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Abstract. Citrate ion is a commonly used reductant in metal colloid synthesis, undergoes strong surface
interaction with silver nanocrystallites. The slow crystal growth observed as a result of the interaction
between the silver surface and the citrate ion makes this reduction process unique compared to other
chemical and radiolytic synthetic methods. The antimicrobial effects of silver (Ag) ion or salts are well
known, but the effects of citrate coated Ag nanoparticles (CAgNPs) are scant. Herein, we have isolated
biofilm causative bacteria and fungi from drinking water PVC pipe lines. Stable CAgNPs were prepared and
the formation of CAgNPs was confirmed by UV-visible spectroscopic analysis and recorded the localized
surface plasmon resonance of CAgNPs at 430 nm. Fourier transform infrared spectroscopic analysis
revealed C=0 and O-H bending vibrations due to organic capping of silver responsible for the reduction and
stabilization of the CAgNPs. X-ray diffraction micrograph indicated the face centered cubic structure of the
formed CAgNPs, and morphological studies including size (average size 50 nm) were carried out using
transmission electron microscopy. The hydrodynamic diameter (60.7 nm) and zeta potential (-27.6 mV)
were measured using the dynamic light scattering technique. The antimicrobial activity of CAgNPs was
evaluated (in vitro) against the isolated fungi, Gram-negative and Gram-positive bacteria using disc
diffusion method and results revealed that CAgNPs with 170ppm concentration are having significant
antimicrobial effects against an array of microbes tested.
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1. Introduction

Nanoparticles are emerging materials that have a broad range of applications and notable
characteristics different from those of bulk materials. Nanoparticles possess high surface area to
volume ratio. Nanoparticles such as silver, gold, cadmium sulfide, zinc sulfide, and zinc oxide play
important role in various fields (Malarkodi et al. 2014). They often have specific optical and
electronic properties (Kelly et al. 2003) and chemical reactivity. (Nurmi et al. 2004) Silver
nanoparticles (Ag-NPs or nanosilver) are one of the most widely used nanoparticles, most notably
serving as an antimicrobial agent for medical applications. The toxicity of nanosilver may be
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explained by the interaction of nanoparticles with microbes involving silver ion release and
particle cellular internalization (Sondi and Salopek-Sondi 2004, Navarro et al. 2008). Size
dependent and species specific toxicity of nanosilver (Carlson et al. 2008, Choi et al. 20083, Jiang
et al. 2008) supports the mode of action of Ag-NPs. Relatively small Ag-NPs can inhibit nitrifying
bacterial growth more than silver ions at the same total silver concentrations. However, Ag-NPs
are not as effective as Ag ions in killing Escherichia coli. (Choi et al. 2008b) Over the past
decade; there has been a strong push towards the development of silver-containing materials for
commercial use that exhibit antimicrobial or bactericidal properties. Research has been intensive in
antibacterial material containing various natural and inorganic substances (Kim et al. 1998).
Among them, silver or silver ions have long been known to have strong inhibitory and bactericidal
effects as well as a broad spectrum of antimicrobial activities (Uchida 1995, Grier 1983). Several
proposals have been developed to explain the inhibitor effects of silver ion/silver metal on bacteria
(Venkateswara and Samson Nesaraj 2014). It is generally believed that heavy metals react with
proteins by combining the thiol (SH) groups, which leads to the inactivation of the proteins
(Lehninger et al. 1993). Recent, microbiological and chemical experiments implied that interaction
of silver ion with thiol groups played an essential role in bacterial inactivation (Liau et al. 1997).
Also, it is revealed that bulk silver in an oxygen-charged aqueous media catalyzes the complete
destructive oxidation of microorganisms (Davis and Liul997). Metal nanoparticles (Me-NPs),
which have a high specific surface area and a high fraction of surface atoms have been studied
extensively because of their unique physicochemical characteristics including catalytic activity,
optical properties, electronic properties, antimicrobial activity, and magnetic properties (Kowshik
et al. 2003, Souza 2004, Duran et al. 2005). Among Me-NPs, silver nanoparticles (Ag- NPs) have
been known to have inhibitory and bactericidal effects. It can be expected that the high specific
surface area and high fraction of surface atoms of Ag-NPs will lead to high antimicrobial activity
as compared with bulk silver metal (Cho et al. 2005, Ujjal Kumar Sur 2014). The combined effects
of Ag-NPs with the antibacterial activity of antibiotics have not been studied. The ability of
pathogenic bacteria to resist antimicrobial agents has emerged in recent years and is a major health
problem (Wright 2000, Wright 2005).

