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Urinary tract infections are second most important diseases worldwide due to the increased amount of
antibiotic resistant microbes. Among the Gram negative bacteria, P. mirabilis is the dominant biofilm pro-
ducer in urinary tract infections next to E. coli. Biofilm is a process that produced self-matrix of more vir-
ulence pathogens on colloidal surfaces. Based on the above fact, this study was concentrated to inhibit the
P. mirabilis biofilm formation by various in-vitro experiments. In the current study, the anti-biofilm effect
of essential oils was recovered from the medicinal plant of Solanum nigrum, and confirmed the available
essential oils by liquid chromatography-mass spectroscopy analysis. The excellent anti-microbial activity
and minimum biofilm inhibition concentration of the essential oils against P. mirabilis was indicated at
200 mg/mL. The absence of viability and altered exopolysaccharide structure of treated cells were showed
by biofilm metabolic assay and phenol–sulphuric acid method. The fluorescence differentiation of P. mir-
abilis treated cells was showed with more damages by confocal laser scanning electron microscope.
Further, more morphological changes of essential oils treated cells were differentiated from normal cells
by scanning electron microscope. Altogether, the results were reported that the S. nigrum essential oils
have anti-biofilm ability.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Recurrent urinary tract infections (UTIs) are the most frequent
infectious diseases to human beings, which caused by overuse of
frequent antibiotics consumption (Michael et al., 2015). World-
wide, every person has suffered by UTIs at least one time in their
life, and 10% of the women got recurrent UTIs (Nabakishore
et al., 2014). Most of the UTIs are caused by enterobacteriaceae
with multi drug resistance (MDRs) ability. Among the enterobacte-
riaceae, the topmost pathogen is E. coli and second most bacteria is
P. mirabilis, both are covered almost 90% of complicated UTIs
(Jarratt and Miller, 2013). In particular, the P. mirabilis caused UTIs
are very important, because it connected with all the UTIs parts
and make abnormalities and long term catheterized infections
(Mohammad Reza et al., 2019). The unnecessary dosage of drug
and antibiotic consumption lead to persistent the development of
resistance in P. mirabilis (Mehri et al., 2015). Those extracellular
leakages are affecting the beta lactam ring due to the beta lacta-
mases enzyme production (Dhanasekaran et al., 2019;
Rajivgandhi et al., 2014). Importantly, P. mirabilis has more viru-
lence factors including MR/P fimbriae, cell signaling factors of QS,
enzymes of ESBLs and carbapenemases, which are responsible for
frequent development of recurrent and continuous catheterization
due to the antibiotic denature (Jarratt andMiller, 2013). Among the
different virulence factors, the biofilm formation is a major
virulence factors in P. mirabilis causing UTIs. The biofilm formed
P. mirabilis has critical roles in UTIs and make MDRs and recurrent
infections to current antibiotics.
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The punches of clumped microbes covered into the self-
produced extracellular polymeric materials are considered as a
biofilm (Fallah et al., 2017). It adhered on inherent or non-
inherent surfaces with the coating model of different protein,
polysaccharides, nucleic acid and various lipids (Sahar et al.,
2019). The formation of biofilm is depending on the presence of
environments, when the favorable environment comes, the bacte-
ria produced signaling molecules and connect each other, finally
form biofilm. It is one of the chains like process, which always suc-
cessful finisher against external antibiotics (Didem et al., 2020;
Jombo et al., 2012). The surface antigen is altered frequently and
produced gene expression of continuous resistant development
in immune system (Nargis et al., 2017; Daniel et al., 2016). The
Centre for Disease Control (CDC) society was reported that the
60% of death rate is documented from biofilm producing MDRs
(Rajivgandhi et al., 2018a). Approximately, 20, 0000 deaths are
reported from biofilm affected patients and it is a major economic
impact on health services. In this condition, the bacteria in inside
of the biofilm is acted as a phagocytes role and leads to suppress
the host immune system and antimicrobial chemotherapy
(Vasantha Packiavathy et al., 2014). Sometimes, the biofilm forma-
tion was mediated by important virulence factor of QS, which is
used to formation of microorganisms each other through cell sig-
naling molecules. Therefore, the new variety of antibiotic produc-
tion is needed urgently to eradicate biofilm forming pathogens
with alternative strategies (Ramadevi et al., 2020). Based on the
above facts, recent years plant essential oils (Eos) was concen-
trated to biofilm inhibition studies by various researchers
(Muhammad Delowar et al., 2014; Robert et al., 2017).

