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Abstract 
 

Biosynthesized silver nanoparticles (AgNPs) using organism have spurred great interest as a antimicrobial and 

biomedical agents. Green microalgae have advantages as they are easily available, grow rapidly and producing 

varieties metabolites. Synthesized of AgNPs from  microalgae C. vulgaris offer environmentally antimicrobial 

agent. The objectives of the study is producing AgNPs microalgae using C. vulgaris as eco-friendly antimicrobial 

agent. The research methods was conducted by synthesizing silver nanoparticle microalgae using C. vulgaris 

following by characterization under UV–visible spectroscopy,  transmission electron microscopy  (TEM), and 

scanning electron microscope (SEM) and Energy-dispersive X-ray spectroscopy (EDX). The research result showed 

AgNPs C. vulgaris microalgae were produced with and without agitation treatment under different condition. The 

synthesized AgNPs C. vulgaris exhibited a maximum absorption at 312 nm and 398 nm, and EDX analysis had 

determined that abundance chemical elements presented in a sample were carbon  and silver.  The TEM analysis 

revealed that they are spherical form. The spot of EDX analysis showed the presence of silver atoms. The SEM 

analysis shows the spherical shaped with some silver particle inside of the cell. These resut indicated that 

formation of silver nanoparticle microalgae using C. vulgaris has been succesfully obtained under the treatment.   
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Introduction 
 

Recently, synthesis of  silver nanoparticles  

using microorganisms, algae and plant extracts is 

already performed. The development of 

bionanotechnology in microalgae has shown that 

nano silver biosynthesis (nano silver) has increased 

the ability of microalgae as antimicrobial,  antifungal 

and anticancer (Devi and Bimba, 2012; Rajesh et 

al., 2012; Sudha et al., 2013; Anuradha et al., 2014; 

Patel et al., 2015; Duong et al., 2016; El-Sheekh 

and El-Kassas, 2016; Rajeshkumar et al., 2012). 

Integration of microalgae with nano silver has wider 

the spectrum of antimicrobials capability in 

microalgae. This development also makes nano 

silver microalgae become an acceptable 

antimicrobial product because it is environmentally 

safe.  

 

Nanobiotechnology dealing with metal 

nanoparticles and living organisms has spurred 

great interest due to its wide application range in 

almost every field of science and technology such as 

materials and manufacturing, nanoelectronics, 

information technology, medicine and health care, 

energy, biotechnology, food storage, household 

products, disinfectants, biomonitoring and 

environmental remediation (El-Nour et al., 2010; 

Balashanmugam and Kalaichelvan, 2015; 

Dahoumane et al., 2016). Eco-friendly nanoparticles 

have advantages especially in compatibility with 

pharmaceuticals over physical, chemical and 

microbial synthesis. High cost, inefficient treatment, 

contamination of toxic chemicals were leading to 

several  effects when silver nanoparticles are being 

applied in the medical and pharmaceutical 

applications (Balashanmugam and Kalaichelvan, 

2015; El-Sheekh and El-Kassas, 2016).  

 

Chlorella is widely used as a health food 

and feed supplement, as well as in the 

pharmaceutical and cosmetics industries. C. vulgaris 

contains 17 amino acids of both essential amino 

acids and non essential essential amino acids. C. 

vulgaris also contains high levels of 34 lipid acid, 

Omega 3, Omega 6, Omega 9, AA, DHA and PUFA. Its 

carotenoid content is α-carotene as much as 0.24 

mg.g-1 and β-carotene as much as 0.86 mg.g-1. 
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(Merin et al., 2010; Sivakumar et al., 2011; 

Kusumaningrum and Zainuri, 2015).  Although 

synthesis and characterization of silver 

nanoparticles on microalgae C. vulgaris had been 

conducted by Annamalai and Nallamuthu (2016), 

there are no reports concerning synthesis of AgNPs 

on C. vulgaris in higher concentration of silver using 

agitation treatment, their effect to the cell and how 

much concentration of silver in cell of microalgae.  

  
Materials and Methods  
 

Microalgae material 

 

C. vulgaris microalgae were obtained from 

Brackishwater Aquaculture Development Centre 

(BBPBAP) on Jepara Indonesia. They were held in 

seawater tanks, recirculated and aerated, with the 

temperature set at 25-28OC and salinity at 30-32‰. 