In this paper, we present a simple and rapid synthesis of Citrate coated silver nanoparticles. As
prepared, C-Ag nanoparticles (CAgNPs) were characterized using the techniques, such as UV-Vis
spectroscopy, FT-IR, Dynamic light scattering, TEM and XRD. Further, the antimicrobial
properties of CAgNPs were studied against an array of microbes which are isolated from the
drinking water PVC pipelines.

2. Materials and measurements methods

Silver nitrate (>99% pure) and Trisodium citrate dihydrate (99.0% pure) was purchased from
Sigma Aldrich, India. Potato dextrose broths, Potato dextrose agar, Nutrient broth, Nutrient agar
plate, were supplied by Hi-media, India.

2.1 Collection of biofilm formed in poly vinyl chloride (PVC) pipes

The PVC biofilm samples were collected from four different regions located in and around

Tirupati (Chittoor District), Andhra Pradesh, India. The samples were collected from drinking
water supply PVC pipelines and stored in plastic bottles. The collected samples were in amorphous



Effect of citrate coated silver nanoparticles on biofilm degradation in drinking water... 99

form. These samples were stored in an ice box and transported for further microbiological
characterization analysis.

2.2 Isolation of Fungal and Bacterial sp. from drinking water pipeline biofilm

Nearly eight fungal species and ten bacterial samples were collected from the four different
pipelines in Tirupathi, Chittoor district, A.P, India. Through serial dilution pour plate technique,
Fungal sp. was isolated using Potato Dextrose Agar Medium (PDA) and Gram negative, Positive
bacteria was isolated from Nutrient Agar medium. Further it is maintained in Potato Dextrose Agar
slants (Fungi) and Nutrient agar slants (Bacteria).

2.3 Synthesis of Citrate coated silver-nanoparticles (CAg-NPs)

The silver colloid was prepared by using chemical reduction method reported (Yakutik et al.
2004). Silver nitrate (>99%) and trisodium citrate dihydrate (99.0%) were purchased from Sigma
Aldrich. Sodium citrate and silver nitrate (5:1) were mixed in a conical flask and aged for about 2
hrs. The solution was heated to the elevated temperatures on slow heating. During the heating
process, 2-3 drops of 0.01 M sodium borohydrate was added solution gradually turned yellow
within a few minutes, indicating the formation of Ag nanoparticles. The solution was kept boiling
for an additional 6 minutes. After that, the heating mantle was removed and the solution was
allowed to cool. At this point this solution of Ag nanoparticles was so stable that it did not change
color for as long as several months without any stabilizing agent. The initial concentration of the
CAg nanoparticles was measured using inductively coupled plasma optical emission
spectrophotometer (ICP-OES) and was found to be 170+1.4 ppm. Then, by diluting this solution,
each sample of different concentration was used to investigate the concentration dependence of the
antibacterial effect of Ag nanoparticles. These CAg nanoparticles were characterized by using the
techniques such as X-ray diffractometry (XRD), Fourier transform infrared spectrophotometry
(FTIR), UV-Vis spectrophotometry, dynamic light scattering (Particle size), zeta potential and
transition electron microscopy (TEM).