The S. nigrum is amedicinal plant which available in entireworld
including temporal and tropical regions, and several countries
including Saudi Arabia (Migahid, 1996). It is used in various
biomedical fields due to the extraordinary medicinal properties.
In particular, morethan 100 years it is frequently used in cancer
treatment and reported by many researchers (Razali et al., 2016;
Murungi et al., 2013). It is frequently strengthening the traditional
value and believes that this S. nigrum has excess biomedicine prop-
erties like antimicrobial, antiviral, larvicidal, anti-oxidant and anti-
cancer (Jeong et al., 2010). It directly involved in the DNA damages
in bacteria, fungus and viruses. Also, themost favorableMCF-7 inhi-
bitor compound of 12-O-Tetradecene-noylphorbol-13-acetate is
reported from plant of S. nigrum (Razali et al., (2016). Consecutively,
the essential oils of S. nigrum also have several biomedical activities
including anti-oxidant, anti-biofilm, anti-microbial and anti-cancer
activities (Mallika and Chennam Srinivasulu, 2006; Razali et al.,
2016; Murungi et al., 2013; Ibanez and Blazquez, 2020). It has more
polysachharide derivatives and simply called as black nightshade.
Also, it is a short live plant, which givenmore biomedical properties
in their short period. The seeds of S. nigrum have excellent antimi-
crobial, anti-biofilm and anti-cancer activity. It is extensively use in
traditional medicine in India and also other countries (Wu-Ching
et al., 2018). It is a well-known plant that frequently used in Indian
homes for inflammation, pain, fever, jaundice, eye infections and
some other common infections. Therefore, we have chosen S.
nigrum for this study to inhibit biofilm producing P. mirabilis.
2. Materials method

2.1. Extraction and purification of EO

For the Eos extraction, we have followed the standard hydro
distillation method using Clevenger apparatus as a container
(Xinjun et al., 2020). The plant seeds were collected from inside
of the Bharathidasan University garden, Tamil Nadu, India. For
the undisturbed seeds, initially washed with dist�H2O and followed
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by double Dist�H2O and put on shade condition at room atmo-
sphere with 15 days. After incubation, used seeds were grinded
clearly and put it in hydro distillation using solvent n-hexane. In
1L water, 50 g of topped sample was dissolved and maintained at
3–4 h distillation. Next, the EOs were collected and used in sodium
sulfate for dry. Finally, the solution was filtered the EOs except n-
hexane under reduced pressure.

2.2. LC-MS analysis of EOs

The complete available components in the extracted EOs were
identified by LC-MS with the modification of previous report of
Digambar et al. (2019). Shortly, 1:1% of sample and dichloro-
methane were used for injection, 70Ev of EI mode with 1: 20 split
ratio (Himedia, India) combined with split injector at 240 ℃. For
chemical components separation, the 5%+95% of phenyl and
dimethylpolysiloxane was used in the 40 m � 0.45 mm � 0.25 l
m of HP-5MS were performed. In addition, the helium gas of
1 mL/min with initial and final temperature of 40 ℃ and 250 ℃
were used respectively. The oven temperature should be set as 4
℃. Lastly, the injected volume of EO was mixed in the solvent of
chloroform at the ratio of 1:10 in ll concentration. Then, the avail-
able phytochemical, secondary metabolites, growth hormones are
scanned and done the process. The obtained result was compared
with NIST library of Bharathidasan University, Tamil Nadu, India.

