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Introduction 
Nanoparticle are submicron moieties with diameters 

ranging from 1-100 nm made of inorganic or organic materials 
having novel properties as compared to the bulk materials [1]. 
Nanoparticles are used in biomedical applications as they offer  
many advantages to larger particles such as increased surface  

 
to volume ratio and increased magnetic properties such as 
cell labelling/cell separation, detoxification of body fluid, drug 
delivery, tissue repair, hyperthermia, magnetofection [2], blood 
clot lysis [3], blood purification [4] and leukemia [5], etc. Plant 
extract-mediated synthesis of nanomaterials is one of the more 
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Abstract

The use of plant extract is found to be a fascinating approach for non-toxic and efficient synthesis of iron nanoparticles. The components 
present in the extract replace the toxic reducing agents that are involved in the chemical synthesis of iron nanoparticles. This review article 
focuses on various plant extract used as reducing and capping agent for biosynthesis of iron nanoparticles. These iron nanoparticles were 
found to be hydrophilic and biocompatible. Iron nanoparticles prepared by green synthesis are thus highly suitable for biomedical applications. 
The plant extract used for preparation of iron nanoparticles were found to contain secondary metabolites like polyphenols, flavanoids. The 
polyphenols reduced Fe2+/Fe3+ to nanozerovalent iron or iron nanoparticles. Iron nanoparticles possess high surface to volume ratio along with 
significant magnetic properties in comparison to iron/iron nanoparticles. The nature and amount of second metabolites present in an extract 
varies from one plant to another. This in turn effects the composition of iron nanoparticles. Thus, iron nanoparticles can be designed by choosing 
appropriate plant extract (Figure 1). 

Figure 1: Iron nanoparticles can be designed by choosing appropriate plant extract.
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stable and suitable alternatives in comparison with those 
produced by physical, chemical and microbial methods. This 
method was adopted to develop a facile and rapid synthesis of 

iron oxide nanoparticles using a non-toxic, renewable plants 
[6,7] (Table 1). 

Table 1: Plants used for the synthesis of iron nanoparticles and their biomedical applications

Sr. No. Plant Part Shape Size Applications Reducing/ Capping Agents Reference

1 Mimosa pudica (sensitive 
plant) Roots Spherical 67 nm Antibacterial 

activity mimosine [9]

2 Camellia sinensis (green 
tea) Leaves Irregular 

agglomerates 10-100 nm Antioxidant polyphenols [11]

3 Lawsonia inermis 
(henna) Fresh leaves Distorted 

hexagonal 21 nm Lawsone [13]

4 Gardenia jasminoides Fresh leaves Shattered rock 
like 32 nm polyphenols [13]

5 Murraya koenigii Leaves Spherical 61 nm Antioxidant Polyphenols, flavonoids, 
alkaloids [15]

6 Citrullus lanata 
(Watermelon) Rind Spherical < 20 nm polyphenols [17]

7 Musa acuminata (green 
banana) Peel extract Spherical 100-200 nm polyphenols [19]

8 Ocimum sanctum (tulsi) Leaves Spherical < 20 nm polyphenols [21]

9 Kappaphycus alvarezii 
(seaweed) Seaweed Spherical 147 nm Aromatic compounds [23]

10 Azadirachta indica 
(neem) Leaves Spherical 100 nm Antimicrobial [25]

11 Sargassum muticum 
(brown seaweed) Whole plant Cubic 18± 4 nm polysaccharides [28]

12 Green tea Irregular 
clusters 40-60 nm polyphenols [30]

13 Oolong tea Tea extract Spherical 40-50 nm

fenton 
catalyst, 

degradation of 
dye (MG)

Polyphenols/ caffeine [3I]

14 Sorghum sp. Bran Spherical 40-50 nm Phenols [33]

15 Punica granatum 
(Pomegranate) Peel extract Spherical 100-200 nm Phenols, carboxylic acids [35]

16 Plantain peel Peel extract spherical < 50 nm polyphenols [37]

17 Dodonaea vicosa Leaves Spherical 50-60 nm Antibacterial 
activity Flavonoids (santin) [39]

18 Tridax procumbens Leaves Irregular 
spheres 80-100 nm

Antibacterial 
against 

pseudomonas 
aureginosa

Carbohydrates [41]

19 Red grape seeds (GSP) Seeds Spinel shaped 30 nm MRI, CT 
bioimaging Polyphenols [43]

20 Termenalia chebula Fruit 
pericarp Chain like < 30 nm Polyphenols [45]

21 Eucalyptus tereticornis Leaves Spherical 40-60 nm polyphenols [47, 48]

22 Melaleuca nesophila Spherical 40-60 nm polyphenols [48]

23 Rosmarinus officinalis Aggregated 
like grapes 40-60 nm polyphenols [48]

24 Datura inoxia Leaves Polyphenols, flavonoids, 
cardiac glycosides, [50]

25 Couroupita guianensis 
(cannonball) Peel Spherical and 

polydispersed 7- 80 nm Anticancer, 
bactericidal Carbohydrates [52]

