
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 09, 2015 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 440 

Characterization and Antimicrobial Study of Cobalt Nanoparticles 

Synthesized from Manihot Esculent (Tapioca) by Green Route 
Dr.S.Mary Helen

1
 Sr.HebziEmalda Rani

2 

1,2
Department of Biotechnology 

1,2
Annai Velankanni College Tholayavattam-629 157, Kanyakumari District, TamilNadu, India

Abstract— In the present study Cobalt nanoparticles 

(CoNPs) are synthesized by green technique using aqueous 

tuber extract of Manihot esculent (Tapioca) as a reducing, 

stabilizing and capping agent. The synthesized CoNPs are 

characterized by UV-VIS, XRD, and SEM with EDAX. 

Cobalt nanoparticles were confirmed by UV-Visible studies. 

The EDAX pattern shows the 3.96% weight percentage of 

Cobalt present in the synthesized sample and XRD studies 

shows that the particles are mostly crystalline in nature. 

Further these biologically synthesized nanoparticles were 

found to be highly toxic against different multi drug 

resistant bacteria pathogens. This is the first report on the 

synthesis of CoNPs from tuber extract of Manihot esculent 

was used for synthesis of CoNPs and its antimicrobial 

studies. 
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I. INTRODUCTION 

Nanoparticles are  building blocks of nanotechnology and 

are referred to a natural incidental or manufactured 

material, contains particles in an unbound state or as an 

aggregate or as an agglomerate and where for 50% or more 

of the particle in the number size distribution one or more 

external dimensions is in the range 1mm-100nm[1]. 

Nanotechnology can be defined as the manipulation of 

matter through certain chemical and/or physical processes 

to create materials with specific properties, which can be 

used in particular applications [2]. Nanotechnology is a 

field that is burgeoning, making an impact in all spheres of 

human life. A variety of methods have been reported for 

the preparation of metallic nanoparticles [3][4]. Notable 

examples include, reverse micelles process [5][6], salt 

reduction [7], microwave, Dielectric heating reduction[8], 

ultrasonic irradiation [9], radiolysis [10][11], solvothermal 

[l2]synthesis[13] [14], electrochemical synthesis[15] [16], 

template synthesis[17], hydrothermal synthesis[18] 

chemical route etc[19][20]. Cobalt is an element that 

occurs naturally in the environment in air, water, soil, 

rocks, plants, and animals [21]. Co nanoparticle can be 

utilized in cancer therapy. Cobalt nanoparticle is an 

attractive material which has been used in variety of 

electrochemical and industrial applications including its 

use as a positive electrode in rechargeable batteries [22].  

Tapioca is a particularly gelatinized irregular starch grit 

made from cassava. It is essentially a flavorless starchy 

ingredient or food usually taken as a milky pudding in 

many parts of Africa and as a snack such as fish crackers in 

south East Asia and or used to thicken soups and sweeten 

the flavor of backed goods. Some of the health benefits of 

tapioca includes its ability to help in healthy weight gain, 

increase blood circulation and red blood cell count, protect 

against birth defects, improve digestion, lower cholesterol, 

prevent diabetes, improve metabolic activities, protects 

heart health, and maintains fluid balance within the body. 

In   the present research paper, such an ecofriendly 

synthesis method for Cobalt nanoparticle has been reported 

using the solution of Cobalt nitrate by the aqueous extract 

of a natural material Manihot esculent. The nanoparticles 

synthesized by the mentioned ecofrienly method found 

toxic for bacteria like Escherichia coli, Klebsiella 

pneumoniae, (Gram negative) Bacillus cereus and 

Staphyloccocusaureus(Gram positive). 

II. MATERIALS AND METHODS 

Cobalt nitrate is obtained from Sigma-Aldrich chemicals. 

Manihot esculent has been collected from a local 

supermarket in Kanyakumari District, Tamil Nadu, India. 

