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A B S T R A C T

Iron nanoparticles (FeNPs) have attracted increasing attention due to their 
unique properties and great potential for various applications. Physical 
and chemical methods are conventionally used for synthesis of FeNPs. 
These methods employ toxic chemicals and organic solvents and usually 
are performed at harsh conditions. Hence, there is an increasing demand 
to develop sustainable methods for synthesis of FeNPs.  Biosynthesis is 
emerging as a green approach to alleviate the environmental and econom-
ic disadvantages of the traditional techniques. Since now, various organ-
isms such as bacteria, fungi, and plants have been used for FeNPs fabri-
cation with no or limited attention to algae and microalgae. While, these 
organisms are wealthy sources of bioactive compounds which can be used 
in biosynthesis of FeNPs in a non-toxic, cost-effective, ecofriendly, and 
facile manner. The present work summarizes algae and microalgae as po-
tential biofactories for the synthesis of iron-based nanoparticles and their 
potential applications in biomedicine and environmental remediation.
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1. Introduction

Nanoparticles are small particles in the 
range of 1 to 100 nm in size. They act 
as a bridge between bulk materials 
and atomic or molecular structures 

[1] . Due to the small size and high surface vol-
ume ratio of nanoparticles, their characteristics 
are different from their bulk counterparts. These 
properties make nanoparticles effective in many 
fields of science and technology [2]. In recent 

years, iron nanoparticles (FeNPs) have gained a 
significant interest due to their unique physico-
chemical and biological properties and variety in 
chemical structure and properties. These particles 
are available in different forms including zero 
valent iron, iron oxides, iron oxide-hydroxides, 
and iron hydroxides [3]. FeNPs with biocompat-
ible coatings are FDA approved for application 
in food and pharmaceutical industries. Due to 
increase in industrial and technical demands for 
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FeNPs various approaches for the synthesis of 
these useful nanoparticles were developed[4-8]. 
These approaches can be divided into two main 
categories, known as top-down and bottom-up. 
Top-down approaches employ the physical and 
chemical means to reduce the size of bulk mate-
rials. These methods are not preferred, because 
large amount of materials and high energy are 
needed. Also, prepared particles are not usually 
in fine quality. In bottom-up approaches atoms 
or molecules are assembled into nanostructures 
[9]. Classically, wide variety of physical and 
chemical methods are used for synthesis of metal 
nanoparticles. The physical method comprise of 
ball milling [10, 11], laser ablation [12], pyroly-
sis [13], electric discharge [14], gas phase depo-
sition and aerosol [15]. Physical methods are 
not capable to control the size of particles in the 
nanometer range and also require high tempera-
tures and pressures making them uneconomic. 
The main chemical methods which are developed 
for the synthesis of FeNPs are coprecipitation [5, 
16, 17], microemulsion [18], sol-gel [19, 20], 
sonochemical [21], hydrothermal [22], flow in-
jection [23], electrospray [24], hydrolysis and 
thermolysis [25]. Many of these processes em-
ploy very active and hazardous reducing, capping 
and stabilizing agents such as hydrazine [26], so-
dium borohydride [27] potassium bitartrate [28] 
and methoxy polyethylene glycol [29]. These 
chemicals are environmentally toxic and also re-
strict the medical and biological applications of 
synthesized nanoparticles [11, 30]. Hence, there 
is an essential need to develop sustainable tech-
niques for the synthesis of biocompatible FeNPs. 
To resolve these problems, researchers are mov-
ing toward green synthesis of nanoparticles. The 
green technologies usually happen at ambient 
condition while using renewable and natural 
sources instead of chemical reagents and organ-
ic solvents [6-8]. As a result, this technology is 
an environmental friendly, clean, biocompatible, 
non-toxic, cost effective, and economic process 
[8]. In the green synthesis approaches bioactive 
compounds from biologic sources were used in-
stead of chemical reagents. These bioactive com-
pounds can act as reducing and stabilizing agents 
for biosynthesis of nanoparticles with diverse 
morphologies and chemical formulas [31-33]. 
Since now, green synthesis of FeNPs are per-
formed by different organisms such as bacteria 

[6, 34], fungi [35], and plants [7, 8]. But, less at-
tention was paid to the potential role of algae and 
microalgae [36, 37]. These organisms are wide-
ly used for the synthesis of silver nanoparticles 
(AgNPs) [38], while there are a few reports on 
the synthesis of iron-based nanoparticles [39]. 
Algae and microalgae cells are rich in lipids, 
polysaccharides, minerals, polyunsaturated fatty 
acids, vitamins, polyphenols, and secondary me-
tabolites [40]. These organisms are also reach in 
bioactive compounds effective against bacteria 
[41], cancer [42, 43], allergy [44], diabetes [45], 
obesity [46], and inflammatory diseases [47]. It 
has been shown that aquatic organisms are full of 
biochemical molecules with hydroxyl, carboxyl, 
and amino functionalities which can act as both 
reducing and capping agent to provide a powerful 
coating on the metal nanoparticles [48-50]. Algae 
and microalgae can be considered as a source of 
bioactive compounds for the green synthesis of 
FeNPs due to their availability, safety and effi-
cacy [39]. The present work is aiming to discuss 
the biogenic fabrication of iron-based nanoparti-
cles from algae and microalgae and their possible 
applications.

