentration) and MBC (minimal bactericidal concentration) of lyophilized T. vulgare flower and leaf extracts according to the EUCAST standard [31]. Whole yields of dry extract powder (obtained by the method described in Section 2.2) were dissolved in 2 mL of dimethyl sulfoxide DMSO (Sigma Aldrich, St. Louis, MO, USA). This compound solution was mixed with 50 μL of Mueller–Hinton broth (MHB) (Oxoid, UK). Two-fold serial dilutions were made to obtain extract solutions ranging between 7.9 and 125.9 mg/mL (leaf extract) and 3.4 and 53.9 mg/mL (flower extract) placed in 96-well plates (SarsTEDT, Sarstedt, Germany). Each well was seeded with 50 μL of bacterial suspension (106 CFU/mL) which was made from suspension with 0.5 McFarland optical density. The 96-well plates were incubated in a thermostat (Memmert, Germany) for 24 h at 37 °C. Broth without added extract was used as control. The lowest concentration of extracts that did not show visual bacterial growth was considered as the MIC value. To obtain the MBC value, extra cultivation on nonselective tryptic soy agar (Oxoid, UK) or 5% sheep blood agar (Oxoid, UK) was conducted. The lowest concentration of extracts that completely inhibited bacterial growth was considered as the MBC value.




2.6. Total Phenolic Content


Analytical-grade gallic acid (Sigma Aldrich, MO, USA), sodium carbonate (Merck, Darmstadt, Germany), and Folin–Ciocalteu reagent (Merck, GE) were purchased from Biotecha Latvia. Total phenolic content was determined using the Folin–Ciocalteu method with minor modifications [33]. Defrosted semi-dry plant extracts of flowers and leaves were dissolved in up to 250 mL of distilled water. After filtering, 1 mL of this solution was diluted to 50 mL with water. A total of 5 mL of 10% Folin–Ciocalteu reagent and 4 mL of 7.5% sodium carbonate were added to 1 mL of the aforementioned final extract solution. All such preparatory steps were performed while avoiding daylight, and the analytes were kept in the dark. The absorbance was measured after 30 min at 765 nm. The calibration curve was calculated using a gallic acid solution (c = 0.120 mg/L) ranging from 0.0075 to 0.9000 mg/mL. Results are expressed as weight per 1 g of dried plant material (DW).




2.7. Fourier Transform Infrared Spectroscopy


T. vulgare parts—flowers, leaves, and extracts—were characterized by the Fourier transform infrared spectroscopy (FTIR) sampling method. All spectra were measured with the modified DRIFT method with a diamond stick and taken with PerkinElmer Spectrum One (450–4000 cm−1, resolution of 4 cm−1, 10 scans, aperture of 8.94 mm, scan speed of 0.2 cm/s) based on a previously published method [34]. The FTIR spectra analysis was performed in the fingerprint region at 850–1850 cm−1. The main task was to ensure that the fingerprints of the samples corresponded to those of the T. vulgare plant, and that the plant did not contain impurities or substances that could affect the antimicrobial properties.




2.8. Statistical Analysis


Experimental data were entered and summarized and displayed using Microsoft® Excel® 2019 (Microsoft, Redmond, DC, USA). Results were analyzed using IBM® SPSS® Statistics Software (Version 27.0; IBM Corp©, Armonk, NY, USA). At least three samples were used for calculations and analysis. Descriptive statistics were used to investigate the differences between samples using one-way analysis of variance (ANOVA, post hoc Tukey test) or a Mann–Whitney–Watt test. Furthermore, Spearman’s correlation analysis was performed to determine the relation between the total phenolic content and the antibacterial activity. In all cases, p ≤ 0.05 was accepted as denoting significance.





3. Results


3.1. Characterization of Plant Samples by Fourier Transform Infrared Spectroscopy (FTIR)


The FTIR spectra were taken in the wavenumber range 400–4000 cm−1. The spectra were taken to demonstrate the differences between leaf and flower powder and their extracts in ethanol and acetone (Figure 4).