A. Preparation of Manihot Esculent Extract 

Healthy roots of Tapioca collected from the local market 

and washed thoroughly with tap water for 5-8 minutes. The 

root tuber vegetables (200g) was again washed with sterile 

water and smashed inside a grinder. The smashed root was 

then filtered to remove debris. At the end filtered extract 

was centrifuged at 5000 rpm for 15minutes to obtain the 

liquid extract and it was preserved inside a refrigerator for 

future use. 

B. Synthesis of Cobalt Nanoparticle (Manihot Esculent) 

5 ml of Manihot esculent extract was treated to the 1N of 

5ml aqueous solution of Cobalt nitrate and stirring 

continued for 1 minute at room temperature. The solution 

changed from red to orange which indicates the formation of 

Cobalt nanoparticles. The procedure was repeated for 10ml, 

15ml, 20ml, 25ml extract but the metal used only 5ml 

Cobalt nitrate throughout the experiment. Then the P
H
 was 

noted using the EutechP
H
meter. The prepared Cobalt 

nanoparticles were centrifuged at 15 minutes at 10,000 rpm 

and dried at room temperature for two weeks. The dried 

powders were taken for further characterization study. 

C. Characterization of Synthesized Nanoparticles 

The reaction of Cobalt nitrate solution with Manohot 

esculent extract was optically measured using Thermo 

scientific UV.Visible Spectrophotometer.  A different 

Wavelength range was observed from 200 nm to 350nm. 

The synthesized Cobalt nanoparticles were centrifuged at 

10,000 rpm for 20 min, and the pellets were collected. The 

pellets were washed with distilled water for several times to 

remove impurities and dried to get power. The X-Ray 

diffraction assay was performed for detection of crystalline 

nature of the metal nanoparticles and it was done by using 

powder X-Ray diffractometer. Shape and size of the Cobalt 

nanoparticles were studied by using Scanning Electron 

Microscope. The main element in the synthesized materials 

was determined using the energy dispersive X-ray 

spectroscopy (EDX).p
H
range for Cobalt nanoparticle was 

determined using Eutech p
H
 meter Systronics. 
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D. Antimicrobial Activity 

By disc diffusion method, the antibacterial activities of the 

root tuber extract reduced Co NPs were studied. LB (Luria 

bertoni) media was used, sterilized and solidified. Then four 

bacterial strains (Escherichia coli, Klebsiella pneumoniae, 

Bacillus cereus and Staphyloccocus aureus) were swabbed 

on the plates. Sterile discs were dipped in Cobalt 

nanoparticles solution (50μg/ml) and placed in the nutrient 

media plate and kept for incubation at 37ºC for 24 hrs. 

Zones of inhibition for control and Cobalt nitrate were 

measured and the mean values of zone diameter were 

presented. 

III. UV-VIS ABSORBANCE STUDY 

The addition of Manihot esculent extract to Cobalt nitrate 

solution resulted in colour change of the solution from red to 

orange due to the production of Cobalt nanoparticles. The 

colour change arised from the excitation of surface Plasmon 

vibrations (SPR) with the Cobalt nanoparticles. The SPR of 

Cobalt nanoparticles produced a peak centered near 240nm. 

UV-Vis absorbance of the reaction mixture was taken from 

0 to 2min (Fig 1). It was observed that the absorbance peak 

was centered at 240 nm, indicating the reduction of Cobalt 

nitrate into Cobalt nanoparticles. It was also observed that 

the reduction of Cobalt ions into Cobalt nanoparticles 

started at the beginning of reaction and reduction was 

completed at almost 2min at room temperature, indicating 

that the rapid biosynthesis of Cobalt nanoparticles. 

