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ABSTRACT--- In the present study carried out to investigate 
prophylactic activity of Cobalt nanoparticles towards isolated 
Escherichia coli (strain MTCC 723); the antimicrobial properties 
of Cobalt nanoparticles also determine by optimizing the 
concentration of Cobalt nanoparticles. A homogenized 
suspension was prepared by sonication Cobalt nanoparticles in 
water, and the infusion was prepared at concentrations of 5–
35µg/ml. The pathogenic strain of microbial species was cultured 
under anaerobic conditions. Equalized standard dilutions of the 
cultured bacteria were used for testing. Spectroscopic and 
diffusion tests were conducted to quantify the antimicrobial 
properties of Cobalt nanoparticles against the bacteria. Cobalt 
nanoparticles of 200 nm diameter with concentration of 35µg/ml 
showed completely lysis of Escherichia coli cell. The results 
showed Cobalt nanoparticles with concentration of 35 µg/ml 
significant higher activity against Escherichia coli. Optimized 
concentration of Cobalt nanoparticles kills the pathogenic 
Escherichia coli cells. 
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I. INTRODUCTION 

Metal nanoparticles are the significant materials 
nowadays established for usage in health-related 
applications [1-3]. Nanoparticles (NPs) are used as an 
alternative to antibiotics to target bacteria antibiotics. On the 
same time, Nanotechnology plays an important role for 
treating bacterial infections [4-5].nanoparticles are the nano-
sized particles [6]. Metal nanoparticles are exceptionally 
appealing impetuses contrasted with mass materials because 
of their high surface-to-volume proportion [7-8]. There are 
many nanomaterials such as; silver, gold, and zinc 
nanoparticles exhibited their own structural properties 
important biological activities [9-10]. Bacterial cells have 
the resistance power towards antibiotics and metals and 
spreads their importance and   creates different health 
related problems.  
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Bacterial cells also have drug resistance which leads to the 
incompetence of medicine meant for treatment of number of 
diseases [11].For the development of human healthcare 
there has been care in the advance of firm antimicrobial 
metal nanoparticles [12]. Nowadays, Cobalt nanoparticles 
are more focused for human healthcare due to its antiseptic 
action and constancy [13-15]. Cobalt nanoparticles 
playacting as a possible antiseptic go-between from the 
sequence of other metal oxide like Al2O3, SiO2, and TiO2, 
to control many bacterial infections Escherichia coli, B. 
Subtilis and Pseudomonas Sp. cultivated product and 
foodstuff borne entity also controls the use of Cobalt 
nanoparticles [16-18].There is the synthesis and 
characterization of Nanomaterials of Co (11) showing 
antimicrobial action [19]. The mechanism behind 
antibacterial activity of Cobalt nanoparticles shows 
increasing lipophilicity, which later allows the dispersion of 
microbes over bilayer phospholipid of the cell membrane, 
through obstructive the metal-obligatory sites on the 
enzymes of microbes [20]. Considering the increase of 
bacterial infected diseases and human healthcare, the 
synthesis of compounds that have antibacterial effect, and, 
and have a low cytotoxicity is of great interest. It would be 
useful to use these nano materials, which require in a modest 
synthesis process and profitable way, are suitable for the 
formation of new types of bactericidal materials. Objective 
of this experimental study is to clarify bacterial inhibitory 
action of Cobalt nanomaterial through different 
experimental spectroscopic and diffusion methods. In this 
article we optimized the concentration of Cobalt 
nanoparticles as 35µg/ml for use as antibacterial agent. It 
acts as antibacterial tool for cell label.  

II. MATERIAL AND METHODS  

Materials and Test microorganisms   

Cobalt nanoparticles with a 99% purity purchased from 
Sigma Aldrich. The particle size was 50 nm. Cobalt 
nanoparticles were suspended in sterile normal saline and 
constantly stirring until homogenized suspension was 
prepared. A uniform colloidal suspension was formed with 
powder concentration of 500 mg/ml.   The morphology of 
Cobalt nanoparticles was determined by SEM. The surface 
morphology of the uncoated and coated beads was studied 
using Scanning Electron microscope (SEM, FEI ESEM 
Quanta 200). Fresh colonies of Escherichia coli were taken 
from MTCC (National Centre for Cell Science). 
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 Escherichia coli were cultivated into nutrient broth 
containing flasks. For experimental study Nutrient broth 
medium was ready by dissolving 28 g of nutrient agar in 
1000 ml of mili-Q-water. The prepared solution was 
autoclaved afterward at 121 oC, 15 lbs for 30 min. 

