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Abstract
The aquatic plant Salvinia auriculata has been shown to possess promising properties for the treatment of Staphylococcus 
aureus bovine mastitis. The disease affects cattle health and compromises dairy cattle productivity, resulting in reduced milk 
production and higher mortality rates. The aim of this study was to evaluate the antimicrobial activity, antibiofilm activity, and 
toxicity of S. auriculata root extracts using bovine mammary epithelial cells (MAC-T); determine the chemical composition 
of the most active extract; and develop an S. auriculata antiseptic solution for pre- and post-milking teat disinfection. Plants 
were collected during the four seasons of the year. The most active hexane extract was subjected to bioguided fractionation, 
which resulted in the isolation of six known compounds, stigmast-22-ene-3,6-dione, stigmasterol, friedelinol, β-sitosterol, 
octadecyl alcohol, and octadecanoic acid. The antimicrobial and antibiofilm activities of the most active extract and isolated 
compounds were determined against nine S. aureus strains isolated from cows with mastitis. The efficacy of the S. auriculata 
teat dip formulation was tested using an excised teat model (ex vivo), and promising results were obtained. The S. auriculata 
extract formulation proved to be as effective as commercial antimicrobials in reducing log counts in excised teats.
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Introduction

The dairy industry is one of the most important agribusiness 
sectors in the world, which is a result of the importance of 
milk and dairy products to the human diet [1]. A condi-
tion that contributes negatively to milk production is bovine 
mastitis. Inflammation of the mammary gland compromises 

cattle health and affects dairy cattle performance, resulting 
in reduced milk production and higher mortality rates. The 
high incidence and the economic losses associated with 
bovine mastitis, particularly because of the impact on milk 
production and quality, make it the most costly disease in 
dairy cattle [2].

Treatment of bovine mammary infections is based on the 
use of antibiotics, but some pathogens have become resist-
ant to most currently available drugs, which limits treatment 
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options. The emergence of resistant strains is a consequence 
of the abusive use of antibiotics. Nunes and co-workers 
[3] showed that Gram-positive bacterium Staphylococcus 
aureus isolated from Portuguese cattle exhibited high levels 
of resistance in vitro to penicillin. Machado and co-workers 
[4] also reported high levels of resistance to several antibi-
otics, including penicillin (93.5%), sulphonamide (88.9%), 
novobiocin (88.6%), and ampicillin (85.3%), in coagulase-
negative staphylococci isolated from cattle in different 
Brazilian regions. The rapid development of resistance to 
antibacterial therapy has motivated the search for new drugs 
capable of controlling bovine mastitis in an effective and 
safe manner.

Plant-based medicines have been increasingly recognised 
by the scientific community as an alternative to conven-
tional drugs against pathogenic bacteria. In recent decades, 
the research on antimicrobial properties of plants has been 
intensified. Plants are regarded as potential sources of phar-
macologically active compounds that might contribute to 
the discovery of novel antibiotics from either their pure con-
stituents or active extracts [5]. Plants living in nutrient-rich 
environments with high bacterial counts attract the interest 
of researchers because of their putative antimicrobial proper-
ties [6–8]. Aquatic plants appear to be especially valuable as 
sources of new antimicrobial agents.

Salvinia auriculate which belongs to the family Salvini-
aceae is a very common aquatic plant in tropical environ-
ments. It has broad geographic distribution but does not 
occur in cold climate regions [9]. Native to South America, 
the species is commonly found in Mexico, the Greater Antil-
les, Trinidad and Tobago, Colombia, Venezuela, Ecuador, 
Peru, Bolivia, Paraguay, Argentina, Chile, and Brazil. The 
plant is used in bioreactors for the removal of aquatic pol-
lutants, such as heavy metals and dyes [10]. Recently, S. 
auriculata have also aroused the interest of farmers, who 
have utilised the plant as cattle feed because of its high bio-
mass production [11].

Our research group has been investigating the antimicro-
bial and antibiofilm effects of S. auriculata [12, 13]. In the 
present study, we aimed to verify the best time of the year to 
collect the roots of the Salvinia auriculata plant, to isolate 
the active compounds responsible for its biological activi-
ties, and to develop an antiseptic formulation of the most 
active extract to be used as a pre- and post-milking teat dis-
infectant in conventional and organic dairy farms.

Materials and methods

Plant material

S. auriculata plants were collected from a pond in 
Recanto das Cigarras (20° 45′ 27ʺ S 45° 51′ 46ʺ W), 

Federal University of Viçosa, Minas Gerais, Brazil, in March 
(autumn), June (winter), September (spring), and December 
(summer) 2013. An authenticated voucher (VIC 32.122) was 
deposited in the university herbarium.

Extraction of plant material

The material was exhaustively washed with water, and roots 
were separated and dried for 24 h at 40 °C in an air-circu-
lating oven after which they were ground into a fine pow-
der. Then, 200 g of root powder collected in each season 
was extracted for 3 days with n-hexane. This procedure was 
repeated at least five times. Extraction was performed under 
ultrasonic irradiation, which makes it possible to obtain 
higher extraction yields in shorter times [14]. Extracts were 
concentrated under reduced pressure and stored at 4 °C.

Microorganisms

The bacterial strains used in this study were isolated from 
cows with mastitis. Strains were kindly provided by the 
Embrapa Dairy Cattle Milk Microbiology Laboratory (Juiz 
de Fora, Minas Gerais, Brazil). Six S. aureus strains (3008, 
3828, 4075, 4125, 4182, and 4347) and one S. aureus ATCC 
29,213 were used to investigate the antimicrobial activity of 
extracts, fractions, and isolated compounds. Bacteria were 
routinely cultured on brain heart infusion (BHI) agar at 
37 °C for 16 h prior to experiments. Cell concentration was 
adjusted to 106 colony-forming units (CFU) mL−1 (optical 
density of 600 nm). Stock cultures were maintained on BHI 
agar supplemented with 10% glycerol at − 80 °C.

Gas chromatography–mass spectrometry analysis of 
the spring and summer hexane extract of roots of Salvinia 
auriculata.

