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a b s t r a c t

Recent years Klebsiella pneumoniae (K. pneumoniae) biofilm formation (BF) is emerging thread worldwide.
For tackling this problem, we have chosen Hibiscus rosa-. pneumoniae. The HPLC purified essential oils
(EOs sinensis (H. rosa-sinensis) (HRS) to inhibit the BF K) of H. rosa-sinensis was performed against BF K.
pneumoniae and showed concentration dependent biofilm inhibition. At the MBIC of EOs (90 mg/ml), the
biofilm inhibition was showed at 92% against selected BF K. Pneumoniae. The biofilm metabolic assay,
exopolysaccharide quantification and hydrophobicity index variation results exhibited with 88%, 92%
and 89% reduction at 90 lg/mL was observed respectively. In addition, the morphological modification
of MBIC treated K. pneumoniae was clearly viewed by scanning electron microscope (SEM). Overall, all
the invitro experiments result were confirmed that the MBIC of H. rosa-sinensis EOs was very effective
against BF K. pneumonia.
� 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

Recent years, biofilm forming (BF) Gram negative bacteria
(GNB) has attracted more attention due to their potential risk of
antimicrobial resistance and virulence factor production (Rubini
et al., 2018). Biofilm formation now being considered as a serious
problem and it can be developing the resistant against antiseptic
agents (Doulgeraki et al., 2017; Rajivgandhi et al., 2018a). In fact,
the discovery of novel antimicrobial agents for eradicate the bio-
film formation is a worldwide challenge. Recently, plant essential
oil has more potential for solving the problem of biofilm producing
pathogens (Francesco et al., 2011; Eman et al., 2018). EO acts as an
excellent antimicrobial agent due to the low viscosity, high capa-
bility, excellent surface nature, which allows them to interact with
target (Norhaizan et al., 2010; Rajivgandhi et al., 2018a).

In this context, we have chosen excellent biomedical properties
of HRS for inhibit the BF Klebsiella pneumoniae (K. pneumoniae).
Among the various parts of HRS, the petals, flowers and seeds are
frequently produced more therapeutic advances such as antibacte-
rial, antifungal, antiviral, anticancer, larvicidal, antidiabetics,
antioxidant properties (Kartinah et al., 2019; Lingesh et al., 2018;
Maralit Bruan and Tianco, 2019; Elemar Gomes et al., 2010;
Gandhi et al., 2019). In addition, antihypertensive, anti-
inflammatory, antipyretic, antidiarrhoeic and immunomodulator
properties of the HRS have been screened from various pharma-
ceutical industry (Begum and Younus, 2018; Abdullah et al.,
2019; Malinowski et al., 2019; Eman et al., 2018; Rubini et al.,
2018).

In India, the petals and roots of the Hibiscus rosa-sinensis (HRS)
can be used as food and fiber (Kaleemullah et al., 2017). The calyces
or flower pots are used as ingredients in various edible items jam,
candy, pickles and also used in drinking items including tea, wine
(Ruban and Gajalakshmi, 2012). Among this plant, red flowered
HRS is mostly used in our entire world due to the production of
some essential chemicals (Pillai and Mini, 2018). Among these spe-
cies, 15 species of HRS have more biological activities against drug
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resistant pathogens were reported with some phytochemical evi-
dences (Vijayakumar et al., 2018). Recently, the ethanopharmaco-
logical survey was reported that the HRS as a important
medicinal plant that has the anti-asthmatic, detoxifier, anti-
hypertensive and anti-cancer, wound healing properties. In addi-
tion, it is a traditional medicine in India for anti-diabetics and
anti-oxidant activities (Ansari et al., 2020).