2. Algae-mediated synthesis of FeNPs

Algae or seaweeds are classified into brown al-
gae (Phaeophyceae), red algae (Rhrodophyceae), 
and green algae (Chlorophyceae) according to 
cell wall chemistry, presence or absence of flagel-
la, nature of the chlorophyll and pigments [51]. 
Brown algae are the most predominant species of 
seaweeds employed for FeNPs synthesis. Until 
now, Sargassum muticum, Sargassun acinarium, 
Padina pavonica, and Dictyota dicotoma were 
used for biosynthesis of FeNPs [52-54]. Kappa-
phycus alvarezii was the only red algae that was 
reported for this purpose [55]. Algal aqueous 
extract solution is commonly used for the algae 
mediated synthesis of nanoparticles. For this pur-
pose, algae specimens are freeze-dried or shine 
dried then grounded to fine powder. The powder 
is boiled in deionized water for about 15 min. 
The extract is cooled at room temperature, fil-
tered and used in the biosynthesis reaction. Ferric 
ions or a mixture of ferric and ferrous ions is used 
as iron precursor. After addition of iron salt solu-
tion to algal extract, color of the reaction mixture 
is rapidly changed to black or dark brown which 
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is an indicative of FeNPs formation [53, 54, 56]. 
This procedure is schematically illustrated in 
Fig. 1. Since now, algae mediated biosynthesized 
FeNPs have been reported to be in the range of 
10 nm to 50 nm in diameter. This difference can 
be due to variations in the content of bioactive 
molecules from different algal species. The big-
gest reported algae derived FeNPs were obtained 
from D. dicotoma. Particles were in the size of 
40-50 nm having a cubic shape. Despite of the 
large size, biosynthesized nanoparticles were sta-
ble even after three months of storage indicating 
that the nanoparticles were properly coated with 
biological molecules. This biologic coating pro-
vides stable dispersity in aqueous solutions and 
prevents particles from aggregation [53]. In fact, 
algae contain a wide variety of biochemicals such 
as proteins, carbohydrates, lipids, pigments, vi-
tamins, phenols, polyphenols, flavonoids, alka-
loids, fucoxanthins, and diterpenoids which can 
act as both reducing and stabilizing agent [52, 54, 
55, 57-61]. Algae mediated synthesis of FeNPs 
has some drawbacks. The main disadvantage is 
that algae derived FeNPs are mostly magnetite 
(Fe3O4) nanoparticles and there are rare reports 
for production of other iron-based nanoparticles. 

Limitation in the particles morphology is anoth-
er disadvantage. As depicted in Table 1, cubic 
and spherical nanoparticles are the only reported 
forms to date. It has been determined that cer-
tain functional groups and amino acid residues 
in biological compound can play a shape con-
trolling role [62].  By modification of these effec-
tive groups it is possible to manipulate the shape 
of prepared particles [62]. As another alterna-
tive, iron nanoparticles which were synthesized 
by chemical processes can be coated with algal 
biomolecules. Silva and coworker have coated 
magnetic nanoparticles with fucan polysaccha-
ride from Sargassum symosum [63]. Naked and 
fucan-coated Fe3O4 nanoparticles were 10 nm in 
size and fucan coating had no adverse effect to-
ward increasing the particle size. Both particles 
showed same XRD patterns which indicate that 
the process of coating and functionalization dose 
not degrade structure of the core magnetite. Fu-
can-coating can reduce particles interactions and 
aggregations and hence increase particles colloi-
dal stability. Interestingly, reduction in the inter-
actions between particles limits the disorders of 
the spins on the surface of nanoparticles and in-
crease the magnetization [63]. 
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Figure 1. Algae mediated synthesis of FeNPs in schematic illustration



3. Microalgae-mediated synthesis of FeNPs 

Biosynthesis of iron-based nanoparticles using 
microalgae can be performed by using dried bio-
mass (Fig. 2) or living cells (Fig. 3) [36, 64-66]. 
When using algal biomass, nanoparticles form by 
adhesion of iron ions on the cell surface followed 
by reduction into the FeNPs. The carbonyl and 
amine groups of carbohydrates and glycoproteins 
present in algal cell wall actively reduce iron ions 
into nanoparticles [66]. However, in the living 
cell approaches, iron salt solution is added direct-
ly into the culture of living microalgae cells and 
they can continue to photosynthesis, metabolism 
and proliferation. The cells uptake iron cations 
and transport it into the cells through an intracel-
lular process leading to the formation of FeNPs 
in the cytoplasm [67, 68]. Whenever living cells 
were used for the synthesis of FeNPs, chosen 
iron salt has an immense impact on the viabil-
ity of cells and the formation of nanoparticles. 
By adding FeCl3 as iron precursor into the living 
culture of microalgae, the pH of culture medium 
decreases due to progressive formation of HCl. 
This phenomenon can reduce pH of the medium 