The chromatographic profile of extract was determined 
on a Shimadzu GCMS-QP5050A gas chromatograph–mass 
spectrometer. Gas chromatography-mass spectrometry 
(GC–MS) analysis was carried out on a QP2010 Ultra Shi-
madzu system, employing the following conditions: column 
fused silica capillary column Rtx-5MS (30 m; 0.25 mm ID; 
0.25 film μm). Helium (99.999%) was used as a carrier gas 
at a constant flow of 1 mL/min, and an injection volume of 
1.0 μL was employed (split ratio of 10:1) at an injector tem-
perature of 290 °C and an ion source temperature of 200 °C. 
The oven temperature was programmed at 80 °C for 5 min, 
then increased to 285 °C at a 4 °C rate/min and kept at this 
temperature for 40 min. Mass spectra were taken at 70 eV, 
a scan interval of 0.5 s, and fragments from 35 to 700 Da. 
The MS transfer line temperature was 290 °C. Compounds 
were identified using the Wiley 7 and National Institute of 
Standards and Technology (NIST) libraries [15].
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Bio‑guided isolation of secondary metabolites

The bioactive spring hexane extract of roots 2 g (was sub-
jected to column chromatography on silica gel (70–230 
mesh) using hexane as mobile phase. Eluent polarity was 
gradually increased with CH2Cl2 to yield 58 fractions, which 
were subsequently submitted to biological assays against S. 
aureus strain 3828, used as a reference microorganism for 
bioguided isolation. Active fractions were collected and sub-
mitted to repeated purification steps by preparative thin-layer 
chromatography. Elution with an 8:2 mixture of petroleum 
ether/ethyl acetate allowed the isolation of compounds 1 
(10 mg), 2 (15.0 mg), 3 (8 mg), 4 (12.0 mg), 5 (10.0 mg), 
and 6 (8.0 mg). Compounds were identified by comparison 
of their 1H- and 13C-NMR spectra with literature data [13, 
16–18].

Hole‑plate diffusion method (in vitro antibacterial 
assay)

The hole-plate diffusion assay was performed to evaluate 
the antibacterial activity of S. auriculata root extracts, frac-
tions, and isolated compounds. Bacteria were cultivated 
overnight, and a 106 CFU mL−1 suspension was spread on 
Müeller–Hinton agar (HiMedia). Holes of approximately 
5 × 3 mm were made in the agar and filled with 30 μL of 
extract (50 mg mL−1), fractions (10 mg mL−1), or com-
pounds 1, 2, 3, 4, 5, and 6 (10 μg mL−1). Extract, fractions, 
and compounds were solved in DMSO. After incubation at 
37 °C for 24 h, inhibition zones were measured in millime-
tres and compared with those of controls. Ciclopirox ola-
mine (Uci-Farma) was used as a positive control because of 
its antibacterial properties [19]. Dimethyl sulfoxide (DMSO) 
was used as a negative control. Experiments were performed 
twice in triplicate.

Determination of minimum inhibitory 
concentration

The inhibitory activity of extracts and isolated compounds 
on bacterial growth was determined by the microdilution 
method [20]. Bacteria were plated onto BHI agar (HiMe-
dia) and pre-incubated at 37 °C for 24 h. Isolated colonies 
were then inoculated into Müeller–Hinton broth (HiMe-
dia) and incubated at 37  °C under shaking (180  rpm) 
until the exponential phase. The culture was subsequently 
diluted to an optical density of 0.5 on the McFarland scale 
(OD620 = 0.10). Microplate wells were filled with 100 µL of 
Müeller–Hinton broth containing extract concentrations of 
0.01 to 10 mg mL−1 and 100 µL of a 106 CFU mL−1 bacterial 
suspension. A negative control was prepared by adding 100 
µL of bacterial suspension and 100 µL of Müeller-Hinton 
broth containing the highest concentration of DMSO used 

in the extracts. After 24 h of incubation at 37 °C, 4 µL of 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bro-
mide (MTT) was added to each well and the plate was incu-
bated for an additional 2 h at 37 °C. Changes in the colour 
of the medium from yellow to pink-violet were considered 
to indicate bacterial growth. Experiments were performed 
twice in triplicate.

Determination of biofilm inhibitory concentration

The biofilm inhibitory effect of isolated compounds 1, 4, 
and 6 was determined by the broth microdilution method. 
First, 100 μL of BHI broth supplemented with 0.25% glu-
cose (BHIg) and 100 μL of a bacterial suspension adjusted to 
0.5 McFarland turbidity were added to the wells of a 96-well 
microplate. The plate was incubated at 37 °C for 24 h. Imme-
diately after, absorbance was read at 600 nm on an ELISA 
reader to confirm bacterial growth in the culture medium. 
The supernatant was carefully removed from the wells, and 
200 μL of BHI broth containing the isolated compounds at 
4 minimum inhibitory concentration (MIC), 2 MIC, MIC, 
½ MIC, and ¼ MIC was added. The plate was incubated for 
further 6 h, the supernatant was withdrawn, and wells were 
washed three times with 200 μL of phosphate-buffered saline 
(PBS) pH 7.4. Subsequently, bacteria were stained with 200 
μL of 0.1% crystal violet solution for 30 min. Excess crystal 
violet was removed by washing three times with 200 μL of 
distilled water. Finally, 150 μL of 95% ethanol was added 
to the wells. After 45 min, plates were shaken for 10 s and 
absorbance readings were taken at 560 nm. The negative 
control consisted of BHIg and bacterial suspension. The 
positive control was 10 μL of ciclopirox olamine, BHIg, 
and bacterial suspension. Biofilm inhibition was determined 
by comparing the optical density of test samples with that 
of the controls. Experiments were performed in triplicate.