The seeds of the HRS are mostly used for oil production in many
countries, and phytochemical compositions of the oils are applied
in various biological process. In the daily meals of West Africa,
the HRS leaves and powders are used frequently (Hui-Min et al.,
2017). In addition, the seeds of the HRS is applied to recover high
quantifies in various industries like pharmaceutical and food. The
HRS oils are mainly synthesized from plastids (Elemar Gomes
et al., 2010). Also, the HRS oil composed with tremendous chemical
compounds including terpenes, fats and flavonoid aglycones
(Gandhi et al., 2019). In addition, the more polysaccharide compo-
sition of the HRS as a format of secretory idioblasts oil or mucilage,
which were associated with the parenchyma of HRS. Plant muci-
lages are complex polysaccharide polymers, it has high molecular
weight. All the mucilages are either acidic or neutral polysaccha-
rides (Lingesh et al., 2018). Hundred years, EOs as a natural medi-
cine for various serious infections including multi drug resistant
bacterial infections. Previously the reported Origanum majorana,
Thymus zygis, Rosmarinus officinalis, Juniperus communis and Zen-
giber officinale Eos have excellent inhibitory effect against biofilm
formation (Rihab et al., 2019). Eos has very low toxicity compared
with other phytochemical compounds and also, it damaged the
bacterial cell wall through hydrophobic channels. Finally, it could
enter the inside of the cells and destroy the cell cycle process
and cytoplasmic leakages materials (Erika et al., 2019). Therefore,
the current study was initiated an attempt to assess a Chinesh
medicinal plant H. rosa-sinensis EOs as a potential anti-biofilm
agent against CR biofilm forming K. pneumoniae.

2. Materials and methods

2.1. Collection of samples

The BF K. pneumoniae strain was obtained from Department of
Marine Science Bharathidasan University, Tiruchirappalli, Tamil
Nadu, and India. All the chemicals, plates and antibiotic discs of
this study were purchased from Sigma Aldrich, China.

2.2. Purification of EO and hydrosol extraction

The healthy seeds of HRS were collected from tropical environ-
ment of Bharathidasan University campus, Tamil Nadu, India. The
collected plant seeds were stored at 4 �C for further use. To remove
the surface contaminants, the seeds were carefully washed with
double distilled water (D.DH2O) and dried at room temperature
with shade for approximately 10 days. After incubation, the seeds
were crushed well and maintained in hydro distillation using n-
hexane (Jessica et al., 2018). In this method, 100 g of topped sam-
ple was mixed into the 1 L water of conical flask at 3–4 h distilled.
After time interval, the obtained essential oil solution was main-
tained in sodium sulfate for drying and filtered for excluding the
n-hexane under reduced pressure.

2.3. Gas chromatography-mass spectrometry (GC-MS) analysis

GC-MS analysis of H. rosa-sinensis EO was followed by the pre-
vious report of Ruhomally et al. (2015). Briefly, 1L of the sample
was mixed with 1% dichloromethane which injected with split
ratio of 1:20 using EI mode of 70 eV (Agilent technologies)
attached with split injector and 220 �C as an injector temperature.
Continuously, 5% phenyl followed by 95% dimethylpolysiloxane
with 30 m � 0.25 mm � 0.25 lm of HP-5MS was used for separate
the chemical components. 1 mL/min of helium carrier gas was
used for this process and 60 to 240 �C at a rate of 3 �C min�1 as a
oven temperature. Finally, 1 lL of EO was used as a injected vol-
ume and diluted with chloroform (1:10).

2.4. Anti-bacterial activity

Anti-bacterial activity of the purified EO was evaluated against
selected BF K. pneumoniae by agar well diffusion method (Ebani
et al., 2018). Briefly, the 24 h old BF K. pneumoniae culture was
spread on the muller hinton agar plate (MHA). The wells were
cut by using sterile gel borer and different concentration 10, 25,
50 lL of EO was added into the well. Whereas, 10 lL of methanol
and third generation cephalosporin ceftazidime was served as a
positive controls and methanol added well was acted as a negative
control at 37 �C for 24 h. After incubation, the zone of inhibition
around the wells was noted in diameter and the experiment was
conducted in triplicate.