2.4 Measurement of concentration of CAgNPs using inductively coupled plasma
optical emission spectrophotometer (ICP-OES)

The concentrations of the CAgNPs were measured using ICP-OES (Prodigy XP, Leeman
Labs, USA). The samples were prepared with 10 times dilution after centrifugation at 4,000 rpm
for 15 min. Then, 20 ml of aliquot was loaded to the racks of automatic sampler and estimated the
concentration of CAgNPs thrice.

2.5 Assay for antimicrobial activity of C-Ag nanoparticles against microorganisms
(Bacteria and Fungi)

The antimicrobial activity of CAg nanoparticles was examined on the basis of colony formation
by in vitro Petri dish assays (disc diffusion). Each fungal and bacterial isolates was cultured on
growth media that induced prolific conidia and bacterial production. The fungus isolates were
grown on potato dextrose agar medium, and bacterial isolates were grown on nutrient agar
medium. Conidia were collected from cultures that were incubated at 37°C for 10 days (fungi),
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and bacterial cultures were collected from cultures that were incubated at 37°C for 2 days for
(bacteria) and diluted with sterile, deionized water to a concentration of 106 spores ml-1. Aliquots
of the conidial suspension and bacterial suspension were mixed with serial concentrations of silver
preparations to a final volume of 1 ml and were also mixed with sterile, deionized water as control.
A 10ul subsample of the conidia and CAg mixture stock was taken at 30+0.8, 100+1.1 and
170+1.4 ppm after silver treatments and diluted 100-fold with the deionized water. A 10ul aliquot
of the diluted spore suspension was spread on PDA (Becton, Dickson and Company, Sparks, MD)
medium. Three PDA plates for fungi and three NA plates for bacteria per each combination of
exposure CAg concentration were tested. The filter paper disc dipped in different ppm and inserted
on mediums (PDA), and then, the plates were incubated at 37°C for 2-4 days for fungi and
bacteria, respectively. The average number of colonies from silver-treated spore suspensions
(fungi) and (bacteria) was compared with the number on the water control (percent colony
formation). The zone size was determined by measuring the diameter of the zone in mm (Cynthia
and Callaghan 1983, Yamac and Bilgili 2006, Reeves and Andrew1999).

2.6 Characterization of silver nanopatrticles

2.6.1 UV-visible spectrum for synthesized nanoparticles
The reduction of silver ions and formation of nanoparticles were monitored by UV-Vis
spectrophotometer (UV-2450, SHIMADZU) at various time intervals run from 200 to 800 nm.

2.6.2 FTIR analysis for synthesized nanoparticles

The FTIR spectrum was taken in the mid-IR region of 400-4,000 cm™. The spectrum was
recorded using ATR (attenuated total reflectance) technique. The dried sample was mixed with the
KBr (1:200) crystal, and the spectrum was recorded in the transmittance mode.

2.6.3 Particle size and zeta potential analyzer for synthesized nanoparticles

The aqueous suspension of the synthesized nanoparticles was filtered through a 0.22-um
syringe-driven filter unit, and the size (hydrodynamic diameter) and distribution of the
nanoparticles were measured using dynamic light scattering technique (Nanopartica, HORIBA,
SZ-100).

2.6.4 X-ray diffraction (XRD) analysis for synthesized nanoparticles

The XRD pattern was recorded using computer controlled XRD system (JEOL; Model: JPX-
8030 with CuKa radiation (Ni filtered=13418A°) in the range of 40 kV, 20A. The built-in software
(syn. master 7935) program was used for the identification of XRD peaks corresponds to the
Bragg’s reflections.

2.6.5 Transmission electron microscopy (TEM)

The surface morphology and size of the nanoparticles were studied by transmission electron
microscopy (JEOL (JEM- 1010)) with an accelerating voltage of 80 kV. A drop of aqueous AgNPs
on the carbon-coated copper TEM grids was dried and kept under vacuum in desiccators before
loading them onto a specimen holder. The particle size and surface morphology of nanoparticles
were evaluated using ImageJ 1.45s software.