The complexity of the FTIR pattern limits the identification of individual components. However, using a fingerprint method [34], it is possible to observe differences in the spectrum pattern in the 850–1850 cm−1 region between powdered dried leaves and flowers, between extracts of 30%, 50%, and 70% ethanol, as well as between extracts of acetone.




3.2. Total Phenolic Content


The total phenolic content (TPC) was determined in the herbal preparations (Table 1). There was a higher TPC in the flower extracts ranging from 62.2 to 77.6 mg/g DW gallic acid equivalent (GAE), while the leaf extracts contained a maximum of 28.7 mg/g DW GAE of TPC. The extraction solvent type only affected the phenolic content in the case of the flower preparations (f = 6.984, p = 0.003). The acetone extracts of the T. vulgare flower showed higher TPC than the ethanol extracts (Mann–Whitney U = 2.5, p < 0.001), but there were no significant differences in the solvent concentration used (p = 1). All leaf extracts had similar amounts of TPC, and there were no statistical differences between solvents p < 0.05 (Table 1).




3.3. Antibacterial Effects of T. vulgare Extracts


All extracts of T. vulgare were first tested by agar disc diffusion tests. Extracts with the most antibacterial activity were tested with a broth microdilution test to obtain quantitative data.



3.3.1. Antibacterial Susceptibility—Agar Disc Diffusion Test


The results of the agar disc diffusion test for antibacterial effects of the extract are shown in the Table 1. Analysis of the inhibition zone results of T. vulgare flower extract showed that extracts made with a low-concentration solvent such as 30% ethanol and 30% acetone had no antibacterial effects. The 50% ethanol extracts of flowers were effective against the S. aureus bovine isolate and E. coli (V252). The 50% acetone extracts of flowers were effective against both S. aureus strains, E. coli (V252), and S. agalactiae. The 70% ethanol and 70% acetone extracts of flowers were both effective against S. aureus, E. coli, and S. agalactiae, but had no effect against S. uberis or Serratia liquefaciens. There was no significant difference between the results of 70% ethanol extracts and 70% acetone extracts of flowers (Table 2). Because ethanol is considered safer than acetone, it was used for further extract preparation and antibacterial analysis.



All leaf extracts of T. vulgare had an effect against the isolate of S. aureus bovine mastitis, S. uberis, and Serratia liquefaciens. The 70% ethanol extracts of leaves of T. vulgare and all types of acetone extracts showed effectiveness against S. aureus ATCC 25923 and S. agalactiae, but only the 70% acetone extract had a minimal effect against the reference culture of E. coli ATCC 25922. The best antibacterial effect was noted for 70% acetone and 70% ethanol extracts—with inhibition zone diameters ranging from 8.0 mm to 24.3 ± 2.9 mm and from 9.3 ± 1.3 mm to 24.3 ± 2.9 mm, respectively. Antibacterial effectiveness increased against S. aureus with an increase in concentration of the solvent, but no such relationship was observed for the rest of the bacterial samples. Since there were no significant differences (Table 2) between measurements amongst effective extracts, for further analysis, we chose the 70% ethanol extract of T. vulgare leaves as it is considered a safer solvent.




3.3.2. Broth Microdilution Method for Determination of Minimal Inhibitory Concentration (MIC) and Minimal Bactericidal Concentration (MBC)


To determine precise effective concentrations of most active extracts, we applied broth microdilution tests, and the results are shown in Table 3. T. vulgare flowers were effective against E. coli strains, S. aureus strains, and S. agalactiae, although the extract concentrations were high. However, T. vulgare leaves showed effects against S. aureus strains, Streptococcus strains, and Serratia liquefaciens, and was not tested against E. coli, since it did not show effectiveness in the previously mentioned agar disc diffusion test.



The 70% ethanol flower extract of T. vulgare had the lowest MIC/MBC of 3.4 mg/mL against S. aureus V256, and the second lowest MIC of 3.4 mg/mL and MBC of 6.8 mg/mL was against S. aureus ATCC 25923 which was the reference culture. For the leaf extract (70% ethanol), the lowest MIC and MBC measurements were observed against S. aureus V256 (MIC = 7.8 mg/mL and MBC = 15.73 mg/mL), and the second lowest were against S. agalactiae (MIC = 31.5 mg/mL, MBC = 62.9 mg/mL).