Preparation and incubation of test inoculums 

For preparing bacterial suspension from the stock bacterial 
culture single colony was taken and injecting 30 ml of 
sterile nutrient broth in a 100 ml flask. The flask was then 
raised at 37 °C at 110 rpm for 24 h. After growth, from 
overnight inoculum 0.4ml was transferred to a 100 ml 
Erlenmeyer flask having 25ml nutrient broth and raised in a 
shaking incubator for 3-4 h at 37 °C and 100 rpm. The 
number of bacteria in the 4 h culture was estimated by 
measuring the optical density of the culture at 660 nm. An 
optical density of concerning 0.1 and 0.3 was roughly equal 
to a concentration of between 108 CFU.ml-1. 

Determination of zone of Inhibition 

The bacterial inhibitory activities of the Cobalt 
nanoparticles were weighed by agar well diffusion method. 
Mueller Hinton agar medium was ready by autoclaving at 
121 °C (15 lbs) and poured 30 ml for each Petri plates. 
Broth culture was aseptically spreaded by sterilized cotton 
swab over solidified Mueller Hinton agar plates. By 
sterilized gel borer Wells of equal distance and equal 
diameter (10mm) were made. 50μl of Cobalt nanoparticles 
of different concentrations from (5µg/ml, 15µg/ml, 25 
µg/ml, and 35µg/ml) was filled in each well. The plates 
were incubated for growth of bacterial cell at 37 °C for 24 h. 
The sensitivities of the test organisms to the different 
concentrations of Cobalt nanoparticles were indicated by 
clear zone around wells (fig 3).  

III. RESULTS AND DISCUSSION 

Spectral analysis of Cobalt nanoparticles 

The optical absorption spectra of Cobalt nanoparticles 
showed a sharp absorption band at 355 nm (fig.1).The SEM 
analyses also shows agglomerates of the nanoparticles. 
Scanning Electron Microscope (SEM) image of Cobalt 
nanoparticles (fig. 2) shows that, Cobalt nanoparticles are 
connected to each other with uneven pore dimensions and 
forms. Formation of Pore is as a result of large number of 
fugitive trips results in high surface to area of the 
nanoparticles. The pore size and shape formation related to 
various intrinsic defects formed during Cobalt nanoparticles 
provision and post treatment. Normally these imperfections 
are situated at the apparent of the cobalt nanostructures [18, 
19]. It was observed that the synthesized nanoparticle size 
and shape depends upon the synthesis process including the 
type of ligand, attentiveness of reagents used, the solvent 
used, the overall concentration of reagents, time for reaction 
to complete, the evaporation time, and the temperature used 
for reaction/evaporation.  

 Antibacterial assay 

Diffusion method and UV-Vis study 

Rendering to standard reduction of bacteria criterion, less 
than 0–20% antibacterial effect  indicates no bactericidal 
effect; between 20–50% reduction of bacterial cell indicates 

a low bactericidal effect; between 50–70% reduction 
indicates an expressive bactericide; greater than 70% 
reductions is considered strong antibacterial effect [22]. 
Giving to this, (fig.3) 5μg/ml Cobalt nanoparticles has no 

bactericidal effect. But, the plates containing concentration 
of 15 μg/ml, 25μg/ml, 35µg/ml shows 30% and 50% denote 

expressive bactericidal effect and plates with 35μg/ml 

concentrations has a dominant bactericidal result. 
Established on these outcomes, Cobalt nanoparticles have a 
sensitive antiseptic effect for the gram negative Escherichia 
coli strains. The antibacterial effect of prepared Cobalt 
nanoparticle at different concentrations was studied on 
Escherichia coli isolates in (fig. 3) and (table 1) showed the 
inhibition zone of different concentrations of metals 
nanoparticles. Results showed that, Cobalt exhibited 
inhibition zone (mm) of about 18, 20, 25, 27 mm in 
diameter for 5μg/ml 15μg/ml, 25μg/ml, and 35µg/ml of 

Cobalt nanoparticles concentrations, respectively. From the 
(fig.4) it was clearly understand the toxic effect of Cobalt 
nanoparticle from the absorbance study. The Escherichia 
coli cell with Cobalt nanoparticle showing less absorbance 
than that of only bacterial cell. The binding properties of 
Cobalt nanoparticles with bacterial cell due to tuning of 
Cobalt nanoparticles with the bacterial cells still now not 
clear but main cause is linked to the activity in the chelated 
complex, there is increases the lipophilic application of the 
metal and errands its infusion over the lipoid layers of the 
bacterial membranes. The dipole dipole interaction of 
positive charge of the metal is partly joint with the supporter 
atoms existing in the ligands and there is π-electron 
delocalization over the whole chelate ring. Apart from this, 
other factors for example solubility, conductivity and dipole 
moment predisposed by the presence of metal ions are also 
the likely motives for growing this inhibitory action of 
Cobalt nanoparticles [22-23]. 