26 Passiflora foetida leaf extract Spherical 10-16 nm Antibacterial Phenols [54]
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27 Papaya Leaves Capsule like 33 nm Polyphenols [56]

28 Prunus serotina Fruit Spheroids 12 nm Polyphenols [59]

29 Vaccinium floribundum Fruit Spheroids 13 nm Polyphenols [59]

30 Psidium guajava Fruit hexagonal 27 nm Antibacterial Polyphenols [60]

Mimosa pudica (Sensitive plant)
The Mimosa pudica extract was used to prepare iron oxide 

nanoparticles through green route of synthesis. The plant extract 
contains mimosine, mimosinic acid, mimosinamine, tyrosine 3, 
4- dihydroxypiridine [8]. The reaction was carried out by mixing 
iron precursor (aqueous ferrous sulphate solution and fresh 
root extract (reducing and stabilising agent) of M. pudica. This 
led to the formation of non-toxic and stable iron nanoconstructs. 
The resultant iron nanoparticles were characterised by XRD 
(X-Ray diffraction), SEM (Scanning electron microscopy), TEM 
(Transmission electron microscopy), UV-Visible spectroscopy, 
FTIR (Fourier transform infrared) analysis, VSM (vibrating 
sample magnetometry). The change in the colour of solution 
from yellow to brown that signifies the formation of iron 
nanoparticles was investigated through UV-visible spectra. 
Crystallinity of these particles was determined by XRD pattern. 
FTIR results revealed that mimosine was responsible for 
formation of the magnetic nanoparticles by reducing ferrous 
sulphate to nanosized iron. SEM and TEM images described the 
morphological properties and exact size of the iron nanoparticles 
respectively. VSM measured the magnetization value of the 
magnetic nanoparticles [9].

Camellia senesis (Green tea)
The major chemical constituents of plant are steroids, 

carotenoids, terpenoids, flavonoids, tannins, alkaloids and 
glycosides which act as important bioactive molecules [10]. 
The sustainable magnetic iron nanoparticles can be developed 
by the green tea leaf extract. The leaf extract was allowed to 
react with the aqueous ferric chloride solution which results 
in the formation of highly stable and cost- effective magnetic 
nanoparticles. It was the polyphenolic compounds present 
in the extract that cause the reduction or iron salts to iron 
nanoconstructs. EDX results exposed the elemental composition 
of the iron nanoparticle solution. SEM analysis was carried out 
to determine the structure and the appearance of the FeNPs and 
the nano size was analysed through TEM images [11].

Lawsonia inermis and Gardenia jasminoides
2-Hydroxy-1, 4-napthoquinone (HNQ; Lawsone) is 

the principle phytoconstituent present in the leaves of 
Henna. Other related compounds present in the leaves 
are: 1, 4dihydroxynaphthalene. 1, 4- naphthoquinone, 
1,2-dihydroxy-glucoyloxynaphthalene and 2-hydroxy-1,4-
diglucosyloxynaphthalene. Flavonoids (luteolins, apigenin, and 
their glycosides). Coumarins (esculetin, fraxetin, scopletin). 
Steroids (β- sitosterol). The leaves of Lawsonia inermis also 
reported to contain soluble matter tannin, gallic acid, glucose, 

mannitol, fat, resin and mucilage [12]. The ethanol extract of 
Gardenia jasminoides consists of number of phytoconstituents 
such as saponin, tannin, flavonoid, alkaloid, glycosides and 
phenols. The powder of the dried leaves of the Lawsonia inermis 
and Gardenia jasminodes used to prepare non-toxic, eco-friendly 
and cost- effective iron nanoparticles. These nanoparticles 
were characterised by thermal gravimetric analysis (TGA), 
transmission electron microscopy (TEM), scanning electron 
microscopy (SEM), Fourier transform infrared spectroscopy (FT-
IR), X-ray diffraction (XRD), and atomic force microscopy (AFM). 

The weight losses of iron nanoparticles synthesized from 
both plant extract was observed through TGA analysis. FT-IR 
was carried to determine the biomolecule that is responsible 
for the reduction reaction during the formation of iron 
nanoparticles. The Henna leaves extract consists of Lawson 
(2-hydroxy-1,4-naphthaquinone) as its main constituents that 
contain p-benzoquinone unit, benzene unit and phenolic group. 
The Feo Lawson complex results in the formation of the iron 
nanoparticles. The nature of the iron nanoparticles and their 
phase composition was identified by X-ray powder diffractometer. 
The exact size of the iron nanoparticles synthesized from both 
plants was determined by TEM analysis. SEM indicates the 
morphology or appearance of iron nanoparticles. The elemental 
composition was depicted through Energy dispersive X-ray 
Spectroscopy (EDX) analysis. These iron nanoparticles found 
to have antimicrobial activity. They are effective against all the 
bacterial strains [13].