to about 4 which results to a progressive decrease 
in photosynthetic activities and eventually cell 
death [36]. Meanwhile, the cells are resistance to 
an equimolar solution of ferrous and ferric ions.  
Also, iron ions complex can increase the photo-
synthetic activity of the cells between 5 and 15 
days [36]. Since now biosynthesis of FeNPs has 
been carried out by some photosynthetic micro-
organisms such as Chlorococcum sp, Chlorella 
sp, Euglena gracilis, Klebsormidium flaccidum, 
Anabaena flos-aquae, and Calothrix pulvinata 
[36, 65, 67, 68]. FeNPs fabrication by using mi-
croalgae and cyanobacteria has some advantages 
over algae mediated synthesis. In this regards, 
photosynthetic microbial cells are capable to bio-
synthesize small FeNPs with about 5 nm diame-
ter [66]. Similar findings were also reported for 
other metal nanoparticles which employed mi-
croalgae cells [38]. Preparing ultra small FeNPs 
with a huge surface area is a great advantage to 
be used in catalytic application and contaminant 
remediation [66, 69]. In addition to ultra-small 
nanoparticles, iron microparticles were reported 
to be synthesized by using microalgae [68]. Mi-
croalgae are capable to synthesize a wide variety 
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Table 1. Characteristic features of algae and microalgae mediated synthesized FeNPs
Phylum Genus/Species FeNPs Size(nm) Shape Synthesis Reference

Algae Sargassum muticum Fe3O4 17-25 Cubic - (52)

Padina pavonica Fe3O4 10-19.5 Spherical - (54)

Sargassum acinarium Fe3O4
21.6-
27.4 Spherical - (54)

Dictyota dicotoma Fe 40-50 Cubic - (53)

Kappaphycus alvarezii Fe3O4 11-20 Spherical - (55)

Microalgae Chloroccum sp Fe0 20-50 Spherical Intracellular, 
Extracellular (64)

Chlorella sp Fe 5-50 Spherical - (66)

Euglena gracilis 2-Lines 
ferrihydrite 0.6-1 Spherical Intracellular (68)

Klebsormidium flac-
cidum β-FeOOH 100 Nanorod Intracellular (36)

Cyanobacteria Anabaena flos-aquae β-FeOOH 100 Nanorod Intracellular (36, 80)

Calothrix pulvinata β-FeOOH 100 Nanorod Intracellular (36)

Not indicated Fe3O4/AC 
composite 325 - - (65)
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of iron-based nanoparticles from zero valent to 
iron oxides and iron oxide hydroxide nanoparti-
cles [36, 66, 68]. Despite these advantages, bio-
synthesis of iron-based nanoparticles using mi-
croalgae is conducted in longer time as compared 
to algae-mediated synthesis. FeNPs were report-
ed to be synthesized in just one hour when using 
algae. However, reaction time for microbial cells 
mediated synthesis is about 24 to 48 h and this 
time can be longer while using living cells [65]. 
Cultivation of microalgae and cyanobacteria is 
another matter. These cells are not fast growing 
and usually a long period of incubation and illu-
mination is required to provide enough biomass 
for biosynthesis purposes. In addition, the media 
which are commonly used for cultivation of pho-
tosynthetic microorganisms are salty solutions 
with no facile preparation protocol [38, 42]. 

4. Applications of algae and microalgae medi-
ated synthesized FeNPs 

Anticancer activity
Cancer is among the main cause of mortality 

worldwide and results in serious health problems. 

Currently, researchers have focused on develop-
ing methods to control and treat cancer. Among 
developed and applied techniques, nanotechnolo-
gy and treatment of tumors by nanoparticles have 
gained an extensive attention. Decrease in drug 
resistance and drug dosage, high efficiency diag-
nosis, sensitive and intelligent targeting, unique 
magnetic properties, ease of functionalization, 
biocompatibility, and biodegradability are the 
factors that make FeNPs one of the first candi-
dates for cancer therapy. Algae and microalgae 
mediated synthesized FeNPs are not exceptional 
and investigations in order to apply these parti-
cles for cancer treatment are undergone. Namvar 
and colleagues (2014) have evaluated in vitro an-
ticancer activity of magnetic iron oxide nanopar-
ticles synthesized via seaweed extract on several 
human cell lines [70]. The examined particles in-
hibited proliferation of cancer cell lines in a time- 
and dose-dependent manner. After 72 hours of 
treatment, inhibitory concentration 50 (IC50) of 
Fe3O4 magnetic nanoparticles on HepG2, MCF-
7, HeLa, and Jurkat cell lines were 23.83±1.1, 
18.75±2.1, 12.5±1.7, and 6.4± 2.3 μg/ml, respec-
tively [71]. In another study, same research group 
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Figure 2. Extracellular biosynthesis of FeNPs by using microalgae dried biomass



Figure 3. Intracellular biosynthesis of FeNPs by using microalgae living cells
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showed apoptotic effect of magnetic iron oxide 
nanoparticles on A2780cp ovarian cancer cells 
which show superior resistance to chemotherapy. 
Induced apoptosis in ovarian cancer cell line was 
observed in a time- and dose-dependent manner 
[70].

