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A B S T R A C T

In this study, silver nanoparticles (Ag NPs) was eco-friendly synthesized using purified flavonoid rich content of
Morinda citrifolia (M. citrifolia) extract. The synthesized Ag NPs was exhibited at 420 nm in UV-spectrometer, and
surface morphology with available chemical composition, shape and size of the Ag NPs were confirmed by X-ray
diffraction (XRD) variation, scanning electron microscope (SEM) with energy dispersive X-ray spectroscopy
(EDX) and transmission electron microscope (TEM). In addition, the excellent phytochemicals and anti-oxidant
activity of the Ag NPs were confirmed by total anti-oxidant and DPPH free radical scavenging assays. Further,
the concentration dependent inhibition of synthesized Ag NPs against biofilm forming Staphylococcus aureus (S.
aureus) was confirmed by minimum inhibition concentration (MIC). The growth cells were arrested in the log
phase of the culture and detected by flow cytometry analysis. In addition, the bacterial viability, exopoly-
saccharide degradation, intracellular membrane damage, matured biofilm inhibition, architectural damage and
morphological alteration were confirmed by confocal laser scanning electron microscope (CLSM) and SEM.
Furthermore, the synthesized Ag NPs reacted with methylene blue (MB) dye molecules has 100% degradation at
an irradiation time of 140 min. Conclusively, the eco-friendly synthesized Ag NPs has excellent anti-oxidant,
anti-bacterial through intracellular membrane damage, cell cycle arrest and methylene blue dye removal.

1. Introduction

Food born infections are the most important cause for human dis-
eases accounting more numbers of death every year [1]. Infection
caused by food born pathogens are more prevalent in China due to the
ready-to-eat food products [2]. These food products are prepared in
lower thermal, high pressure, UV irradiation, or electric pulse treat-
ment, which might be helped to survive and development of bacteria
[3]. Overdue of these preparations compromised for large account of
bacterial illness or production of bacterial toxin. Consumption of con-
taminated food with bacteria cause widespread health problem, being
the important food born disease including campylobacteriosis, lister-
iosis, hemorrhagic colitis and salmonellosis [4]. Recently, Xiao-Hong

et al. [5] reported that food born bacteria cause 50 million people every
year resulting 7000 death in the China. Among the various bacteria, the
genus Staphylococcus represents serious food born bacteria, particularly
Staphylococcus saprophyticus (S. saprophyticus). It is an important food
born gram positive bacteria (GPB), facultative anaerobic and catalase
positive, present in cheese, milk and meats or other environmental
sources including soil, water and air [6]. It is considered as one of the
most leading causes of food intoxication due to the production of a wide
range of heat-stable enterotoxins, as well as toxic shock syndrome toxin
type-1 (TSST-1). The control of S. saprophyticus is very difficult due to
the development of multi drug resistant (MDR) molecules. Various
measures are employed now a days to avoid transmission of Staphylo-
coccus in food processing and livestock industry [7]. In food industry, S.
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saprophyticus is big challenge due to the continuous production of
virulence factors including efflux pump, QS, biofilm and various en-
zyme productions [8].

Recent years, Chinese Government continuously implemented a
necessary action and plans for aimed to ensuring food integrity in-
cluding promulgation and revision of the Food Safety Law, as well as
the establishment of the State Council Food Safety Committee, the
National Food Safety Risk Assessment Center and the China Food and
Drug Administration (CFDA) [1,2]. Therefore, an emerging requisite for
new therapeutic approaches exists to eradicate the biofilm formation.
Numerous reports recommend the use of biosynthesized nano-
technology as promising agents for combating the food borne patho-
gens.

The synthesis of nanoparticles via biological methods is very reli-
able and is an alternative to more complex chemical synthetic proce-
dures to obtain nanomaterials. Some of these biological methods in-
clude the use of microbes and plants extract [9,10]. Metal nanoparticles
are synthesized and stabilized by chemical methods, electrochemical
reduction, photochemical reactions, thermal decomposition and also by
physical methods for example heat evaporation [11–15]. The NPs
synthesized via chemical and physical methods are highly reactive,
hazardous and cause potential damage to environment [16]. Therefore,
there is a growing need for eco -friendly biomimetic approach for the
synthesis of NPs. Biomimetic is an interdisciplinary approach in which
NPs are synthesized biologically [17]. A wide variety of biological
sources such as plant extracts, microorganisms, enzymes, starch and
biopolymers have been utilized by researchers towards greener synth-
esis of NPs.

Various categories of nanomaterials like metal, metal oxide and
polymer NPs have recently arisen from biologically mediated syntheses
[18,19]. Among these nanoparticles, Ag NPs were found to be more
productive and applied for many applications including antimicrobials,
therapeutics, anti-biofilm, anticancer, biomolecular detection, biola-
beling, catalysis and microelectronics, nonlinear optics and intercala-
tion materials for electrical batteries [20–23]. Therefore, the present
study is aimed to synthesize and characterize the Ag NPs from flavonoid
fraction of M. citrifolia, and to evaluate its anti-bacterial and photo-
catalytic activity against food pathogens and methylene blue dye re-
moval.

2. Materials and methods

2.1. Collection of samples

The fresh healthy leaves of M. citrifolia were collected from Kolli
hills, Namakkal District, Tamil nadu, India. The samples were rinsed
with tap water and followed byD.H2O to remove the contamination and
infected leaves and maintained at room temperature for 15 min and
then powdered for further experimental usages. The biofilm producing
S. saprophyticus BDUMS 5 (MN310601) was collected from Department
of Marine Sciences, Bharathidasan University, Tiruchirappalli, India.

2.2. Preparation of the extract

500 g powdered plant material was extracted with methanol by
using soxhlet method at 37 °C maceration. After, methanol was re-
moved under reduced pressure at 45 °C using a rotary evaporator, and
approximately 25% w/w yield of sticky dark green crude extract was
obtained. The crude extract was mixed with methanol and purified by
preparative HPLC attached with perkin Elmer Serious 2000 pump, a
Gilson FC203B fraction collector (Shimadzu, Japan) and a perkin
Serious 200 UV/VIS detector set at 238 nm for separation of active
compounds. The purified extract was evaluated against biofilm forming
food pathogen S. saprophyticus BDUMS 5 (MN310601) by agar well
diffusion method. Amoxicillin acted as a positive control and methanol
acted as a negative control [24]. Further, the anti-bacterial potential of

purified extract was analyzed by using analytical HPLC for detect the
lead compound hits identification (acetonitrile-methanol-ammonium
acetate-water (45:10:10:35)) and followed by preparative HPLC for
separate the analytical HPLC fractions (C18 column,
150 mm × 4.6 mm, 4.6 μm) using a linear gradient at the flow rate of
1 mL/min at 210 nm). The gradient elution program was 10-90 % and
90-100% at 0-10 min and 11-20 min respectively. Injection volume was
20 μL and column temperature was maintained at 40 °C [25]. Fur-
thermore, all the purified HPLC fractions were separately performed
against S. saprophyticus BDUMS 5 (MN310601) by agar well diffusion
method. Whereas, the third generation chaphalosporin chephalosporin
piperacillin/tazobactam acted as a positive control and methanol acted
as a negative control. The active fraction of the extract was separately
fractionated and scanned by using analytical HPLC. The solvents of the
extract were removed by using lyophilization at 40 °C. Finally, the
active fraction of the crude compound was obtained and selected for
further study.