Murraya koenigii
The most important bioactive constituents of present within 

leaf extract of murraya koenigii are coumarins, carbazole alka-
loids and flavonoids. It was reported that its hydro-methano-
lic extract consists of high percentage of phenolic content. The 
leaves of Murrya koenigii also contain proteins, fiber, carbohy-
drates, minerals, nicotinic acid, carotene, Vitamin C, Vitamin A, 
calcium and oxalic acid. Other related components are crystal-
line glycosides, carbazole alkaloids, koenigin, girinimbin, iso-ma-
hanimbin, koenine, koenidine and koenimbine. Triterpenoid 
alkaloids cyclomahanimbine, tetrahydromahanimbine are also 
present in the leaves of M. koenigii. Murrayastine, murrayaline, 
pyrayafoline carbazole alkaloids and many other chemicals have 
been isolated from Murrya koenigii leaves [14]. The non-tox-
ic, cost- effective iron nanoparticles were fabricated by adding 
ferrous sulphate solution to the murraya koenigii broth. It was 
noticed that sudden change in colour from pale yellow to dark 
brown takes place indicating the formation of the FeNPs due to 
the bioreduction of ferrous ions by the polyphenols, flavonoids 
and alkaloids indicating the formation of iron nanoparticle and 
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responsible of their stability which was monitored by UV-Visible 
spectroscopy and FTIR analysis. TEM study revealed the mean 
size and amorphous nature of the iron nanoparticles. Porous and 
agglomerated sponge like appearance was confirmed by the SEM 
images [15].

Citrullus lanatus (Watermelon)
The watermelon (Citrullus lanatus) rind extract have the 

reducing and stabilising potential to produce iron nanoconstruct 
with the aid of iron salts that act as precursor for the synthesis 
reaction. This addition changes the light brown colour solution 
into dark brown colour and hence colloids no iron oxide 
nanoparticles. The peel extract of watermelon rind considered as 
good sources of carotenoids (β-carotene), flavonoids, phytosterol 
(β-sitosterol), rutin and other bioactive compounds bearing 
functional groups like carboxylic and hydroxyl groups that are 
involved in the construction of zero valent iron nanoparticles 
and was verified by FTIR analysis [16]. Spherical shape, other 
morphological features and particle size distribution was carried 
out through SEM and TEM results. Face centered cubic structure 
was identified by XRD pattern. The resultant iron nanoparticles 
were found to have excellent catalytic activity in the synthesis of 
organic molecules [17].

Musa acuminate (Green banana)
Banana peel extract found to be rich source of phenolic 

compounds like naringenin, quercetin, chlorogenic acid. 
Other related compounds are minerals, vitamins, flavonoids, 
carbohydrates, etc. [18]. The filtrate of banana peel extract was 
employed to synthesize iron nano constructs that involve the use 
of no harmful or hazardous chemicals. Musa acuminate contains 
carotenoids bearing polyphenol moiety interacts with the iron 
precursor (ferrous sulphate) through hydroxyl groups when 
mixed with each other and reduces them to iron nanoparticles 
on steady and continuous stirring. This reduction results in the 
change in the brown colour solution to black, revealed from the 
intensity of the SPR (surface Plasmon resonance) peak through 
UV-spectroscopy indicating the formation of iron nanoparticles. 
Transmission electron microscopy (TEM) was done to investigate 
the size of formed iron nanoparticles. Crystallinity and Spherical 
shape were examined from XRD (X-Ray diffraction) pattern and 
SEM (Scanning electron microscopy) images respectively. Fourier 
transform infrared (FTIR) analysis proved the presence of the 
moiety that participates in the formation of iron nanoparticles 
[19].

Ocimum sanctum (Tulsi)
Fresh leaves and stem of Ocimum sanctum are great source of 

phenolic compounds such as circimaritin, cirsilineol rosameric 
acid, isothymusin and apigenin. It contains significant amount 
of eugenol [20]. The rapid biological synthesis of iron oxide 
nanoparticles using leaf extract of Ocimum sanctum provides 
an environment friendly, simple and efficient route. On the 
basis of the results of Fourier transform infrared spectroscopy, 
the presence of phenolic compounds and proteins were 

believed to be responsible for the formation and stabilization 
of synthesized iron oxide nanoparticles. Through XRD the 
average size was estimated to be 47 nm. SEM micrographs at 
different magnification levels showed that the synthesized iron 
oxide nanoparticles were in the form of irregular shapes and 
aggregated form with rough surfaces. The appearance of the 
nanoparticles found to be a porous and spongy. TEM analysis 
confirms that the size of the iron oxide nanoparticles was 
estimated to be less than 20 nm. Thus, the green synthesis using 
Ocimum sanctum leaf extracts can be cost-effective method for 
the synthesis of iron oxide nanoparticles [21].