4. Discussion


Our investigation focused on the antibacterial effects of T. vulgare extracts against bovine mastitis-causing bacteria in vitro. The results of our study showed that 70% acetone and 70% ethanol extracts had the broadest range and the best effects against tested bacteria. Flower and leaf extracts were effective against S. aureus and S. agalactiae. The flower extracts of T. vulgare were effective against all E. coli strains tested. On the contrary, the leaf extracts of T. vulgare showed an effect against S. uberis and Serratia liquefaciens but no effect against E. coli. However, to have adequate antibacterial effects in all cases, the concentrations of extracts had to be high.



Several factors could affect the antibacterial effectiveness of extracts, such as the type of solvent, concertation, extraction process, and plant material [35]. Differing results for different extracts shown by Gevrenova et al. support the idea that the solvent polarity and the T. vulgare part used could affect the amounts and effects of the extracted phenolic compounds [19]. Ethanol extracts (70%, ratio of 1:10) of T. vulgare flowers grown in Transylvania showed low antibacterial effects against S. aureus (10 mm inhibition zone diameter), but unlike our extracts, theirs did not show any effect against E. coli. These extracts had 46.8–50.1 mg GAE/g of TPC, less than our T. vulgare flower ethanol extract [24]. An analysis of aerial parts of T. vulgare methanol extracts reported effects against S. aureus, but no effect against Gram-negative bacteria—namely E. coli [24]. Similar results were obtained in a study from Transylvania [36]. Diverse antimicrobial activity of T. vulgare parts (herb, leaf, flower, and essential oil) was noted by Devrnja et al. [37], and here, overall methanolic extracts showed better antibacterial effects against Gram-positive bacteria (S. aureus, Bacillus cereus, and Micrococcus flavus). Flower methanolic extracts inhibited Gram-negative bacteria such as E. coli and Enterobacter cloacae better than leaf extracts. These findings correspond to our results, where T. vulgare flowers had antibacterial effects against E. coli strains, but leaf extracts did not.



Previously reported characteristics of components of T. vulgare extracts showed that changing extraction solvent type and its concentration led to different extracted compositions. Additionally, T. vulgare flower extracts had distinctively different main peaks in FTIR spectra from those of T. vulgare leaf extracts, meaning that the chemical composition of both extracts differs [34]. Leaves and flowers of different T. vulgare samples had various polyphenolic profiles [38]. Similarly, when comparing leaves and discs of flower polyphenol types, it was reported that the disc contained apigenin, luteolin, and chrysoeriol, but leaves, on the other hand, had 6-hydroxyluteolin derivatives [39]. Antibacterial effects could depend on the part of the plant used in the extract, and also the solvent type used. In our study, there were no significant differences between the solvent type and the amount of TPC extracted; correlation between the amount of TPC and the antibacterial effects could not be calculated. Although 30% acetone extracts of T. vulgare flowers had the highest TPC, they did not have an antibacterial effect on bacteria. The dried flowers of T. vulgare contain less tannins than the leaves of T. vulgare (they contain 2.01% and 2.45%, respectively) [40]. Possibly, the combination of specific phenolic compounds could also influence the antibacterial activity.



Distinctive phenolic compounds have been reported to have a different effect on Gram-negative or Gram-positive bacteria [41], because they have differing mechanisms of action against bacteria. The antibacterial mechanism of phenolic compounds is mainly attributed to their ability to generate hydrogen peroxide, which, when coupled with the metal ion complexation capacity, results in the inhibition of the activity of essential enzymes and their ability to destabilize bacterial membranes, causing an increase in their permeability [42]. Differing mechanisms of action of polyphenol groups are provided by Daglia [43]. Flavonols had antibacterial effects against both Gram-positive and Gram-negative bacteria, possibly because of their aggregatory effect on all bacterial cells. Condensed tannins (proanthocyanidins) inhibit the growth of several pathogenic bacteria through several mechanisms, such as permeabilization of the cell membrane, destabilization of the cytoplasmic membrane, inhibition of extracellular microbial enzymes, direct actions on microbial metabolism, or deprivation of the substrates required for microbial growth (because proanthocyanidins chelate metals such as iron and zinc). Ellagitannins inhibited the growth of some Gram-negative intestinal bacteria, but gallotannins showed better activity against Gram-positive bacteria. Antibacterial effects are primarily due to the affinity of gallotannins for iron and the inactivation of membrane-bound proteins [43].