2.3. Antimicrobial activity of EOs

Increased antimicrobial activity of extracted SNEOs against bio-
film forming P. mirabilis was initially confirmed by agar well diffu-
sion method (Augustine et al., 2020). The one day old culture of
biofilm forming P. mirabilis was swabbed on muller hinton agar
plate without any mistakes. Then, 6 mm of the wells were cut into
the agar plates, and followed by added SNEOs till inhibition level of
concentration. In addition, for the MDRs effect confirmation, the
disc antibiotic model of ceftazidime was put on the agar surface.
Also, D�H2O added well performed for negative control. The plate
was put it in room with normal temperature for 1 day. Then, the
zones of inhibition around the tested wells were noted next day
and detect the SNEOs range of effect against biofilm producing P.
mirabilis.

2.4. Minimum biofilm inhibition concentration

Aliquot the one day old biofilm forming P. mirabilis broth into the
24-well polystyrene plate of before added sterile nutrient broth and
followedbydifferent inhibitionconcentration level of SNEOs, specif-
ically used at 10–100 lg/mL concentration (Rajivgandhi et al.,
2018b). After added the respective concentrationof SNEOs, thewells
were mixed thoroughly and the plate was maintained one day at
room temperature. After one day, the plate was taken and find the
turbidity of biofilm growth and compared with untreated well of
the non-turbidity wells for biofilm layer. Next, the confirmed sam-
ples were allowed to take O.D values by UV-spectrometer in
600 nm and noted. Then all the values were converted to percent-
ages after calculation with control value. The percentages of calcu-
lated triplicated value was based on the universal formula,

Inhibitionð%Þ ¼ 100ðODSNEOs treated samples

� ODWithout SNEOs treated sampleÞ � 100 ð1Þ
2.5. Detection of metabolic activity

Based on the viability of SNEOs with 10–100 lg/mL concentra-
tion treated biofilm forming P. mirabilis in the 24-well plate was
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identified with the help of 2,3-bis (2-methoxy-4-nitro-5-sulfophe
nyl)–2H-tetrazolium-5- carboxanilide (XTT) solution. This experi-
ment was followed by previous evidenced report of
Maruthupandy et al. (2020), and adherent biofilm cells were trea-
ted with 1 mL of XTT was added into the treated and untreated 24-
well plate. After 30 min time interval, menadione acetone solution
(suggested by CLSI) was added into the wells with the presence of
100 lL phosphate buffer saline. Shaken well gently and allowed to
maintain in normal room temperature for one hour. As same as
without menadione acetone solution well is control. Finally, the
changed and unchanged formation of the wells was measured
using microtitre plate reader at 600 nm. The triplicated result
was converted to inhibition percentage using bellowed equation,

Inhibitionð%Þ ¼ 100ðODSNEOs treated samples

� ODWithout SNEOs treated sampleÞ � 100 ð2Þ
2.6. Identification of exopolysaccharide modification

The universal solvent of phenol–sulfuric acid was used to detect
the biofilm forming P. mirabilis EPS damages after addition of
SNEOs with the help of earlier evidenced slightly modified proce-
dure (Rajivgandhi et al., 2020). The biofilm forming P. mirabilis
was initially treated by BIC of SNEOs and followed by centrifuga-
tion with 3000 rpm for 10 min. The pellet was resuspended in sal-
ine for enzyme degradation and treated with pronase E (25 lL),
followed vortex at 50 �C with 5 min. Ice precipitated protein trea-
ted trichloroacetic acid was inoculated into the reaction mixture,
volume is 100 lL. Then, again centrifuged with celling temperature
at 4000 rpm for 5 min and diluted by cold absolute alcohol, volume
10 mL in drop wise to precipitate the polysaccharide. The reaction
mixture was put in �20 ℃ for 12 h and then centrifuged properly
for polysaccharides collection. Then using double distilled water to
resuspension of the sample and digested with 98% of sulphuric acid
(5 mL) and vortexed. After, the reaction mixture sample was kept
in water bath 15 min and cooled on ice pack. Finally, the sample
was measure using spectrophotometer at 600 nm with the stan-
dard glucose and blank distilled water. The triplicated vales were
converted to percentages using universal formula,