Effect on disrupt preformed biofilms

The most active Spring hexane extract as well as isolated 
compounds 1, 4, and 6 and herbal formulation were evalu-
ated for their ability to disrupt preformed biofilms according 
to the method described by Klein and co-workers [21], with 
some modifications. To a 96-well microplate were added 
100 µL of BHI broth supplemented with 0.25% glucose and 
100 µL of a bacterial suspension adjusted to a final con-
centration of 106 CFU mL−1. The plate was incubated at 
37 °C for 24 h, and absorbance was read at 600 nm on a 
microplate reader. The supernatant was carefully removed 
from the wells, and 200 µL of BHI broth containing herbal 
formulation or extract at different concentrations (2, 1, 1/2, 
1/4, and 1/8 × MIC) was added. The positive control was 200 
µL of BHI broth. The negative control was 0.1% Tween 80 
and vehicle for experiments using extract and formulation, 
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respectively. Cefoperazone (0.12 mg mL−1) was also tested 
for comparison. After 18 h of incubation at 37 °C, biofilms 
were quantified by the crystal violet assay [22]. The micro-
plate was shaken for 10 s on a microplate reader, and absorb-
ance was quantified at 560 nm. Biofilm disruption was deter-
mined by comparing the optical density of test and control 
wells. Experiments were performed in triplicate. Data were 
subjected to ANOVA, followed by Tukey’s test (p ≤ 0.05) for 
pairwise comparisons between treatments.

Cytotoxicity assay

The cytotoxic activity of the active spring hexane extract of 
roots was evaluated by determining cell viability by the MTT 
colourimetric assay. MAC-T cells, cultured at 37 °C in a 5% 
CO2 humidified atmosphere, were used. Cells (3.5 × 104 cells 
well−1) were distributed in 96-well microplates and incu-
bated at 37 °C in a 5% CO2 atmosphere for 12 h to allow cell 
adhesion, growth recovery, and cell layer formation. Subse-
quently, cells were treated with extract solutions at differ-
ent concentrations and incubated again for 72 h. Cells were 
monitored daily by light microscopy. After 72 h, the medium 
was removed, cells were washed twice with PBS pH 7.2, and 
50 μL of MTT solution (1.0 mg mL−1) was added to each 
well. Plates were incubated at 37 °C in a 5% CO2 humidified 
atmosphere for 4 h. Subsequently, the MTT solution was 
removed, and the salt formed was solubilised by the addi-
tion of DMSO (100 μL well−1) and by stirring on a shaker 
for 15 min at 76 rpm and 37 °C. Microplates were incubated 
for 1 h at 37 °C in a 5% CO2 humidified atmosphere, and 
absorbance was read at 492 nm.

Cell viability was calculated for each concentration 
tested using the following equation: %Viable cells = mean 
optical density of treated cells/mean optical density of the 
control × 100.

The 50% and 10% cytotoxic concentrations (CC50 and 
CC10) correspond to extract concentrations at which optical 
density was reduced respectively to 50% and 10% of that of 
the control. CC50 and CC10 were calculated by linear regres-
sion analysis of the dose–response curve. We determined 
the CC10 for DMSO to ensure that the solvent concentration 
used did not interfere with the cytotoxic activity of extracts.

Antiseptic formulation for pre‑ and post‑milking 
teat disinfection

An antiseptic pharmaceutical formulation for pre- and post-
milking teat disinfection was prepared using active Spring 
hexane extract of roots of S. auriculata and the excipients 
propylene glycol, methocel, paraben solution, and glycerin 
(q.s.).

Determination of the antiseptic efficacy 
by the excised teat model

Teats were excised from slaughtered dairy cows (dairy 
cows that were used for human consumption). Excess skin 
and tissue were removed, teats were washed with detergent 
under hot water, rinsed with water, dried, and dipped in 70% 
ethanol. Samples with rough skin, chaps, or abrasions were 
discarded. Washed samples were placed in plastic bags con-
taining water/glycerine (8:2) solution and stored at -80 °C 
for further use. The S. aureus strains 3828, 4125, and 4182 
were used in these assays.

Frozen teats were thawed in warm water, dipped in 70% 
ethanol, dried with a paper towel, and suspended by metal 
clips. Teats were contaminated with 5 mL of a 106 CFU mL−1 
bacterial suspension to a depth of approximately 15 mm and 
allowed to drain. After 5 min, teats were immersed in one 
of the following solutions: glycerine (control), test formula-
tion, pre-milking disinfectant of known efficacy (Agrisept 
MC TABS, Intervet), and post-milking disinfectant of known 
efficacy (Lat Plus Qualimilk, Chemical Start). After 10 min, 
teats were rinsed with 5 mL of physiological saline to collect 
microorganisms, and 0.10 mL of this solution was plated on 
BHI agar. The negative control wash solution was diluted to 
101 CFU mL−1 to facilitate counting. Wash solutions contain-
ing the test formulation or positive controls were diluted to 
104 CFU mL−1 prior to plating to obtain plates with count-
able colonies. Plates were incubated at 37 °C for 24 h, and 
colonies were counted. The geometric mean of colonies was 
determined, multiplied by 50 and by the number of teats to 
correct for the total wash volume, and multiplied by the dilu-
tion factor to obtain the total CFU recovered from each teat. 
Total CFU counts were converted into log values, which were 
subtracted from the log value of the negative control to obtain 
the log reduction. In cases where no microorganisms were 
recovered from the teats, zero was replaced by 0.01 to allow 
the calculation of mean counts.

Statistical analysis

Each experiment was performed at least in three. The data were 
subjected to Tukey’s test for comparison of means at P ≤ 0.05.

Results

In vitro antibacterial assay

The antimicrobial activity of hexane extracts of roots of S. 
auriculata collected in the autumn, winter, spring, and sum-
mer were evaluated by antimicrobial activity and shown in 
Fig. 1. The Spring hexane extract of S. auriculata roots was 
the most active.
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Table 1 shows the minimum inhibitory concentration 
(MIC) values of hexane extracts of roots collected in the 
four seasons. The most active Spring hexane extract was 
evaluated for its ability to inhibit the formation of biofilms 
produced by S. aureus strains 3828, 4125, and 4182 (Fig. 2). 
These strains were chosen because they are strong biofilm 
producers. The Spring hexane extract of S. auriculata roots 
disrupted biofilms of all S. aureus isolates at MIC, 2 × MIC, 
and 4 × MIC showing reduction ranged from 50 to 95%

Bioguide isolation

In order to determine the compounds responsible for the 
biological activity of the most active Spring hexane extract, 
it was submitted the phytochemical analysis led to the iso-
lation of stigmast-22-ene-3,6-dione (1), stigmasterol (2), 
friedelinol (3), β-sitosterol (4), octadecyl alcohol (5), and 
octadecanoic acid (6) (Fig. 3).