The tanks were monitored daily. The microalgae 

were cultivated using sea water enriched with Walne 

media.  

 

Microalgae Media 

 

Walne media for microalgae C. vulgaris 

growth and cultivation consist of NaH2PO4 20 g.L
1; 

NaNO3 10 g.L
1; FeCl3  0.15 g.L

1; Na2EDTA 45 

mg.L
1; 1H3BO3 3.36 g.L

1; MnCl2.4H2O 0.36 g.L
1, 

trace metal solution 1 mL.L
1, and 1 L distilled 

water. Trace metal solution was consist of  

NaMoO4.5H2O 0.39 g.L
1; MnCl2.4H2O 1.81 g.L

1; 

H3BO3 2.86 g.L
1; ZnSO4.7H2O 0.222 g.L

1; 

CuSO4.5H2O 0.079 g.L
1; Co(NO3)2.6H2O 0.0494 

g.L
1; pH was adjusted 6.8. All of the trace metal 

ingredients were dissolved in 200 mL of distilled 

water. The solution was adjusting the pH to 7.6 with 

HCl or NaOH while boiled for 10 min, and bring it into 

1 L. Solution sterilization was conducted by 

autoclaving at 120OC and 15 lb.in
2  (103 kPa and). 

The medium for microalgae cultivation was using by 

adding 0.1mL solution to each 10mL of seawater 

(McVey and Moore, 1983; Bidwell and Spotte, 1985).  

 

Preparation of 2 mM AgNO3 solution  

 

The solution of  2 mM AgNO3 was prepared by 

dissolving 1000 ppm AgNO3 with size about 1˗10 

nm in double distilled water and stored in amber 

coloured bottle to avoid auto oxidation of silver 

nitrate.  

 

Formation of microalgae silver nanoparticles  

 

Formation of microalgae silver nanoparticles 

was conducted using modification from some 

studies (Rajeshkumar et al., 2012; Sudha et al., 

2013; Ibraheem et al., 2016). The 100 mL 

microalgae extract with total cell count 10-5–10-7mL-

1 was added to 250mL AgNO3 2 mM solution, then 

the mixing solution was stirred for 6 hours using 

magnetic stirrer to perform agitation treatment on 

the sample (CVA). The same experiment was carried 

out with mixing solution without agitation treatment 

(CVWA). As a control, fresh C. vulgaris microalgae in 

Walne media and AgNO3 solution was used. The 

formation of silver nanoparticles was indicated by 

color change in solution from green to green 

brownish followed by brownish color. 

 

UV –Visible spectra analysis  

 

Synthesized silver nanoparticles were initially 

characterized by taking small aliquot of sample in to 

UV–Visible spectrophotometer absorption spectra at 

300-700 nm using Shimadzu UV -1800 Spectro-

photometer. 

 

SEM analysis of silver nanoparticles  

 

Scanning electron microscopic (SEM) analysis 

was carried by using Zeiss, EV-18 model. Samples of 

the dray material from aqueous solution of the silver 

nanoparticles (AgNPs) were prepared by centrifu-

gation at 8,000 rpm for 5 min. The pelet was dried. 

The SEM micrographs have been produced with 

magnifications 3000, 5000, 10000 and 20000 x 

(diameters). SEMs are equipped with x ray analytical 

capabilities. Thus topographic, cristallographic, and 

compositional information can be obtainaed rapidly, 

efficiently, and simultaneously from the same area.  

 

Energy-dispersive X-ray spectroscopy (EDS, EDX, 

EDXS, XEDS, EDXA or EDXMA) 

 

The X-ray excitation technique used for the 

elemental analysis or chemical characterization of a 

sample.  