Other phytochemicals with antibacterial properties, such essential oils and their isolated components, could have affected the results. It was reported that the essential oil of T. vulgare flowers has antibacterial effects against E. coli, S. aureus, Enterobacter aerogenes, Sarcina lutea, Bacillus cereus, and Candida albicans. This effect varied depending on strains of the same species. It must be noted that the clinical isolates of bacteria are usually more resistant. In addition, the effect with this essential oil was found to be weaker than with the isolated α- and β-thujone mixture. However, authors of the study could not directly link the effect to α- and/or β-thujone alone. They noted possible antibacterial properties of other components of the essential oil and their synergism. Further, they explained that the composition of the essential oil of T. vulgare flowers varied in other studies (lower concentrations of β-thujone or lack of it) [44]. Varying chemotypes of T. vulgare were reported in Finland in 1987 [45], and it was observed that, based on the location, the main essential oil components (thujone, camphor, sabinene, umbellulone, bornyl acetone, 1,8-cineol, α-pinene, germacrene D) and their combinations changed. In a later study in Finland from 2001 [15], different chemotypes were reported, and they found 15 chemotypes with main components such as camphor, trans thujone, artemisia ketone, 1,8-cineole, and davadone-D. The composition of the essential oil of T. vulgare changes depending on the location; therefore, reports on medicinal effects might differ in each study.



In comparison, T. vulgare flower extracts had a lesser antibacterial effect than the essential oil obtained from it. The essential oil from T. vulgare inhibited the growth of some Gram-positive bacteria such as S. aureus, B. cereus, B. subtilis, and S. epidermidis, and had no effect on Gram-negative bacteria. It is possible that the essential oil could be responsible for antibacterial effects in the extracts made from T. vulgare flowers, or the yield of specific phenolic compounds was not substantial enough in the T. vulgare extract. It was reported that the extract of Tanacetum balsamita, which contained twice the amount of flavonoids, had a better antibacterial effect [46].



When comparing the results of the antibacterial effects in our study, it should be noted that bovine mastitis isolates were used, but other research studies focused on human disease-causing bacterial isolates or reference strains. Along with our results, a study conducted in Romania found that herbal extracts had better inhibition of S. aureus growth and a lower inhibition of E. coli, both isolated from bovine mastitis [47]. Conversely, our study revealed that T. vulgare extracts had some antibacterial effects against tested Streptococcus strains and Serratia liquefaciens. Extracts from the flowers of T. vulgare minimally inhibited the growth of S. agalactiae, but extracts from the leaves had minimal effects against S. uberis and Serratia liquefaciens. When the same bacterial isolates of bovine mastitis were tested, 70% acetone extracts of Quercus robur bark and 30% ethanol extracts of Calluna vulgaris herb had broader antibacterial spectra and lower MIC and MBC [48]. One study reported that Serratia liquefaciens was sensitive to ethanolic extracts of Mentha pulegium, Nepeta cataria, Melissa officinalis, Agastache foeniculum, Lavandula angustifolia, Origanum vulgare, Althaea officinalis, Plantago lanceolata, Artemisia absinthium, Populus nigra, and Evernia prunastri, all of which contain both essential oil and phenolic compounds. The 80% ethanol extracts of Senna macranthera, Artemisia absinthium, Cymbopogon nardus, and Baccharis dracunculifolia showed promising antibacterial effect against S. aureus strains isolated from bovine mastitis [49].