IV. CONCLUSION 

Cobalt nanoparticles possesses strong antibacterial, 
activity based on the above in vitro analysis. In higher 
concentrations, it has significant antimicrobial activity 
against pathogenic Gram negative Escherichia coli bacteria. 
From the experimental point of view it can be strongly 
concluded that cobalt nanoparticles the antibacterial tool for 
pathogenic microorganisms. Due to the beneficial effects of 
metal nanoparticles on microorganisms and control of many 
infectious diseases and prevent them from becoming 
chronic, many scientists believe that nanoparticles could 
create a great revolution in the field of health.  
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V. FIGURE 

Fig.1: Uv-Visible Spectrum Of Cobalt Nanoparticles 

 

 
Fig.2: SEM of synthesized Cobalt nanoparticles 

 
 Fig. 3: Antibacterial activity of different  

 
Table 1: Zone Of Inhibition Of Cobalt Nanoparticle 
Concentration Of Cobalt Nanoparticles. Against 

escherichia coli cells. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Fig 4: Uv-Visible Study Of Treated  Escherichia Coli 

Cells 

VI. ACKNOWLEDGMENT 

Authors are thankful to BIHER; Chennai management 
provided the permission and facility to do the above work.  

VII. AUTHORS CONTRIBUTIONS  

All authors contributed equally to this manuscript 

VIII. CLASHES OF INTEREST 

There is no clash of concern. 

REFERENCES  

1. Saptarshi Chatterjee, Arghya Bandyopadhyay and Keka 
Sarkar.Effect of iron oxide and gold nanoparticles on bacterial 
growth leading towards biological application. Journal of 
Nanobiotechnology 2011;9:1-7 

2. Nicole Jones Binata Ray Koodali T. Ranjit Adhar C. Manna. 
Antibacterial activity of ZnO nanoparticle suspensions on a 
broad spectrum of microorganisms. FEMS Microbiology Letters 
2008; 279:71–6 

3. Michael Goldber, Robert Langer, Xinqiao Jia. Nanostructured 
materials for applications in drug delivery and tissue 
engineering. J Biomater Sci Polym 2007; 18: 241-68 

4. Eric Busseron, Yves Ruff, Emilie Moulin, Nicolas Giuseppone. 
Supramolecular self-assemblies as functional nanomaterials. 
Nanoscale 2013; 5:7098–140 

5. Loris Rizzello, Roberto Cingolani, Pier Paolo Pompa. 
Nanotechnology tools for antibacterial materials. Nanomedicine 
2013; 8: 807–21 

6. Vicky V. Mody, Rodney Siwale, Ajay Singh, and Hardik R. 
Mody. Introduction to metallic nanoparticles. J Pharm Bioallied 
Sci. 2010;4: 282–89 

7. WesamSalem,DeborahR.Leitnera,FranzG.Zingl,GebhartSchratte
r,RuthPrassl,WalterGoessler,JoachimReidl,Stefan Schilda. 
Antibacterial activity of silver and zinc nanoparticles against 
Vibrio cholerae and enterotoxic Escherichia coli. International 
Journal of Medical Microbiology 2015; 305: 85-95 

8. Blessing Atim Aderibigbe. Metal-Based Nanoparticles for the 
Treatment of Infectious Diseases. Molecules 2017; 1370:2-37 

9. Khwaja Salahuddin Siddiqi, Aziz ur Rahman, Tajuddin and 
Azamal Husen. Properties of Zinc Oxide Nanoparticles and 
Their Activity against Microbes. Nanoscale Research Letters 
2018; 13:2-13 

10. Elizabeth Peterson and Parjit Kaur.Antibiotic Resistance 
Mechanisms in Bacteria: Relationships between Resistance 
Determinants of Antibiotic Producers, Environmental Bacteria, 
and Clinical Pathogens. Front. Microbiol.Frontiers in 
Microbiology 2018; 9:2-21 

11. Mohammad Oves, Mohd Arshad , Mohd S. Khan, Arham S. 
Ahmed , Ameer Azam, Iqbal M.I. Ismail .Anti-microbial 
activity of cobalt doped zinc oxide nanoparticles: Targeting 
water borne bacteria. Journal of Saudi Chemical Society 2015; 
19: 581–88 