Kappaphycus alvarezii (Seaweed)
Novel and bio-inspired magnetic nanoparticles were 

synthesized using kappaphycus alvarezii seaweeds that are 
nontoxic, cheap and environment friendly. Number of chemical 
constituents such as alkaloids, flavonoids, steroids, glycosides, 
tannins, terpenes was found to present within the extract. It 
generally includes high concentration phenolic compounds 
(Chlorogenic acid, Sinapic acid, Gallic acid, Phloroglucinol, 
Vanillic acid, Cinnamic acid, Catechol, Ferulic acid) [22]. 
These seaweeds were used as stabilisers and reducing agent 
in the synthesis of iron nanoparticles. The Fe3o4 NPs were 
characterized by using transmission electron microscopy (TEM), 
X-ray diffraction (XRD), Fourier transform infrared spectroscopy 
(FTIR) and Ultraviolet- visible (UV-Visible) spectroscopy. On the 
addition of NaOH and with continuous stirring the solution, 
the change in the colour of the solution of ferric chloride and 
seaweed from light brown to black was observed that indicates 
that iron nanoparticles are formed due to the reduction cause 
by the biomolecules present within the extract. XRD studies 
revealed the high degree of crystalline and phase purity. FTIR 
analysis proved that particles are reduced and in solution by 
the capping agent that is likely to be the aromatic compounds. 
The synthesized nanoparticles are characterized by X-ray 
diffractometer to analyses the particle size of the synthesized 
iron nanoparticles. Morphological and size distribution was 
done with transmission electron microscope (TEM) images that 
found to be spherical and agglomerated [23].

Adazirachta indica (Neem)
The leaf extract of neem (Azadirachta indica) consists 

of various bioactive molecules such as glycosides, alkaloids, 
saponins, flavonoids, carbohydrates, tannins and phenolic 
compounds that play a major role in the development of iron 
nanoparticles [24]. On mixing the ferric chloride with plant 
extract in ratio 1:1, the reduction of Fe3+ to iron nanoparticles 
take place which results in change in colour (light green to black) 
and change in pH (high to low acidic conditions) immediately. 
These changes found to be the signal for the formation of the 
Nanoparticles present in zero valent oxidation state with no 
stability issue in the solution. The produced nanoparticles were 
characterized by various analysis techniques such as X-Ray 
Diffraction (XRD), UV-Visible Spectroscopy (UV-Visible) and 
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TEM (Transmission Electron Microscopy). Morphology and 
appearance of the produced iron nanoparticles was determined 
by XRD analysis. The SEM images revealed the actual diameter of 
the nanoparticles. This synthesis proved to be eco-friendly, cost-
effective and have a significant role in biomedical applications 
[25].

Sargassum muticum (Brown seaweed)
Seaweed are a rich source of several phytochemicals 

including minerals, lipids, vitamins, and other bioactive 
constituents like polysaccharides, polyphenols and proteins 
[26]. Catechin, and quercetin, and phlorotannins, the phenolic 
compounds found to be present in brown seaweed [27]. The 
synthesis of iron nanoparticles from seaweeds (Sargassum 
muticum) is environment friendly, fast, single step, non- toxic, 
reliable method. The water extract of brown seaweed (BS, 
Sargassum muticum) contains sulphated polysaccharides which 
cause the reduction and act as stabilizer for iron nanoparticles 
and was confirmed by FTIR spectra. The reduction results in the 
colour change from yellow to brown that confirms the synthesis 
of iron nanoparticles. The phase analysis and the crystallinity of 
particles were identified by XRD (X-Ray diffraction). Morphology 
was determined by TEM analysis. It was clear from FESEM (field 
emission scanning electron microscopy) images that synthesized 
iron nanoparticles were cubic in shape. The magnetic behaviour 
of iron NPS were determined by VSM (vibrating sample 
magnetometry) [28].

Green tea
The contents of theanine, theobromine, caffeine, catechin 

(C), and gallocatechin gallate (GCg) were significantly decreased, 
whereas those of epicatechin (EC), epigallocatechin gallate 
(EGCg) and epigallocatechin (EGC) [29]. Green tea extract has 
been used as the reducing agent for the eco-friendly synthesis of 
iron nanoparticles or iron rods due to the presence of high amount 
of polyphenols and other organic groups in it. The synthesized 
NPs were then used as catalyst for the oxidation and reduction of 
organic solvents. When the green tea extract powder was mixed 
with ferric chloride (iron precursor), the colour of solution 
changes from yellow to dark greenish black colour indicating the 
formation of nanorods (at ambient temperature). The washing 
was done to remove excess precursors or polyphenols followed 
by freeze drying. The crystallinity of the iron nanoparticles was 
examined by XRD. FTIR analysis confirmed the biomolecules 
that were responsible for the reduction reaction. Morphology 
was determined through scanning electron microscopy (SEM) 
[30].