 

 

Results and Discussion  
 

UV–Visible spectra analysis  

 

Marine microalgae like C. vulgaris contain a 

number of biodynamic compounds of therapeutic 

value. These compounds provide valuable ideas for 

the development of new drugs against microbial 

infections and contamination (Kusumaningrum and 

Zainuri, 2014). The present study was conducted to 

use the marine microalgae, C. vulgaris for the 

synthesis of nanosilver microalgae. The microalgae 

extract may act as reducing and capping agents in 

silver nanoparticles biosynthesis. Reduction of silver 

ions into nanosilver microalgae during exposure of 

the C. vulgaris extracts could be followed by color 

change. Studies have indicated that biomolecules 
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like protein, carbohydrates, lipids and phenols not 

only play a role in the capping of the nanoparticles, 

but also play an important role in reducing the ions 

to the nano size. The biomolecules found in these 

extracts like enzymes, vitamins, proteins, amino 

acids, and polysaccharides play a vital role in the 

reduction of Ag+ ions. The addition of silver nitrate 

solution into microalgae solution will change the 

reaction mixture turning brown,due to the excitation 

of the surface plasma vibrations, indicated of the 

formation of silver nanoparticles.  

 

Characterization of nanosilver microalgae  

were primarily performed by UV-Visible spectroscopy, 

which is proved to be a very useful technique for the 

analysis of these nanoparticles.  

 

A single broad peak was observed for 

microalgae, control and treatment that was 

correlated to plasmon excitation of the nanosilver 

microalgae as illustrated on Figure 1. Another 

researcher was in agreement with this result, in 

founding that absorption of silver nanoparticle of C. 

vulgaris was about 400 nm (Annamalai and 

Nallamuthu, 2016); and also 400-450 nm for 

Chlorella and Scenedesmus (Patel et al., 2015) 

 

The research based on the absorbance and 

wavelength values also show the synthesis of silver 

nanoparticles with agitation provide stability silver 

nanopartice of  microalgae. The agitation 

accelerates the process of forming silver 

nanoparticles. The absorbance value increases with 

the increasing contact reaction time. As the 

microalgae suspension was mixed with the aqueous 

solution of the silver ion complex it was changed 

from green to brown colour. This is due to the 

excitation of the surface plasma vibrations, which 

indicates the formation of the nanosilver microalgae. 

UV-Visible Spectrograph of nanosilver microalgae 

has been recorded as a function of time by using 

quartz cuvette with distilled water as the reference.  

 

Formation of the nanosilver microalgae of C. 

vulgaris monitored by UV–Vis spectroscopy exhibits 

a strong absorption due to the collective oscillation 

of the conduction electrons, after appropriate 

excitation by suitable radiation. This phenomenon is 

adressed as localized surface plasmon resonance, 

which is highly dependent on the size and shape of 

the nanoparticles.  

 

SEM analysis  

 

The SEM analysis showed morphological, 

cellular ultrastructural changes of C. vulgaris cells 

after 160 hours of exposure with AgNPs which also 

accomplished by the differences in surface 

topography as the electron beam sweeps across the 

specimen. As showed in Figure 2., the morphology of 

C. vulgaris cell with silver addition maintained a 

smooth exterior, a round and spherical shape with 

size 0,4–0,8 µm (CVA),  0,4-0,9 (CVWA), 0.91–1,43 

µm (CV). Its also showed that agitation treatment did 

not caused greater effect on cell structure and  

morphologycaused by intense contact among AgNP 

particles and cells surface. This result was in 

contrast with another researcher which was  proven 

that nanoparticles can caused change in morphology 

and dimensions of green algae Chlamydomonas 

reinhardtii and Dunaliella salina (Dahoumane et al., 

2017). The AgNP microalgae also revealed spherical 

and cuboidal nanoparticles. Similar phenomenon 

was reported by Annamalai and Nallamuthu (2016) 

and Balashanmugam and Kalaichelvan (2015). 

 

EDX analysis 

 

Quantitative determination of bulk elemental 

composition and the location of AgNPs on cell 

surface for C. vulgaris as a control, AgNPs of C. 

vulgaris with agitation treatment and AgNPs of C. 

vulgaris without agitation treatment, were analyzed 

using the combination of both X-ray (EDX) and ZAF 

factor. Result shows that C. vulgaris and AgNPs 

microalgae contains four major basic elements of 

microalgae consist of Carbon (C), Oxygen(O), sodium 

(Na), calsium (Ca). EDX analysis for AgNPs of C. 

vulgaris shows the addition of two different elements 

Cu (Cuprum) and silver (Ag) as illustrated in Figure 3, 

4, 5.  Some other chemical compounds are also 

found in AgNO3 solution in very small quantities. 