2.3. Gas chromatography–mass spectroscopy (GC–MS) detection of active
fraction

The active fraction of M. citrifolia was carried out by using GC–MS
(QP5050 a model with GC-17A version, Shimadzu, Germany) analysis
for detection of metabolic compounds [26]. In GC–MS analysis, the
GBP-5 containing 20 M, 0.22 mM, I.D 0.25 MM thickness of film coated
with non-polar column was used. For gas carrier, the ultra-pure helium
was used with 70 eV ionization voltage by flow rate of 0.8 mL/Min. The
split ratio was 30 and the initial temperature was 260–280 °C and in-
jector were used, respectively. Oven temperature was maintained at 40,
100, 220 and 280 °C at 5 min time interval. The interpretation between
mass spectrum and its retention times were detected by Sun Yat-Sen
University Library, Guangzhou, China with NIST08, Wiley 9.0 library
facility.

2.4. Detection of phenolic compound

According to the Folin–Ciocalteu method, total phenolic content of
active fraction was calculated by spectrophotometer using 96-well
polystyrene plate [27]. Briefly, 100 mg/mL sample was diluted with
3 mL dist. H2O and mixed vigorously, followed by added with 0.5 mL
Folin–Ciocalteu reagent for 3 min. 20% sodium carbonate (Na2CO3)
was added into the mixture at 45 °C heat for 10 min. Then, cooled at
37 °C under dark condition for 1 h and then read absorbance at 760 nm
by spectrophotometer (Shimadzhu, Japan). The procedure was used
three time for triplicate values based on the calculation curve of stan-
dard gallic acid. Total phenolic content was suggested as micro grams
of gallic acid equal to milligram of dried samples.

2.5. Analysis of flavonoid contents

The rich flavonoid content present in the active M. citifolia fraction
was confirmed by aluminium chloride colorimetric method [28].
Briefly, 20 μL active M. citrifolia fraction was mixed with prepared so-
lution including 700 μL D H2O, 350 μL ethanol, 25 μL aluminium
chloride and 25 μL potassium acetate solutions, and incubated for
30 min in dark room. After, the sample was measured at 415 nm against
a blank. Rutin was used as a standard control. Total flavonoid content
was recorded as micrograms of rutin that equal to milligram of dried
samples. This experiments were conducted in triplicate manner.

2.6. Antioxidant activity

Active fraction of M. citrifolia was performed for detect their anti-
oxidant capacity by using phospho molybdenum-based method [29].
10 μL fraction was mixed with 1 mL prepared solution including sodium
phosphate, ammonium molybdate and H2SO4 at 97 °C for 1 h in water
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bath. After incubation, the OD was measured at 600 nm using bio-
photometer (Shimadzhu, Japan). Ascorbic acid was acted as a standard
control. Anti-oxidant activity was suggested that micrograms of as-
corbic acid as equivalents to active fraction.

2.7. 1,1-Diphenyl-2-picrylhydrazyl (DPPH) free radical scavenging assay

Antioxidant effect of active fraction was determined by 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) assay [30]. Aliquot different con-
centration of 50 μL active fraction and 3 μL standard control of buty-
latedhydroxyl toluene were taken in a microtitre plate with 200 μL
DPPH in methanol. All the samples were incubated at 37 °C for 30 min
in dark condition. Methanol alone was acted as a blank. After incuba-
tion, the samples were calculated by UV–vis spectrophotometer (UV-
1600, Shimadzu, Japan) at 517 nm with following formula,

= − ×DPPH scavenged (%) [(Control OD Test OD)/Control OD] 100
(1)

2.8. Bio-synthesis of Ag NPs

Ag NPs was synthesized by mixing the freshly prepared purified
fraction ofM. citrifolia and freshly prepared 1 mM silver nitrate solution
(1:9) at 37 °C for 2 h. After incubation, the alteration of color from
white to pale yellow was noted by visible observation. The synthesized
solution was centrifuged at 10,000 rpm at 15 min at 4 °C to separate the
nanoparticles. Then, the collected sample was air dried and further
washed with sterile D H2O and kept in hot air oven for drying at 45 °C
for 24 h. The collected powder was stored in the refrigerator for further
use.

2.9. Characterization of Ag NPs

The biosynthesized Ag NPs was primarily confirmed by UV–Vis
spectroscopic analysis (UV, Shimadzu-2500, Germany) at the wave-
length of 200–800 nm. Powder XRD (XPert PRO, PRO, Analytical,
Netherlands, Cu kɑ radiation, λ = 1.541870 A) was conducted for
detection of diffraction intensities at 2θ range from 10o to 80o. The
accurate Ag NPs morphology was analyzed by using SEM coated with
sputter of copper grids and supported by the result of EDX (Hitachi S-
4800, Japan). Additionally, the structural intensities of the Ag NPs
morphology was imaged by TEM (Shimadzhu, Germany).

2.10. Biological properties of the Ag NPs

2.10.1. Bacterial-inactivation activity
The anti-bacterial activity of the Ag NPs was evaluated against food

pathogen S. saprophyticus (MN310601) by agar well diffusion method
[31]. The overnight culture of S. saprophyticus (MN310601) inoculums
were swabbed on the surface of freshly prepared Muller Hinton Agar
(MHA) plates and 5 mm of wells were cut into the agar. Then, 50 μL Ag
NPs was added drop wise into the wells. D H2O was used as a negative
control and piperacillin/tazobactum was used as a positive control. The
plate was incubated at 37 °C for 24 h. After incubation, the antibacterial
activity of the Ag NPs was measured in terms of the bacteriostatic zone
diameter.

2.10.2. Minimum inhibition concentration/minimum bactericidal
concentration (MIC)/MBC

The bactericidal activity of Ag NPs against biofilm forming food
pathogen S. saprophyticus (MN310601) was determined by microbroth
dilution method using 96 well plate [32]. 10 μL of bacterial culture was
added into the 100 μL of sterile tryptic soy broth containing wells, and
different concentrations 10–100 μg/mL of Ag NPs was added into the
wells at 37 °C for 24 h. After incubation, the plate wells were monitored
for turbidity as growth and non-turbidity as no growth. According to

the Clinical and Laboratory Standards Institutes (CLSI) guidelines, the
MIC was indicated as the lowest concentration of the Ag NPs, which
exhibited clear fluid with no development of turbidity.

Further, aliquot 10 μL of each MIC well cultures on MHA plates. The
plate was incubated at 37 °C for 24 h. After 24 h, the plate was observed
for detection of MBC. The MBC was determined as the highest dilution
of the Ag NPs or same MIC dilution did not produce any single bacterial
colony on the MHA plates after 24 h incubation [24].

2.10.3. Cell cycle arrest by flow cytometry
Flow cytometric analysis was performed to identify the bacterial

viability and membrane integrity of tested bacterial cells when treated
with MIC of Ag NPs at 24 h using specific Live/Dead Bac Light kit
(Thermoscientific, Japan) with the following method of Felipe et al.
[33]. After the time period, treated bacterial cells were cold centrifuged
at 10000 rpm for 15 min and then washed with 1 mL of cold water
twice, filtered 1 × PBS (pH 7.5). Add 2 μL of Propidium iodide (PI) into
the sample tube and vortexed followed by incubated at 30 °C for
10 min. As same as procedure of untreated bacterial cells in the PBS
were acted as a control. After incubation, the inhibition range of treated
and untreated cells were interpreted based on the PI absorption of flow
cytometer (FACS MoFlo XDP Beckman Coulter). Analysis was per-
formed in CyteExpert 2.1 software (Bruker, Japan).

