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Abstract 

The study aimed to identify the antibacterial potential of commercial antibiotics such as ampicillin, streptomycin, 

chloromphenicol, tetracycline and biosynthesized silver nanoparticles by mangrove leaf of Avicennia officinalis against 

biofilm forming bacteria (BFB) BFB1, BFB5, BFB7 and BFB8. In in vitro antibacterial assay, ampicillin exhibited a 

maximum of 27 and 16 mm of growth inhibitory zone at 40 μg concentration against BFB5 and BFB7 respectively, while, 

BFB8 showed resistance towards ampicillin. Chloramphenicol showed a maximum of 24 and 40 mm of growth inhibitory 

zone at 60 μg concentration against BFB5 and BFB7, respectively. Tetracycline exhibited a maximum of 34, 31 and 20 mm 

of growth inhibitory zone at 60 μg concentration against BFB5, BFB7 and BFB8, respectively. Streptomycin showed 26 mm 

of growth inhibitory zone at 20 μg against BFB5 and 27 mm of growth inhibitory zone at 40 μg concentration against BFB7. 

Silver nanoparticles of mangrove Avicennia officinalis leaves showed a maximum of 30 mm growth inhibition against 

BFB7, and a minimum of 13 mm was observed against BFB1. Growth inhibitory zone of 15 and 18 mm was produced by 

silver nanoparticle against BFB5 and BFB8.  BFB1 was found to be all antibiotics and BFB7 was found to be more sensitive 

to biosynthesized silver nano particles. The UV-visible spectrophotometric analysis showed a peak at 420 nm confirms the 

presence of silver nanoparticles synthesis by A. officinalis. Fourier transform infrared spectroscopy (FTIR) results showed a 

prominent peaks at 3957.93, 3853.77, 3398.57, 2966.52, 1892.17, 1653, 1427, 1236, and 1022.27 cm-1. The X-ray 

diffraction (XRD) analysis exhibited intense peaks at 111, 200, 220, 311 for the extract in the whole spectrum of 2è value 

ranging from 20 to 80 and this pattern was similar to the Braggs’s reflection of silver nanocrystals. It can be concluded from 

the present findings that the commercial antibiotics and silver nanoparticles from the leaf extract of A. officinalis can be used 

as potential antibacterial agents against biofilm forming bacteria. 
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Introduction 

Microfouling and macrofouling are the two 

important stages in the biofouling process. Microfouling 

is caused by bacterial organisms, which attract the 

macrofoulers towards the substrata that leads to complete 

biofouling. It is a natural propensity of microbes to attach 

to wet surfaces, to multiply and to embed themselves in a 

slimy matrix composed of extracellular polymeric 

substances (EPS) called biofilm (Simoes et al., 2010). It 

is reported that most microorganisms can form biofilms 
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and more than 99% of all microbes are living in biofilm 

mode (Costerton et al., 1987; Flemming, 2002). This 

phenomenon can occur in medical devices, drinking and 

process water and the fouling of ship hulls, pipelines and 

reservoirs (Flemming, 2002). Thus, preventing the 

microfouling could possibly reduce the biofouling. 

Antibiotics are the chemical substance produced by 

microorganisms mostly from certain actinomycetes, 

bacteria and fungi that can destroy or inhibit the growth 

of other microorganisms. They are widely used in the 

prevention and treatment of infectious diseases caused by 

microbial pathogens. Based on their mechanism of 

action, the antibiotics are of two types either as 

bacteriostatic (arrest the growth of bacteria by disturbing 

the multiplication) or as bactericidal (kill the bacteria). 

Though antibiotics are being used for the treatment of 

various diseases, there are very limited studies that 

showed the antimicrobial properties of antibiotics against 

microfouling or biofilm bacteria (Olson et al., 2002; 

Cernohorska and Votava, 2008; Wojtyczka et al., 2013).  