All the isolated compounds were tested against S. 
aureus strains. However, only compounds 1, 4, and 6 
showed activity as shown in Fig. 4.

Figure 5 shows the reduction in preformed biofilm by 
compounds 1, 4, and 6. Compound 1 disrupted biofilms 
with reduction ranged from 80 to 100% at concentrations 
MIC, 2 × MIC and 4 × MIC. Compound 4 showed reduc-
tion ranged from 60 to 90% at concentrations 2 × MIC and 
4 × MIC and compound 6 showed reduction ranged from 
55 to 80% at concentrations 2 × MIC and 4 × MIC.

The Minimum inhibitory concentration (MIC) and bio-
film inhibitory concentration (BIC) values of active com-
pounds were determined. Compound 1 was as active as 
the control, and compound 4 was the second most active 
(Table 2).

GC–MS analysis

As the hexane extracts of roots collected in the spring 
and summer showed the highest activity against S. aureus 
strains, they were analysed for differences in secondary 
metabolite composition using GC–MS (Table 3).

Fig. 1   Inhibition zones in 
mm of hexane extracts of S. 
auriculata roots collected in dif-
ferent seasons against bacteria 
Staphylococcus aureus strains 
(3008, 3828, 4075, 4125, 4182, 
4347, ATCC 29,213) and posi-
tive control (ciclopirox olamine 
antibiotic). Different letters 
between two bars indicate sig-
nificant differences at P < 0.05 
by Tukey’s test
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Table 1   Minimum inhibitory concentration (MIC) of hexane extracts 
of Salvinia auriculata roots collected in different seasons against 
Staphylococcus aureus strains

*  Ciclopirox olamine antibiotic

S. aureus strain MIC (mg mL−1)

Season Control*

Spring Summer Autumn Winter

3008 0.04 0.8 2.50 0.5 0.05
3828 0.08 0.63 2.50 1.25 0.05
4075 0.04 1.25 2.50 1.25 0.05
4125 0.04 0.31 2.50 2.50 0.05
4182 0.04 0.73 2.50 1.67 0.05
4347 0.05 0.63 2.50 1.25 0.05
ATCC 29,213 0.08 0.70 0.70 0.07 0.05
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Fig. 2   Percent inhibition of Spring hexane extract of S. auricu-
lata roots on the preformed biofilm of S. aureus strains. Control: 
ciclopirox olamine antibiotic. Different letters between two bars indi-
cate significant differences at P < 0.05 by Tukey’s test
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Cytotoxicity assay of the most active extract

The cytotoxicity of the most active Spring hexane extract 
was evaluated towards MAC-T cells to assess its safety and 
possible use in the control of bovine mastitis in small or 
organic farms (Table 4).

Ex vivo model assay

The excised teat model (ex vivo) was used to evaluate the 
efficacy of the antiseptic formulation prepared using the 
most active Spring hexane extract (Table 5).

Figure 6 shows the reduction in preformed biofilm by the 
Spring hexane extract-based formulation. The formulation 
disrupted biofilms of all S. aureus isolates, with reduction 

ranged from 90 to 100% at the concentration MIC, 2 × MIC, 
and 4 × MIC.

Discussion

In the present study, the antimicrobial activity of S. auric-
ulata roots collected in the autumn, winter, spring, and 
summer were assessed to determine the season in which 
roots have maximum antimicrobial activity and thus iso-
late the active compounds. The hexane extract of roots 
collected in the spring had the highest activity, producing 
inhibition zones of 18–23 mm, followed by the hexane 
extract of roots collected in the summer producing inhi-
bition zones of 10–20 mm (Fig. 1). The hexane extracts 
that were obtained in autumn and winter showed low 
activity and compared to extracts obtained in spring and 
summer. A possible explanation is a decrease in the pro-
duction of secondary metabolites during these seasons. 
The hexane Spring extract and hexane Summer extract 
of roots showed a pronounced activity against S. aureus, 
comparable to that of the control used (ciclopirox olamine 
antibiotic). This result corroborates the findings of Rossi 
and co-workers [12], who evaluated the antibacterial activ-
ity of S. auriculata leaf and root extracts using hexane, 
dichloromethane, ethyl acetate, and ethanol as extractive 
solvents. The authors reported that only the hexane extract 
of the roots showed antibacterial activity against all S. 
aureus strains tested.

The minimum inhibitory concentration of the extracts 
obtained in the four seasons is shown in Table 1. Hex-
ane extracts of roots obtained in the spring (MIC of 0.04 
to 0.08 mg mL−1) were more active than hexane extracts 
of roots collected in the summer, autumn, and winter and 

Fig. 3   Compounds isolated 
from the active fractions of 
Spring hexane extract of Sal-
vinia auriculata roots
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Fig. 4   Inhibition zones in mm of isolated compounds 1, 4, and 6 from 
Spring hexane extract of S. auriculata roots against bacteria Staphy-
lococcus aureus strains (3008, 3828, 4075, 4125, 4182, 4347, ATCC 
29,213) and positive control (ciclopirox olamine antibiotic) Different 
letters between two bars indicate significant differences at P < 0.05 by 
Tukey’s test
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other plant extracts with antimicrobial activity reported in 
the literature [23–25]. As proposed by Aligiannis and co-
workers [26], extracts can be classified by their MIC values 
as having strong (0.05 to 0.5 mg mL−1), moderate (0.6 to 
1.5 mg mL−1), or weak (> 1.5 mg mL−1) activities. Accord-
ing to this classification, the hexane extract from Spring has 
a strong antimicrobial activity.

Figure 2 shows the ability of the Spring hexane extract 
to inhibit the formation of biofilms produced by S. aureus 
strains. It was able to inhibit biofilm formation by the three 
strains tested by almost 82%, which shows its potential 
as a biofilm inhibitor. Bacterial biofilms are composed of 
communities of microorganisms and are often associated 
with chronic infections. Some antibiotics are not capable of 
penetrating the biofilm matrix and thus fail to eradicate the 
infection. The concomitant use of antimicrobial treatment 
and sanitisation is of strategic importance for the control and 
prevention of diseases such as bovine mastitis. This strategy 
can reduce or prevent microbial adhesion and destabilise the 
biofilm extracellular matrix [27].