2.5. Purification of essential oil by preparative high performance liquid
chromatography (HPLC) method

Anti-bacterial effect of the EO was measured by analytical HPLC
for detection of active EO fraction (AEOF). The mobile phase of
acetonitrile:methanol:ammonium acetate:water (45:10:10:35)
was used for purify the EOs. After, all essential oil fractions were
purified separately using preparative HPLC. The agar well diffusion
method was used to detect the purified EOs fraction at 37 �C for
24 h. Whereas, third generation chaphalosporin chephalosporin
piperacillin/tazobactam and methanol was served as a positive
and negative control respectively. Finally, active essential oil frac-
tion (AEOF) was separated by preparative HPLC and proved by ana-
lytical HPLC followed by lyophilization at 40 �C for study. The
instrument of preparatory HPLC was set up with
150 mm � 4.6 mm of C18 column, linear gradient of 4.6 mm and
1 mL/min flow rate was used. The temperature of 0–10 min with
10–90% A, 90–100% B and 100% C at 10–11 min, 11–20 min and
15–25 min were maintained in gradient elution program. The
20 mL column injected volume at 40 �C temperature was used
(Rajivgandhi et al., 2018b).

2.6. Minimum biofilm inhibition concentration (MIC)

The biofilm eradication of BF K. pneumoniae at different concen-
tration of AEOF was identified by crystal violet staining assay with
some modification (Jardak et al., 2017). Briefly, 10, 20, 30, 40, 50,
60, 70, 80, 90, 100 lg/mL of EOs was added into previously filled
TSB containing 24-well polystyrene plate and subsequently inocu-
lated 100 lg/mL of 10-5 bacterial suspension at 37 �C for 24 h. After
incubation, the discarded 24-well plate was rinsed thoroughly
with PBS, followed by 0.5% crystal violet solution at 5 min. Next,
unstained cells were washed to discard by PBS and solubilized with
2 mL of ethanol and quantified by O.D at 540 nm. Untreated bacte-
rial culture containing well acted as a control.

All the procedure was applied three times and given formula
was used to calculate the percentage of biofilm inhibition (PI),

PI ¼ Control OD 570 nm� Test OD 570 nm=Control OD 570 nm½ �
� 100

ð1Þ
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2.7. Biofilm metabolic assay

The viability of bacterial cells in the presence of AEOF at various
concentration was detected by 2,3-bis (2-methoxy-4-nitro-5-sulfo
phenyl)-2H-tetrazolium-5- carboxanilide (XTT) reduction method
with the modification of Anjugam et al., 2018. Briefly, after removal
of non-adherent biofilm cells, 1 mg/mL mixed XTT solution (12.5)
was gently added into the 6-well plate. Subsequently, 1 lL of fresh
standardized menadione acetone solution was added into each
well with 100 lL of PBS. Each well were shaken gently and incu-
bated with dark condition at 1 h at 37 �C. Whereas, without addi-
tion of AEOF in the pathogen with menadione acetone solution
containing well served as control. After incubation, all the wells
were calculated by using microtitre plate reader at 570 nm. The
test was conducted in triplicate and the result was presented using
following Eq,

% of inhibition ¼ 100 ODsample � ODcontrol
� �� 100 ð2Þ
2.8. Exopolysaccharide (EPS) quantification assay