The plants of terrestrial origin are known to 

synthesize silver nanoparticles: Pelargonium graveolens 

(Shankar et al., 2003), Azadirachta indica (Shankar et al., 

2004),  Aloe vera (Chandran et al., 2006), Helianthus 

annus (Leela and Vivekananadan, 2008), Camellia 

sinensis (Nadagouda and Varma, 2008), Brassica juncea 

(Haverkamp and Marshall, 2009), Parthenium 

hysterophorus (Parashar et al., 2009) Diopyros kaki 

(safeda) (Dubey et al., 2009) and Argemone mexicana 

(Singh et al., 2010) has already been reported. A few salt 

marsh plant such as Sesuvium portulacastrum, Citrullus 

colosynthis, Prosopis chilensis available to our 

knowledge as on-date (Asmathunisha et al., 2010; 

Kathiresan et al., 2012). The silver nanoparticles 

synthesized in the extracellular by coastal plants offers a 

great advantage over an intracellular process of synthesis 

from the application point of view. Hence, in the present 

study, it is attempted to prevent microfouling caused by 

biofilm forming bacteria using commercial antibiotics 

and silver nanoparticles synthesized by mangrove plant. 

Materials and Methods 

Biofilm bacteria 

The biofilm bacteria were isolated from the mucus 

layer attached at side of the boat submerged in seawater 

on marine Luria Bertani (mLB) agar and based on the 

biofilm forming ability in micro titre plate there were 

four stains such as biofilm forming bacteria (BFB) or 

biofilm former (BF) 1, BF5, BF7 and BF8 selected 

against which the antibacterial activity of commercial 

antibiotics and silver nanoparticles tested. 

Assessment of antibacterial activity of commercial 

antibiotics: Antibiotics solution preparation 

Based on the broad spectrum activity, four 

commercial antibiotics such as ampicillin, streptomycin, 

tetracycline and chloramphenicol were purchased. The 

stock solution of antibiotics was prepared in sterile 

MilliQ water at a concentration of 10 mg/ml. For 

antibacterial assay, working concentration of 1mg/ml 

was prepared in sterile MilliQ water and kept in fridge 

for further use. 

Antibacterial activity of antibiotics 

The well diffusion agar assay (WDAA) method 

(Clark et al., 1981) was carried out to assess the 

antibacterial activity of antibiotics against the four 

biofilm forming bacteria. Briefly, The BF strains was 

cultivated in 2 ml of sterile mLB broth (pH-7.5) and 

incubated in a shaker for 24h. After incubation, the BF 

cells were diluted in the same medium to reach a final 
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OD of 0.4 at 600 nm. The diluted BF cultures were 

swabbed in sterile MHA agar plate and allowed for 5 

min. After 5 min of incubation, wells were made in the 

swabbed plate contained BF and antibiotics were added 

into the wells at 10, 20, 30 and 40 μg for ampicillin and 

streptomycin, 30, 40, 50 and 60 μg for tetracycline and 

chloramphenicol from the working solution. The plates 

were incubated for 24 hrs in room temperature and 

observed for growth inhibitory activity. 

Assessment of antibacterial activity of silver 

nanoparticles: Collection of plant materials 

The study area is of a mangrove forest raised 

artificially in 15 hectare area on the northern bank of the 

Vellar estuary (Lat. 11 N; Long. 79 ’ E), located 

along the Bay of Bengal on the southeastern coast of the 

state of Tamil Nadu, India. In this study, one among the 

important mangrove plant, Avicennia officinalis from 

Vellar estuary was chosen as a target plant for the 

synthesis of silver nanoparticles. 

Chemicals 

All analytical reagents and media components were 

purchased from Hi-Media (Mumbai, India) and Sigma 

chemicals (St. Louis, USA). 

Preparation of plant extract 

The leaf extract of A. officinalis was prepared by 

taking 20 g of thoroughly washed and finely cut leaves in 

a 500 ml Erlenmeyer flask with 100 ml of sterile distilled 

water and then the mixture boiled in hot plate at 100C. 

After reaching the boiling point of the water, the plant 

extract was obtained and it was stored in clean and sterile 

screw cap tubes for further studies. 