5. Antibacterial activity

Infectious diseases are considered as a serious 
problem for public health worldwide due to emer-
gence of resistant strains. Hence, there is a need to 
develop new generation of antimicrobial agents. 
So far, several studies have been conducted on 
the toxicity of AgNPs against microbial cells but 
very little is known about the toxicity of iron ox-
ide nanoparticles [4, 5, 16, 17, 72-76]. Impacts 
of FeNPs on the microorganisms are depending 
on physicochemical properties of nanoparticles 
and species of microorganisms. In some studies, 
FeNPs show inhibitory effect on microorganisms 
while in other studies iron-based nanoparticles 
can promote the growth of bacterial cells [4, 5, 
16, 17, 72-76]. Usually at low concentrations, 
FeNPs can act as exogenous iron source for mi-
crobial cells and promote their growth. However, 
at high concentrations the antimicrobial effects 
are appeared [73, 75]. Similar findings were also 
reported for mammalian cell lines [77]. FeNPs 
also can improve the efficiency of antibiotics 
against microorganisms. It has been shown that 

use of FeNPs as nanocarrier for antibiotics can 
increase the sensitivity of microorganisms [53, 
76, 78]. Algae derived FeNPs were also applied 
for antimicrobial purposes. Antimicrobial activi-
ties of FeNPs synthesized by Dictyota dicotoma 
and nanoparticles in conjugation with antibiotics 
have been evaluated against Enterococcus hirae, 
Pseudomonas aeruginosa and Escherichia coli. 
The results revealed that nanoparticles in con-
jugation with penicillin G and amoxicillin have 
higher antibacterial effects [53]. 

6. Remediation

FeNPs are widely used for the remediation of 
contaminants due to their small size, high surface 
area and magnetic property. Easy separation of 
adsorbents from the system is possible by mag-
netic property of iron-based nanomaterials. More-
over, these particles can be reused several times 
which reduces their production costs [79]. The 
potential of algae mediated synthesized FeNPs 
were also examined for removal of heavy metals. 
It has been shown that magnetite nanoparticles 
which were synthesized by Padina pavonica and 
Sargassum acinarium and were entrapped in cal-
cium alginate beads were capable for Pb adsorp-
tion. It is interesting that particles which derived 
from different algae have different affinity for 
Pb adsorption. The biosynthesized nanoparticles 
from P. pavonica showed higher capacity for Pb 
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adsorption (91%) while that of S. acinarium had a 
capacity of (78%) after 75 min [54].  Subramani-
yam et al. evaluated the potential of phycosyn-
thesized iron nanoparticles in remediation of Cr 
(VI). The results of their study showed that iron 
nanoparticles reduced 92 % of 4 mg/L Cr (VI) 
to Cr (II). They also indicated a dose-dependent 
relationship between nanoparticle concentrations 
and removal percentage of Cr (VI) so that in-
creasing the nanoparticle concentration elevated 
the Cr (VI) removal percentage [64]. FeNPs from 
cyanobacteria were also employed for pollutant 
removal from aqueous environments. Fe3O4/ac-
tivated carbon (Fe3O4/AC) composites were syn-
thesized by using cyanobacterial cells and were 
used for methylene blue removal from aqueous 
solution. Maximum capacity of the prepared 
composite for dye adsorption was evaluated to be 
207.9 mg/g [65].

7. Conclusion

The biogenic synthesis of iron nanoparticles 
has attracted considerable attention due to their 
unique properties, which makes them highly de-
sirable for application in wide range of industries. 
Algae and microalgae offer a non-toxic, cost-ef-
fective, ecofriendly, facile, and one-pot approach 
for the synthesis of iron nanoparticles. Where 
polysaccharides, proteins and other bioactive 
compounds present in algae and microalgae can 
act as both reducing and stabilizing agent during 
the biosynthesis process. To date, various organ-
isms such as bacteria, fungi, and plants have been 
used for fabrication of FeNPs with no or very 
limited attention to algae and microalgae. Thus, 
there is a significant need for further studies to 
explore different algae for FeNPs production and 
evaluate their potential use in various applica-
tions.

Ethical Considerations

Compliance with ethical guidelines

There was no animal or human study in this 
work.

Funding

This experiment was financially supported by 

References

[1] Hussain I, Singh N, Singh A, Singh H, Singh S. 
Green synthesis of nanoparticles and its potential 
application. Biotechnol Lett. 2016;38(4):545-60.
[2] Narayanan KB, Sakthivel N. Green synthesis 
of biogenic metal nanoparticles by terrestrial and 
aquatic phototrophic and heterotrophic eukary-
otes and biocompatible agents. Adv Colloid Inter-
face Sci. 2011;169(2):59-79.
[3] F Hasany S, H Abdurahman N, R Sunarti 
A, Jose R. Magnetic Iron Oxide Nanoparticles: 
Chemical Synthesis and Applications Review. 
Curr Nanosci. 2013;9(5):561-75.
[4] Ebrahiminezhad A, Varma V, Yang S, Beren-
jian A. Magnetic immobilization of Bacillus sub-
tilis natto cells for menaquinone-7 fermentation. 
Appl Microbiol Biotechnol. 2016;100(1):173-80.
[5] Ebrahiminezhad A, Varma V, Yang S, Gha-
semi Y, Berenjian A. Synthesis and application 
of amine functionalized iron oxide nanopar-
ticles on menaquinone-7 fermentation: A step 
towards process intensification. Nanomaterials. 
2015;6(1):1-9.
[6] Ebrahiminezhad A, Zare M, Kiyanpour S, 
Berenjian A, Niknezhad SV, Ghasemi Y. Biosyn-
thesis of xanthan gum coated iron nanoparticles 
by using Xanthomonas campestris. IET Nanobio-
technol. 2017;151:684-91.

Shiraz University of Medical Sciences.