Inhibitionð%Þ ¼ 100ðODSNEOs treated samples

� ODWithout SNEOs treated sampleÞ � 100 ð3Þ
Further, the CRA method is an excellent method to detect the

presence and absence of exopolysaccharide visibly. The final mix-
ture solution was aliquot on the CRA medium by quadrant streak-
ing method with 1 day. After one day, based on the presence and
absence of black color, reduced black color of the tested biofilm
forming P. mirabilis was interpreted for result (Xinjun et al., 2020).

2.7. Live/dead damage of SNEOs effect by CLSM

The fluorescence dyes of AO/EB combination were used to
detect the mortality of SNEOs treated cells compared with
untreated cells by CLSM with the previous reported article of
Maruthupandy et al. (2020). The BIC treated biofilm forming P. mir-
abilis was grown on 6-well plated containing cover glass for one
day. The well grown cells of the cover slip were taken and washed
using 45 of crystal violet degradation dye. After attachment of
crystal violet, the cover slip was washed properly with phosphate
buffer saline and double distilled water twice for excess dye
removal. Then, the cover slip was put in dark room 10 min and
maintained black cover rolling for purity. Finally, the cover slip
containing sample was viewed by CLSM through inverted position
and mortality of cells were clearly viewed and compared with
control.
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2.8. Morphological modification of SNEOs

The size and shape of the biofilm forming P. mirabilis was mor-
phologically viewed after treatment with SNEOs by SEM (da Silva
et al., 2019). The pellet of BIC treated biofilm forming P. mirabilis
was recovered at 2,500 rpm for 5 min. After discard the super-
natant, the pellet was washed twice with phosphate buffer saline
and distilled water. After drying, the 10 mL of the sample was ali-
quot on cover galss and fixed by 4% formaldehyde solution for
3 h. Then, washed with phosphate buffer saline and water for
unfixed cells. Next, performed the ethanol gradient serious degra-
dation using 10–100% of ethanol series. Next, the t-butanol was
added after drying the cover slip to maintain the live condition
of bacteria. Finally, the t-butanol treated sample was maintained
in deep freezer one day. After, the cover glass was coated with cop-
per grid and viewed by SEM for damage and undamage
differentiation.
3. Result

3.1. Complete chemical composition of SNEOs by LC-MS analysis

After successful completion of LC-MS, the result was shown
with more essential oils, proteins, amino acids, growth hormones
and phytochemical derivatives. Among these, we have separated
the EOs for this study. After screening, the 18 different essential
oil compounds were identified based on the RT, % of area and occu-
pation, % of occupation. In result, the terpenes was contain very
high rate and supported by monoterpenes and hydrocarbons with
sesquiterpenes derivatives (Fig. 1). Based on the highest RT, the
EOs of b-Pinene, a-pinene, a-terpineol, b-pinene, Thymol, borneol,
2-Thujene, Myrcene, Octanone and Sabinene was highly correlated.
Also, respective occupation area and occupation percentages were
noted including 30.23, 28.16, 10.15, 20.40, 18.10, 30.10, 12.10,
10.02, 8.20, 9.10. Finally, the result was exhibited that the more
EOs was present in the SNEOs. The present result was good agree-
ment with earlier reports Razali et al. (2016); Ibanez and Blazquez
(2020), and the presence of EOs was changed by region to region
due to the various environmental factors. Sometimes, the genetic
factors are influenced to produce native EOS in plant and it also
has more biological properties (Jeong et al., 2010). Recently, the
researcher was reported that the medicinal plant mediated EOs
has the ability to modify the virulence factor inhibition due to
the stimulation of growth hormones (da Silva et al., 2019). The
similar result was reported by Mallika and Chennam Srinivasulu
(2006), and medicinal plant of EOs has improved antimicrobial
activity against MDRs bacteria. The unfavorable environmental
condition, temperature, pH, carbon, nitrogen sources, NaCl content,
humidity and various other stresses also influenced the native
effect of EOs against various infections. Based on the above facts
were suggested that the LC-MS was excellent analytical tool for
identify the available EOs compounds in purified sample and it
proved that the SNEOs has more antimicrobial derivatives of phy-
tochemical compounds.
3.2. Anti-microbial activity of SNEOs

