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ABSTRACT 
 
Leaf extracts produced from fresh Moringa oleifera plant growing commonly in Nigeria were prepared 
by soaking the fresh leaves of Moringa plant, washed with distilled water in 80% ethanol and left for at 
least one hour. Green solution resulted. 20 g of chloro-auric acid salt dissolved in 50 ml of distilled 
water was poured into 100 ml of the green moringa solution. The green solution turned light yellow. 
The mixture was transferred to an electric hotplate under room temperature with 2000 rpm stirring 
for one hour. Within 30 min, the mixture turned brownish red. The red mixture was poured into the 
appropriate bottle for centrifugation. After at least one hour of centrifugation with stirring at 2000 
rpm, some particles settled at the bottom of the bottles with clear liquid on top.   The   clear liquid was 
decanted and the particles of the Gold were taken for U-Vis spectrophotometric and Transmission 
Electron Microscopic analyses for the absorption/wavelength scan and size analyses respectively. For 
the Transmission Electron Microscopic analysis, the semi-solution of the gold nanoparticles was 
carefully poured on copper grids placed on filter papers. After 30 min of drying in a dessicator, the dry 
copper grids with the gold nanoparticles were picked with twitters and taken to the Transmission 
Electron Microscope sample holder for electron microscopic analysis. For the Silver Nitrate Solution, 
fresh leaves of Moringa oleifera plucked from mornga plant in the University campus were collected 
and washed with distilled water.  200 ml of 80% ethanol were poured into the washed Moringa leaves 
and left for at least 30 min. A quantity of 100 ml of Silver Nitrate solution was poured into the green 
solution resulting from the reaction of the 80% ethanol with the Moringa leaves. The green solution 
and the Silver Nitrate solution reacted for 15 min under room temperature giving rise to a black 
solution. The solution was transferred to the electrical hotplate at room temperature with 2000 rpm 
stirring for one hour.  The solution was then put into the appropriate tubes for centrifuging. After 
centrifuging for at least one hour, some particles settled at the bottom leaving a clear liquid on top in 
the centrifuging tubes. The clear liquid was carefully poured out and the particles with very small 
liquid were poured into appropriate sample bottles. The solutions in the sample bottles containing the 
silver particles were analyzed in the U-Vis spectrophotometer and in the Transmission Electron 
Microscope, respectively for the Absorbance/Wavelength scan and for the determination of the sizes of 
the particles. Sample images were obtained using a JEOL TEM (1010) at an accelerating voltage of 
100 kV. The size analyses of the nanoparticles and data analysis of the sizes were accomplished using 
ITEM (soft imaging system). From this Study, the Sizes of the produced nano particles of Gold and 
Silver ranged for Gold from 3.34  to 11.66 nm and for Silver from 23.21 to 44.61 nm. The 
spectophotometric scan for silver nanoparticles showed  the absorbance at the peak of 400 nm 
wavelength and for the Gold nanoparticles the absorbance  at the peak of 235 nm wavelength.   
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INTRODUCTION 
 
The objective of this study was to investigate the eco-
friendly reactions of the extracts of the leaves of common 
tropical plants such as Moringa Oleifera with relevant acid 
solutions of the inorganic salts of Silver and Gold to 
produce the nanoparticles of Silver and Gold and to 
determine their nano-sizes. Effort is also made to explain 
and illustrate the theory behind the production of 
nanoparticles from the extracts of green plants.  

Green synthesis is generally defined as the use of 
environmentally compatible materials such as bacteria, 
fungi and plants in the synthesis of nanoparticles. These 
attractive green strategies are free of the short falls 
associated with conventional synthetic strategies, that is, 
they are eco-friendly. Alternatively, synthesis from 
biologically derived extracts offers several advantages such 
as rapid synthesis, high yields and importantly, the lack of  
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costly downstream processing required to produce the 
particles. Hence, nanoparticle synthesis from plant extracts 
tentatively offers a route for large scale production of 
commercially attractive nanoparticles. 

Numerous studies (Li and Anastas, 2012; Anastas et al., 
2014; Ahluwalia, 2006; Patel et al., 2012; Ahluwalia, 2012; 
Dong and Ackmez, 2011; De La Guardia, 2012; Nosonovsky 
and Bhushan, 2012; Robert , 2011; Cheng, 2010; Allen and 
Shonnard, 2001) report on the use of plant extracts to 
synthesise AgNPs with significant antimicrobial activities: 
leaf extracts of Acalypha indica, Solidago altissima, 
Xanthium strumerium L, Murraya koenigii (curry leaf), 
Ocimum sanctum (Tulsi leaf), seed extracts of Acacia 
farnesiana, Macrotyloma uniflorum, root extracts of 
Trianthema decandra , stem extracts of Ocimum sanctum, 
and even fruit extracts of Musa paradisiaca (banana) peels 
and Carica papaya. In these studies, phytocompounds in the 
plant extract serve as reducing and/or capping agents in 
the reaction with silver nitrate (AgNO3), a commonly used 
precursor in silver nanoparticle synthesis (Mulvaney, 2011; 
Boye and Arcand, 2012; Govingdaradju et al., 2008; 
Scarano, 2002; Lengke et al., 2007; Rautarag et al., 2003). 