Authors contributions

Conceptualization: A. Ebrahiminezhad, S.-M. 
Taghizadeh
Data Curation: A. Taherpour
Writing: S.-M. Taghizadeh, A. Taherpour, A. 
Ebrahiminezhad
Review & Editing: A. Ebrahiminezhad
Visualization: S.-M. Taghizadeh
Supervision: A. Ebrahiminezhad

Conflict of interest

The authors declared no conflict of interest.

Acknowledgments

The study was financially supported by Shiraz 
University of Medical Sciences.



Taghizadeh SM, et al. Algae and microalgae mediated synthesis of iron nanoparticles and their 
applications. JAMSAT. 2020; 5(1):1-118

JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies   August 2020, Volume 5, Number 1

[7] Ebrahiminezhad A, Zare-Hoseinabadi A, Ber-
enjian A, Ghasemi Y. Green synthesis and charac-
terization of zero-valent iron nanoparticles using 
stinging nettle (Urtica dioica) leaf extract. Green 
Proc Synth. 2017;6(5): [doi: 10.1515/gps-2016-
0133]
[8] Ebrahiminezhad A, Zare-Hoseinabadi A, Sar-
mah AK, Taghizadeh S, Ghasemi Y, Berenjian A. 
Plant-Mediated Synthesis and Applications of 
Iron Nanoparticles. Mol Biotechnol. 2017:1-15.
[9] Ponnuchamy K, Jacob JA. Metal nanoparticles 
from marine seaweeds–a review. Nanotechnolo-
gy Reviews. 2016;5(6):589-600.
[10] Muñoz JE, Cervantes J, Esparza R, Rosas G. 
Iron nanoparticles produced by high-energy ball 
milling. J Nanopart Res. 2007;9(5):945-50.
[11] Saif S, Tahir A, Chen Y. Green synthesis 
of iron nanoparticles and their environmental 
applications and implications. Nanomaterials. 
2016;6(11).
[12] Amendola V, Riello P, Meneghetti M. Mag-
netic nanoparticles of iron carbide, iron oxide, 
iron@ iron oxide, and metal iron synthesized by 
laser ablation in organic solvents. J Phys Chem C. 
2010;115(12):5140-6.
[13] Morjan I, Alexandrescu R, Dumitrache 
F, Birjega R, Fleaca C, Soare I, et al. Iron ox-
ide-based nanoparticles with different mean siz-
es obtained by the laser pyrolysis: structural and 
magnetic properties. J Nanosci Nanotechnol. 
2010;10(2):1223-34.
[14] Lung J-K, Huang J-C, Tien D-C, Liao C-Y, 
Tseng K-H, Tsung T-T, et al. Preparation of gold 
nanoparticles by arc discharge in water. J Alloys 
Compd. 2007;434:655-8.
[15] Ali A, Hira Zafar MZ, ul Haq I, Phull AR, 
Ali JS, Hussain A. Synthesis, characterization, ap-
plications, and challenges of iron oxide nanopar-
ticles. Nanotechnology, science and applications. 
2016;9:49-67.
[16] Ranmadugala D, Ebrahiminezhad A, Man-
ley-Harris M, Ghasemi Y, Berenjian A. The effect 
of iron oxide nanoparticles on Bacillus subtilis 
biofilm, growth and viability. Process Biochem. 
2017;62(2017):231-40.
[17] Ranmadugala D, Ebrahiminezhad A, Man-
ley-Harris M, Ghasemi Y, Berenjian A. Impact of 
3–aminopropyltriethoxysilane-coated iron oxide 
nanoparticles on menaquinone-7 production us-
ing B. subtilis. Nanomaterials. 2017;7(11).
[18] Vidal-Vidal J, Rivas J, López-Quintela M. 

Synthesis of monodisperse maghemite nanoparti-
cles by the microemulsion method. Colloids Surf 
Physicochem Eng Aspects. 2006;288(1-3):44-51.
[19] Xu J, Yang H, Fu W, Du K, Sui Y, Chen J, et 
al. Preparation and magnetic properties of mag-
netite nanoparticles by sol–gel method. J Magn 
Magn Mater. 2007;309(2):307-11.
[20] Qi H, Yan B, Li C, editors. Preparation and 
magnetic properties of magnetite nanoparticles 
by sol-gel method. Nanoelectronics Conference 
(INEC), 2010 3rd International; 2010: IEEE.
[21] Pinkas J, Reichlova V, Zboril R, Moravec Z, 
Bezdicka P, Matejkova J. Sonochemical synthesis 
of amorphous nanoscopic iron (III) oxide from 
Fe (acac) 3. Ultrason Sonochem. 2008;15(3):257-
64.
[22] Xuan S, Hao L, Jiang W, Gong X, Hu Y, Chen 
Z. Preparation of water-soluble magnetite nano-
crystals through hydrothermal approach. J Magn 
Magn Mater. 2007;308(2):210-3.
[23] Salazar-Alvarez G, Muhammed M, Zagorod-
ni AA. Novel flow injection synthesis of iron ox-
ide nanoparticles with narrow size distribution. 
Chem Eng Sci. 2006;61(14):4625-33.
[24] Basak S, Chen D-R, Biswas P. Electrospray of 
ionic precursor solutions to synthesize iron oxide 
nanoparticles: modified scaling law. Chem Eng 
Sci. 2007;62(4):1263-8.
[25] Kimata M, Nakagawa D, Hasegawa M. 
Preparation of monodisperse magnetic particles 
by hydrolysis of iron alkoxide. Powder Technol. 
2003;132(2-3):112-8.
[26] Li Y, Duan X, Qian Y, Yang L, Liao H. Nano-
crystalline silver particles: synthesis, agglomera-
tion, and sputtering induced by electron beam. J 
Colloid Interface Sci. 1999;209(2):347-9.
[27] Mehr FP, Khanjani M, Vatani P. Synthesis of 
Nano-Ag particles using sodium borohydride. 
Oriental Journal of Chemistry. 2015;31(3):1831-
3.
[28] Tan Y, Dai X, Li Y, Zhu D. Preparation of 
gold, platinum, palladium and silver nanopar-
ticles by the reduction of their salts with a weak 
reductant–potassium bitartrate. J Mater Chem. 
2003;13(5):1069-75.
[29] Mallick K, Witcomb M, Scurrell M. Polymer 
stabilized silver nanoparticles: a photochemical 
synthesis route. J Mater Sci. 2004;39(14):4459-63.
[30] Nath D, Banerjee P. Green nanotechnolo-
gy–a new hope for medical biology. Environ Tox-
icol Pharmacol. 2013;36(3):997-1014.