Olong tea
The Fe3O4-NPs were prepared using ferric sulphate 

(FeSO4.7H2O) as iron precursor and olong tea extract as 
reducing agent and stabilizer. These synthesized FeNPs were 
characterised by X-Ray diffraction, SEM (scanning electron 
microscopy), UV-Visible spectroscopy, EDS, FTIR analysis. The 

structural and properties of the Fe3O4-NPs were investigated by 
X-ray diffraction. UV- V sible spectra confirmed the formation 
of iron nanoparticles. EDS was carried out to deter mine 
the elemental composition of the olong tea extract and iron 
nanoparticles developed from the extract. From the FTIR result, 
the biomolecules polyphenols/caffeine in oolong tea extract 
were found to play a relevant role in reduction of iron ions 
into iron nanoparticles. The size and final structure of FeNPs 
will depend upon the concentration of these biomolecules. 
The morphology and structure of the Fe3O4-NPs were further 
investigated by scanning electron microscopy (SEM). The iron 
NPs developed from olong tea extract found to act as fenton 
catalyst for oxidizing the dyes (cationic and anionic) and for 
reductive degradation of malachite green (MG) dye [31].

Sorghum bran
Sorghum known as functional food because of its richness 

tannins, phenolic acids, phytosterols, anthocyanins and 
policosanols [32]. Iron nanoparticles were synthesized from 
aqueous sorghum extract and ferric chloride. During the 
synthesis of nZVI both the precursor and the reducing agent 
were mixed in 1:1 proportion. The change in the colour from 
pale yellow to brown due to the reduction of ferric ions by the 
phenols indicating the formation of iron nanoparticles. UV–
visible absorption is used to investigate SPR (Surface Plasmon 
Resonance). Characteristic surface plasmon absorption band 
was observed within the visible range. The characterization 
size and morphology of nZVI was performed using HR-TEM 
(high-resolution transmission electron Microscopy) and FE-SEM 
(field emission scanning electron microscopy) that determined 
the exact size and amorphous nature of the iron nanoparticles. 
EDX (Energy dispersive X-Ray) spectra of synthesized iron 
nanoparticles confirmed the presence of iron, phosphorous and 
oxygen [33].

Punica granatum (Pomegranate)
Ellagic tannins, ellagic acid and gallic acid are the dominant 

phenolic compounds found in peel extract of P. granatum. 
Flavonoids, tannins and alkaloids were also reported including 
gallocatechins, cyaniding, delphinidin, and sitosterol [34]. 
The mixture peel extract of pomegranate fruit was employed 
to develop eco-friendly, stable and cost-effective magnetic 
nanoparticle through green chemistry approach of chemistry. 
SEM, XRD, UV-Vis spectroscopy, FTIR analysis to determine the 
characteristics of synthesized iron nanoparticles. Morphology 
and the distribution of these FeNPs was characterized using 
SEM. It can be clearly seen that the FeNP synthesized using 
pomegranate peel extract are polydispersed and has a 
diameter of 15nm-34nm. The cystallinity and phase purity was 
determined by X-Ray diffraction study. UV-Visible spectroscopy 
results revealed the complete formation of iron nanoparticles. 
FTIR pattern proved that phenols and carboxylic acids are the 
key role for the reduction reaction for the synthesis of the iron 
nanoparticles [35].
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Plantain
Plantain peel extract consists of substantial amounts of 

polyphenols such as quercetin, isoquercetin, catechin, astragalin, 
p-coumaric acid, rutin, carvacol, protocatechuic acid [36]. 
Magnetic nanoparticles can be synthesized by the use of plantain 
peel extract. FeCl3.6H2O and Sodium acetate was dissolved in the 
freshly prepared plantain peel extract solution. Black colour 
solution signifies the formation on magnetic nanoparticles and 
was demonstrated by UV-Visible spectroscopy. TEM, EDX, XRD- 
diffraction revealed the various characteristics of the resultant 
iron nanoparticles. Particles found to be spherical in shape, 
monodispersed and diameter less than 50nm. FTIR analysis 
demonstrated that carbohydrates, fibres, lipids, proteins, 
polyphenols contribute in the process of formation of MNPs. 
Polyphenols also act as reducing and capping agents. VSM 
(Vibrating Sample Magnetometer) used to study the Magnetic 
behavior of the resultant iron nanoparticles. They found to have 
excellent magnetic properties [37].