2.10.4. Biofilm quantification assay
24 well polystyrene plate was used to measure the biofilm inhibition

activity of Ag NPs against biofilm forming S. saprophyticus (MN310601)
with the following method of Kannappan et al. [34]. Initially, 100 μL
log phase culture of bacteria was transferred to 1 mL of TSB containing
24-well plate and different concentration 5, 10, 15, 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75 μg/ml of Ag NPs was treated with the same
wells. Without addition of Ag NPs containing well served as a control.
The plate was incubated at 37 °C for 24 h. After incubation, the plate
was washed with double D H2O to remove the non-adherent bacteria.
500 μL of crystal violet (4%) was used to staining of biofilms for 30 min,
followed by D H2O. After 15 min, 95% ethanol was used for extraction
of dried crystal violet, and then total biofilm was measured at OD
540 nm. Whereas, the biofilm forming P. mirabilis BDUMS 1
(KY617769) acted as a positive control. Without addition of the Ag NPs
well acted as a negative control. The percentage of biofilm inhibition
was calculated based on the negative and positive control values. All
the procedure was applied three times and given formula was used to
calculate the percentage of biofilm inhibition, they are

= − ×PI [Control OD 570 nm Test OD 570 nm/Control OD 570 nm] 100
(2)

2.10.5. Time variation killing assay
The bactericidal effect of the Ag NPs against biofilm forming S.

saprophyticus (MN310601) was studied at different time interval [35].
Briefly, log phase culture of S. saprophyticus (MN310601) inoculated
into the Luria-Bertani broth and incubated at 37 °C for 24 h. After
proper time interval of lag, log and decline phases, the O.D values of the
samples were taken for detection decreased growth. After incubation,
the culture was centrifuged at 10, 000 rpm for 30 min and washed with
sterile PBS (1%). Then, resuspended in Rosewell park memorial in-
stitute (RPMI) 1640 medium with BIC of Ag NPs treatment at 200 rpm
of shaking incubator at different time interval (6, 12, 24 and 48 h).
After proper time interval, the samples were detected their OD values
for inhibition percentages and compared with control using UV–vis
spectrometer.

Further, the different time interval of the treated culture was
streaked on CRA medium at 37 °C for 24 h for detection of exopoly-
saccharide production ability. After 24 h, based on the color variation
of growing colonies in the CRA plates were reported. For confirmation,
the samples of treated S. saprophyticus (MN310601) was separately.
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2.10.6. Biofilm metabolic activity
2,3-Bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carbox-

anilide (XTT) reduction assay was performed to identify the metabolic
respiratory activity of the viable cells [36]. The Ag NPs treated or un-
treated S. saprophyticus (MN310601) cells of 6-well plates were washed
with 0.01 mol/L PBS solution and resuspended with equal volume of
25 μL of freshly prepared XTT (Macklin, China) solution was added into
the well along with standardized fresh menadione acetone solution
(Sigma Aldrich, St. Louis, MO, USA). Plates were incubated at 5 h at
37 °C in dark. After incubation, the cells were removed by centrifuga-
tion and the supernatant was read at OD 540 nm using ELIZA reader.
Sterile PBS along with XTT-menadione mixture solution was served as a
blank. All the samples were conducted in triplicate and the result was
presented in percentage of inhibition using following formula,

= − ×%of inhibition 100 (540 OD 540 OD ) 100sample control (3)

The XTT result was further confirmed by enumeration of serial di-
luted MHA plates result [37]. 10 μL of treated or untreated Ag NP
containing XTT wells were streaked on the MHA plates at 37 °C for 12
and 24 h. After incubation, the viable and non-viable colonies were
counted.

2.10.7. EPS quantification assay
Production of EPS in the S. saprophyticus (MN310601) was quanti-

fied by phenol-sulphuric method [38]. After 24 h incubation with or
without treatment of Ag NPs, the cell free supernatants were collected
and separately by centrifugation at 5000 rpm for 30 min. The pellets
were washed twice with PBS for improve the cell free supernatant after
incubated along with isotonic buffer (10 mM Tris/HCl, made up of
10 mM EDTA and 2.5% NaCl, pH 8.0) at 4 °C for 24 h. After incubation,
the cell suspension was vortexed for 15 min and centrifuged at
5000 rpm for 35 min. The polysachharide was quantitatively pre-
cipitated by drop wise addition of cold absolute alcohol at the ration of
(1:1) and kept overnight at −20 °C. Then, sample was re-centrifuged
for polysaccharides collection and followed by distilled water. Sample
was digested with 5 mL of 98% H2SO4 into monosaccharides with
continuous stirring. In addition, 1 mL of 5% phenol was added to re-
sulting mixture with stirring in a boiling water bath at 100 °C for
20 min. The mixture was cooled on ice and OD measured at 485 nm by
UV–VIS spectrophotometer (UV-5550, Shimadzu, Germany). Sterile D
H2O was served as a blank. The experiment was conducted in triplicate
and result of EPS inhibition was indicated in percentage mode using
following equation,

= − ×%of inhibition 100 Ca/Cb 100 (4)

where Ca is concentration of EPS in the samples group, and Cb is
concentration of the EPS in the control group.

2.10.8. Live/dead cell differentiation
Intracellular damage effect of Ag NPs against S. saprophyticus

(MN310601) was visibly detected by CLSM [31]. After incubation with
Ag NPs treated or untreated cultures were sediment by centrifugation
and re-suspended with 100 μL of PBS. Aliquot 0.1 μL of the culture was
added on the cover glass and stained by live/dead staining bacterial
viability Kit (Live/dead ® BacLight™, Shimadzu, Japan) using SYTO9
green fluorescent dye (0.8 μM) and propidium iodide (PI) red fluor-
escent dye (10 μM) at dark condition. After incubation, the cover
glasses were analyzed under CLSM for detection of live/dead cells at
emission wave length of 480–600 nm (CLSM, LSM 710, Carl Zeiss, Jena,
Germany).

2.10.9. Morphological damage by SEM and TEM
The morphological damage of Ag NPs treated S. saprophyticus

(MN310601) (MN310601) was determined by SEM and TEM [34].
After 24 h incubation, the control and treated cells were separately
sedimented by centrifugation at 5000 rpm for 30 min and washed with

10 mM sodium phosphate buffer (pH 7.4). Then, the cells were diluted
with fresh PBS and fixed on cover slip with an equal volume of 4%
glutaraldehyde for 4 h at room temperature followed by two times
washed with fresh PBS. The fixed cells were vacuum filtered by 0.1 mm
polycarbonate membrane filters and dehydrated in ethanol-graded
series (50, 60, 70, 80, 90 and 100%). Cover slip was allowed to dried
and mounted on aluminium specimen support and coated with 15 nm
thickness of gold‑palladium metal (60:40 alloys). The air dried samples
were freeze dried at deep freezer for 24 h. After freeze drying, the
samples were observed under SEM using an accelerating voltage of
20 kV (VEGA3 TESCAN, Brno, Czech Republic) and TEM (H-7650,
Hitachi, Japan) at an operating voltage of 80 kV.