The widespread practical application of metal 
nanoparticles (particles less than 100 nm) is attributable to 
a number of their unique properties. Different physical and 
chemical processes are currently widely used to synthesize 
metal nanoparticles, which allow one to obtain particles 
with the desired characteristics. However, these production 
methods are usually expensive, labor-intensive, and are 
potentially hazardous to the environment and living 
organisms. Thus, there is an obvious need for an 
alternative, cost-effective and at the same time safe and 
environmentally sound method of nanoparticle production. 
During the past decade, it has been demonstrated that 
many biological systems, including plants and algae, 
diatoms, bacteria, yeast, fungi, and human cells can 
transform inorganic metal ions into metal nanoparticles via 
the reductive capacities of the proteins and metabolites 
present in these organisms. It is significant that the 
nanoparticle production using plants described in the 
present study displays important advantages over other 
biological systems. The low cost of cultivation, short 
production time, safety, and the ability to raise up 
production volumes make plants an attractive platform for 
nanoparticle synthesis. 

It has long been known that plants are able to reduce 
metal ions both on their surface and in various organs and 
tissues remote from the ion penetration site. In this regard, 
plants (especially those which have very strong metal ion 
hyperaccumulating and reductive capacity) have been used 
for extracting precious metals from land which would be 
economically unjustifiable to mine; an approach known as 
phytomining. The metals accumulated by the plants can be 
recovered after harvesting via sintering and smelting 
methods. Interestingly, study of the metal bioaccumulation 
process in plants has revealed that metals are usually  

 
 
 
deposited in the form of nanoparticles. For example, 
Brassica juncea (mustard greens) and Medicago sativa 
(alfalfa) accumulate 50 nm silver nanoparticles to a high 
level (13.6% of their own weight) when grown on silver 
nitrate as a substrate. In addition, gold icosahedra of 4 nm 
in size were detected in M. sativa, and semi-spherical 
copper particles with a size of 2 nm were observed in Iris 
pseudacorus (yellow iris grown on substrates containing 
salts of the respective metals). Whole plants can obviously 
be used to produce metal nanoparticles. However, there 
exists certain limitations that should be taken into account 
upon industrial application of this technology. Firstly, the 
size and shape of nanoparticles vary depending on their 
localization in the plant, which may depend on differences 
in the content of metal ions in various tissues and the 
subsequent possibility of nanoparticle movement and 
penetration. These factors could influence the level of metal 
deposition around already existing nanoparticles, and also 
the prospect of new nucleation events (initiation of 
nanoparticle formation). The heterogeneity of the size and 
morphology of nanoparticles produced in whole plants may 
hinder their use in applications where specific, finely tuned 
sizes and shapes are required; thus illustrating the inability 
to tailor the whole plant synthesized nanoparticles to 
market requirements. Moreover, efficient extraction, 
isolation and purification of nanoparticles from plant 
material is a difficult and problematic procedure, with a low 
recovery.  

In this regard, in vitro approaches have actively been 
developed in recent years, in which plant extracts are used 
for the bioreduction of metal ions to form nanoparticles 
(Harris and Bali, 2008; Ghosh et al., 2012; Rai and Yadav, 
2013). These approaches provide a more flexible control 
over the size and shape of the nanoparticles (for example, 
by changing the medium pH and reaction temperature), as 
well as facilitating easy purification. Significantly, this 
process occurs much faster than the synthesis of 
nanoparticles in whole plants, because the reaction 
proceeds almost instantaneously, without the delay 
required for the uptake and diffusion of metal ions 
throughout the plant. This in vitro approach has been 
demonstrated using extracts from a variety of different 
plant species in combination with a variety of acids and 
salts of metals, such as copper, gold, silver, platinum, iron, 
and many others.  
 
 
Theory of the production of nanoparticles from plant or 
leaf extract 
 
Figures 1 shows the structures compounds capable of 
reducing metal ions to metal nanoparticles. They are (A) 
Terpenoids (eugenenol) (B) Flavonoids (Luteolin, 
quertcetin) (C)A reducing herose with the open chain form 
(D) Amino acids(Tryptophan) (F)Tyrosine (Shiv Shankar et 
al., 2003; Tsuji et al., 2003; Narayanan et al., 2012). 
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Figure 1: Compounds capable of reducing metal ions to metal nanoparticles. (A) Terpenoids (eugenenol) (B) Flavonoids 
(Luteolin, quertcetin) (C)A reducing herose with the open chain form (D) Amino acids(Tryptophan) (F)Tyrosine. 