Dodonaea viscose
The leaf extract of D. viscose was known to contain alkaloids, 

tannins, carbohydrates, flavonoids, phenols, gums and mucilage, 
saponins, fixed oils and fats [38]. Fresh D. viscose leaves 
extract was used to develop biocompatible and non-toxic ZVI 
nanoparticles which have potential for antibacterial activity. The 
iron nanoparticles were synthesized by addition of leaf extract to 
FeCl3 solution. The mixture results in the sudden colour change 
(yellow to greenish black) at room temperature which gives 
the indication of formation of iron nanoparticles. The complete 
reduction of iron chloride into iron nanoparticles depends 
upon the quantity of the leaf extract of the plant. The Nano Zero 
Valent Iron (NZVI) were characterized by HRTEM, FTIR, AFM, 
XRD and UV- Visible spectroscopy. HRTEM (High Resolution 
Transmission Electron Microscopy) analysis was conducted that 
revealed the spherical nature and confirms that the particles lie 
within nanoscale range of the iron nanoparticles. FT-IR analysis 
was performed to establish the possible active biomolecules 
that are accountable for the capping and as stabilising agent by 
preventing further oxidation. The santin contains polyhydroxy 
groups that may as reduce agents for the development of the 
iron nanoparticles from the metal ions. FT-IR spectrum for the 
iron suspension was carried out to depict the functional groups 
involved in the reduction reaction [39].

Tridax procumbens
The phytoconstituents such as flavonoids (mainly 

epicatechin and kaemferol), alkaloids (mainly akuammidine), 
benzoic acid derivatives (mainly ferulic acid), carotenoids 
(mainly lutein), lignans (mainly galgravin), phytosterols (mainly 
stigmasterol) and hydroxycinnamates are present in the leaf 
extract of Tridax procumbens [40]. It also contains high content 
of carbohydrates that has potential to reduce iron salts to its 
nano forms. The resultant iron nanoparticles were examined 
by different techniques. Powder X-ray Diffraction (XRD) and 

Transmission Electron Microscope (TEM) analysis was done 
to check the crystallinity and size of the synthesized iron 
nanoparticles. Morphology was determined by SEM images. UV-
Visible spectra have shown the absorption lies within the visible 
range indicating the development of iron nanoparticles. On the 
basis of FTIR analysis it was obtained that aldehyde groups of 
carbohydrate are the candidates for the reduction and capping/
stabilising activity of iron nanoparticles. The iron nano forms 
synthesized from Tridax procumbens found to be effective 
against Pseudomonas aeruginosa [41].

Red grape seeds
The seeds of red grape possess alkaloids, glycosides, phenols, 

saponins, flavonoids, tannins, steroids, monoterpenoids, lignins, 
and cardiac glycosides. They are rich source of phenolics and 
anthocyanins, the functional components [42]. Mixture of single 
iron precursor (ferric chloride) and grape seed proanthocyanidin 
(reducing agent and stabilizer) give rise to non-toxic, reliable 
and economical iron nanoparticles which was indicated by 
change in the yellow coloured solution into greenish-brown. 
Structural and physicochemical characterization proved to be 
crystalline, with inverse spinal morphology and particle size 
distribution through XRD, DLS and TEM analysis. FTIR analysis 
confirmed the involvement of polyphenol in the formation of 
iron nanoparticles. Magnetization power of GSP synthesized 
was measured by VSM (vibrating sample magnetometry). Grape 
seeds have got potent antioxidant property [43].

Terminelia chebula
Terminalia chebula extract consists of various constituents’ 

flavonoids, sterols, tannins, amino acids, resins, fructose, 
and fixed oils along with anthraquinones, 4,2,4 chebulyl-
dglucopyranose, terpinenes and terpinenols. T. chebula extract 
contains tannin pyrogallol (hydrolysable) type, hydrolysable 
tannins (chebulic acid, gallic acid, punicalagin, chebulanin, 
neochebulinic, ellagic acid, corilagin, chebulegic acid, chebulinic 
acid, 1,2,3,4,6penta-Ogalloyl-ß-D-glucose, 1,6,-di-O-galloyl-
D-glucose, casuarinin, 3,4,6-tri-O-galloyl-D-glucose and 
terchebulin) [44]. Terminelia chebula fruit extract, rich in 
polyphenols (in the form of hydrolysable tannins) was used as 
green reducing and stabilising/capping agent to form the iron 
nanoparticles. The immediate colour change from light yellow 
to dark brown due to the reduction of iron salts was noticed that 
signifies the formation of iron nanoparticles and was monitored 
by UV-Visible spectroscopy. Synthesized NPs were further 
confirmed with different characterization techniques such as 
XRD, SEM, TEM, EDS, FTIR analysis. X-ray Diffraction (XRD) 
analysis revealed that amorphous iron NPs were developed. 
SEM (Scanning Electron Microscopy) and Transmission Electron 
Microscopy (TEM) analysis helped to determine the size and 
morphology of the resultant iron nanoparticles. Presence of 
both Iron and oxygen found to be indicative of synthesis of iron 
nanoparticles through Elemental analysis of the extract [45].
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Eucalyptus tereticornis, Melaleuca nesophila and 
Rosmarinus officinalis