T. vulgare extracts were also effective against some resistant strains isolated from bovine mastitis-infected udders. The sensitivity of the bacteria is shown in Figure 3. The 70% ethanol extracts of T. vulgare flowers showed antibacterial activity against S. aureus V256, which is resistant to amoxicillin, ampicillin, erythromycin, novobiocin, and penicillin G. The 70% ethanol extracts of the leaves of T. vulgare had weaker effects than the flower extracts against the same S. aureus strain. The usual resistance cut-off point for penicillin is at a 26 mm inhibition zone diameter [30]. As T. vulgare extracts measured 20–24 mm, they are considered weaker than penicillin [30]. The growth of E. coli V4 (resistant to amoxicillin, amoxicillin/clavulanic acid, ampicillin, cephalexin, neomycin, penicillin) and E. coli V252 (resistant to amoxicillin, amoxicillin/clavulanic acid, cephalexin, erythromycin, neomycin, novobiocin, penicillin) was inhibited by 70% ethanol extracts of T. vulgare flowers. In this case, the necessary concentration was high and measured inhibition zones were low (8–10 mm). This is significantly lower than the breakpoint for standard treatments [30]. S. uberis (resistant to amoxicillin, gentamycin, neomycin, oxytetracycline, penicillin G, novobiocin) and S. agalactiae (resistant to enrofloxacin, gentamycin, lincomycin, oxytetracycline, penicillin G, trimethoprim/sulfamethoxazole), and Serratia liquefaciens (resistant to amoxicillin, ampicillin, erythromycin, novobiocin, penicillin G) were sensitive to T. vulgare leaf extracts in relatively high concentrations. This is the same as in the case of E. coli. T. vulgare flowers and leaves could be combined to obtain broader and better antibacterial effects.



Co-combination of herbal extracts and antibiotics has been reported. Two novel substances, guttiferone-A and 7-epiclusianone, isolated from the fruit of Garcinia brasiliensis, showed good antibacterial effects against bovine mastitis isolates, S. agalactiae and S. uberis, both of which were resistant to ampicillin and gentamicin, and S. uberis, which is resistant to ceftriaxone. Additionally, combined with traditionally used antibiotics, these substances also showed good synergism against Streptococcus spp. [50]. Different effects were observed in the study of the interactions of plant extracts and selected antibiotics affecting E. coli. Water and ethanol extracts prepared from the leaves of T. vulgare increased the MIC of ciprofloxacin, kanamycin, and ampicillin, while they did not affect the MIC of chloramphenicol and rifampicin. It was proposed that this may be due to the antioxidant effects of quercetin and tannin, which protect E. coli from the effects of ciprofloxacin [26]. This effect could also explain why some T. vulgare extracts did not inhibit E. coli, but further chemical analysis of phenolic compound types is needed to confirm this.



There is no standard cut-off point for the antibacterial effectiveness for plant extracts. Authors differentiate between extracts and derived compounds for which the cut-off point is usually lower. The suggested MIC for herbal medicine or extract is as follows: significant effect is when MIC < 0.1 mg/mL, moderate effect is when MIC 0.1—0.625 mg/mL, and weak effect is when MIC > 0.625 mg/mL [51,52]. According to this clause, our tested T. vulgare extracts have a weak antibacterial effect (MIC 3.4—125.9 mg/mL). Previously reported plant MICs had broad ranges. The antibacterial activity of northern Peruvian medicinal plants was also diverse and, in some cases, low, their MIC ranging from 0.008—256 mg/mL [53]. In this aspect, our results are comparable to other plant studies.



In vivo use of herbal preparations should be performed with caution [54,55] as bovine mammary gland tissue is sensitive [56], so development of products containing T. vulgare extracts should undergo a clinical evaluation of their effect on the bovine mammary gland.




5. Conclusions


T. vulgare has some antibacterial effects in vitro. Extracts of T. vulgare flowers minimally inhibited the growth of S. aureus, and inhibited E. coli and S. uberis even less, but the extracts of leaves, on the contrary, had no effect on E. coli. It moderately inhibited the growth of S. aureus, and had a weak effect against S. agalactiae, S. uberis, and Serratia liquefaciens. Although the necessary concentrations were high, 70% ethanol extracts of T. vulgare flowers and leaves could be combined to obtain better and broader antibacterial effects.