[doi: 10.1515/gps-2016-0133]
[doi: 10.1515/gps-2016-0133]


JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies

JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies   August 2020, Volume 5, Number 1

Taghizadeh SM, et al. Algae and microalgae mediated synthesis of iron nanoparticles and their 
applications. JAMSAT. 2020; 5(1):1-11

[31] Mohanpuria P, Rana NK, Yadav SK. Bio-
synthesis of nanoparticles: technological con-
cepts and future applications. J Nanopart Res. 
2008;10(3):507-17.
[32] Ebrahiminezhad A, Barzegar Y, Ghasemi 
Y, Berenjian A. Green synthesis and characteri-
zation of silver nanoparticles using Alcea rosea 
flower extract as a new generation of antimicro-
bials. Chem Ind Chem Eng Q. 2016;2016:31-7.
[33] Ebrahiminezhad A, Berenjian A, Ghasemi Y. 
Template free synthesis of natural carbohydrates 
functionalised fluorescent silver nanoclusters. 
IET Nanobiotechnol. 2016;2016:1-4.
[34] Kianpour S, Ebrahiminezhad A, Mohkam 
M, Tamaddon AM, Dehshahri A, Heidari R, et al. 
Physicochemical and biological characteristics of 
the nanostructured polysaccharide-iron hydrogel 
produced by microorganism Klebsiella oxytoca. J 
Basic Microbiol. 2016;2016(56):132–40.
[35] Bharde A, Rautaray D, Bansal V, Ahmad A, 
Sarkar I, Yusuf SM, et al. Extracellular biosynthe-
sis of magnetite using fungi. Small. 2006;2(1):135-
41.
[36] Brayner R, Yéprémian C, Djediat C, Co-
radin T, Herbst Fd, Livage J, et al. Photosyn-
thetic microorganism-mediated synthesis of 
akaganeite (β-FeOOH) nanorods. Langmuir. 
2009;25(17):10062-7.
[37] Yew YP, Shameli K, Miyake M, Kuwano N, 
Khairudin NBBA, Mohamad SEB, et al. Green 
synthesis of magnetite (Fe3O4) nanoparticles us-
ing seaweed (Kappaphycus alvarezii) extract. Na-
noscale Res Lett. 2016;11(1):1-7.
[38] Ebrahiminezhad A, Bagheri M, Taghizadeh 
S, Berenjian A, Ghasemi Y. Biomimetic synthesis 
of silver nanoparticles using microalgal secretory 
carbohydrates as a novel anticancer and antimi-
crobial. Adv Nat Sci. 2016;7. [doi: 10.1088/2043-
6262/7/1/015018.]
[39] Siddiqi KS, Husen A. Fabrication of metal 
and metal oxide nanoparticles by algae and their 
toxic effects. Nanoscale Res Lett. 2016;11(1):363.
[40] Gupta S, Abu-Ghannam N. Bioactive poten-
tial and possible health effects of edible brown sea-
weeds. Trends Food Sci Technol. 2011;22(6):315-
26.
[41] Oh K-B, Lee JH, Chung S-C, Shin J, Shin HJ, 
Kim H-K, et al. Antimicrobial activities of the 
bromophenols from the red alga Odonthalia co-
rymbifera and some synthetic derivatives. Bioorg 
Med Chem Lett. 2008;18(1):104-8.