The phenol-sulfuric acid method was adopted in this study to
detect the EPS in BF K. pneumoniae by Maruthupandy et al.
(2020) with some alteration. The BIC of AEOF treated or untreated
K. pneumonia biofilm culture was collected and centrifuged at
5000 rpm for 10 min. For enzymatic degradation, the pellet was
re-suspended in sterile saline solution, followed by 50 lL of Pro-
nase E (Hi-Media, India) and vortexed at 30 �C for 30 min. After,
100 lL of trichloroacetic acid was inoculated into precipitate of
protein at ice with 1 h. Subsequently, sample was centrifuged at
10,000 rpm for 10 min with cooling temperature. The 10 mL of cold
absolute alcohol was added drop wise to precipitate the polysa-
chaaraide quantitatively and kept at �20 �C for 12 h. After incuba-
tion, the sample was centrifuged at 5000 rpm for 20 min for
collection of polysaccharides and resuspended in 1 mL of D�H2O
Further, the sample was digested with 5 mL of H2SO4 (98%) into
the monosaccharides with continuous vortex. After vortex, 5% phe-
nol (1 mL) was added into recovered material and vortexed for
20 min in water bath. Samples were cooled on ice, and result
was read at spectrophotometer (UV-2550, Shimadzu, Japan) at
540 nm wavelength. Dis�H2O served as a blank. In this method,
glucose as a standard. The experiment was conducted in triplicate
and the result was calculated in inhibition percentage of EPS with
following formula

% of inhibition ¼ 100� Ca=Cb � 100 ð3Þ
where Ca is t concentration of the EPS in the sample group, Cb is the
concentration of the EPS in the control group.

Further, the inhibition of EPS was validated through the inocu-
lation of CRA plate result (Rajivgandhi et al., 2018b). 0.1 mL of 24 h
treated culture was directly streaked on the CRA plate at 37 �C for
24 h. After incubation, the CRA plate colonies were calculated
based on color variation.

2.9. Hydrophobicity index of EO

The effect of AEOF against BF K. pneumonia hydrophobicity was
evaluated by Balasubramanian et al. (2016). Briefly, the BIC of
AEOF was added in to the test tube with addition of 2 mL old BF
K. pneumoniae culture. Whereas, absence of AEOF was maintained
as a control. Then, the sample was measured at 560 nm. Conserva-
tively, 1 mL of misquote sample was mixed 2 min with toluene and
vortex vigorously at 37 �C for 10 min to allow the phase separation.
After incubation, both the phases were collected separately and
aqueous phase was calculated at 560 nm using spectrophotometer
and percentage of hydrophobicity was measured using following
formula,

%ð Þ Hydrophobicity
¼ ½1� OD 540 after vortex=OD 540 before vortexð � � 100 ð4Þ
2.10. Morphological damage effect of EO

The shape of the BF K. pneumoniae morphology upon AEOF
treatment was analyzed by SEM and TEM (Mehran et al., 2019).
Shortly, the pellet of AEOF treated or untreated biofilm sample
was received after centrifugation and washed thrice with 1% PBS.
Required amount of suspended culture was taken and inoculated
on the sterile cover glass, and the sample was fixed by 4% glu-
taraldehyde for 4 h. After incubation, the sample was washed
two times with sterile PBS. After incubation, the fixed cells were
filtered by polycarbonate membrane filters and dehydrated with
30, 40, 50, 60, 70, 80, 90 and 100% ethanol graded series. After
dehydration, 1 mL of t-butanol was used and incubated at 1 h for
bacterial survival. Next, the t-butanol was altered by fresh t-
butanal and incubated in deep freezer with overnight. Further,
the cover glass was dried at room temperature and coated with
gold–palladium metal. Finally, cover glass was viewed under SEM
using an accelerating voltage of 20 kV (Shimadzhu, Japan).

3. Result and discussion

3.1. Purification of essential oil

The hydrosol extraction of EO from H. rosa-sinensis more terpe-
nes, oxygenated monoterpenes, monoterpenes hydrocarbon and
sesquiterpenes composition by GC-MS (Fig. 1). The highest con-
stituents of the EO were a-terpineol, a-terpinolene, a-pinene, b-
pinene, a-terpenyl acetate, spathulenol. Significant amount of
other variables were also present in the extract (Table. 1). Present
result was agreed by previous report of Norhaizan et al. (2010),
tropical plant H. rosa-sinensis has more oil components were deter-
mined by various genetic factors changes. Other promoter and var-
ious factors could modify chemical components including soil,
fertility, pH, temperature, humidity and other stresses (Kandhare
et al., 2012; Da-Costa-Rocha et al., 2014). Previously Malinowski
et al. (2019); Chou et al., (2019), reported that the EO production
depends on the seasonal variation and various environmental fac-
tors. It also increases the common volatile compounds natures due
to the stress condition. In our study, the GC-MS report of common
volatile and phytochemical compounds were also identified and
reported in Table 1.