Effect of citrate coated silver nanoparticles on biofilm degradation in drinking water... 101

Fig. 1 Shows that AgNO; color changes from colorless to dark brown color (Synthesis of silver
nanoparticles by Sodium citrate)
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Fig. 2 Showing UV-visible spectroscopy recorded using Citrate coated silver nanoparticles

3. Results and discussion
3.1 Genesis of citrate coated silver nanoparticles

Drinking water pipeline fungi and bacteria species have unusual biological activities depending
upon the metabolisms under temperature, pH and pressure. It is well- known that silver
nanoparticles exhibit brown color, arising due to excitation of surface Plasmon vibrations in the
silver nanoparticles Fig. 1. The sodium citrate, which serves the dual role of a reductant and
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stabilizer; stable silver nanoparticles were formed when an aqueous solution of AQNO; (ImM) is
boiled in the presence of sodium citrate. The silver particles prepared by the citrate reduction
method produce relatively large-sized (50-100-nm). Because of the wide dispersity of the particle
size and shape, we observe broad surface Plasmon absorption with a maximum around 420 nm.
The absorption band and particle size of silver nanoparticles prepared using chemical reductants
points out the unusual role of citrate ions in controlling the crystal growth and morphology of
silver particles. The color variation indicates that silver ions reduction on the medium depend upon
the biological activities under temperature conditions.

3.2 UV-Visible spectral analysis

UV-Visible spectroscopy was employed to understand the biosynthesis of Citrate coated silver
nanoparticles Fig. 2 shows the UV-Visible adsorption spectra of silver nanoparticles after 24 hrs
incubation at room temperatures (37°C). The spectrum shows peak at 430 nm with maximum
absorbance. The strong narrow peak represents the monodispersity of the CAgNPs with isotropic
in shape. These observations show that sodium citrate brings about slow growth of silver particles
and the reaction time is influenced by the concentration of sodium citrate. The overall observations
suggest that the bio reduction of (silver ions) Ag" to Ag® was confirmed by UV-Visible
spectroscopy.

3.3 FT-IR analysis and identification of the functional groups

FT-IR spectrum is used to identify the possible chemical interactions among the silver salts and
functional groups present. FT-IR spectrum of the Citrate coated silver nanoparticles using Fig. 3
shows the absorption peaks at 565, 580,1633, 2066, 2308, 3380 cm®. The peak at 3380 and 2018.5
cm™ due to stretching vibration of OH group and the oxygen stretching and bending frequency.
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Fig. 3 FTIR spectroscopy recorded using Citrate coated silver nanoparticles
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Fig. 4 XRD pattern of capped silver nanoparticles synthesized using Sodium citrate

The band present at 2066 shows -C=C- stretching vibration of alkynes. The band present at 2308
indicates the presence of O-C-O symmetrical stretching vibration of carboxylate respectively. The
band present at 565 and 580 shows the C-Br stretching likewise, the bands at 1633 cm™ shows
C=0 and O-H bending vibrations due to organic capping of silver. The nanoparticles are bound to
the functional organic groups (carboxyl and amine) which may acts as template for reducing and
capping of nanocrystals.

3.4 X-ray diffraction analysis

XRD pattern of CAgNPs shows the peaks four peaks at 40°, 43°, 64° and 76° were assigned to
diffraction signals of (111), (200), (220), and (222) plane for face centered cubic (FCC) silver Fig.
4. The lattice constant calculated from this pattern was 4.0869A° a value in agreement with
literature report (4.0855A9 JSPCDS file no 89-3722. This clearly indicates that the silver
nanoparticles formed by the reduction of Ag+ ions are crystalline in nature. The crystal phase
analysis of face centered cubic (FCC) and then high intensity of 111 plane structure supports the
enhanced antimicrobial activity of CAgNPs. The crystalline size was calculated from the width of
the peaks present in the XRD pattern using the Debye—Scherrer formula D=0.944/pcos6 where D
is the average crystalline domain size perpendicular to the reflecting planes, A (1.5406x10™°) is the
X-ray wavelength used, b is the full width at half maximum (FWHM) and h is the diffraction angle
(Prasad et al. 2011).