The antibacterial effects were dependent on the extract solvent concentration, since 30% ethanol extracts had no antibacterial effects. However, the total phenolic content was more affected by solvent type and less so by concentration. Since the types of phenolics vary in parts of T. vulgare, the activities of the extracts are different. Precise analysis of the chemical constituents and their antibacterial activity is necessary.



Considering that the obtained extracts could contain compounds with certain irritating properties, additional investigations are necessary to determine the possible risks to bovine mammary glands. In future studies, to maximize extract effects, modern extraction methods could be applied; new drug delivery forms such as nanoparticles could be researched and developed.
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Figure 1. Plant material extraction process. 
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Figure 2. Extract preparation process. 
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Figure 3. Antibacterial susceptibility for the bovine mastitis clinical isolates. 
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Figure 4. FTIR DRIFT spectra. (A) T. vulgare parts: flowers and leaves; (B) Extract in 70% acetone of T. vulgare parts: flowers and leaves; (C) Extract in 70%, 50%, and 30% ethanol of T. vulgare flowers. 
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Table 1. Total Phenolic Content of the ethanol and acetone extracts of flowers and leaves of T. vulgare.






Table 1. Total Phenolic Content of the ethanol and acetone extracts of flowers and leaves of T. vulgare.





	
Extract Sample

	
Extraction Solvent

	
TPC GAE mg/g DW ± SD






	
T. vulgare flower

extract

	
Ethanol 30%

	
62.5 ±10.9 a




	
Ethanol 50%

	
63.4 ±3.2 a




	
Ethanol 70%

	
62.3 ±9.2 a




	
Acetone 30%

	
77.6 ±2.9 b




	
Acetone 50%

	
77.4 ±3.4 b




	
Acetone 70%

	
76.7 ±3.4 b




	
T. vulgare leaf

extract

	
Ethanol 30%

	
28.7 ±9.6 c




	
Ethanol 50%

	
27.6 ±6.9 c




	
Ethanol 70%

	
24.5 ±4.5 c




	
Acetone 30%

	
20.9 ±4.1 c




	
Acetone 50%

	
28.1 ±3.6 c




	
Acetone 70%

	
22.3 ±6.2 c








TPC—Total Phenolic Content, GAE—Gallic Acid Equivalent, DW—Dry Plant weight, SD—standard deviation. Within columns, values with the same superscript letter are not significantly different at the p ≤ 0.05 level according to ANOVA and post hoc Tukey test.
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Table 2. Inhibition zones of T. vulgaris extracts for antibacterial susceptibility—agar disc diffusion test.
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Extract Type