3.2. Anti-bacterial activity

After 24 h incubation, the EO loaded discs exhibited 6, 16,
25 mm zone of inhibition against tested BF K. pneumoniae at 10,
25 and 50 mg/mL concentration were observed respectively
(Fig. 2a, b). Whereas, 10 mg/mL of third generation chephalosporin
antibiotic was exhibited 10 mm zone of inhibition. In addition, the
positive control of methanol containing well did not produced any
zone in plate. The result suggested that the H. rosa-sinensis essen-
tial oil has excellent anti-bacterial activity against BF K. pneumo-
niae. The anti-bacterial activity of H. rosa-sinensis EO against GPB
and GNB have been described in previous studies of Da-Costa-
Rocha et al. (2014) and Kartinah et al. (2019), also, excellent
anti-bacterial compounds were also present in the purified extract.
Some reports identified the MIC of bioactive compound from plant
purified compound has high concentration. In the present study,
the tested range was minimum 10 mg/mL and maximum 50 mg/



Fig. 1. Detection of essential oil identification from H. rosa-sinensis by GC-MS analysis.

Table 1
GC-MS analysis of essential oil form Hibiscus rosa-sinensis extract.

Peaks Essential Oil RT Molecular Formula Total Area Area (%)

1 a-Oxide pinene 5.322 C10H16O
37,933 0.14

2 N-Nonanol 5.475 C9H20O 138,413 0.52
3 Octanoic acid 5.512 C8H16O2

121,073 0.46
4 N-Dodecane 5.55 C12H26

136,470 0.51
5 Iso-dihydro carveol 5.672 C10H18O 122,056 0.46
6. Decanoic acid 7.498 C10H20O2

288,301 1.09
7 b-biotol 7.655 C12H24O11

521,376 1.96
8 a-Atlantone 7.787 C15H22O 393,782 1.48
9 a-Costol 7.903 C15 H24 O 285,272 1.07
10 a-Cadalene 8.045 C15H18

109,955 0.41
11 a-Pinene 8.364 C10H16 34,370 0.13
12 a-terpineol 8.711 C10H18O 72,061 0.27
13 Globulol 9.745 C15H26O 552,913 2.08
14 a-Thujene 9.965 C10H16 33,163 0.12
15 b-Pinene 13.725 C10H16 47,551 0.18
16 b-myrcene 13.791 C10H16 53,675 0.2
17 1,8-Cineole 14.511 C10H180 1,877,333 7.07
18 Trans-p-menth-en-1-ol- 14.775 C10H18O 52,819 0.2
19 Cryptone 15.571 C9H14O 390,658 11.47
20 b-Elemene 16.413 C15H24 465,132 12.75
21 Aromadendrene 16.742 C15H24 45,940 0.17
22 Spathulenol 17.477 C15H24O

177,889 0.67
23 Aromadendrene 19.744 C15H24 87,813 0.33
24 Dedecanoic acid 19.944 C10H20O2 184,247 0.69
25 Oleic acid 20.190 C18H34O2 726,013 2.74
26 Cyclononasilodane 20.370 C10H30O5 1,765,843 26.65
27 Β-Asarone 20.565 C12H16O3 2,406,180 19.07
28 Triacetin 20.625 C9H14O6 465,754 11.75
29 Ascaridol 20.672 C10H16O2 977,430 3.68
30 Carvacrol 20.807 C10H14O 4,241,491 15.98
31 Isoascaridole 20.975 C10H16O2