The improved effect of SNEOs treated biofilm forming P. mir-
abilis was shown 32 mm zone of inhibition at 100 mg/mL concen-
tration was observed after one day incubation. In addition, the
same plate containing normal crude extract of SN was showed
with 16 mm zone of inhibition against P. mirabilis was observed.
Whereas, the positive control and distilled water containing wells
were showed with no zone of inhibition against P. mirabilis. This
result was suggested that the SNEOs were very effective against



Fig. 1. LC-MS analysis of plant Solanum nigrum for detection of available chemical composition of essential oils.
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biofilm forming P. mirabilis at very least concentration of 200 mg/
mL (Fig. 2). At the same concentration, the crude extract of the
SN was showed very low zone of inhibition compare with SNEOs.
In addition, the no zone of inhibition result of ceftazidime antibi-
otic was revealed that the pathogen was MDRs effect, and the no
zone of inhibition around the distilled water added well was
proved that the dilution was not influenced in SNEOs. The zone
was arisen from original SNEOs effective. The good agreement
result was documented by Balakumar et al. (2011), and the medic-
inal plant mediated EOs has excellent anti-microbial activity
against MDRs strains. Recently, Ramachandran et al. (2020)
reported that the EOs rich plant compound very effective inhibition
in inside of the bacteria (Rana et al., 1997). The damaged essential
Fig. 2. Anti-microbial activity differentiation of Solanum nigrum extract and
essential oils against biofilm producing P. mirabilis by agar well diffusion method.
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oil treated plant Cyperus articulatus shown excellent zone of inhibi-
tion against food pathogens at increasing concentration (Kavaz
et al., 2019). Therefore, our result was proved that the SNEOs were
effective anti-biofilm agent against P. mirabilis.
3.3. Minimum inhibition concentration (MIC) of SNEOs

In 200 mg/mL concentration, the MIC was showed with more
turbidity in SNEOs treated well compared with other wells. It con-
firmed that the SNEOs are very effective against P. mirabilis at
200 mg/mL (Fig. 3). The O.D values of treated and untreated results
were converted to percentage of inhibition with triplicate value as
94%. Initially, the inhibition was started at only 25 mg/mL only.
When we added increased concentration, the turbidity also
increased and it declared, the SNEOs are concentration dependent
Fig. 3. Minimum inhibition concentration of Solanum nigrum essential oils against
biofilm producing P. mirabilis by microbroth dilution method.
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inhibitor. But, compared with previous reports, the concentration
was very low (Xinjun et al., 2020). The half inhibition percentage
was identified in 60 mg/mL concentration. Previously, the SNEOs
against tested various bacteria was reported at higher concentra-
tion (da Silva et al., 2019; Lin et al., 2019). Based on the MIC, the
result was confirmed that the SNEOs have anti-biofilm effect at
minimum concentration and this 200 mg/mL was finalized as a bio-
film inhibition concentration (BIC). This BIC was used for all invitro
inhibition studies.