2.10.10. Analysis of biofilm damage
Visualization of damaged biofilm structure of S. saprophyticus in the

BIC of Ag NPs was observed by CLSM [32]. Briefly, S. saprophyticus
(MN310601) treated or untreated cultures were allowed to grow on
glass slide of 6-well plates at 37 °C for 24 h. All the cover glasses were
washed with sterile PBS and stained with acridine orange (0.1% w/v)
solution. After 5 min with dark condition, the stained biofilms slides
were imaged under CLSM (LSM 710, Carl Zeiss, Oberkochen, Germany).

2.10.11. Mature biofilm damage
The architectural damage of Ag NPs treated S. saprophyticus

(MN310601) biofilm was analyzed by CLSM using propidium iodide
(PI) and 4′,6-diamidino-2-phenylindole (DAPI) staining assay [31].
Briefly, S. saprophyticus (MN310601) culture was added into the TSB of
1 × 1 cm glass slide soaked 24 well polystyrene plate and allowed to
form biofilm at 37 °C for 12 h incubation. After incubation, the BIC of
Ag NPs were added into the treated well and incubated at 37 °C for
12 h. At end of the incubation, the glass slides were washed with sterile
PBS and allowed to air dried for 5 min. After, the slides were stained
with equal quantity of PI and DAPI and maintained with 15 min dark
condition. Finally, the Ag NPs treated and untreated cells were imaged
under CLSM (Olympus BX 40, Japan) at 4000× magnification.

2.10.12. Photocatalytic activity
The photocatalytic properties of the prepared Ag NPs was estimated

by monitoring the photocatalytic degradation of Methylene Blue (MB)
in UV–Vis spectrophotometer (Shimadzu UV-2450). In each experi-
ment, 50 mg of photocatalyst was dispersed in 100 mL of MB aqueous
solution (1 × 10−5 M). The suspension was then magnetically stirred in
dark for 30 min. Later, the solution was transferred to flask and exposed
to the visible light irradiation at a regular time interval of 15 min. After
the time interval, the photocatalytic degradation process was mon-
itored using a UV–Vis spectrophotometer to record the characteristic
absorption peak at 660 nm of MB [39].

3. Result and discussion

3.1. Purification of active metabolites

The anti-bacterial activity of M. citrifolia purified HPLC fractions
exhibited 6, 10 and 18 mm zone of inhibition against S. saprophyticus at
10, 25 and 50 μg/mL was observed, respectively (Fig. 1c). Further, the
anti-bacterial components of the purified HPLC fraction was exhibited
with 12 different peaks by analytical HPLC (Fig. 1a) based on the re-
tention time, surface area, area of height and percentages. Among the
12 peaks, peak 3, 7 and 9 exhibited 4, 14 and 22 mm zone of inhibition
against S. saprophyticus was observed at 50 μg/mL, respectively.
Whereas, the third generation chephalosporin was exhibited only 4 mm
zone of inhibition (Fig. 1d). The result was suggested that the S. sa-
prophyticus as MDR bacteria. These three peak were purified separately
and confirmed by analytic HPLC (Fig. 1b). The exhibited result was
confirmed that the third fraction has excellent anti-bacterial activity
than other two peaks also clearly observed (Fig. 1e). Therefore, the
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present result was suggested that the plant M. citrifolia could play an
effective role against biofilm producing S. saprophyticus.

3.2. GC–MS analysis

The GC–MS analysis of active fraction 3 exhibited 65 major com-
pounds, which carefully identified by NIST library database of Sun Yat-
Sen University. The result was confirm, more number of flavonoid de-
rivatives were present in the fraction 3 and this constituents may have
anti-bacterial effect against tested bacteria. Among the 65 compounds,
flavonoid rich M. citrafolia compounds were screened based on the
previous report (Table-1), and indicated in inset table of Fig. 2. Resulted
compounds and their functional groups were participated into the
redox reaction of NPs synthesis as reducing agents. The result was
agreed by recent study of Maxine Swee et al. [39] and Zhang et al. [40],
flavonoid fraction synthesized Ag NPs has more inhibition against MDR
bacteria. Similar studies of Thatoi et al. [41] and Muthupandian et al.
[42] reported theM. citrifoliamediated Ag NPs could inhibit the MDR of
GPB and GNB effectively. Hence, the result was suggested that the
flavonoid rich content was present in the plant M. citrifolia and it has
more bactericidal property. Based on the previous report, the possibi-
lities of the M. citrifolia produced compounds were available in Table 1.

3.3. Total phenol and flavonoid content

Based on the standard curve of gallic acid (R2 = 0. 9782), the total
phenolic content was very high in the fraction 3 ofM. citrifolia (Fig. 2b).
The observed phenolic contents with 25–250 μg/mL are markedly very
higher than that commonly identified for other plants. In addition, the
standard value curve of rutin (R2 = 0.9997) suggested that the flavo-
noids contents are also more abundant. The calibration curve was
started from 25 to 250 μg/mL (Fig. 2c). Therefore, both the evidence of
phenol and flavonoid contents were proved that the fraction 3 of M.
citrifolia has more phenol and flavonoid contents instead of total sugar
and total protein. Our result was agreed with previous studies of Sub-
ramaniam [43] and Bittova et al., [44], reported that the M. citrifolia
has more anti-oxidant and anti-cancer activity due to the rich sources of
phenol and flavonoid.

3.4. Antioxidant activity

Based on the rich contents of phenol and flavonoids, we have chosen
the M. citrifolia extract for anti-oxidant properties and other studies.
Interestingly, the fraction 3 was exhibited with more anti-oxidant
compared with biosynthesized Ag NPs. Differentiation between leaf
extract, Ag NPs and control of ascorbic acid were effectively showed in

Fig. 1. Analytical HPLC fractions of purified M. citrifolia extract and active anti-bacterial fraction (a, b). Anti-bacterial activity differentiation of crude M. citrifolia
extract (c), differentiation of three purified fractions (d) and agar well diffusion result against S. saprophyticus.
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Fig. 2d. The values were noted based on the direct relationship between
concentration of the samples and anti-oxidant values. After the time
interval, 0. 80, 0. 67 and 0. 88 values were received against crude ex-
tract, Ag NPs and ascorbic acid at 350 μg/mL. The exhibited result was
suggested that the extract value was closely related to control value
when compared with Ag NPs at increasing concentration. Further, the
DPPH assay was exhibited 70, 76, 89% of radical scavenging activity
against fraction 3, Ag NPs and ascorbic acid at 350 μg/mL. Interest-
ingly, the result was indicated that the Ag NPs has better activity than
fraction 3. Contrary, ascorbic acid was higher than that of Ag NPs
(Fig. 3e). Result of fraction 3 and Ag NPs was agreed that the plant
mediated Ag NPs enhance theanti-oxidant and DPPH free radical
scavenging activity than fraction 3 due to the activation of phenol and
flavonoid respiration genes [28]. Previous report of Anitha et al. [45]
indicated with similar result (50% and 65%). In bacteria, ROS and RNS
are most important, which influence the active molecules including
lipids, proteins, carbohydrates and nucleic acids in living organisms
[38].