193,562 14.5
32 Napthalene 20.456 C10H8

454,750 0.14
33 p-Cyamene 20.670 C10H14 7,126,016 10.50
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mL with excellent anti-bacterial activity against BF K. pneumoniae.
Recently, Lingesh et al. (2018), reported that the H. rosa-sinensis
essential oil has excellent anti-bacterial activity against MDR of
GNB by different environmental factors such as temperature, pH,
NaCL and other stresses. Previously, cineole, b-biotol, a-
atlantone, a-terpiniol has excellent anti-bacterial activity when



Fig. 2. Anti-bacterial activity differentiation of crude essential oil (a) and zone of inhibition in MHA plate (b) against CR K. pneumoniae.
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compared with bioactive compound (Gandhi et al., 2019). Mecha-
nistically, anti-bacterial activity of some petals mediated com-
pounds have more capacity to elevate the permeability to fat
soluble compounds, while the bioactive compound constituents
were also present highly in inside of the essential oil with low effi-
ciency. They may play active role in inside of the bacterial that
leads to cell wall damage, QS inhibition, enzyme alteration and bio-
film inhibition activity (Rubini et al., 2018; Francesco et al., 2011).
3.3. Purification of active molecules from essential oil

The preparative HPLC method was used to purify the active
anti-bacterial EOs fraction, and the purified fraction was scanned
by analytical HPLC. Based on the retention time, percentages of
area and percentages of height, 9 different compound peaks (frac-
tions) were identified from the purified essential oil. All the peaks
and their retention time, occupation, height and area percentage of
analytical HPLC result was inserted in table format (Fig. 3). Among
the 9 AEOF, fractions 2 and 4 exhibited 16 and 24 mm zone of inhi-
bition against CRBF K. pneumonia at 35 lg/mL was observed
(Fig. 5b, c). These two fraction peaks occupied the most of the area
and height percentages was 5,793,629, 4,955,624 and 15.479,
28.838 observed respectively. These were comparatively very high
than other fraction peaks. These two fractions were further puri-
fied separately by preparative HPLC using same mobile phase,
retention, flow rate, temperature and fraction time. It was con-
firmed by analytical HPLC. Both the peaks and their retention time,
occupation, height and area percentage of analytical HPLC result
was inserted in table format (Fig. 4). Finally, both the fractions
were mixed together and exhibited 30 mm zone of inhibition at
35 lg/mL was observed (Fig. 5d). The differentiation between all
the purified fractions was available in Fig. 5a. This purification
result also suggests, the EO was surrounded with some bioactive
compounds constituents that present inside of the essential oil.
Therefore, the present result confirmed that the plant H. rosa-
sinensis could play an effective role against biofilm producing CRBF
K. pneumonia.
3.4. Quantification of biofilm formation

Anti-biofilm ability of AEOF was exhibited with complete bio-
film inhibition against selected K. pneumonia. The result indicated
that the AEOF have neither anti-bacterial nor anti-biofilm activity
at very low concentration when compared to control. Among the
various concentration, 90 mg/ml was exhibited 92 and 89% inhibi-
tion against CRBF K. pneumoniae and biofilm positive control
E. coli BDUMS 3 (KY617770). When compared with previous
report, the present result of 90 mg/ml concentration was very low
against MDR pathogens (Fig. 6a). This study suggested that the
AEOF was excellent bacteriostatic agent against GNB, and 90 mg/
ml was fixed as a biofilm inhibition concentration (BIC). In addi-
tion, crystal violet staining assay exhibited that the rigidity of bio-
film structure was degraded at the same concentration when
compared with untreated control (Fig. 6a-Inset figures-1). It
revealed that the adherent cells were degraded by BIC and exhib-
ited highest inhibition result after bound with CV. The sparred cells
of biofilm arrangement in the treated bacteria indicate that the
AEOF has extracellular polysaccharide matrix damage ability
through peptidoglycon layer and teichoic acid (Jessica et al.,
2018; Ebani et al., 2018). Previously, the Rosmarinus officinalis
essential oil has more inhibition ability against EPS and Hydropho-
bicity index (Jardak et al., 2017).
3.5. Biofilm metabolic assay