Once it was identified that the most active extract was 
the one obtained in the spring, it was necessary to carry out 
a biomonitoring study of the extract in order to facilitate 
the isolation of the active compounds, as shown in Fig. 3. 
The compounds isolated were identified by comparing their 
spectral data with literature values [16, 23, 28–31]. Com-
pounds 4, 5, and 6 were isolated from S. auriculata for the 
first time, whereas 1, 2, and 3 had been isolated previously 
[13]. All isolated compounds were tested against S. aureus 
strains. However, only compounds 1, 4, and 6 showed activ-
ity (Fig. 4). Compound 1 (stigmast-22-ene-3,6-dione) was 
the most active. It produced an inhibition zone of approxi-
mately 22.0 mm, which confirms its high antimicrobial 
activity against S. aureus. β-Sitosterol 4 and octadecanoic 
acid 6 also produced large inhibition zones (20.0 mm and 
18 mm, respectively); these compounds are known to exhibit 
antimicrobial activity [32]. The results suggest that com-
pounds stigmast-22-ene-3,6-dione 1 is responsible for the 
high activity of Spring hexane extract. β-Sitosterol 4 and 
octadecanoic acid 6 are also responsible for the antimicro-
bial activity of hexane extracts of S. auriculata roots in the 
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Fig. 5   Percent inhibition of compounds isolated from Spring hexane 
of S. auriculata roots on the preformed biofilm of S. aureus strains. 
Control: ciclopirox olamine antibiotic. Different letters between two 
bars indicate significant differences at P < 0.05 by Tukey’s test

Table 2   MIC and BIC values of 
bioactive compounds isolated 
from Spring hexane extracts 
of S. auriculata roots against 
Staphylococcus aureus strains

*  Control

Compound MIC (mg mL−1) BIC (mg mL−1)

3008 3828 4075 3008 3828 4075

Stigmast-22-ene-3,6-dione (1) 0.01 0.02 0.04 0.02 0.02 0.02
β-Sitosterol (4) 0.02 0.04 0.01 0.09 0.08 0.09
Octadecanoic acid (6) 0.08 0.10 0.10 0.50 0.30 0.50
Ciclopirox olamine antibiotic* 0.05 0.05 0.05 0.025 0.025 0.025
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two seasons. These compounds were also evaluated for their 
ability to inhibit the formation of biofilms produced by S. 
aureus. The results showed they were able to inhibit biofilm 
formation by the three strains tested by almost 92%, 81%, 
and 78% for compounds 1, 4, and 6, respectively.

Corroborating the results obtained for the active Spring 
hexane extract which shows its potential as a biofilm inhibi-
tor. Isolated compounds or plant extracts with potential anti-
biofilm activity can act by blocking bacterial cell adhesion to 
a surface or by disrupting bacterial cell communication [33]. 
Probably, this could be the effect attributed to the isolated 
compounds and the Spring hexane extract of S. auriculata 
roots (Fig. 5).

MIC is the lowest compound concentration that produced 
antibacterial effects, whereas BIC is the lowest compound 
concentration that inhibited biofilm formation. As shown 
in Table 5, compound 1 was as active as the control, and 
compound 4 was the second most active. Our results are 
consistent with the MIC [34, 35] and BIC [36, 37] values 
reported in the literature.

Table 3   Major compounds 
identified by GC/MS analysis of 
hexane extracts of S. auriculata 
roots collected in the spring and 
summer

RT, retention time; nf not found

Hexane extract of roots collected in the

Spring Summer

RT (min) Compound Peak area (%) RT (min) Compound Peak area (%)

12.32 Octadecanoic acid 94 12.32 Octadecanoic acid 93
12.77 Octadecyl alcohol 86 nf
18.01 Campestenone 80 17.82 Campestenone 80
18.82 Campesterol 80 18.82 Campesterol 80
19.16 Stigmasterol 87 19.13 Stigmasterol 80
19.74 β-Sitosterol 80 19.69 β-sitosterol 80
19.88 Lupeol 86 19.85 Sitostanol 80
20.62 Stigmast-22-ene-3,6-dione 78 nf
21.35 Stigmast-4-en-3-one 85 21.34 Stigmast-4-en-3-one 87
22.36 Lupanol 80 22.30 Lupanol 80
23.03 Stigmasterone 85 nf
23.40 Stigmastane-3,6-dione 82 23.80 Stigmastane-3,6-dione 82

Table 4   Cytotoxic activity of 
the most active extract towards 
bovine mammary epithelial 
cells (MAC-T)

a  Extract concentration that 
caused a 10% reduction in cell 
viability
b  Extract concentration that 
caused a 50% reduction in cell 
viability

Cytotoxic concentration (μg 
mL−1)

CC10
a 87.12

CC50
b 562.6

Table 5   Antimicrobial efficacy of the formulation obtained from 
most active Spring hexane extract of S. auriculata roots against 
Staphylococcus aureus strains isolated from cows with mastitis

*  Log count of the control = 8.30

Commercial antimicrobial and antiseptic formu-
lation

S. aureus strains

3828 4125 4182

Logarithm 
reduction*

Agrisept® MC TABS, Intervet (Pre-milking) 4.17 4.15 4.19
Lat Plus Qualimilk, Start Química (Post-milking) 4.12 4.23 4.12
Antiseptic formulation produced with the extract 

Spring hexane extract
3.95 3.97 3.89
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Fig. 6   Percent inhibition in the preformed biofilm of Staphylococ-
cus aureus strains. by a formulation containing S. auriculata Spring 
hexane extract. Control: ciclopirox olamine antibiotic. Different let-
ters between two bars indicate significant differences at P < 0.05 by 
Tukey’s test
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In order to compare the hexane extracts obtained in the 
Spring and Summer since both showed biological activity. 
They were submitted to GC–MS analysis. In general, the 
same compounds were found in both extracts, except for 
stigmast-22-ene-3,6-dione (1), which was found only in the 
Spring hexane extract. A plausible explanation found for the 
Spring hexane extract to be the most active is probably due 
to the presence of compound 1 in the extract, as it, in isola-
tion, presented the highest activity (zone of inhibition from 
18 to 23 mm) (Table 3).