by Solvent

	
Inhibition Zone, mm ±SD




	
S. aureus ATCC 25923

	
S. aureus V256

	
S. uberis V243

	
S. agalactiae V171

	
E. coli ATCC 25922

	
E. coli V4

	
E. coli V252

	
Serratia liquefaciens V251






	
T. vulgare flower

	
E30%

	
n

	
n

	
n

	
n

	
n

	
n

	
n

	
n




	
E50%

	
n

	
17.0 ± 2.5 a

	
n

	
n

	
n

	
n

	
8.7 ± 0.5 a

	
n




	
E70%

	
14.8 ± 1.3 a

	
20.8 ± 0.9 b

	
n

	
9.3 ± 1.2 a

	
8.8 ± 0.5 a

	
7.8 ± 0.5 a

	
10.0 ± 1.4 a

	
n




	
A30%

	
n

	
n

	
n

	
n

	
n

	
n

	
n

	
n




	
A50%

	
19.0 ± 2.5 b

	
17.5 ± 2.6 a

	
n

	
8.3 ± 0.5 a

	
n

	
n

	
7.5 ± 0.5 a

	
n




	
A70%

	
15.3 ± 2.1 a

	
21.8 ± 2.4 b

	
n

	
8.3 ± 0.5 a

	
9.8 ± 0.9 a

	
8.0 ± 0 a

	
9.5 ± 1.3 a

	
n




	
T. vulgare leaf

	
E30%

	
n

	
12.8 ± 1.7 c

	
8.8 ± 0.5 a

	
n

	
n

	
n

	
n

	
n




	
E50%

	
n

	
13.8 ± 1.5 c

	
9.8 ± 2.2 a

	
9.5 ± 1.0 a

	
n

	
n

	
n

	
8.5 ± 1.0 a




	
E70%

	
17.5 ± 2.1 b

	
24.3 ± 2.9 d

	
9.8 ± 0.5 a

	
9.3 ± 1.3 a

	
n

	
n

	
n

	
10.5 ± 1.9 a




	
A30%

	
11.3 ± 3.8 b

	
17.8 ± 1.7 a

	
9.0 ± 1.4 a

	
8.8 ± 0.9 a

	
n

	
n

	
n

	
8.3 ± 0.5 a




	
A50%

	
15.0 ± 0.8 a

	
20.5 ± 0.9 b

	
8.5 ± 0.6 a

	
8.3 ± 0.5 a

	
n

	
n

	
n

	
8.5 ± 1.0 a




	
A70%

	
18.3 ± 1.3 b

	
24.3 ± 2.9 d

	
8.0 ± 0.0 a

	
8.3 ± 0.5 a

	
9.3 ± 1.5 a

	
n

	
n

	
8.8 ± 1.0 a








Bacterial cultures: Escherichia coli (ID. V-2019-4), E. coli (ID. V-2019-252), E. coli (ATCC 25922), Streptococcus agalactiae (ID. V-2019-171), S. uberis (ID. V-2019-243), Serratia liquefaciens (ID. V-2019-251), Staphylococcus aureus (ID. V-2019-256), S. aureus (ATCC 25923). A—acetone extract and concentration, E—ethanol extract and concentration; n—not inhibited (diameter of the inhibition zone measured below 7 mm on average). SD—standard deviation. All means calculated by ANOVA from at least three measurements. Within each column, values with the same superscript letter are not significantly different at the p ≤ 0.05 level, according to the post hoc Tukey test.
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Table 3. Minimal Inhibitory Concentration and Minimal Bactericidal Concentration of T. vulgare extracts by the Broth Microdilution Method.
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Bacteria

Sample

	
T. vulgare Flower Extract,

mg/mL

	
T. vulgare Leaf Extract,

mg/mL




	
MIC

	
MBC

	
MIC

	
MBC






	
E coli

	
ATCC 25922

	
53.9

	
53.9

	
-

	
-




	
V252

	
53.9

	
107.8

	
-

	
-




	
V4

	
53.9

	
107.8

	
-

	
-




	
S. aureus

	
ATCC 25923

	
3.4

	
6.8

	
7.8

	
15.7




	
V256

	
3.4

	
3.4

	
15.7

	
125.9




	
S. agalactiae

	
V171

	
53.9

	
53.9

	
31.4

	
62.9




	
S. uberis

	
V243

	
-

	
-

	
62.9

	
125.9




	
Serratia liquefaciens

	
V251

	
-

	
-

	
125.9

	
125.9








MIC—Minimal Inhibitory Concentration, MBC—Minimal Bactericidal Concentration. Bacterial cultures: Escherichia coli (ID. V-2019-4), E. coli (ID. V-2019-252), E. coli (ATCC 25922), Streptococcus agalactiae (ID. V-2019-171), S. uberis (ID. V-2019-243), Serratia liquefaciens (ID. V-2019-251), Staphylococcus aureus (ID. V-2019-256), S. aureus (ATCC 25923).



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
TPC test

Agar disc
diffusion test

i-&-1

L

,—I MIC test

MBC test






nav.xhtml


  applsci-13-03369


  
    		
      applsci-13-03369
    


  




  





media/file2.png
Tanacetum
vulgare

Leaves

v

vy

.| Flowers

' 70% Ethanol|

50% Ethanol

30% Ethano!