3.5. Synthesis and characterization of biosynthesized Ag NPs

The changed color from light green to yellow suggest, the reduction

of Ag+ to Ag0 (Inset figure), and this result indicates confirmation of Ag
NPs. The observed reduction of Ag+ can be revealed to the action of
phytochemical constituents present in the extract. Following successful
centrifugation, the surface plasmon resonance (SPR) of the sample was
exhibited around 400–420 nm by UV-spectrometer for Ag NPs at a
desired concentration to aqueous extract of M. citrifolia (Fig. 3a). The
exhibited SPR peak's position and shape depend on the particle size and
shape of the Ag NPs. According to the MiO theory, the exhibited single
sharp peak around 420 nm corresponded to spherical shape of the Ag
NPs [46]. The optical properties of metallic NPs depend mainly on its
SPR, where the plasmon refers to the collective oscillation of the free
electrons within the metallic NPs [47]. The oscillation of electrons in
plasmon band depends much on the size, shape, morphology, surface-
adsorbed species, composition, and dielectric environment of the pre-
pared NPs [48]. The SPR of Ag NPs tends to shift to longer wavelengths
with increasing PS. Pal et al. [49] reported that only a single SPR band
is expected in the absorption spectra of spherical NPs, whereas aniso-
tropic particles could give rise to two or more SPR bands depending on
the shape of the particles. Thus, the spherical NPs, disks, and triangular
nanoplates of silver show one, two, and more peaks, respectively [23].

Powder XRD pattern of Ag NPs was confirmed their purity and
crystalline nature of the synthesized Ag NPs in Fig. 3b. In the XRD

Fig. 2. GC–MS analysis of possible anti-bacterial compound present in the M. citrafolia active fraction (a) total phenolic (b), flavonoid contents (c) total anti-oxidant
activity (d) and DPPH assay (e) of the HPLC purified M. citrafolia fraction 3.
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spectra, the diffraction peaks at 2θ = 32.06°, 38.03°, 47.18°, 59.33° and
77.18° were corresponded to the diffraction planes of (111), (200),
(220) and (311) respectively. The XRD result was compared with the
standard JCPDS file No. 04-0783 [50]. The sharp and narrow diffrac-
tion peaks of XRD spectrum was indicated that the synthesized Ag NPs
was pure and highly crystalline nature [51].

The SEM analysis of Ag NPs was detected to be extremely agglom-
erated, probably an artefact of the centrifugation and consequent
drying essential to synthesized Ag NPs samples for SEM analysis. The
Ag NPs characteristically exhibition an absorption peak about 3keV
owed to their surface plasmon resonance [52]. Also the analysis of Ag
NPs established a strongly well-defined Ag indication at 3keV along
with weak carbon, oxygen and nitrogen peaks, with the concluding
weaker peaks possibly demonstrating surface biomolecule covering
morphology inventing from theM. citrifolia plant extract Fig. 3c, d. EDX
result was indicated that the strong highest peak at Ag NPs region,
which confirms the formation of elemental silver (Fig. 3e). Further, the
morphological observation of biosynthesized Ag NPs was confirmed by
TEM, which revealed that the size of Ag NPs was in range between 10
and 100 nm along with spherical morphology (Fig. 3f, g). In addition,
distribution of particle size further suggested that most of Ag NPs
possess a 35 nm diameter size, demonstrating that seaweed permits
obtaining a smaller Ag NPs with potentially high surface area.

3.6. Bacterial inactivation assay

After 24 h incubation, 10, 25 and 50 μg/ml concentration of Ag NPs
exhibited 10, 22 and 34 mm zone of inhibition against S. saprophyticus
(MN310601) was observed, respectively. Whereas, the negative control
well of D.H2O and positive control well of piperacillin/tazobactum
exhibited no zone of inhibition were also observed (Fig. 4a, b). In

mechanistic approach, Ag NPs was interact with surface of bacteria and
interfere the extracellular polysachharide, nucleic acid DNA, and pro-
teins. Intracellular damaging ability of bacterial virulence and their
enzyme synthesized effect was arrested. Similar results were reported
by Rufen et al. [53] and Ayse et al. [54], which indicated 16 and 18 mm
zone of inhibition against GPB and their enzyme production genes were
inactivated at lowest concentration.

3.7. MIC/MBC

In the MIC value of Ag NPs was exhibited concentration-dependent
inhibition against S. saprophyticus (MN310601) (Fig. 4c). The MIC value
of 50 μg/mL concentration was exhibited stronger bacterial growth
inhibitory activity towards S. saprophyticus (MN310601), and their in-
hibition percentage was 94% for 24 h. Based on the biosynthesized Ag
NPs of previous report, our resulted concentration was very low and the
differentiation was available in Table 2. The absorbance result was
decreased along with increasing concentration of Ag NPs for tested S.
saprophyticus. The initial inhibition of 7% and half inhibition of 50%
was observed at 5 μg mL and 30 μg/mL, respectively. Further, the MBC
result was exhibited same as MIC was also observed (Fig. 4d). The result
indicated that the introduction of Ag+ ion into the bacterial surface
could damage when compare to the untreated control. The anti-bac-
terial activity of Ag NPs and its chemical reactions are attributed to
their positively charged Ag+ group, which interfered the bacterial
membrane permeability, alter the bacterial native cell wall structure
and damage the cell wall leads to leakage of cell walls [29,55]. This
agrees excellent with the disc diffusion assay results. Therefore, the
result was indicated that the Ag NPs have excellent antibacterial ac-
tivity at increasing concentrations and their efficiency was destroy the
mechanistic role of S. saprophyticus.

Table 1
Total components of active fraction of Morinda citrafolia by GC–MS analysis.

Peak Retention time Start time End time m/z Area Area % Height Height % A/H Name

1 5.475 5.44 5.495 TIC 138,413 0.52 68,103 1.18 2.03 2-Butyl-(2-Methylbutylidene)-Amine
2 5.512 5.495 5.535 TIC 121,073 0.46 61,286 1.06 1.98 n-[4-Aminobutyl]aziridine
3 5.55 5.535 5.64 TIC 136,470 0.51 42,633 0.74 3.2 4-Pyranone, 2,3-dihydro-
4 5.672 5.64 5.74 TIC 122,056 0.46 52,679 0.91 2.32 Methyl 2-Amino-3-Methylbutanoate Hydrochloride
5 7.498 7.45 7.57 TIC 288,301 1.09 88,355 1.53 3.26 Epi-dihydrocornin
6 7.655 7.57 7.725 TIC 521,376 1.96 135,675 2.35 3.84 1-Butanamine, 2-Methyl-n-(2-Methylbutylidene)-
7 7.787 7.725 7.855 TIC 393,782 1.48 73,938 1.28 5.33 2(3h)-Furanone, Dihydro-3-Hydroxy-4,4-Dimethyl-, (.+/−.)-
8 8.045 7.98 8.115 TIC 109,955 0.41 17,513 0.3 6.28 Nicotifloroside
9 8.36 8.33 8.445 TIC 34,370 0.13 15,639 0.27 2.2 Citrifolinin B Epimer A