3.4. Detection of metabolic activity

The decreased bacterial cell survival of SNEOs treated P. mir-
abilis culture evidently indicated to in the 24-well plate culture.
In biofilm inhibition research, the bacterial survival rate is essential
step to detect the bacterial activity. Mechanically it was evident
research, because all the virulence factors including enzyme pro-
duction, ROS formation, QS production and specific gene activation
were stopped their native role and inability to produce next mole-
cules. So, the bacteria automatically lost their virulence in inside of
the body (Maruthupandy et al., 2020, Ying et al., 2018). In our
study, deactivated survival rate of SNEOs treated P. mirabilis was
indicated at 200 mg/mL with 92%. Before, the initial deactivated
survival rate was indicated in 10% and extended up to with 92%
of inhibition (Fig. 4). This result was evidently proved that the
SNEOs was deactivated the bacterial survival in liquid nutrient
media culture and it confirmed after OD. Result of spectropho-
tometer reading. The XTT result was clearly indicated that the
SNEOs have the deactivated survival ability of P. mirabilis in liquid
media. This result was most accordance with previous invitro
result and the inhibition concentration as equal to BIC result. In
good agreement result of Milica et al. (2020) reported that the
reduced survival rate of biofilm forming gram negative bacteria
was identified after lost their pathogenicity. In addition, recent
report of Kamila et al. (2016), the viability based XTT assay is a per-
fect method to identified the tested materials nature. When the
SNEOs don’t have inhibition ability, the survival rate of biofilm
forming pathogen remains in same or increased. Therefore, our
result was agreed the above said statement and clearly interpreted
as the SNEOs as effective anti-biofilm agent against tested biofilm
forming P. mirabilis.

3.5. Measurement of EPS modification

The inhibition of physical barrier in bacteria as EPS was final
confirmation result for biofilm inhibition. If the bacteria have the
ability to form biofilm, initially it developed the fence against for-
eign drugs and antibiotics. Also, it extended their role into the
Fig. 4. Metabolic biofilm activity of Solanum nigrum essential oils against biofilm
producing P. mirabilis by XTT method.
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nucleic acid and damaged the cells frequently. It leads to bacterial
suppression, membrane damages, and intracellular granules leak-
ages (Banu et al., 2018). EPS has rich polysachharides and helped
to form a ring around the bacterial DNA, nucleic acid, and other cell
wall degraded materials within the bacteria and produce the sen-
sitive enzymes and proteins against external drugs and antibiotics
(Dipti Mayee et al., 2020). Previously, Maruthupandy et al. (2020)
reported that the EPS is given size and shape for bacterial biofilm
formation and it leads to biofilm matrix formation. Based on these
concerns, we have targeted the EPS in our study using SNEOs. The
result of actual degradation effect in EPS was 94% at the 250 lg/mL
concentration (Fig. 5). The result was stated that the total virulence
factors of P. mirabilis were lost due to the influence of in SNEOs
treatment. The SNEOS penetrated into the P. mirabilis through cell
wall and damaged the fimbriae, flagella and slime responsible pro-
teins, and extended to intracellular organelles leads to DNA,
nucleic acid damages. Capsular polysachharides mediated inhibi-
tion was very effective in biofilm formation (da Silva et al.,
2019). The EPS inhibition mechanism was successfully correlated
to previous reports of Xinjun et al. (2020). EPS inhibition is an
essential key factor to destroy the cells completely within the bio-
film matrix and extended target sites.

The invitro EPS arrest method was validated by CRA plate
method, and suggested that the SNEOs has anti-biofilm ability. Ini-
tially, the black color of the CRA plate was indicated as EPS produc-
tion, later the black color of its pathogenicity was hide step by step
using increasing concentration. At 250 lg/mL concentration, the
black color colonies were completely arrested and it exhibited pink
color colonies. The result was proved that the SNEOs have viru-
lence factors inhibition. Because, it arrested the black color of
pathogenicity in P. mirabilis, but the antigenicity was still present
in inside of the bacteria due to the production of pink color. At
the same concentration, the bacteria P. mirabilis was lost their
replication, nucleic acid synthesis and other responsible factors
of virulence factors. Finally, the result was strongly agreed the in-
vitro EPS inhibition study and it suggested SNEOs has anti-biofilm
ability against P. mirabilis.