 
 
Mechanism of the nanoparticle formation 
 
The FTIR spectroscopy data suggested that the dissociation 
of a proton of engenol OH-group results in the formation of 
resonance structure capable of further oxidation. This 
process is accompanied by the active reduction of metal 
ions followed by nanoparticle formation. 

Also, the Flavonoids, a large group of compounds 
comprising several classes of anthocyanins, is oflavonoids, 
flavonoids, chalcones, flavonones which can actively chelate  

 
and reduce metal ions to nanoparticles formation. 
Flavonoids are various functional groups capable of 
nanoparticle formation. It is postulated that the tautomeric 
transformation of flavonoids from the enol-form to the 
keto-form may release a reactive hydrogen atom that can 
reduce metal ion to form nanoparticle (Tsuji et al., 2003; 
Narayanan et al., 2012; Govindaraju et al., 2008). 

Further, it was found that fructose mediates the synthesis 
of monodispersed nanoparticles of gold and silver. It was 
also noted that glucose had a stronger reducing power than  
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Figure 2: Nanoparticle formation (Reza et al., 2017).   

 
 
fructose. This was demonstrated in the bioreduction of gold 
ions using the magnolia vine extract. 

It was also found that the mechanism of metal 
nanoparticle synthesis in plants and plant extracts involve 
three main phases, namely: (1) The activation phase during 
which the reduction of the metal ions and nucleation of the 
reduced metal atoms occur; (2) The growth phase during 
which the small adjacent nanoparticles spontaneously 
coalesce into particles of a larger size (direct formation of 

nanoparticles by means of nucleation and growth and 
further metal ion reduction, a process called Ostwald 
ripening, which is accompanied by an increase in 
thermodynamic stability of the nanoparticles; and (3) The 
termination process phase determining the final shape of 
the nanoparticles (Figure 2). The Nanoparticle Schematic 
formation and capping mechanism is shown in Figures 2 
and 3 (Glusker et al., 1999; Kim et al., 2013; Sharma et al., 
2009). 
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Figure 3: Nanoparticle formation and capping mechanism (Reza et al., 2017). 

 
 

 
 

Figure 4: Simplified schematic of a double beam UV–visible spectrophotometer. 

 
 
MATERIALS AND METHODS 
 
Materials and equipment 
 
-Chloro-auric acid salt sample  
-Silver Nitrate Solution 
-80% Ethanol Fresh Moringa Leaves, Distilled Water 
-Centrifuge with Stirrer, Flasks and Beakers, U-Vis 
Spectrophotometer (Figure 4), Transmission Electron 
Microscope, Copper grids and Twitters. 
 
 
Procedure 
 
Production of the gold nanoparticles 
 
Fresh leaves of M. oleifera from the Moringa plant in the 
University campus were washed with distilled water. 100 

ml of 80% ethanol was poured into 20 g of washed moringa 
leaves, left for 15 min and a green solution was produced.  1 
g of Chloro-auric acid salt was dissolved in 50 ml of distilled 
water and poured into 100 ml of the green solution of 
moringa leaves. The green solution turned light yellow. The 
mixture was transferred to an electric hotplate under room 
temperature with 2000 rpm stirring for one hour. Within 
30 min, the mixture turned brownish red. The red mixture 
was poured into the appropriate bottle for centrifugation. 
After at least one hour of centrifugation with stirring at 
2000 rpm, some particles settled at the bottom of the 
bottles with clear liquid on top.  After centrifuging at 2000 
rpm for 2 h, the liquid was decanted and the particles of the 
Gold were taken for U-Vis spectrophotometric and 
Transmission Electron Microscopic analyses for the 
absorption/wavelength scan and size analyses. For the 
Transmission Electron Microscopic analysis, the semi-
solution of the gold nanoparticles was carefully poured on  
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Figure 5: Synthesis of nanoparticles of silver from Moringa leaf extract. 

 
 
 

 
 

Figure 6: Silver nano-particles.  
Source: Obikwelu and Umeh, in press. 

 
 
copper grids placed on filter papers. After 30 min of drying 
in a dessicator, the dry copper grids with the gold 
nanoparticles were picked with twitters and taken to the 
Transmission Electron Microscope sample holder for 
electron microscopic analysis.       
 