10 8.711 8.675 8.77 TIC 72,061 0.27 22,483 0.39 3.21 2-Pyrrolidinone
11 9.74 9.625 9.91 TIC 552,913 2.08 64,421 1.12 8.58 Benzeneethanamine
12 9.965 9.91 10 TIC 33,163 0.12 10,908 0.19 3.04 Pentanedioic acid, Dimethyl ester
13 13.725 13.685 13.77 TIC 47,551 0.18 14,174 0.25 3.35 Epi-dihydrocornin
14 13.791 13.77 13.835 TIC 53,675 0.2 21,332 0.37 2.52 1-Acetyl-3-amino-4-cyano-3-pyrroline
15 14.511 14.425 14.74 TIC 1,877,333 7.07 207,799 3.6 9.03 Deacetylasperuloside,
16 14.775 14.74 14.815 TIC 52,819 0.2 16,199 0.28 3.26 Dehydromethoxygaertneroside
17 15.571 15.51 15.675 TIC 390,658 1.47 107,362 1.86 3.64 5-Oxo-pyrrolidine-2-carboxylic acid
18 16.413 16.365 16.51 TIC 465,132 1.75 133,891 2.32 3.47 Alpha-hydroxyadoxoside
19 16.742 16.695 16.795 TIC 45,940 0.17 17,602 0.31 2.61 2-Pyrrolidinone, 5-(cyclohexylmethyl)-
20 17.477 17.44 17.58 TIC 177,889 0.67 53,235 0.92 3.34 Borreriagenin,
21 19.744 19.71 19.825 TIC 87,813 0.33 33,302 0.58 2.64 3-Methyl-4-phenyl-1 h-pyrrole
22 19.944 19.9 20.015 TIC 184,247 0.69 40,575 0.7 4.54 Asperuloside
23 20.19 20.015 20.225 TIC 726,013 2.74 84,332 1.46 8.61 Nitric acid,Pentyl ester
24 20.37 20.225 20.435 TIC 1,765,843 6.65 163,509 2.83 10.8 l-Narcissoside
25 20.565 20.435 20.61 TIC 2,406,180 9.07 255,414 4.43 9.42 Pyrimido[1,2-a]azepine, 2,3,4,6,7,8,9,10-octahydro-
26 20.625 20.61 20.64 TIC 465,754 1.75 258,730 4.48 1.8 n-1,3-Butadienyl-2-piperidinone
27 20.67 20.64 20.7 TIC 977,430 3.68 273,595 4.74 3.57 Benzeneethanamine, n,.alpha.,.alpha.-trimethyl-
28 20.807 20.7 20.945 TIC 4,241,491 15.98 324,144 5.62 13.09 D-Valine
29 20.975 20.945 21.11 TIC 1,193,562 4.5 193,160 3.35 6.18 Dl-Isoleucine
30 21.69 21.625 21.72 TIC 36,919 0.14 11,263 0.2 3.28 1,2,5-Oxasilaborolane, 4,4,5-triethyl-2,2,3-trimethyl-
31 22.09 22.04 22.125 TIC 91,234 0.34 31,909 0.55 2.86 Gephyrotoxin 235b′
32 22.285 22.23 22.39 TIC 418,345 1.58 120,822 2.09 3.46 3-Methyl-1,4-diazabicyclo[4.3.0]nonan-2,5-dione, n-acetyl-
33 22.616 22.53 22.65 TIC 100,285 0.38 23,581 0.41 4.25 (3s,6s)-3-Butyl-6-methylpiperazine-2,5-dione
34 22.678 22.65 22.715 TIC 54,949 0.21 25,877 0.45 2.12 3-Methoxy-9, H-carbazole
35 23.122 23.06 23.255 TIC 492,648 1.86 113,719 1.97 4.33 Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-
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3.8. Cell cycle arrest by flow cytometry

The in vitro inhibition assay of viability was indicated false positive
result due to the virulence factors stimulation, while they remain dor-
mant and reproduced enzyme activity after certain period of time [56].
To overcome this problem, the killing efficiency of Ag NPs against
tested bacterial cells, especially MIC treated cells were stained with
live/dead stains and examined flow cytometry which provided a real
time assessment of bacterial viability [34]. On the basis of the staining
profile, the entire region of the places were covered with PI observed
live and dead bacterial cells, indicating a shift of arranged peak in P1.
The percentages differentiation of PI absorbance in dead, and live cells
were highlighted in the P2 region. Inhibition range of the dead cells
were also observed in P3 region due to the decreased growth of the
bacteria. Fig. 5b (PI, P2 and P3) of the scatter plot was indicated that
the cells were significantly stained with PI and 98% of the cells were
died due to the effect of Ag NPs. Whereas, the tightly arranged cells of
P1, P2 and P3 of Fig. 5a indicated that the cells were not observed the
PI dye properly and exhibited with well developed bacterial growth.
The result was clearly confirmed that the Ag NPs has excellent anti-
bacterial activity against MDR S. saprophyticus.

3.9. Biofilm quantification assay

In this study, the purified flavonoid rich fraction 3 was used for
assessing the anti-biofilm activity and result exhibited complete biofilm
inhibition against tested bacteria. The result indicated that the Ag NPs
have neither anti-bacterial and anti-biofilm activity at the increasing
concentration when compared to control. Initially, Ag NPs showed
decreased growth inhibition at 10 μg/mL concentration and half in-
hibition at 30 μg/mL concentration were observed. In addition, the
highest biofilm inhibition (96%) was recorded against selected S.

saprophyticus (MN310601) at 60 μg/mL (Fig. 6a). Among the few
available reports on anti-biofilm activity of food pathogens, bio-
synthesized Ag NPs revealed promising anti-biofilm properties between
90 and 98% against food borne pathogens [35]. The confirmed evi-
dence of this study result was proved that the flavonoid rich Ag NPs has
excellent anti-biofilm activity at 60 μg/mL and this concentration was
fixed as a BIC. Further, the crystal violet staining result exhibited, the
rigidity of the biofilm structure was degraded at the same concentration
when compared with untreated control (Inset Fig. 6a). The Ag NPs in-
hibit the biofilm forming S. saprophyticus (MN310601) through extra-
cellular polysaccharide matrix, which acts as a protective layer around
the bacterial colonies. Previous reports of concentration dependent
biosynthesized Ag NPs against various MDR and biofilm producing
bacteria results were mentioned in Table. 2.

3.10. Time variation killing assay

Based on the different time interval, the complete inhibition of BIC
treated S. saprophyticus (MN310601) was observed at 24 h. In this stage,
cells were under went to decline phase from exponential phase and
viability of the cells showed 0%. The remarkably rapid killing effects
and absence of doubling time was observed due to the interactions Ag+

ions into bacterial surfaces. When compared with 6 and 12 h incuba-
tion, faster rate of killing, and superior efficacy was observed at 24 h.
This increased kill rate and efficacy might contribute Ag+ to surface
channels of charged cell wall surface of the bacteria. The inhibition
percentages of S. saprophyticus (MN310601) exhibited 94, 72, 48, 35%
for 24, 12, 6 and 3 h, respectively. In addition, the concentration-de-
pendent anti-bacterial effect could be clearly observed from Fig. 6b.
Further, loss of exopolysaccharide production in the treated S. sapro-
phyticus (MN310601) was confirmed in the CRA medium due to the
absence of black color when compared with control at increasing time

a b

c d

f g

e

50 nm 200 nm

111

200 220 311

Fig. 3. UV–Vis spectra (a), XRD pattern (b), low and high magnification SEM images showing spherical morphology of Ag NPs (c, d), EDX spectra (e) and TEM
morphological identification (f, g) of Ag NPs from flavonoid fraction of M. citrafolia.
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interval (Inset Fig. 6b). Recently, Pratik et al. [57] and Steff, et al. [58]
documented that the BIC of biosynthesized Ag NPs effective against E.
coli, P. aeruginosa and K. pneumoniae at 10, 50, and 100 mg/mL. In
addition, actinomycete mediated Ag NPs against S. aureus was inhibited
at 100 μg/mL also supported this study [37].