The leaf extracts of these plants were used as reducing 
agent for the production of iron nanomaterials through greener 
route of synthesis. Polyphenol, the major constituent of leaves 
of these plants interact with iron ions to form black coloured 
complexes. UV-vis spectroscopy, XRD, SEM, TEM and FTIR 
analysis was carried for the characterization of the resultant 
iron nanoparticles. XRD patterns described their crystallinity 
and revealed ferric ion located in polyphenolic chelated globular 
nanoparticles. SEM and TEM analysis were performed to 
determine the diameter and structural properties of the green 
synthesized iron nanoparticles. The images confirmed the 
spherical shape of iron nanoparticles of eucalyptus and melaleuca 
and aggregated forms in case of rosamarinus. From the FTIR 
results it can be confirmed that the structure of polyphenols 
plays the key role in the formation of iron-polyphenol iron 
nanoparticles [46,47].

Datura inoxia 
The phytoconstituents present in leaf extract of D. inoxia 

are scopolamine, atropine, essential oils, flavonoids, saponins, 
phenols, and cardiacs glycosides [48]. The Ferric chloride 
tetra hydrate and ferrous chloride hexahydrate results in the 
generation of non-toxic, eco-friendly and stable Nano colloids 
when added to the aqueous leaf extract of datura inoxia at room 
temperature. The presence of various bioactive molecules, 
cardiac glycosides, flavonoids and phenolic groups in the Datura 
inoxia leaf extracts that act as reductant and capping/stabilizing 
agents for the biosynthetic iron nanoparticles formation and this 
was investigated through FTIR. The change in color from yellow 
to greenish brown during the formation of iron nanoparticles 
was shown by UV-visible absorption spectra. HR-TEM image 
displayed the synthesized Fe3O4-NPs were mostly spherical 
in shape. Antimicrobial activity of these biosynthesized iron 
nanoparticles was comparably more than chemically synthesized 
iron nanoparticles [49].

Couropita guianensis (cannonball)
The extract composed of different active constituents 

such as steroids, glycosides, carbohydrates, couroupitone A, 
couroupitone B, isatin, triterpinoids, eugenol, linoleic acid, 
nerol, tryptanthrin linalool, phenolic resin substances. Rutin, 
Quercetin, Farmaricetin, Kaempherol, Ursolic acid, Lutolin, 
Saponines derivatives such as Hopanes [50]. Seaweed Courpita 
guianensis was used as green reducing and stabilishing agent to 
develop the iron nanoparticles through biosynthetic approach. 
The fruit extract of C. guianensis (CGFE) was added to iron 
solution. The resultant NPs were investigated with different 
characterization techniques such as XRD, DLS, FTIR, HRTEM, 
VSM, UV–visible spectroscopy, FT-IR, XPS, DLS and zeta potential 
analysis. Absorbance in visible region due to change in colour 
indicates the formation of iron nanoparticles and was monitored 
by UV-Visible spectra. Spherical and polydispersed nano size 

particles were investigated through TEM analysis. Crystallinity 
of magnetic NPs was depicted by X-Ray results. From FTIR results 
clearly proved the role of hydroxyl groups that intermingle 
with the iron precursor (ferric chloride) to produce iron Nano 
colloids. The super magnetic behavior of the resultant FeNPs 
was examined through VSM. They exhibit antibacterial activity. 
Cytotoxic effect was observed when human hepatocellular 
carcinoma cells (HepG2) were treated with resultant iron 
nanoparticles [51].

Passiflora foeitida
Passiflora foeitida leaf extract consists of alkaloids, flavonoids, 

quinines, resins, saponins, tannins, phenolic compounds, fixed 
oils, fats, proteins and carboxylic acids [52]. It is utilized for 
the fabrication of iron nanoparticles due to their reduction 
and capping/stabilising potential. The extract is composed of 
tannins and phenolic compounds (hydroxyl groups) and the role 
of these biomolecules on the formation and increased stability 
of nanoparticles was analyzed using the FTIR (fourier transform 
infrared) spectra. EDX (Energy dispersive x-ray) spectroscopy 
was performed to determine the elemental composition of 
resultant iron nanoparticles. TEM (Transmission electron 
microscopy) and SEM (Scanning electron microscopy) results 
revealed the exact size, spherical structure and crystallinity of 
the iron nanoparticles. These nanoparticles were observed for 
their antibacterial effect [53].