 
Fig. 1: UV-Vis spectram of Cobalt nanoparticles using 

Manihot esculent tuber extract 

A. XRD Studies 

 
Fig. 2: X- ray diffractogram of Cobalt NPs Synthesized 

from Manihot esculent extract 

The phase identification and crystalline structures of the 

nanoparticle was characterized by X- diffraction. The X-ray 

diffraction pattern obtained for the Cobalt nanoparticles was 

synthesized using Manihot esculent extract showed that 

there exists strong diffraction peaks with 2θ values of 

25.30
0
, 19.82

0
, 40.62

0
 corresponding to the crystal plane of 

(111), (102), (202) Cobalt nanoparticles (fig-2). 

1) Size determination from XRD 

Using Debye-Scherer’s formula the crystalline size for the 

nanoparticles was calculated. 

                    D= Kλ/ β COSθ 

Where D is the average particle size in nm, λ is the 

wave length of the X-ray (0.15406nm), β is the full  width at 

half maximum of the diffraction peak, K, is the Scherrer 

constant with the value of 0.9 to 1 and  θ is the Bragg  angle. 

In Manihot esculents extract crystallite size for Cobalt 

nanoparticles are found to be in the range of 6.71 nm. 

B. SEM 

Scanning electron microscope is one of the powerful tools to 

identify the shape of the nanoparticles. SEM image provided 

the morphology of the nanoparticles (figure 3). The 

scanning electron microscopic (SEM) image showed the 

high density of Cobalt NPs synthesized by Manihot esculent 

tuber root extract. The Cobalt nanoparticles were relatively 

spherical and also individual nanoparticle was aggregated 

shows large nanoparticles. This aggregation took place due 

to the presence of cell component and the surface of 

nanoparticles act as a capping agent. 

 
Fig. 3: SEM image of Cobalt nanoparticle  synthesised from 

Manihot esculent tuber extract 

C. Energy Dispersive X-Ray Spectroscopy 

To confirm the presence of the main elements in the 

synthesized materials an elemental composition analysis 

was done by energy dispersive X-ray spectroscopy (EDX). 

Using this technique the elemental composition of the 

materials was obtained with high resolution. EDX analysis 

data confirms that the main components of the materials. 

Manihot esculenttuber extract have the weight percentage of 

Cobalt as 3.96%(Figure 4). 

 
Fig. 4: Energy Dispersive X-rays spectrograph of Cobalt 

NPS  from  Manihot esculent tuber 

D. Antibacterial Activity 

The Cobalt Nanoparticles presence to have an good 

bactericidal activity. The synthesized Cobalt nanoparticles 
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from Manihot esculent tuber extract were tested against four 

different pathogenic microorganisms such as Escherichia 

coli, Klebsiella pneumoniae Staphylococcus aureus and 

Bacillus cereus. Manihot esculent tuber extract showed the 

zone of inhibition for Cobalt nanoparticles Escherichia coli 

is (14mm), Bacillus cereus(13mm ) and (13mm) for 

Klebsiella pneumonia (Figure 5). But no activity in 

Staphylococcus aureus  

 
Fig. 5: Antibacterial activity against, E.Coli, B.cereus, 

K.pneumonia and S.aureusfor Cobalt NPs from M.Esculent 

root extract. 

IV. CONCLUSION 

In this study we have developed an ecofriendly and 

environment safe green method for the synthesis of Cobalt 

nanoparticles using M.Esculent tuber extract with rapid 

speed. The tuber extract very much suitable for the synthesis 

of small Cobalt nanoparticles. The colour change from red 

to orange indicates the presence of stabilization and capping 

of Cobalt nanoparticles, which is confirmed by UV-VIS 

spectroscopy. The nanoparticles are very small in the range 

between 1-6 nm confirmed by XRD, SEM, and analysis of 

total content Cobalt nanoparticles by EDAX instrument. 

Further the antimicrobial studies indicated that the 

nanoparticles are toxic to different types of drug resistant 

microorganisms. Finally we conclude that the tuber extract 

of M.Esculent is ideal material for the rapid synthesis of 

CoNPs and act as a potential antimicrobial agent. 
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