3.11. Biofilm metabolic assay

A significant decrease of biofilm cells were observed in the treated
S. saprophyticus (MN310601) biofilm at increasing concentration, while
no any decreasing effect of XTT conversation was observed in the un-
treated control sample (Fig. 6c). Increasing concentration of Ag NPs led

to a decrease of viability due to the formazan production. The half
viability (54%) and complete viability (95%) was observed at 35 μg/mL
and 65 μg/mL. It was clearly indicated that the Ag NPs has considerable
reduction ability against S. saprophyticus (MN310601).

Further, the absence of bacterial growth at 65 μg/mL concentration
streaked MHA plate was also confirmed that the Ag NPs has bactericidal
activity (Inset Fig. 6c). The result was agreed with Suma et al. [59],
reduced metabolic activity of Ag NPs was interfere the formation of
nucleic acid, DNA and other extra cellular products. Recently, Huang
et al. [38] reported that the biosynthesized Ag NPs has bactericidal
activity against GNB at increasing concentration. Reduction of meta-
bolic activity was caused the QS activation, biofilm formation and

Fig. 4. Agar well diffusion (a, b) and MIC, MBC (c, d) of Ag NPs against S. saprophyticus at different concentration.

Table 2
Previous reports of concentration dependent biosynthesized Ag NPs against multi drug resistant and biofilm producing bacteria.

S. no Biosynthesized samples Test organisms Concentration (μg/mL) References

Anti-bacterial
activity

Anti-biofilm
activity

1 Ag NPs S. aureus and P. aeruginosa 16 1000 Feizi, Taghipour, Ghadam, & Mohammadi, 2018
2 Ag NPs L. monocytogenes and V.

parahaemolyticus
50 75 Vijayakumar, Malaikozhundan, Ramasamy, & Vaseeharan,

2016
3 Ag NPs S. aureus 50 55 Rajivgandhi et al., 2019
4 Ag NPs E. faecalis and A. hydrophila 100 100 Malaikozhundan, Vaseeharan, Vijayakumar, Sudhakaran, &

Gobi, Shanthini, 2016
5 Ag NPs K. pneumoniae (700603), and E. coli 16, 50 50 Neihaya, Zaman (2018)
6 Ag NPs E. coli and S. aeruginosa 1000 1000 Arya (2019)
7 Ag NPs E. faecalis and P. aeruginosa 100 100 Anjugam, et al. (2018)
8 Ag NPs S. saprophyticus 50 60 Current study
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enzyme production in food borne pathogens [36].

3.12. EPS quantification assay

Disruption of EPS production in the bacteria is an important key
factor to control biofilm formation [29]. Because, EPS is a

polysaccharides composed of nucleic acid, protein, DNA and other
leakage materials, which provide a structure to biofilm and binding
sites for microorganisms [36]. It helped to bacteria in the biofilm matrix
including attachment, permeation, and protection. The continuous as-
sembling of EPS encourage the virulence of bacterial cells, making
bacteria develop more resistant to antibiotics [38]. In our study, 70 and

Fig. 5. The cell cycle arrest of S. saprophyticus at MIC of Ag NPs by flow cytometercontrol cells (a) and treated cells (b).

Fig. 6. The anti-biofilm inhibition (a) (Inset Fig. 5a indicated the rigidity and non-rigidity of biofilm ring (a, b)), time dependent inhibition variation (b) (Inset Fig. 5b
indicated time-kill variation of CRA plates, the control plate shown with dark black color (a) and absence of black color in the increasing concentration (b–e)), biofilm
metabolic activity (c) and decreased EPS quantification (d) of Ag NPs against S. saprophyticus at different concentration.
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40 μg/mL of Ag NPs exhibited 86 and 54% (Fig. 6d) decreased EPS
production significantly in S. saprophyticus (MN310601). Previously,
the binding ability of Ag NPs against bacterial surface was more in GPB
of our study revealed the transaction of Ag+ ion into the exopoly-
saccharide, which is helped bacteria to develop the resistant against
current antibiotics [31].

3.13. Live/dead cells differentiation

After 24 h, the damaged cell morphology of Ag NPs treated S. sa-
prophyticus (MN310601) was used to stain with two nucleic acid dyes
(CYTO 9 and PI) for detection of live/dead cell variations (Fig. 7). In
result, green fluorescence dye CYTO 9 stain was strongly attached both
treated and untreated cells representing live and dead ones. Whereas,
the stain PI could only penetrated in damaged bacterial membrane. The
CYTO 9 and PI stained cells were exhibited green (Fig. 7a) and red color
images (Fig. 7b, c), respectively. The exhibited results were proved that
the biosynthesized Ag NPs could destroy the bacterial membrane ef-
fectively. Our result was agreed by Rajivgandhi et al. [31], who re-
ported that the Ag NPs inactivated the GPB by destroying the bacterial
membrane. Damaged cell wall and cytoplasmic membrane emitted
more red color due to the penetration of PI into the damaged nucleic
acid cell membrane [60]. Therefore, our results suggested that the Ag
NPs has more inhibition ability in cell wall and cytoplasmic membrane

of S. saprophyticus (MN310601).

3.14. Morphological damage analysis by SEM and TEM

The morphological damage of Ag NPs treated bacterial biofilm at
24 h was clearly visualized under SEM and TEM analysis (Fig. 7). High
magnification images (Fig. 7e, f) were showed with clear damage with
belbing. In addition, the EPS and peptidoglycan bond layers were de-
graded due to the arrest of nucleic acid, protein, DNA and discharged
materials. Bacterial colonization has been disrupted and somatic cell
damages were found in the bacterial morphology when compared with
untreated control (Fig. 7d). Inserted Fig. 7e, f proved that the Ag NPs
vigorously interacted with cell wall of bacteria. The leakages of cellular
material and altered bacterial shapes were clearly noticed the in-
tracellular permeability of Ag NPs. Cell wall disruption, changed pep-
tidoglycan layers and arrest of lipoprotein components were more
evident that the Ag NPs destructed the bacterial structure. Similarly,
distorted morphology of treated S. saprophyticus (MN310601) and
smooth morphology of untreated control were differentiated by TEM
result Fig. 7h, i. Therefore, both the SEM and TEM results were proved
that the Ag NPs was degraded the bacterial cell wall when compared
with untreated control (Fig. 7g).