Caricaya papaya
Alkaloids, flavonoids, tannins, saponins, tannins, glycosides 

and steroids were found to present in the leaf extract of this 
plant [54]. Due to presence of these functional constituents the 
sustainable green chemistry approach was applied to generate 
magnetic nanoparticles using Caricaya papaya leaves (reducing 
and stabilising agent) and ferric chloride salts (precursor) was 
investigated by high throughput techniques such as XRD, SEM, 
TEM, UV-visible spectroscopy and FTIR. UV–visible spectrum 
of synthesized Fe3O4 NPs produces a strong absorbance in the 
visible region confirmed that the particles were stable and well 
dispersed in the solution. FTIR result also clearly depicts that 
carboxylate ions are in strong coordination with iron metals and 
reduces iron salts to iron nanoparticles. SEM and TEM images 
revealed the irregular shape and exact size of these nanoparticles. 
Crystalline nature was confirmed by XRD study. EDS was done to 
investigate the elemental composition of synthesized iron Nano 
constructs [55].

Prunus serotina and Vaccinium floribundum
The most abundant phenolic compounds present in Prunus 

serotina were cyanidin-3-O-rutinoside, chlorogenic acid, 
procyanidin B, hyperoside and quercetin, malonilglucoside. 
The presence of anthocyanins was also analysed [56]. 
Phenolic compounds that have been characterized in 
Vaccinium floribundum (berries) include gallic and ellagic 
acids, ellagitannins, flavan-3-ols, proanthocyanidins, flavonol 
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glycosides, hydroxycinnamic acids and anthocyanins, and they 
are usually found in very high concentrations [57]. The fruit 
extract of these plants was utilized as reducing and stabilizing 
agent to prepare magnetic nanostructures from ferric salts. On 
mixing the fruit extract to the ferric chloride solution the black 
coloured precipitates were formed. The shift of the wavelength 
to the visible range signifies the formation of iron nanoparticles 
that was supported by UV-visible spectroscopy. Carboxylic 
and hydroxyl groups of polyphenols were confirmed to be the 
role model in reducing ferric ions and act as stabilizing agents 
for the synthesized iron nanoparticles through FTIR results. 
The number or the amount of iron nanoparticles formed 
were directly proportional to the concentration of the ferric 
chloride solution. The DLS analysis and TEM images describe 
the spherical shape and size distribution of the prepared iron 
nanomaterials. Morphological features were studied through 
SEM analysis. The synthesized iron nanoparticles from prunus 
serotina and vaccinium floribundum considered to be economical 
and non- toxic [58].

Psidium guajava (Guava)
Alkaloids, anthocyanins, carotenoids, fatty acids, lectins, 

essential oils, phenols, saponins, triterpenes, tannins, and 
vitamin C12 found to present in the leaf extract of this plant 
[59]. Iron nanoparticles can be fabricated by the treatment of 
aqueous extract of leaves of psidium guajava with the aqueous 
FeCl3 solution. The yellow coloured mixture changes to black 
coloured indicating the generation of iron nanoparticles which 
was confirmed by UV-Visible spectroscopic study. Aqueous Fe 
ions were reduced by aqueous extract of the plant to develop 
stable iron nanoparticles in water. FTIR analysis revealed that 
the plant leaf extract consists of tannins, flavonoids, spanin, 
steroids, glycosides, polyphenols, carbohydrates that found to be 
responsible for the reduction of Fe3+. SEM-EDX was performed 
to determine the crystallinity and morphology. The images 
shown that resultant iron nanoparticles were agglomerated and 
irregular in shape. The particles found to be cubic through XRD 
analysis. The iron nanoparticles exhibit antibacterial activity 
against Bacillus cereus (gram positive), Escherichia coli (gram 
negative), Klebsiella pneumonia, and Staphylococcus aureus [60].

Conclusions and Future Prospect
Since FeNPs have been synthesized using chemical methods 

like Co-precipitation, Thermal decomposition these methods 
result in the significant oxidation of iron and special agents 
are required to improve shelf life of iron NPs. The chemical 
methods thus involve reagents and stabilizing agents which 
might be toxic when used for biomedical applications like 
magnetic resonance imaging (MRI), cell labelling. Therefore, this 
article was an effort to summarize data available in literature 
where plant extract have been used for synthesis of Fe NPs. 
The secondary metabolites like tannins, saponins, glycosides, 
flavonoids are principally responsible for reduction of Iron salts 
into Fe NPs. Moreover, they also act as stabilizing agent and 

prevent oxidation of Iron NPs. These iron NPs prepared using 
plant extract have better pharmacological activity and are safe 
to use. This novel, simple and economic preparation method will 
pave new way for the preparation of iron nanoparticles. This 
will boost applications of iron nanoparticles as biosensor, MRI 
contrast agent, theranostics.
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