After treatment with BIC of AEOF, the treated bacterial viability
significantly decreased at increasing concentration. Bacterial via-
bility is one of the important mechanistic approaches in biofilm
inhibition (Maruthupandy et al., 2020). After 24 h incubation, the
bacteria loss their antigenic characters like QS, enzyme production,
gene stimulation and biofilm formation due to the arrest of for-
mazan production (Balasubramanian et al., 2016). This evidence
was compared with biofilm quantification result and suggested
that the metabolic activity was reduced in the test samples. In
our study, the 10 lg/mL of AEOF was released the bacteriostatic
effect and extended to up to 90 lg/mL with 7 and 88% of reduction
(Fig. 6b). The XTT result proved that the AEOF inhibited the bacte-
rial viability in dose dependent manner.

Further, aliquot the evaluated result of XTT in MHA plates also
proved that the AEOF has excellent bacteriostatic effect (Fig. 6b-
Inset figures). The colonies of MHA plates were shown with distri-
bution at 10 lg/mL. There was no colony at 90 lg/mL also when
compared with control. Both XTT and MHA plate results proved
that the AEOF has anti-biofilm activity due to the reduction of
metabolic activity. Our result was agreed by Eman et al. (2018)
and EO treated GNB increased the reduced viability via XTT assay
due to the loss of their antigenicity. Recent report of Francesco
et al. (2011), also reported that the EO disrupted the antigenicity
of protein and alters the DNA replication due to the arrest of for-
mazan production. Hence, the indirect and direct method of AEOF



Fig. 3. Analytical HPLC fractions of purified H. rosa-sinensis essential oil.

Fig. 4. Purified active anti-bacterial fraction of H. rosa-sinensis essential oil by preparative HPLC (b).
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results were indicated that the significant reduction on metabolic
activity of selected biofilm producing K. pnumoniae.
3.6. EPS quantification assay

EPS is a physical important barrier for bacteria which helps to
produce DNA, nucleic acid, extra cellular leakage materials for
adhesion, protection and prevention of bacteria from external
antibiotics (Nazzaro et al., 2013; Rajivgandhi et al., 2014; Zhang
et al., 2018). It is an important virulence factor in mode anti-
biofilm formation action which gives the structure and shape to
bacterial biofilm lead to biofilm matrix (Lodhia et al., 2009). In
our result, AEOF treated samples exhibited 92% at 90 lg/mL con-
centration, which indicate, adhesion, protection and expand of bac-



Fig. 5. Evaluation of purified active fractions of essential oil against biofilm forming K. pneumoniae at various concentration (a), anti-bacterial activity of preparative HPLC
fraction 2 (b), fraction 4 (c) and merged fraction (d) of essential against biofilm forming K. pneumoniae by agar well diffusion method.

Fig. 6. Minimum biofilm inhibition (a), biofilm metabolic activity (b) of purified active fraction of H. rosa-sinensis essential oil. The inset Fig. 1a indicates, the presence and
absence of biofilm rigidity before (a) and after (b) treatment of essential oil. Inset Fig. 2 indicates the decreased viability of K. pneumoniae cells at increasing essential oil
treatment in MHA plates (a, b, c).
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terial antigenicity was lost due to the interfere of AEOF (Fig. 7a). It
may prevent the fimbriae, flagella, and other slime secreted EPS
role in inside of the bacteria (Khan et al., 2009). Recent report of
Maruthupandy et al. (2020), purified plant EO has the EPS ability
through capsular polysachharide, which is dangerous for biofilm
formation in human. The proposed mechanism was agreed by pre-
vious report of Vaillancourt et al. (2018). Inhibition of EPS was
major key factor to eradicate complete biofilm formation, because
it lost the production of extracellular polysachharide and damaged
binding site modification (Semeniuc et al., 2017).