3.5 Dynamic Light scattering (DLS) analysis

Dynamic Light Scattering analysis measured hydrodynamic diameter of the AgNO; was found
to be 60.9 nm Fig. 5(a). The recorded value of Zeta potential of the silver nanoparticles was -27.6
mV with a single peak Fig. 5(b) signifies the presence of repulsive electro-static forces among the
CAgNPs, which leads to the monodispersity of the particles. If the hydrosol has a large negative or
positive zeta potential (>25 mV) then they will tend to repel with each other and there will be no
tendency of the particles to agglomerate.
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Fig. 5 Showing Dynamic light scattering results showing that particle size and zeta potential of Citrate
coated Silver nanoparticles
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Fig. 6 TEM image of Citrate coated silver nanoparticles showing spherical shaped particles

3.6 Surface morphological studies using TEM

The size and shape of CAgNPs were characterized and shown in the TEM micrograph Fig. 6. It
is clearly representing monodispersed individual silver nanoparticles with the occasional
aggregates. The shape of the particles was roughly spherical with the measured average particle
size of 50 nm.
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Uncultured bacterium Control
Fig. 7 Synthesized Citrate coated Ag nanoparticles showing effective Antibacterial activity towards Gram
positive and Gram negative bacteria

3.7 Antimicrobial efficacy of Citrate coated silver nanoparticles

Citrate coated silver nanoparticles have very strong inhibitory action against fungal sp, Gram-
positive and Gram-negative bacteria (Plates 1 and 2). These isolates were collected from drinking
water PVC pipes. Three concentrations of CAgNPs (170+1.4 ppm, 100+1.1 ppm, 30+0.8 ppm)
were prepared and were applied against an array of fungal species viz., Meyerozyma caribbica,
Aspergillus parvisclerotigenus, Meyerozyma guilliermondii, Rhizopus oryzae, Uncultured fungus
clone, Aspergillus oryzae, Trichoderma asperellum and Meyerozyma caribbica and bacterial
species viz., Sphingobacterium thalpophilum, Uncultured organism clone, Ochrobactrum sp.,
Uncultured Achromobacter sp., Uncultured bacterium clone, Sphingo bacterium sp.,
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Rhizonus avzae Uncultured fungus clone

Control
Fig. 8 Citrate coated Ag nanoparticles showing effective Antifungal activity

Acinetobacter sp., Uncultured soil bacterium, Ochrobactrum sp. and Uncultured bacterium. The
higher concentration (170 ppm) of CAgNPs showed significant antimicrobial effect Tables 1 and 2
compared with other concentrations (100, 30 ppm). The mechanism of inhibitory action of silver
ions on microorganisms is partially known. It is believed that DNA loses its replication ability and
cellular proteins become inactivated on Ag+ treatment (Feng et al. 2000). In addition, it was also
shown that Ag+ binds to functional groups of proteins, resulting in protein denaturation (Spadaro
et al. 1974). There are reports in the literature that show that electrostatic attraction between
negatively charged bacterial cells and positively charged nanoparticles is crucial for the activity of
nanoparticles as bactericidal materials (Stoimenov et al. 2002, Hamouda and Baker 2000). While
the mechanism of the interaction between these particles and the constituents of the outer
membrane of bacteria and fungi is unfortunately still unresolved, it would appear that, despite their
negative surface charge, they somehow interact with “building elements” of the bacterial
membrane, causing structural changes and degradation and finally, cell death. Extensive
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Table 1 In-vitro antibacterial studies of bacteria present in drinking water PVVC pipelines using Citrate coated
silver nanoparticles as inhibitors