Although C, O. Na, kalium (K), magnesium (Mg) and 

chloride (Cl)  was used as a standard concerning 

their based on their high concentration in the 

microalgae cell (Mandalam and Palsson, 1998). The 

EDX analysis also showed the high concentration of 

Ag indicating the formation of microalgae nano 

particle. Characteristic peaks was supported the

  

 Table 1. UV-Visible absorption spectrum of microalgae and control 

 

Microalgae  UV-Visible absorption spectrum 

AgNO3 343 nm 

C. vulgaris 410 nm 

Nanosilver C. vulgaris with agitation 312 nm 

Nanosilver C. vulgaris without agitation 398 nm 



 

 

 ILMU KELAUTAN: Indonesian Journal of Marine Sciences March 2019 Vol 24(1):7-14 

10  Formation of Eco-friendly Silver Nanoparticle (H.P. Kusumaningrum et al.) 

 
 

Figure 2. SEM image of nanosilver microalgae formed by C. vulgaris (left to right= nanosilver microalgae C.vulgaris without 

agitation CVA, nanosilver microalgae C.vulgaris with agitation, C.vulgaris) (x20.000µm) 
 

 
 

 
Figure 3. The quantitative determination of bulk elemental composition of C. vulgaris 

 

result in  representing the dominant material in the 

cell of microalgae. These result were in agreement 

with Bhowmick et al. (2009). The use of EDX and 

ZAF Factor for AgNPs of C. vulgaris analysis is proven 

to be representative method for showing the 

elemental composition as supporting by previous 

result (Newbury and Ritchie, 2013; Trincavelli et al., 

2014; Wassilkowska et al., 2015) 

 

The EDX analysis was performed for the 

confirmation of C. vulgaris silver nanoparticles. 

Figure 3 shows the evidence of EDX analysis in the  
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ZAF Method Standardless Quantitative Analysis(Oxide) 

Fitting Coefficient : 0.0181 

Total Oxide : 24.0  
 

Element        (keV)   Mass%   Sigma    Mol%  Compound   Mass%  Cation         K 
 C K           0.277   37.78    0.14   70.05  C          37.78    0.00    4.6763 

   O                      9.82                                                     
Na K           1.041   21.39    0.12   10.36  Na2O       28.83   36.36   35.4530 

Mg K           1.253    0.90    0.04    0.82  MgO         1.49    1.45    0.8598 
Si K           1.739    0.53    0.04    0.42  SiO2        1.13    0.74    0.7708 

 P K           2.013    0.17    0.04    0.06  P2O5        0.39    0.22    0.2717 
 S K           2.307    0.48    0.03    0.33  SO3         1.19    0.58    0.8480 

Cl K           2.621   28.03    0.07   17.61  Cl         28.03    0.00   55.6671 
 K K           3.312    0.19    0.02    0.05  K2O         0.23    0.19    0.2929 

Ca K           3.690    0.24    0.02    0.14  CaO         0.34    0.24    0.4062 
Zn K           8.630    0.47    0.06    0.16  ZnO         0.59    0.28    0.7542 

  Total                 100.00          100.00            100.00   40.05 
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Figure 4. The quantitative determination of bulk elemental composition on AgNPs of C. vulgaris with agitation treatment 
 

 

spot profile mode for each treatment.  The EDX 

analysis combined with SEM was used also to 

characterize the chemical composition and the 

location of AgNPs on cell surface (Anuradha et al., 

2014). The chemical composition of AgNO3 as 

illustrated the EDX analysis on Figure 3 was 

containing 31,9 % concentration of Ag characterized 

by the high peak appearance in the XRD image as 

marked by green colour. The sharp diffraction 

patterns of the XRD spectra indicates a pure 

crystalline silver structure. The X-rays of C. vulgaris 

are scattered by diffraction owing to the unique 

crystalline structure of the material analyzed. This 

result was in agreement with previous study  that the 

silver metals attached to the cell wall (Patel et al., 

2015). Energy Dispersive Analysis of X-ray (EDAX) 

gives qualitative as well as quantitative status of 

elements that may be involved in the formation of 

AgNPs.  