 
 
 
 
 
 

Cobalt 
Nanoparticle µg/L 

Zone of 
Inhibition (mm) 

5 18 

15 20 

25 25 

35 27 

  

  

https://www.openaccess.nl/en/open-publications
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996072/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996072/


 
Cobalt Nanoparticle As The Antibacterial Tool: In Vitro  

3687 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: F9374088619/19©BEIESP          
DOI: 10.35940/ijeat.F9374.088619 
Journal Website: www.ijeat.org 
 

12. Linlin wang, Chen Hu,Longquan Shao. The antimicrobial 
activity of nanoparticles: present situation and prospects for the 
future. International Journal of Nanomedicine 2017;12: 1227–49 

13. Ladan H, Nitzan, Malik Z. The antibacterial activity of haemin 
compared with cobalt, zinc and magnesium  
protoporphyrin and its effect on potassium loss and 
ultrastructure of Staphylococcus aureus. FEMS Microbiol Lett. 
1993;112:173-7 

14. Anton V. Panteleimonov, Mykyta O. Onizhuk, Inna V. 
Khristenko, Iuliia. Chuiko,Oleg S. Tkachenko,Yoshitaka 
Gushikem and Yuriy V. Kholin. Adsorption of Transition Metal 
Chlorides by Silica with Grafted 1-n-Propyl-
3Methylimidazolium Chloride. J. Braz. Chem. Soc. 
2015;26:1160-70 

15. Angus M. Keech, Nick E. Le Brun, Michael T. Wilson§, Simon 
C. Andrews, Geoffrey R. Moore, and Andrew J. Thomson. 
Spectroscopic Studies of Cobalt (II) Binding to Escherichia coli 
Bacterioferritin. THE JOURNAL OF BIOLOGICAL 
CHEMISTRY 1997; 272: 422–429 

16. Saeed Farhadi, Masoumeh Javanmard and Gholamali Nadri. 
Characterization of Cobalt Oxide Nanoparticles Prepared by the 
Thermal Decomposition of [Co (NH3)5(H2O)] (NO3)3 
Complex and Study of Their Photocatalytic Activity. Acta 
Chim. Slov. 2016; 63: 335–343 

17. Raziyeh ArabAhmadi, Farshideh Hasanvand, Giuseppe Bruno, 
HadiAmiri Rudbari, 
andSaeidAmani.Synthesis,Spectroscopy,andMagneticCharacteri
zationofCopper(II)andCobalt (II) Complexes with2-Amino-5-
bromopyridineasLigand. ISRNInorganicChemistry 2013;1-7 

18. S.A.Salman, T.Usami, K.Kuroda, and M.Okido. Synthesis and 
Characterization of Cobalt Nanoparticles Using Hydrazine and 
Citric Acid. Journal of Nanotechnology 2014;1- 6  

19. A.M. Garcia Rodriguez, A. Garcia de Torres, J.M. Cano Pavon, 
C. Bosch Ojeda. Simultaneous determination of iron, cobalt, 
nickel and copper by UV-visible spectrophotometry with 
multivariate calibration. Talanta 1998; 47 : 463–470 

20. Eddie L. Chang,Christa Simmers,and D. Andrew Knight. Cobalt 
Complexes as Antiviral and Antibacterial Agents. 
Pharmaceuticals (Basel). 2010;3: 1711–28. 

21. Iva Tomova, Margarita Stoilova-Disheva, Irina Lazarkevich & 
Evgenia Vasileva-Tonkova. Antimicrobial activity and 
resistance to heavy metals and antibiotics of heterotrophic 
bacteria isolated from sediment and soil samples collected from 
two Antarctic islands. Frontiers in Life Science 2015; 8: 348–57 

22. N. S. Alahmadi,J. W. Betts,b F. Cheng,a M. G. Francesconi,  S. 
M. Kelly, A. Kornherr,T. J. Priora and J. D. Wadhawan. 
Synthesis and antibacterial effects of cobalt– cellulose magnetic 
nanocomposites. RSC Adv 2017;7:20020 –26 

23. Edreese Alsharaehn, Yasmin Mussa, Faheem Ahmed, Yazeed 
Aldawsari, Mohammed Al-Hindawi, Garwin Kim Sing. Novel 
route for the preparation of cobalt oxide nanoparticles reduced 
graphene oxide nanocomposites and their antibacterial activities. 
Ceramics International 2016 42 : 3407–3410  