Citrate coated silver nanoparticles

S.no Bacteria nanoparticles Zone of inhibition (mm)
170 ppm 100ppm 30ppm
1 Sphingobacterium 2.0£0.03" 1.0£0.01% 0.6£0.15"
thalpophilum
2. Uncultured organism clone 3.0£0.022 1.8+0.15° 1.0£0.18%®
3. Ochrobactrum sp 0.8+0.06° 0.4+0.06¢ 0.2+£0.01°
4.  Uncultured Achromobacter sp 1.6+0.08° 1.2+0.1% 0.8+0.05°
5. Uncultured bacterium clone 1.0£0.14% 0.6+0.16" 0.2+0.02°
6. Sphingobacterium sp 2.240.16" 0.8+0.18°" 0.4+0.03"
7. Acinetobacter sp 2.840.05°% 1.4£0.12" 0.840.06°
8. Uncultured soil bacterium 3.4+0.19% 2.4+0.15° 1.2+£0.07%
9. Ochrobactrum sp 1.2£0.07% 0.6+0.07™ 0.2£0.09°
10. Uncultured bacterium 4.0£0.03° 1.6£0.11%* 0.6+0.04
CD (P<0.05) 0.257 0.220 0.170

Data followed by the same letter are not significantly different at P<0.05, where as those followed by
different letters are significantly different at P<0.05.

Table 2 In-vitro antifungal studies of fungi present in drinking water PVC pipelines using Citrate coated
silver nanoparticles as inhibitors

Citrate coated silver nanoparticles

S.no Fungi nanoparticles Zone of inhibition (mm)
170 ppm 100 ppm 30 ppm
1. Meyerozyma caribbica 1.1+0.15% 0.6+0.06™ 0.2+0.02™
2 Aspergillus parvisclerotigenus 1.2+0.08% 0.8+0.04° 0.3+0.03®
3. Meyerozyma guilliermondii 1.4+0.09"™ 1.0+0.03 0.4+0.05*°
4, Rhizopus oryzae 1.0£0.07% 0.5+0.12° 0.1+0.13"
5. Uncultured fungus clone 0.8+0.04°" 0.7+0.08* 0.3+0.13*
6. Aspergillus oryzae 0.9+0.09% 0.8+0.14° 0.6+0.05%®
7. Trichoderma asperellum 1.8+0.06° 0.7+0.06%® 0.4+0.12%°
8. Meyerozyma caribbica 1.6+0.07% 1.240.17° 0.9+0.15°
CD (P<0.05) 0.210 0.195 0.190

Data followed by the same letter are not significantly different at P<0.05, where as those followed by
different letters are significantly different at P<0.05.

investigations directed to better understanding of interaction between silver nanoparticles and
bacterial components should shed light on the mode of action of this nanomaterial as a biocidal
material.

4. Conclusions

The citrate coated silver nanoparticles have been proved to be one of the potential sources of
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antimicrobial agents which showed significant antimicrobial activity against an array of microbes
isolated from the drinking water PVC pipe lines.

» The formed CAgNPs are highly stable and polydispersed with the mean size of 50nm. At
higher concentrations (170 ppm), significant antimicrobial activity of CAgNPs has been recorded
against fungal sp. and Gram-positive and Gram-negative bacteria.

» The higher anti microbial activity of smaller sized nanoparticles could be due to the large
surface area to volume ratio with the enhanced surface activity.

« This could be due to the fact that nanoparticles are more abrasive in nature than bulk AgNO3,
thus contributing to the greater mechanical damage to the cell membrane resulting in enhanced
fungal effect (Padmavathy and Vijayaraghavan 2008).

« Citrate ions influence the particle growth at early stages by complexing with positively
charged Ag*" dimers. However, future studies on the biocidal influence of this nanomaterial on
other Gram-positive and Gram-negative bacteria are necessary in order to fully evaluate its
possible use as a new antibiofilm material.

» Applications of Ag nanoparticles based on these findings may lead to valuable discoveries in
various fields such as medical devices and antimicrobial systems.
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