Further, the CRA plate method result was also confirmed that
the AEOF has excellent bacteriostatic effect. In result, control plate



Fig. 7. Decreased EPS quantification (a) and hydrophobicity inhibition (b) of active fraction of H. rosa-sinensis essential oil against CR K. pneumoniae at different concentration.
Inset Fig. 7a indicates, the complete arrest of exopolysaccharide at various concentration of essential oil treated K. pneumoniae was observed in CRA plates.

Fig. 8. Morphological analysis of active essential oil fraction untreated (a) treated (b), damage variation (c), belbing formation and shape variation (d) of CR K. pneumoniae by
SEM.
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of untreated BF K. pneumoniae exhibited black color colonies,
whereas treated plates exhibited loss of black color and no black
color colonies (Fig. 7a-inset figure). At 90 lg/mL concentration,
bacteria lost their complete EPS production was observed when
compared with any other concentration. It indicates, the AEOF
did not allow developing the bacterial virulence factors in inside
of the bacteria. At half inhibition concentration of 60 lg/mL may
start their function against DNA replication, nucleic acid synthesis
and EPS secretion. In addition, surface charges of antigenicity were
more sensitive to external antibiotics (Zhang et al., 2018). How-
ever, CRA method was evidently confirmed the invitro EPS inhibi-
tion result effectively. Also, the exhibited result consistently
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agreements with MBIC, XTT, EPS results, that AEOF has excellent
inhibition ability against BF K. pneumoniae.
3.7. Hydrophobicity index (HI) quantification assay

The hydrophobicity is important key factor for biofilm produc-
tion and involved in the initial adherence process. The rate of fim-
briae role, flagella and EPS production was also essential factors for
attachment of microbial cell onto the bacterial surface. It comes to
enhance the increased biofilm formation in bacteria due to the
influence of hydrophobicity. The hydrophobic interaction play a
role in increase trends with an elevated non-polar nature of the
microbial cell surface and substratum surface. In this study, the
HI of AEOF treated BF K. pnemoniae exhibited with 89% at 90 lg/
mL concentration. Whereas, the control result showed with no
any changes on their HI (Fig. 7b). The result revealed that the
hydrophobicity nature of the BF K. pneumoniae was significantly
reduced when treated with AEOF. As per regulation of physico-
chemical theory for bacteria (Balasubramanian et al., 2016), and
the higher adhesion rate to hydrophilic surface results in disper-
sion of bacterial cells from hydrophobic surface.
3.8. Surface morphology damage of biofilm

Morphological damage of BIC treated bacteria was clearly
depicted in SEM images Fig. 8. The surface integrity of bacteria
was modified due to the effect of AEOF (Fig. 8b). Whereas, tightly
packed, attached rod shaped cells were observed in untreated con-
trol cells (Fig. 8a). Cell wall of the bacteria was shown with mem-
brane corrugation damage with belb formation (Fig. 8c). In
addition, arrangement of hank-like exopolysaccharides with orga-
nization of EPS was significantly damaged and degraded due to the
exposure of AEOF (Fig. 8d). The result also expressed, a stress
responses of the AEOF on bacteria surface was continuously
pushed and cleaved the surface, it leads to complete permeation
of AEOF inside the cells and shown with irregular shape. It may
leads to low electron dense in the inside of the periplasmic space
and cytoplasm of the cells creates the fluid discharge
(Vaillancourt et al. 2018).
4. Conclusion

In this research, the purified HPLC fraction of H. rosa-sinensis EO
shows enhanced anti-biofilm activity against BF K. pneumoniae. All
the invitro experiments showed that the oil exhibited excellent
activity over BF K. pneumoniae. Microscopical images of SEM indi-
cated that the EO altered the bacterial replication and internal
structure due to the interference of exopolysaccharide layer dam-
age. Also, the structural and shape arrangement was entirely mod-
ified at very low concentration. From the identified results, we
confirm that the H. rosa-sinensis EO could be acted as a promising
anti-biofilm agent for BF K. pneumoniae.
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