[42] Ebrahiminezhad A, Rasoul-Amini S, Gho-
shoon MB, Ghasemi Y. Chlorella vulgaris, a novel 
microalgal source for l-asparaginase production. 
Biocat Agr Biotechnol. 2014;3(2):214-7.
[43] Mosaddegh M, Gharanjik B, Naghibi F, Es-
maeili S, Pirani A, ESLAMI TB, et al. A survey 
of cytotoxic effects of some marine algae in the 
Chabahar coast of Oman Sea. 2014;1(1):27-31.
[44] Sugiura Y, Matsuda K, Yamada Y, Nishika-
wa M, Shioya K, Katsuzaki H, et al. Anti-allergic 
phlorotannins from the edible brown alga, Ei-
senia arborea. Food science and technology re-
search. 2007;13(1):54-60.
[45] Unnikrishnan P, Suthindhiran K, Jayasri M. 
Antidiabetic potential of marine algae by inhibit-
ing key metabolic enzymes. Frontiers in Life Sci-
ence. 2015;8(2):148-59.
[46] Gammone MA, D’Orazio N. Anti-obesity 
activity of the marine carotenoid fucoxanthin. 
Mar Drugs. 2015;13(4):2196-214.
[47] Heo S-J, Yoon W-J, Kim K-N, Ahn G-N, 
Kang S-M, Kang D-H, et al. Evaluation of anti-in-
flammatory effect of fucoxanthin isolated from 
brown algae in lipopolysaccharide-stimulated 
RAW 264.7 macrophages. Food Chem Toxicol. 
2010;48(8-9):2045-51.
[48] Singh CR, Kathiresan K, Anandhan S. A re-
view on marine based nanoparticles and their po-
tential applications. African Journal of Biotech-
nology. 2015;14(18):1525-32.
[49] Shankar PD, Shobana S, Karuppusamy I, 
Pugazhendhi A, Ramkumar VS, Arvindnarayan 
S, et al. A review on the biosynthesis of metallic 
nanoparticles (gold and silver) using bio-com-
ponents of microalgae: Formation mechanism 
and applications. Enzyme Microb Technol. 
2016;95:28-44.
[50] Fawcett D, Verduin JJ, Shah M, Sharma SB, 
Poinern GEJ. A Review of Current research into 
the biogenic synthesis of metal and metal oxide 
nanoparticles via marine algae and seagrasses. 
Journal of Nanoscience. 2017;2017.
[51] Lordan S, Ross RP, Stanton C. Marine bio-
actives as functional food ingredients: potential 
to reduce the incidence of chronic diseases. Mar 
Drugs. 2011;9(6):1056-100.
[52] Mahdavi M, Namvar F, Mansor Bin A, Ros-
farizan M. Green biosynthesis and character-
ization of magnetic iron oxide (Fe3O4) nano-
particles using seaweed (Sargassum muticum) 
aqueous extract. Molecules. 2013;18(5):5954-64.

9

[doi: 10.1088/2043-6262/7/1/015018.]
[doi: 10.1088/2043-6262/7/1/015018.]


[53] Chandran M, Yuvaraj D, Christudhas L, 
Ramesh KV. Bio-Synthesis of Iron Nanoparticles 
using the Brown Seaweed, Dictyota dicotoma. Bi-
otechnology Indian journal. 2016;12(12):112-20.
[54] El-Kassas HY, Aly-Eldeen MA, Gharib SM. 
Green synthesis of iron oxide (Fe3O4) nanopar-
ticles using two selected brown seaweeds: char-
acterization and application for lead bioremedia-
tion. Acta Oceanologica Sinica. 2016;35(8):89-98.
[55] Yew YP, Shameli K, Miyake M, Kuwano N, 
Khairudin NBBA, Mohamad SEB, et al. Green 
synthesis of magnetite (Fe 3 O 4) nanoparticles 
using seaweed (Kappaphycus alvarezii) extract. 
Nanoscale Res Lett. 2016;11(1):276.
[56] Mahdavi M, Namvar F, Ahmad MB, Moham-
ad R. Green biosynthesis and characterization of 
magnetic iron oxide (Fe3O4) nanoparticles using 
seaweed (Sargassum muticum) aqueous extract. 
Molecules. 2013;18(5):5954-64.
[57] Rajathi FAA, Parthiban C, Kumar VG, Anan-
tharaman P. Biosynthesis of antibacterial gold na-
noparticles using brown alga, Stoechospermum 
marginatum (kützing). Spectrochim Acta Mol 
Biomol. 2012;99:166-73.
[58] Kannan RRR, Arumugam R, Ramya D, 
Manivannan K, Anantharaman P. Green synthe-
sis of silver nanoparticles using marine macroal-
ga Chaetomorpha linum. Applied Nanoscience. 
2013;3(3):229-33.
[59] Singh M, Kalaivani R, Manikandan S, San-
geetha N, Kumaraguru A. Facile green synthesis 
of variable metallic gold nanoparticle using Padi-
na gymnospora, a brown marine macroalga. Ap-
plied Nanoscience. 2013;3(2):145-51.
[60] Annamalai J, Nallamuthu T. Characteriza-
tion of biosynthesized gold nanoparticles from 
aqueous extract of Chlorella vulgaris and their 
anti-pathogenic properties. Applied Nanosci-
ence. 2015;5(5):603-7.
[61] Isaac G, Renitta RE. Brown Algae mediated 
synthesis, characterization of gold nano particles 
using Padina pavonica and their antibacterial ac-
tivity against human pathogens. Int J PharmTech 
Res. 2015;8:31-40.
[62] Xie J, Lee JY, Wang DI, Ting YP. Silver nan-
oplates: from biological to biomimetic synthesis. 
ACS nano. 2007;1(5):429-39.
[63] Silva V, Andrade P, Silva M, Valladares LDLS, 
Aguiar JA. Synthesis and characterization of 
Fe3O4 nanoparticles coated with fucan polysac-
charides. J Magn Magn Mater. 2013;343:138-43.