Considering the interesting biological activity of the plant 
S. auriculata and its potential for use to treat bovine mastitis, 
we formulated a pre- and post-milking teat disinfection using 
the Spring hexane extract. For this purpose, the cytotoxicity 
of this active extract was evaluated towards MAC-T cells 
to assess its safety (Table 4). According to Dolabela [38], 
extracts, fractions, or substances can be classified by their 
cytotoxicity toward Vero cells (normal cells) as measured by 
the MTT assay: CC50 < 100 μg mL−1 indicates highly toxic 
substances; 100 μg mL−1 < CC50 < 500 μg mL−1, moderately 
toxic substances; and CC50 > 500 μg mL−1, slightly toxic 
substances. In the present study, the CC50 of the most active 
extract was 562.6 μg mL−1. This result shows that hexane 
extracts can be considered safe for topical and intramam-
mary use and that they would not cause inflammation as 
a result of epithelial cell death. Thus, this extract can be 
considered a safe herbal antiseptic. The in vitro cytotoxic-
ity model using MAC-T cells is reliable and can be used to 
investigate functions of the mammary gland and mediators 
of inflammatory processes, especially when there is no lit-
erature data on the use of a specific plant or active compound 
for pre- and post-milking teat disinfection [39].

The efficacy of the antiseptic formulation was evaluated 
using excised teat model (ex vivo) and comparing it with 
commercial formulations as shown in Table 5. The formula-
tion of an effective teat dip should achieve a 3- or, preferably, 
a 4- or 5-log reduction (LR) in bacterial count in excised 
teats [40]. The commercial antimicrobials Agrisept® and 
Lat Plus Qualimilk (for pre- and post-milking, respectively) 
caused a greater than 4.0-log reduction, whereas the anti-
septic formulation caused a log reduction of approximately 
4.0. This finding shows that the formulation was as effective 
as the commercial antimicrobials. The formulation was also 
evaluated for its ability to inhibit the formation of biofilms 
produced by S. aureus by inhibiting biofilm formation by 
the three strains tested by almost 96% (Fig. 6). This result 
of together with the ex vivo model test confirm the efficacy 
of the active spring hexane extract against S. aureus isolated 
from bovine mastitis.

Lima and co-workers [13] prepared antiseptic soap 
using active hexane extracts of S. auriculata roots and 
reported that the formulation inhibited microbial growth 
in vitro.

Conclusions

In the present study, S. auriculata root extracts showed 
high antimicrobial and antibiofilm activities, particularly 
Spring extracts. Antimicrobial activity was associated with 
the presence of three compounds isolated from the most 
active spring hexane extract: stigmast-22-ene-3,6-dione, 
β-sitosterol, and octadecanoic acid. In addition, the most 
active spring hexane extract showed low toxicity towards 
MAC-T cells, which suggests that it can be used to pro-
duce a safe teat dip for pre- and post-milking disinfection. 
Therefore, the formulation may prove to be a potential 
alternative for ecological livestock production systems 
because it does not pollute or degrade the environment.

Acknowledgements  We would like to thank the Coordination for the 
Improvement of Higher Education Personnel (CAPES), Brazil, for the 
scholarships awarded to J.V.P.B. B., G.A.P., and S.L. We would also 
like to thank Embrapa/CNPGL, Juiz de Fora, Minas Gerais, for kindly 
providing the bacterial strains.

Author contribution  G.A. Purgato, S. Lima, and J.V.P.B. Baeta per-
formed the data acquisition and interpretation of data. M.A.N. Diaz, 
V.R. Pizziolo, G.N. Souza, and G. Diaz-Muñoz performed data analy-
sis, interpretation of data and elaborated the manuscript. All authors 
performed a critical review and approved the final approval of the ver-
sion to be published.

Funding  This work was supported by a grant (APQ-00454–11) from 
the Minas Gerais Research Foundation (Fapemig).

Declarations 

Ethics approval  Not applicable.

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Plant study  This plant was registered in SisGen in compliance 
with Law no. 13,123/2015 and its regulations. Registration number 
A99795C.

Animal study  The teat experiments were carried out with dairy cows 
used for human consumption and provided by a slaughterhouse certi-
fied by the Department of Inspection of Products of Animal Origin 
(DIPOA). We declare that no animals were killed to be used in this 
research.

Conflict of interest  The authors declare no competing interests.

References

	 1.	 Sabbag OJ, Costa SMAL (2015) Análise de custos de produção 
de leite: aplicação do método de Monte Carlo. Rev Ext Rural 
22:125–145. https://​doi.​org/​10.​5902/​23181​79614​153

	 2.	 Silva LCA, Pessoa DAN, Silva LSA, Aquino SS, Macedo MMS, 
Mattos RAT, Junior FG (2015) Avaliação in vitro da sensibilidade 



	 Brazilian Journal of Microbiology

1 3

de estirpes de Staphylococcus spp. isoladas de mastite caprina 
frente a desinfetantes comerciais. Arq Inst Biol 82:1–4. https://​
doi.​org/​10.​1590/​1808-​16570​00262​013

	 3.	 Nunes SF, Bexiga R, Cavaco LM, Vilela CL (2007) Technical 
Note: Antimicrobial Susceptibility of Portuguese Isolates of 
Staphylococcus aureus and Staphylococcus epidermidis in Sub-
clinical Bovine Mastitis. J Dairy Sci 7:3242–3246. https://​doi.​org/​
10.​3168/​jds.​2006-​739

	 4.	 Machado TRO, Correa MGE, Marin JM (2008) Susceptibilidade 
antimicrobiana de cepas de Staphylococci coagulase-negativa 
isoladas de leite de bovinos com mastite no Brasil. Braz Arch Vet 
Med Zootech 60:278–282. https://​doi.​org/​10.​1590/​S0102-​09352​
00800​01000​41

	 5.	 Meléndez PA, Capriles VA (2006) Antibacterial properties of 
tropical plants from Puerto Rico. Phytomedicine 13:272–276. 
https://​doi.​org/​10.​1016/j.​phymed.​2004.​11.​009