 

TEM analysis 

 

The TEM analysis had showed the detailed 

information of the three-dimensional structure of 

silver nanopartice of  microalgae from planar serial 

sections. Figure 6 showed the construction of  the 

microalgae cell image from a through-focal series of 

images formed in a scanning confocal optical 

microscop. Its also exhibited the silver crystal that 

entering into the cell that was not cause the 

disruption of cell wall or making lysis of the cell. This 

result also exhibited that the silver metals not only 

attached to the cell wall but also embedded in the 

cell. This analytical method also proven the  

characterization of the particle structure and confirm 

the presence of the nanoparticles. Silver ions 

released from AgNPs may penetrate inside the cell 

membranes interacting with sulfur and phosphorus 

containing compounds such as proteins and DNA 

(Jyoti et al., 2016).  

 

The study showed that production of 

microalgae silver nanoparticle using C. vulgaris can 

be performed under the concentration of 2 mM of 

silver under agitation treatment. This result  was in 

contrast with other researcher in  having the lysis of 

the cell in 1mM  of silver concentration Annamalai 

and Nallamuthu (2016). This study also exhibited 

that the cell  still maintaining their structure stability 

while containing  about 32% of the silver. This result  

showing the indication that agitation treatment was 

supporting the stability of the cell in dispersing the 

silver material around the cell. 

 

These data showed implication that silver 

nanoparticle microalgae can be potentially saved for  
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ZAF Method Standardless Quantitative Analysis(Oxide) 

Fitting Coefficient : 0.0444 

Total Oxide : 24.0 

 

Element        (keV)   Mass%   Sigma    Mol%  Compound   Mass%  Cation         K 

 C K           0.277   75.39    0.05   96.07  C          75.39    0.00   61.7291 

 O                      3.26                                                     

Na K           1.041    0.54    0.03    0.18  Na2O        0.73    2.76    0.7218 

Al K           1.486    0.40    0.03    0.11  Al2O3       0.75    1.73    0.5568 

Si K           1.739    1.14    0.05    0.62  SiO2        2.45    4.80    1.9172 

Cl K           2.621    3.84    0.03    1.66  Cl          3.84    0.00    8.4684 

Ca K           3.690    0.21    0.02    0.08  CaO         0.29    0.60    0.3692 

Cu K           8.040    1.17    0.06    0.28  CuO         1.46    2.16    1.9397 

Ag L           2.983   14.05    0.09    1.00  Ag2O       15.10   15.34   24.2979 

Total                 100.00          100.00            100.00   27.39 
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Figure 5. The quantitative determination of bulk elemental composition on C. vulgaris without agitation treatment 

 
 

 
 

 

 

Figure 6. TEM analysis  of AgNPs of C. vulgaris cell with agitation (left) and without agitation (right) (200 nm) 
 

 

application on human body at low concentrations, 

capable for large scale production because of fast 

multiplication of cells, and environmentally safe, 

comparing with chemical and physical methods as in 

agreement with previous research (El-Sheek and El-

Kassas, 2016, Ibraheem et al., 2016). Interestingly, 

the use of microalgae as organic coating material 

shown by this study has opened up opportunities for 

the development of this potency in future studies 

especially for biomedical applications. 

 

Conclusion  
 

The present study reveals that the microalga 

C. vulgaris is good source for the synthesis of silver 

nanoparticles at a high silver concentration. The 
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ZAF Method Standardless Quantitative Analysis(Oxide) 

Fitting Coefficient : 0.0194 

Total Oxide : 24.0 

 

Element        (keV)   Mass%   Sigma    Mol%  Compound   Mass%  Cation         K 

 C K           0.277   35.43    0.14   67.80  C          35.43    0.00    3.8099 

 O                      8.49                                                     

Na K           1.041   23.67    0.10   11.83  Na2O       31.91   46.54   36.5197 

Cl K           2.621   30.84    0.07   19.99  Cl         30.84    0.00   57.5180 

Cu K           8.040    0.80    0.06    0.29  CuO         1.00    0.57    1.1952 

Ag L           2.983    0.77    0.05    0.08  Ag2O        0.82    0.32    0.9571 

Total                 100.00          100.00            100.00   47.43 
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formation of silver nanoparticles was confirmed by  

characterization using UV-Vis, SEM, EDX and TEM 

techniques. The microalgae silver nanoparticles 

formed were quite stable in the solution. The 

agitation treatment act as the surface active 

stabilizing molecules and cell structure for the 

synthesis of silver nanoparticles.  
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