3.6. Live/dead damage of SNEOs effect by CLSM

The intracellular death of the SNEOs treated P. mirabilis was
effectively viewed at the 40x magnification of CLSM. The BIC trea-
ted P. mirabilis was shown with increased cell death compared
with untreated P. mirabilis. AO/EB is a fluorescence dyes that used
to bind with treated or untreated bacterial cells intracellular. In our
result, the dye of AO/EB was entered into the bacterial cells and
bind into intracellularly, and it glows on green colored emitted
cells only as suggested untreated control (Fig. 6a). Whereas, the
Fig. 5. EPS degradation of Solanum nigrum essential oils against biofilm producing
P. mirabilis by phenol–sulphuric acid method.



Fig. 6. Live/dead variation of control (a) and Solanum nigrum essential oils treated (b) P. mirabilis by CLSM.

Fig. 7. Morphological modification of control (a) and Solanum nigrum essential oils treated (b) P. mirabilis by SEM.
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above said procedure of treated cells were glowed with red color
cells as suggested as treated cells (Fig. 6b). The bacteria with rough
surface, condensed structure and irregular shape of the P. mirabilis
were seen at 200 lg/mL concentration of treated cells image.
Instead, the smooth surface, normal bacterial structure with regu-
lar rod shape of the P. mirabilis was seen in untreated cells image.
Therefore, the result was notified, the plant SNEOs has intracellular
inhibition ability at 200 lg/mL concentration against biofilm form-
ing P. mirabilis. The previous statement was supported to our
result, and the intracellular damage differentiation was identified
by AO/EB fluorescence dye (Maruthupandy et al., 2020). Previously,
the green color and red color differentiation of treated and
untreated bacterial cells were shown by CLSM as a confirmation
method for bacterial damage intracellularly (da Silva et al., 2019).
In addition, this result was supported to evidence of BIC, EPS, XTT
assay result and the BIC concentration was very effective against
biofilm forming P. mirabilis.
3.7. Morphological treatment of SNEOs

Weather the morphology and cell wall damages in the SNEOs
treated P. mirabilis was evidently proved by SEM. In SEM, the fixed
cells were degraded by ethanol gradient series with degradation
(Fig. 7). In this step, the adherent bacteria were utilized the ethanol
and anchored the cover slip tightly in live condition. Consecutively,
the death cells were abolished by washing with phosphate buffer
saline and distilled water (Wang et al., 2019). After t-butanol treat-
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ment, the cells were clumped each other and exhibited native
structure (Lindsay et al., 2019). Followed statement, the exhibited
SNEOs treated P. mirabilis was showed more morphological and
cell wall damages by SEM. The continuous development of belbing
and shape modification was indicated as SNEOs effect (Cansu
Feyzioglu and Tornuk, 2016). In treated cells morphology was
showed with some leakages material compared with smooth rod
shape of the P. mirabilis. In some places, the rod shape was changed
and shown irregular morphology. In addition, the SNEOs attached
cells morphology was shown with clumps of SNEOs and complete
damages. Therefore, the SEM result was morphologically sup-
ported to CLSM and suggested that the P. mirabilis was inhibited
by SNEOs at their respective BIC.
4. Conclusion

After careful consideration with agar well diffusion and invitro
experiments, the plant SNEOs has increased anti-biofilm activity
against biofilm forming P. mirabilis effectively. At 200 lg/mL of
BIC, the bacteria were sensitive to SNEOs and lost their virulence
factors. Initially, the anti-biofilm ability was proved by agar well
diffusion method and BIC. In addition, the deactivation of bacterial
survival and damaged biofilm structure arrangement was proved
by XTT and EPS measurement experiments respectively. The
microscopicy studies of intracellular and morphological modifica-
tions in the presence of SNEOs containing P. mirabilis was showed
by CLSM and SEM. Therefore, all the invitro experiment results
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were strongly supported that the SNEOs as a promising anit-
biofilm agent against Gram negative bacteria, particularly for P.
mirabilis.
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