 

 

 

Silver nanoparticle synthesis 

The aqueous extract of A. officinalis was screened 

for its ability to synthesis silver nanoparticles by altering 

the molar concentrations of silver nitrate. About 5 

different concentrations (0.1, 0.25, 0.5, 0.75, 1 mM) of 

silver nitrate were added separately with the A. officinalis 

extract at the ratio of 9:1 (5 ml of leaf broth was added to 

45 ml of 10-3 M aqueous AgNO3 solution) and incubated 

at 37C at dark. The optical density was taken in UV-Vis 

spectrophotometer at different intervals (Asmathunisha  

et al., 2010). 

UV-Vis spectra analysis: The bioreduction of Ag+ in 

aqueous solution was monitored by periodic sampling of 

aliquots (0.2 ml) of the suspension, then diluting the 

samples with 2 ml deionized water and subsequently 

measuring UV-Vis spectra of the resulting diluents. UV-

Vis spectroscopy analyses of silver nanoparticles 

produced were carried out as a function of bio reduction 

time at room temperature on ELICO UV 

spectrophotometers at a resolution of 1 nm. 

Characterization of silver nanoparticles 

The suspended nanoparticles were filtered by 

Whatman No 1 filter paper, followed by centrifugation at 

8000 rpm for 20 min. This process was repeated for 

thrice. After that the silver nanoparticles were thoroughly 

washed with sterile distilled water in order to get rid of 

the unbounded proteins/enzyme with the nanoparticles. 

Finally, the pure nanoparticles samples were analysed 

through XRD, FTIR. 

X-ray diffraction (XRD) analysis 

The   XRD  measurement  of  silver   nanoparticle  

 

 



Fig. 1. Antibacterial activity of commercial antibiotics against biofilm forming bacteria 

 

Fig. 2. Showing the development of dark brown colour in screw cap tubes 

 

 

 

 



synthesized by leaf extract of A. officinalis after 24 hrs of 

incubation was carried out using Cu-Kα radiation source  

in powder diffractometer (X'per PRO model X-ray 

diffractometer), on films of the solutions drop-coated 

onto glass substrates on the instrument operating at a 

voltage of 50 kV and a current of 30 mA. 

Fig. 3. Synthesis of silver nanoparticles using A. 

officinalis through flask incubation method. A. Control; 

B. silver nanoparticle synthesized by A. officinalis 

 

Fourier Transform Infrared (FTIR) spectroscopy 

analysis 

To remove any free biomass residue or compound 

that was not the capping ligand of the nanoparticles, the 

residual solution of 30 ml after reaction was centrifuged 

at 10000 rpm for 10 min and the resulting suspension 

was redispersed in 2 ml sterile distilled water. The 

centrifuging and redispersing process was repeated three 

times. Thereafter, the purified suspension was freeze 

dried to obtain dried powder. Finally, the dried 

nanoparticles were analysed by FTIR. 

Antibacterial activity of silver nanoparticles 

As like antibiotics, the antibacterial activity of silver 

nanoparticles against the four biofilm forming bacteria 

was also assessed through WDAA method. As 

mentioned above, the biofilm bacteria were diluted to 

reach a final OD of 0.4 at 600 nm and swabbed on MHA 

plates. The aqueous extract of A. officinalis containing 

silver nanoparticles was filtered using filter paper to 

remove unwanted debris. Wells were made in the plate 

and nanoparticle in the aqueous extract of A. officinalis 

was added at a concentration of 20 μl. The plates were 

incubated for 24 hours in room temperature and observed 

for growth inhibitory activity. 