	 6.	 Hu JFE, Garo MG, Goering M, Pasmore HD, Yoo T, Esser J, 
Sestrich PA, Cremin GH, Hough P, Perrone YSL, Lee NT, Ngoc-
Tram L, O’Neil-Johnson M, Costerton JW, Eldridge GR (2006) 
Bacterial biofilm inhibitors from Diospyrosdendo. J Nat Prod 
69:118–120. https://​doi.​org/​10.​1021/​np049​600s

	 7.	 Vattem DA, Mihalik K, Crixell SH, McLean RJ (2007) Dietary 
phytochemicals as quorum sensing inhibitors. Fitoterapia 78:279–
332. https://​doi.​org/​10.​1016/j.​fitote.​2007.​03.​009

	 8.	 Özbay H, Alim A (2009) Antimicrobial activity of some water 
plants from the northeastern anatolian region of Turkey. Mol-
ecules 14:321–328. https://​doi.​org/​10.​3390/​molec​ules1​40103​21

	 9.	 Lolis SF, Thomaz SM (2011) Monitoramento da composição 
específica da comunidade de macrófitas aquáticas no reservatório 
Luís Eduardo Magalhães. Plant Daninha 29:247–258. https://​doi.​
org/​10.​1590/​S0100-​83582​01100​02000​02

	10.	 Wolff G, Assis LR, Pereira GC, Carvalho JG, Castro EM (2009) 
Effects of zinc toxicity on leaves of Salvinia auriculata cultivated 
in nutrient solution. Plant Daninha 26:315–325. https://​doi.​org/​10.​
1590/​S0100-​83582​00900​01000​17

	11.	 Toledo JJ, Penha J (2011) Performance of Azolla caroliniana 
Willd. and Salvinia auriculata Aubl. on fish farming effluent. 
Braz J Biol 71:37–45. https://​doi.​org/​10.​1590/​S1519-​69842​01100​
01000​07

	12.	 Rossi CC, Aguilar AP, Diaz MAN, Ribon AOB (2011) Aquatic 
plants as potential sources of antimicrobial compounds active 
against bovine mastitis pathogens. Afr J Biotechnol 10:8023–
8030. https://​doi.​org/​10.​5897/​AJB11.​440

	13.	 Lima S, Diaz G, Diaz MAN (2013) Antibacterial chemical con-
stituent and antiseptic herbal soap from Salvinia auriculate Aubl. 
Evid Based Complement Altern Med 480509. https://​doi.​org/​10.​
1155/​2013/​480509

	14.	 Shirsath SR, Sonawane SH, Gogate PR (2012) Intensification 
of extraction of natural products using ultrasonic irradiations - a 
review of current status. Chem Eng Process 53:10–23. https://​doi.​
org/​10.​1016/j.​cep.​2012.​01.​003

	15.	 Nascimento FR, Albuquerque KRS, Oliveira MR, Pizziolo VR, 
Brasileiro BG, Diaz G, Diaz MAN (2017) Antibiotic activity of 
Plectranthus ornatus Codd., a Traditional Medicinal Plant. An 
Acad Bras Cienc 89:2461–2469. https://​doi.​org/​10.​1590/​0001-​
37652​01720​170068

	16.	 Georges P, Sylvestre M, Ruegger H, Bourgeois P (2006) Ketos-
teroids and hydroxyketosteroids, minor metabolites of sugarcane 
wax. Steroids 71:647–652. https://​doi.​org/​10.​1016/j.​stero​ids.​2006.​
01.​016

	17.	 Radulović NS, Dordević ND (2011) Steroids from poison hemlock 
(Conium maculatum L.): a GC-MS analysis. J Serbian Chem Soc 
76:1471–1483. https://​doi.​org/​10.​2298/​JSC11​02061​28R

	18.	 Edilu A, Adane L, Woyessa D (2015) In vitro antibacterial activi-
ties of compounds isolated from roots of Caylusea abyssinica. 

Ann Clin Microbiol Antimicrob 14:15. https://​doi.​org/​10.​1186/​
s12941-​015-​0072-6

	19.	 Jue SG, Dawson GW, Brogden RN (1985) Ciclopirox olamine 
1% cream; a preliminary review of its antimicrobial activity and 
therapeutic use. Drugs 29:330–341. https://​doi.​org/​10.​2165/​00003​
495-​19852​9040-​00002

	20.	 Clinical and Laboratory Standards Institute (2009) Methods for 
dilution antimicrobial susceptibility tests for bacteria that grow 
aerobically; approved standard eighth edition

	21.	 Klein RC, Fabres-Klein MH, de Oliveira LL, Feio RN, Malouin 
F, Ribon ADOB (2015) A C-type lectin from Bothrops jara-
racussu venom disrupts Staphylococcal biofilms. PLoS ONE 
10(3):e0120514. https://​doi.​org/​10.​1371/​journ​al.​pone.​01205​14

	22.	 Čabarkapa I, Čolović R, Đuragić O, Popović S, Kokić B, Milanov 
D, Pezo L (2019) Anti-biofilm activities of essential oils rich in 
carvacrol and thymol against Salmonella Enteritidis. Biofouling 
35:361–3751. https://​doi.​org/​10.​1080/​08927​014.​2019.​16101​69

	23.	 Carvalho MG, Velandia JR, Oliveira LF, Bezerra FB (1998) Trit-
erpenos isolados de Eschweilera longipes miers (lecythidaceae). 
Quim Nova 21:740–743. https://​doi.​org/​10.​1590/​S0100-​40421​
99800​06000​14

	24.	 Fabry W, Okemo PO, Ansorg R (1998) Antibacterial activity of 
East African medicinal plants. J Ethnopharmcol 60:79–84. https://​
doi.​org/​10.​1016/​s0378-​8741(97)​00128-1

	25.	 Bussmann RW, Malca-García G, Glenn D, Sharon G, Chait D, 
Díaz K, Pourmand B, Jonat A, Somogy S, Guardado G, Aguirre 
C, Chan R, Meyer K, Kuhlman A, Townesmith A, Effio-Carbajal 
J, Frías-Fernandez F, Benito M (2010) Minimum inhibitory con-
centrations of medicinal plants used in Northern Peru as antibacte-
rial remedies. J Ethnopharmacol 132:101–108. https://​doi.​org/​10.​
1016/j.​jep.​2010.​07.​048