[64] Subramaniyam V, Subashchandrabose SR, 
Thavamani P, Megharaj M, Chen Z, Naidu R. 
Chlorococcum sp. MM11—a novel phyco-nano-
factory for the synthesis of iron nanoparticles. J 
Appl Phycol. 2015;27(5):1861-9.
[65] Bai X, Yu L, Hua Z, Tang Z, Zhang J. Syn-
thesis and characterization of superparamagnetic 
activated carbon adsorbents based on cyanobac-
teria. Mater Chem Phys. 2015;163:407-15.
[66] Subramaniyam V, Subashchandrabose SR, 
Ganeshkumar V, Thavamani P, Chen Z, Naidu R, 
et al. Cultivation of Chlorella on brewery waste-
water and nano-particle biosynthesis by its bio-
mass. Bioresour Technol. 2016;211:698-703.
[67] Dahoumane SA, Mechouet M, Wijesekera 
K, Filipe CD, Sicard C, Bazylinski DA, et al. Al-
gae-mediated biosynthesis of inorganic nanoma-
terials as a promising route in nanobiotechnolo-
gy–a review. Green Chemistry. 2017;19(3):552-87.
[68] Brayner R, Coradin T, Beaunier P, Grenèche 
J-M, Djediat C, Yéprémian C, et al. Intracellular 
biosynthesis of superparamagnetic 2-lines fer-
ri-hydrite nanoparticles using Euglena gracilis 
microalgae. Colloids Surf B. 2012;93:20-3.
[69] Ebrahiminezhad A, Taghizadeh S, Ghasemi 
Y, Berenjian A. Green synthesized nanoclusters 
of ultra-small zero valent iron nanoparticles as a 
novel dye removing material. Sci Total Environ. 
2017;15(621):1527-32.
[70] Namvar F, Amini E, Mahdavi M. Cytotoxic 
effect of magnetic iron oxide nanoparticles coat-
ed with seaweed aqueous extract against ovarian 
cancer cells. Feyz Journal of Kashan University of 
Medical Sciences. 2015;19(2):94-101.
[71] Namvar F, Rahman HS, Mohamad R, Bahar-
ara J, Mahdavi M, Amini E, et al. Cytotoxic effect 
of magnetic iron oxide nanoparticles synthesized 
via seaweed aqueous extract. Int J Nanomedicine. 
2014;9:2479—88.
[72] Behera SS, Patra JK, Pramanik K, Panda 
N, Thatoi H. Characterization and evaluation of 
antibacterial activities of chemically synthesized 
iron oxide nanoparticles. World Journal of Nano 
Science and Engineering. 2012;2(04):196-200.
[73] Ebrahiminezhad A, Davaran S, Rasoul-Amini 
S, Barar J, Moghadam M, Ghasemi Y. Synthe-
sis, characterization and anti-Listeria monocy-
togenes effect of amino acid coated magnetite na-
noparticles. Curr Nanosci. 2012;8(6):868-74.
[74] Ebrahiminezhad A, Rasoul-Amini S, Davaran 
S, Barar J, Ghasemi Y. Impacts of iron oxide nano-

Taghizadeh SM, et al. Algae and microalgae mediated synthesis of iron nanoparticles and their 
applications. JAMSAT. 2020; 5(1):1-1110

JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies   August 2020, Volume 5, Number 1



JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies

Taghizadeh SM, et al. Algae and microalgae mediated synthesis of iron nanoparticles and their 
applications. JAMSAT. 2020; 5(1):1-11 11

JAMSAT
Journal of Advanced Medical Sciences and Applied Technologies   August 2020, Volume 5, Number 1

particles on the invasion power of Listeria mono-
cytogenes. Curr Nanosci. 2014;10(3):382-8.
[75] Gholami A, Rasoul-Amini S, Ebrahimin-
ezhad A, Abootalebi N, Niroumand U, Ebra-
himi N, et al. Magnetic properties and anti-
microbial effect of amino and lipoamino acid 
coated iron oxide nanoparticles. Minerva Biotec-
nol. 2016;28(4):177-86.
[76] Ranmadugala D, Ebrahiminezhad A, Man-
ley-Harris M, Ghasemi Y, Berenjian A. Iron oxide 
nanoparticles in modern microbiology and bio-
technology. Crit Rev Microbiol. 2017;43(4):493-
507 
[77] Ebrahiminezhad A, Rasoul-Amini S, Kouh-
payeh A, Davaran S, Barar J, Ghasemi Y. Impacts 
of amine functionalized iron oxide nanoparticles 
on HepG2 cell line. Curr Nanosci. 2015;11(1):113-
9.
[78] Hajipour MJ, Fromm KM, Ashkarran AA, 
de Aberasturi DJ, de Larramendi IR, Rojo T, et al. 
Antibacterial properties of nanoparticles. Trends 
Biotechnol. 2012;30(10):499-511.
[79] Dave PN, Chopda LV. Application of iron ox-
ide nanomaterials for the removal of heavy met-
als. Journal of Nanotechnology. 2014;2014.
[80] Dahoumane SA, Djediat C, Yéprémian C, 
Couté A, Fiévet F, Brayner R. Design of magnetic 
akaganeite-cyanobacteria hybrid biofilms. Thin 
Solid Films. 2010;518(19):5432-6.