Results 

Antibacterial activity of commercial antibiotics 

The biofilm bacteria were isolated from the mucus 

layer attached at side of the boat submerged in sea water 

through standard microbiological method. Of the 

isolates, the bacterial isolates such as biofilm former 

BF1, BF5, BF7 and BF8 showed good biofilm forming 

ability on micro titre plate. Hence, these four strains were 

chosen against which the bioactive potential of 

commercial antibiotics was tested. Antibiotics such as 

ampicillin and streptomycin were used at a concentration 

of 10, 20, 30 and 40 μg, while tetracycline and 

chloramphenicol were used at a concentration of 30, 40, 

50 and 60 μg. Among the four biofilm bacteria, BF1 was 

found to be more sensitive towards all the tested 

antibiotics. Ampicillin exhibited a maximum of 27 mm 

and 16 mm of growth inhibition zone at 40 μg 

concentration against BF5 and BF7, respectively, while, 

BF8 showed resistance towards ampicillin. 

Chloramphenicol showed a maximum of 24 mm and 40 

mm of growth inhibition zone at 60 μg concentration 

against BF5 and BF7, respectively. Tetracycline 

exhibited a maximum of 34 mm, 31mm and 20 mm of 

growth inhibition zone at 60 μg concentration against 

BF5, BF7 and BF8, respectively. Streptomycin showed 

26 mm  of  growth  inhibition  zone  at 20 μg against BF5  



Fig. 4. a.UV-Vis Spectrum of silver nanoparticles synthesized from A. Officinalis; b. XRD pattern of silver nanoparticles 

synthesized from A. officinalis 

 

Fig.5. a. FTIR Spectrum of silver nanoparticles synthesized from Avicennia officinalis; b. Histogram of the antibacterial 

activity of silver nanoparticles of A. officinalis against biofilm forming bacteria 

 

and 27 mm of growth inhibition zone at 40 μg 

concentration against BF7. A few plates showing the 

antibacterial activity of antibiotics against biofilm 

forming bacteria are given in Fig. 1. 

Screening of A. officinalis for the synthesis of silver 

nanoparticles 

Leaf extract of A. officinalis was screened for the 

synthesis of silver nanoparticles. The color change in the 

reaction mixture of plant extract and silver nitrate 

indicated the synthesis of silver nanoparticles. The 

change in color of the mixture was noted by visual 

observation. The plant extract incubated with silver ions 

at the beginning of the reaction showed slight color 

change, and gradually increased in color intensity to dark 

brown, with increasing period of incubation (Fig. 2 & 3). 

The color of the reaction mixture changed to intense 
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brown after 24 hrs of incubation. Control that was plant 

extract without silver nitrate did not exhibit any change 

in color. 

Spectral observation of colour change 

The colour change in the reaction mixture of plant 

extract and silver nitrate indicated the synthesis of silver 

nanoparticle. Change in colour intensity was measured at 

420 nm using a spectrophotometer. The λmax420 further 

confirmed the silver nanoparticle synthesizing ability of 

A. officinalis. The data are shown in the Fig. 4. 

XRD analysis of silver nanoparticles 

The X-ray diffraction pattern of silver 

nanoparticles produced by the leaf extract of A. 

officinalis is shown in Fig. 5. The XRD exhibited intense 

peaks (111), (200), (220), (311), for the extract in the 

whole spectrum of 2θ value ranging from 20 to 80 and 

this pattern was similar to the Braggs’s reflection of 

silver nanocrystals. 

FTIR spectrum of silver nanoparticles 

FTIR spectra of silver nanoparticles exhibited 

prominent peaks at 3957.93, 3853.77, 3398.57, 2966.52, 

1892.17, 1653, 1427, 1236 and 1022.27 cm-1 as shown in 

the Fig. 6. The peak in the range of 3800-3400 cm-1 was 

indicative of broad and strong alcoholic –OH in 

hydrogen bonded structure, confirming the presence of 

the phenolics and aromatic group. The peak at 1653 

referred to C=O stretching and the peaks at 1236 and 

1022 confirmed the presence of OH, Starch, Cellulose. 

Therefore, the silver nanoparticles appeared to be 

associated with some chemical compounds which 

possess hydroxyl and carbonyl groups and the 

compounds are likely to be phenols and their derivatives. 