	26.	 Aligiannis N, Kalpoutzakis E, Mitaku S, Chinou IB (2001) Com-
position and antimicrobial activity of the essential oils of two 
Origanum species. J Agric Food Chem 49:4168–4170. https://​
doi.​org/​10.​1021/​jf001​494m

	27.	 Costerton JW, Stewart PS, Greenberg EP (1999) Bacterial bio-
films: a common cause of persistent infections. Science 284:1318–
1322. https://​doi.​org/​10.​1126/​scien​ce.​284.​5418.​1318

	28.	 Knothe G (2006) 1H-NMR spectroscopy of fatty acids and their 
derivatives. AOCS Lipid Library

	29.	 Jain PS, Bari SB (2010) Isolation of lupeol, stigmasterol e camp-
esterol from petroleum ether extract od woody stem of Wrightia 
tinctoria. Asian J Plant Sci 9:163–167. https://​doi.​org/​10.​3923/​
ajps.​2010.​163.​167

	30.	 Chaturvedula VSP, Prakash I (2012) Isolation of Stigmasterol and 
β-Sitosterol from the dichloromethane extract of Rubus suavis-
simus. Int Curr Pharm J 1:239–242. https://​doi.​org/​10.​3329/​icpj.​
v1i9.​11613

	31.	 Kondaveeti S, Chejara DR, Siddhanta AK (2014) Synthesis of 
self-assembly of agarose-fatty acid ester nanoparticles. Ind J 
Chem B 53A:679–687. http://​nopr.​nisca​ir.​res.​in/​handle/​12345​
6789/​28856

	32.	 Felisbino JKRP (2019) Identificação de substâncias produzidas 
pelos fungos Cercospora brachiata. Thesis, Universidade Federal 
de Uberlância, Beauveria bassiana e Verticillium sp e avaliação 
da atividade antibacteriana

	33.	 Rutherford ST, Bassler BL (2012) Bacterial quorum sensing: its 
role in virulence and possibilities for its control. Cold Spring Harb 
Perspect Med 2:1–26. https://​doi.​org/​10.​1101/​cshpe​rspect.​a0124​
27

	34.	 Duarte MCT, Figueira GM, Pereira B, Magalhães PM, Delarmel-
ina C (2004) Atividade antimicrobiana de extratos hidroalcólicos 
de espécies da coleção de plantas medicinais. Braz J Pharmacog 
14:06–08. https://​doi.​org/​10.​1590/​S0102-​695X2​00400​03000​03

	35.	 Virtuoso S, Davet A, Dias JFG, Cunico MM, Miguel MD, 
Oliveira AB, Miguel OG (2005) Estudo preliminar da atividade 



Brazilian Journal of Microbiology	

1 3

antibacteriana das cascas de Erythrina velutina Willd., Fabaceae 
(Leguminosae). Braz J Pharmacog 15:137–142. https://​doi.​org/​
10.​1590/​S0102-​695X2​00500​02000​12

	36.	 Castillo MG, Morosini MI, Valverde A, Almaraz F, Baquero F, 
Cantón R, Campo R (2007) Differences in biofilm development 
and antibiotic susceptibility among Streptococcus pneumonia iso-
lates from cystic fibrosis samples and blood cultures. J Antimicrob 
Chemother 59:301–304. https://​doi.​org/​10.​1093/​jac/​dkl482

	37.	 Nostro A, Roccaro AS, Bisignano G, Marino A, Cannatelli MA, 
Pizzimenti FC, Cioni PL, Procópio F, Blanco AR (2007) Effects 
of oregano, carvacrol and thymol on Staphylococcus aureus and 
Staphylococcus epidermidis biofilms. J Med Microbiol 56:519–
523. https://​doi.​org/​10.​1099/​jmm.0.​46804-0

	38.	 Dolabela MF, Oliveira SG, Nascimento JM, Peres JM, Wagner H, 
Póvoa MM, de Oliveira AB (2008) In vitro antiplasmodial activ-
ity of extract and constituents from Esenbeckia febrifuga, a plant 
traditionally used to treat malaria in the Brazilian Amazon. Phy-
tomedicine 15:367–72. https://​doi.​org/​10.​1016/j.​phymed.​2008.​02.​
001

	39.	 Piotrowska-Tomala KK, Bah MM, Jankowska K, Lukasik K, War-
mowski P, Galvao AM, Skarzynski DJ (2015) Lipopolysaccha-
rides, cytokines, and nitric oxide affect secretion of prostaglandins 
and leukotrienes by bovine mammary gland during experimentally 
induced mastitis in vivo and in vitro. Domest Anim Endocrinol 
52:90–99. https://​doi.​org/​10.​1016/j.​doman​iend.​2015.​03.​001

	40.	 Philpot WN, Boddie RL, Pankey JW (1978) Hygiene in the 
prevention of udder infections. IV. Evaluation of teat dips with 
excised cows’ teats. J Dairy Sci 61:950–955. https://​doi.​org/​10.​
3168/​jds.​S0022-​0302(78)​83672-8

Publisher's note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Salvinia auriculata: chemical profile and biological activity against Staphylococcus aureus isolated from bovine mastitis
	Abstract
	Introduction
	Materials and methods
	Plant material
	Extraction of plant material
	Microorganisms
	Bio-guided isolation of secondary metabolites
	Hole-plate diffusion method (in vitro antibacterial assay)
	Determination of minimum inhibitory concentration
	Determination of biofilm inhibitory concentration
	Effect on disrupt preformed biofilms
	Cytotoxicity assay
	Antiseptic formulation for pre- and post-milking teat disinfection
	Determination of the antiseptic efficacy by the excised teat model
	Statistical analysis

	Results
	In vitro antibacterial assay
	Bioguide isolation
	GC–MS analysis
	Cytotoxicity assay of the most active extract
	Ex vivo model assay

	Discussion
	Conclusions
	Acknowledgements 
	References