30% Acetone

50% Acetone

s S Nm) A AR

1 70% Acetone






media/file5.jpg
nrmediste
piveny

vz

Cetonsim,

Colovan
Pty
Geamen

—

Amoxcin,
vz e,
‘Ampich,
Cophaean,
Neoman
i

v

Cetowine,
ottt
Enotorscn

moie
oo sc
Sneracyine

Amosictn,
‘Ampicin,
Copraent,
s,
Neomin'
Nowban.
Pencin

)

Ao,
Amoxei)

e s
Catot

Anpitin
Coniean

Envotoncin.
e
Gncomyen:

L)

amocies
o,
i
Coprotn,
o,
Cetiotr,
Enotorscn

Noda

Amosicain,
Gy,
Neomon

Oy,

BenainG,
Nowmos

St
e
Lz

it

damiarcrc.
Gt
Enotonacn,

Onteracyeine

Cootatrin,
fres

Ao
S
eppiemen
Pencling

o
Xt

Aol
cinmiancssd.
Colowine:
Catt
envoivacn
Onfeacriine

Gepraonn,
fres

Amosciln.
i,
o,
ovosoon.
FenetinG





media/file3.jpg
TPC test

Agar disc
diffusion test

MIC test

MBC test






media/file1.jpg
70% Ethano]

Leaves

50% Ethanol

30% Ethano]

Tanacotum oo acef
pirees {50% Acetong
70% Acetone

L Flowers|






media/file7.jpg
Wb el

(B)

(A)






media/file0.png





media/file8.png
—LEAVES —FLOWERS

4000 3500 3000 2500 2000 1500 1000 500
Wavenumbers [1/cm]

(A)

----- Ethanol 30% - - -Ethanol 50% —Ethan-:; 70%
—Leaves, Acetone 70%  —Flowers, Acetone 70%

1800 1600 1400 1200 1000 800 1800 1600 1400 1200 1000 800

Wavenumbers [1/cm] Wavenumbers [1/cm]

(B) (€)





media/file6.png
E.coli
(ID. V-2019-4)

Cefotaxime,
Cefovecin,
Enrofloxacin,
Gentamicin

Sensitive to

Intermediate

sensitivity to Oxytetracycline

Amoxicillin,
Amoxicillin/
clavulanic acid,
Ampicillin,
Cephalexin,
Neomycin,
Penicillin

Resistant to

E.Coli
(ID. V-2019-252)

Cefotaxime,
Ceftiofur,
Enrofloxacin

Amoxicillin/
clavulanic acid,
Oxytetracycline

Amoxicillin,
Ampicillin,
Cephalexin,
Erythromycin,
Neomycin,
Novobiocin,
Penicillin

S. agalactiae
(ID. V-2019-171)

Amoxicillin,
Amoxicillin/
clavulanic acid,
Cefotaxime,
Ceftiofur

Ampicillin,
Cephalexin

Enrofloxacin,
Gentamycin,
Lincomycin,
Oxytetracycline,
Penicillin G,
Trimethoprim /
Sulfamethoxazole

S. uberis
(ID. V-2019-243)

Amoxicillin/
clavulanic acid,
Ampicillin,
Cephalexin,
Cefotaxime,
Ceftiofur,
Enrofloxacin

No data

Amoxicillin,
Gentamycin,
Neomycin,
Oxytetracycline,
Penicillin G,
Novobiocin

Serratia
liquifaciens
(ID. V-2019-251)

Amoxicillin/
clavulanic acid,
Cefotaxime,
Ceftiofur,
Enrofloxacin,
Oxytetracycline

Cephalexin,
Neomycin

Amoxicillin,
Ampicillin,
Erythromycin,
Novobiocin,
Penicillin G

S.aureus
(ID. V-2019-256)

Amoxicillin/
clavulanic acid,
Cefotaxime,
Ceftiofur,
Enrofloxacin,
Oxytetracycline

Cephalexin,
Neomycin

Amoxicillin,
Ampicillin,
Erythromycin,
Novobiocin,
Penicillin G