Antibacterial activity of silver nanoparticles: After 

confirming the silver nanoparticle synthesis through UV-

Vis, XRD and FT-IR analysis, the silver nanoparticle in 

the aqueous extract was tested for its antibacterial 

activity against all four biofilm forming bacteria. At the 

tested concentration, a maximum of 30 mm growth 

inhibition was observed against BF7, and a minimum of 

13 mm was observed against BF1. Growth inhibitory 

zone of 15 mm and 18 mm was produced by silver 

nanoparticle against BF5 and BF8, respectively (Fig. 7). 

Discussion 

In this study the bioactive potential of commercial 

antibiotics and silver nanoparticles of mangrove origin 

was assessed. It has been well documented that the 

commercial antibiotics and nanoparticles of some plant 

origin are known to possess antibacterial activity against 

bacterial pathogens. However, their antibacterial 

potential against micro fouling bacteria is not yet 

thoroughly studied. In the first attempt the antibacterial 

potential of commercial antibiotics was assessed in the 

present study. From the attained result, it is revealed that 

the four biofilm forming bacteria are susceptible towards 

ampicillin, streptomycin, tetracycline and 

chloramphenicol. This evidence the another dimension of 

antibiotics usage in preventing microfouling at the initial 

stage. In an earlier study, Cernohorska and Votava 

(2008) have reported that commercial antibiotics either 

individually and/or in combinations exhibited 

antimicrobial activity against 20 wild-type biofilm-

forming strains of Pseudomonas aeruginosa. Recently, 

Wojtyczka et al. (2013) demonstrated the antimicrobial 

activity of ethanolic extract of Polish propolis against 

biofilm forming coagulase-negative Staphylococcus 

epidermidis strains. Concerning the bioactive potential of 

nanoparticles, in the present study, initially they were 

synthesized from a mangrove plant A. officinalis and 
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partially characterized. The development of dark brown 

colour revealed the synthesis of silver nanoparticles. The 

fact that silver nanoparticles peak remained close to 420 

nm even after 24 hrs of incubation indicates that the 

particles were well dispersed in the solution and there 

was not much aggregation. Monodispersity is an 

important characteristic of the nanoparticles. Silver 

nanoparticles with very good monodispersity have been 

reported by Ahmad et al. (2003) using Fusarium 

oxysporum. The nanoparticles present in the aqueous 

medium are quite stable, even up to 4 months of 

incubation at 25°C. It is important to know the exact 

nature of the silver particles formed and this can be 

achieved by analyzing the XRD-spectrum. The intense 

peaks observed in the spectrum are in agreement with the 

Braggs’s reflection of silver nanocrystals. This confirmed 

that nanoparticles synthesized by A.officinalis were in the 

form of silver nanocrystals. Generally, the broadening of 

peaks in the XRD patterns of solids is attributed to 

particle size effects (Jenkins and Snyder, 1996). FTIR 

measurements were carried out to identify the possible 

biomolecules responsible for capping and efficient 

stabilization of the silver nanoparticles synthesized by 

plant extract. The synthesis of silver nanoparticles 

contained many molecules and some of these become 

attached or adsorbed on the surface of the silver 

nanoparticles (Shankar et al., 2003; Kasthuri et al., 

2009a, b; Tripathy et al., 2010). In this present study, 

FTIR spectra of silver nanoparticles synthesized from A. 

officinalis exhibited prominent peaks, which reveals that 

the silver nanoparticles appeared to be associated with 

some chemical compounds which possess hydroxyl and 

carbonyl groups and the compounds are likely to be 

phenols and their derivatives. At last, the antibacterial 

activity of the silver nanoparticle in the aqueous extract 

revealed that in addition to the commercial antibiotics, 

the nanoparticles of plant origin especially from 

mangroves could also be developed in the treatment of 

microfouling. 

In conclusion, from the attained result in the 

present work, it is envisaged that, since, both commercial 

antibiotics and silver nanoparticles exhibiting 

antibacterial activity, a combined formula of both 

antibiotics and silver nanoparticle would be suitable 

alternative to prevent microfouling caused by biofilm 

forming bacteria. 
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