Fig. 7. Live/dead cells variation of Ag NPs untreated (a) and treated (b, c) images of S. saprophyticus by CLSM. Morphological damage of Ag NPs untreated (d, g) and
treated S. saprophyticus (e, f and h, i) by SEM and TEM images.
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Fig. 8. The Architectural damage of biofilm in 2D and 3D of control (a, c) and Ag NPs treated (b, d) S. saprophyticus by CLSM using AO dye. The structural
modification of untreated (e, f) and Ag NPs treated (g, h) S. saprophyticus by CLSM using DAPI.

Fig. 9. The photocatalytic degradation of Ag NPs against MB dye molecules at different time interval (0–140 min) using UV–Visible absorption spectra (a) and
photocatalytic irradiation of MB dye molecules in the presence of Ag NPs (b).

Table 3
Comparison of earlier reports with Ag NPs for photocatalyst determination of MB dye molecules.

Photo-catalyst Synthesis methods Degradation (%) Degradation (min) Reference

Ag NPs Green synthesis 87 120 [23]
Ag NPs Green and Facial synthesis 78 90 [48]
Ag NPs Facial Green synthesis 90 200 [49]
Ag NPs Facial synthesis 92 150 [50]
Ag NPs Chemical synthesis 97.6 120 [51]
Ag NPs Green synthesis 100 140 Present work

Table 4
Statistical one-way analysis of variance (ANOVA) and Turkey's Post Hoc test results of anti-bacterial and anti-biofilm activity of Ag NPs.

S.·no Ag NPs One-way ANOVA (level of significance) for Staphylococcus saprophyticus BDUMS 5

1 Minimum inhibition concentration (MIC) 0.390
2 Minimum biofilm inhibition concentration (BIC) 0.728
3 Time-Kill variation assay 0.943
3 Metabolic Activity (BIC) 0.670
4 EPS quantification (BIC) 1.000
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3.15. Analysis of biofilm damage

The arrangement of extra cellular polymeric substances was col-
lapsed due to the treatment of Ag NPs at after 24 h treatment when
compared with control (Fig. 8b). The damaged structure, uncluster
biofilm formation with drastically distributed arrangement of the red
color biofilm structure and thick, tightly packed extra cellular compo-
nents of the green cluster biofilm structure was observed in Ag NPs
treated and untreated cells, respectively (Fig. 8a). Therefore, multiple
layer degradation with spares cell cluster of treated cells were con-
cluded that the Ag NPs has more anti-biofilm ability. Recently Anjugam
et al. [35] reported that the large number of red florescence images
were observed in uncluster treated group, indicating absence of extra
cellular components materials. Mechanistically, pH insensitive mole-
cules of the EB dye penetrated with low pH damaged biofilm structure.
Because, Ag NPs and its Ag+ ions were relatively resistant to photo-
labelling, which dominated AO dyes in treated cells and reduce the
green color due to the ester bond breakages [31]. The 3D images of our
result was agreed by Zarei et al. [61], who reported that the bacterial
thickness variation was depends on the bacterial death. Inconsistent cell
counts and degraded biofilm thickness was observed in the treated cells
of 3D when compared to control (c, d).

3.16. Mature biofilm damage

The teichoic acid and lipoteichoic acid are two major molecules in
peptidoglycan surface of GPB is an important barrier verses anti-bac-
terial agents, which are contributing in negative charge of this envelop.
In that sense, Ag+ ions can interact with negative charged surface ions
in outer membrane of GPB and altered the functional groups of pepti-
doglycon. In addition, Ag NPs inhibits cell wall and bacterial growth by
reduction of amino acid and protein synthesis [29]. Due to this me-
chanism, biofilm producing ability of bacteria was arrested. This in-
teraction maybe related to charged particles of bacterial surface and
functional groups of anti-bacterial agent. In result, PI stained membrane
compromised cells were showed with red color, indicating that and
more number of dead cells when compared with control (Fig. 8e, f).
Therefore, these evidences proved that the Ag NPs possessed efficient
ability to disrupt the membrane structure of bacteria. In addition, the
identified result not only good agreement with the result obtained from
PI staining, but also confirmed by DAPI staining that the biofilm
structure was degraded (Fig. 8g, h). In summary, all the in-vitro study
of our results were suggested that the Ag NPs has strong anti-bacterial
and anti-biofilm activities when tested against S. saprophyticus
(MN310601). Metallic nanomaterials has been reported toxic, carci-
nogenic and cause irritation as they become transparent to the human
cell dermis. Exothermic combustion can be lead to explosion, as fine
metal nanoparticles act as strong explosives. Hence, these are the very
important disadvantages of metallic nanoparticle for human. The
probable mechanism involved for the detection of bacterial pathogens
can be attributed to disruption of cell membrane due to the release of
Ag+ ions from Ag NPs, which attached to the negatively charged mi-
crobial cell wall and rupture it, thereby caused protein denaturation
and cell death. Once entered into microbial cell, it may bind to deox-
yribonucleic acid molecules and involved in crosslinking of nucleic acid
strands, formed a disorganized helical structure [62,63]. In addition,
the zinc ion was uptake by the microbial cells and it also interrupts
important biochemical processes [64].

3.17. Photocatalytic activity

The photocatalytic efficacy of the synthesized Ag NPs confirmed by
means of using MB dye molecules in aqueous solution. The absorption
of MB dye molecules were in the visible region at 660 nm observed in
an UV–visible absorption spectrometer. The time based UV–visible
absorption spectra of MB dye molecules solution in the presence of

photocatalyst is showed in Fig. 8. The MB dye molecules degradation
absorbance decreased with increasing irradiation time. The irradiation
time differ based on the dye molecule interaction with synthesized Ag
NPs. The Ag NPs reacted with MB dye molecules has 100% degradation
at an irradiation time of 140 min (Fig. 9a).

The Ag NPs influenced photocatalytic degradation of MB dye mo-
lecules under light irradiation displayed in Fig. 9b. The Ag NPs ex-
hibited innovative enhancement that was double as much improved.
The above observation attributed to the inducing electron motion from
the conductivity band of Ag NPs that may lessen the recombination of
photocreated electron–gap pairs and as a result, the prepared Ag NPs
expected to show developed photocatalytic action than other potoca-
talyst [65]. The MB dye molecule exhibited higher photocatalytic im-
plementation than other dye molecules [66]. The synthesized Ag NPs
exhibited the extreme performance compare to previous reported Ag
NPs was attributed to the promising information. Based on our result,
we have discussed some of the works related to our studies, which were
published elsewhere (Table 3).

3.18. Statistical analysis

The statistical reports of all the in-vitro inhibition results were
conducted one-way analysis of variance (ANOVA) and Turkey's Post
Hoc test. The result was indicated as * P ≤ 0.05 (ST. 3). All the sta-
tistical analysis results were available in Table 4.

4. Conclusion

S. saprophyticus is an important MDR bacteria, which is a dangerous
since this bacterium produce enterotoxigenic. The attachment of
Saprophyticus to food contact surface creates more problem, because
virulence of this organism provide a source of contamination. Our study
proved that the S. saprophyticus was more sensitive to Ag NPs, and it
caused damage in intracellular membrane and cell wall damage at dose
dependent manner. In addition, the Ag NPs has excellent photocatalytic
activity to reduction of MB dye molecules. Therefore, we concluded
that the biosynthesized Ag NPs was promising photocatalysis and anti-
bacterial material through dye removal and cell cycle arrest of S. sa-
prophyticus.
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