 
Production of silver nanoparticles 
 
Fresh leaves of M. oleifera plucked from Moringa plant in 
the University campus were collected and washed with 
distilled water.  200 ml of 80% ethanol were poured into 
the washed Moringa leaves and left for at least 30 min. A 
quantity of 100 ml of Silver Nitrate solution was poured 
into the green solution resulting from the reaction of the 
80% ethanol with the Moringa leaves. The green solution 
and the Silver Nitrate solution reacted for 15 min under 
room temperature. 

The solution was transferred to the electrical hotplate 
under room temperature with 2000 rpm stirring for one 
hour. The solution turned black after 15 min.  The solution 
was then transferred to the appropriate tubes for  

 
 
centrifugation. After centrifugation for at least one hour, 
some particles settled at the bottom, leaving clear liquid on 
top in the centrifuging tubes. The clear liquid was carefully 
poured out and the particles with very small liquid was 
poured into appropriate sample bottles. The solutions in 
the sample bottles containing the silver particles were 
analyzed with the U-Vis spectrophotometer and the 
Transmission Electron Microscope (both for the 
Absorbance/Wavelength scan and for the determination of 
the sizes of the particles). Sample images were obtained 
using a JEOL TEM (1010) at an accelerating voltage of 
100 kV. The size analyses of the nanoparticles and data 
analysis of the sizes were accomplished using ITEM (soft 
imaging system) (Figure 5).   
 
 
RESULTS AND DISCUSION 
 
Silver and Gold nano-particles and their sizes in nano-
meters are shown in Figures 6 to 10 

A primary indication of silver nanoparticle formation is 
represented by a reaction solution colour change to dark  
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Figure  7:  Silver nano-particles and sizes in nano-meters. 
Source: Obikwelu and Umeh, in press. 

 
 

 
 

Figure  8: Gold nano-particles  in their sizes in nano-meters. 
 Source: Obikwelu and Umeh, in press. 
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Figure 9: Gold nano particles and their sizes in nano  meters.    
Source: Obikwelu and  Umeh, in press. 

 
 

 
 

Figure 10: Gold nano particles  and their sizes in nano meters. 
Source: Obikwelu and Umeh (in press). 
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Figure 11: U-Vis spectrophotometric scan of silver nitrate extract of Moringa leaf (Obikwelu and Umeh, in press). 

 
 
brown (Obikwelu and Umeh, in press). Addition of AgNO3 
to oleifera leaf extract samples produced an instantaneous 
colour change from an initial, yellow solution to dark 
brown solutions. Spectophotometeric analysis of AgNO3 
moringa oleifera extract solution is shown in Figure 11. 
 
 
CONCLUSIONS 
 
Gold nanoparticles have attracted great attention due to 
their potential applications in electrical conductivity, 
catalysis, optical properties and etc. AuNPs synthesized 
from metallic gold possess antibacterial properties which 
turns them to a good candidate to be used in both 
commercial and medical products. Green synthesis of 
AuNPs has numerous advantages over chemical and 
physical methods: profitability of being easily expanded for 
large scale synthesis without any need for high pressures, 
energy environment, temperature and toxic chemicals. 

The synthesis of AuNPs using plant materials is a 
conventional eco-friendly method when compared with 
chemical and physical synthesis. Silver nanoparticles 
synthesized in plants display significant cytotoxic activity 
against various tumor cell lines. Silver nanoparticles 
synthesized in Iresine herbstii (Herbst’s bloodleaf) were 
found to inhibit the survival and growth of HeLa cell lines, 
and silver nanoparticles produced using Euphorbia nivulia 
(leafy milk hedge) latex extracts are toxic to the A549 cell 
line of human lung cancer. Silver nanoparticles synthesized 
in Nerium oleander (oleander) show strong larvicidal 
activity against larvae of the malaria vector Anopheles 
stephensi. 

In perspective, functionalization of these particles with 
antibodies or peptides is intended for targeted action in 
certain tissues of the body in order to achieve greater 

efficiency and reduce side effects. Cyamopsis tetragonoloba 
(cluster bean) extracts were used recently to produce 
composite silver nanoparticles that can act as a biosensor 
to determine ammonia, with possible applications in 
agriculture and biomedicine. Depending on the ammonia 
concentration, the distance between the nanoparticles 
inside the nanocomposite changes, which affects its optical 
properties. Platinum nanoparticles obtained using Ocimum 
sanctum (Holy basil) extracts were shown to possess a 
catalytic activity and may be used in the production of 
hydrogen fuel elements. Catalytic activity is also ascribed to 
gold nanoparticles obtained in Sesbania drummondii 
(rattlebush) that may participate in the reduction of 
aromatic nitro compounds; for example, convert highly 
toxic 4-nitrophenol to 2-amino-phenol, which suggests 
their possible involvement in waste decontamination.  

Obviously, the synthesis of metal nanoparticles in plant 
extracts (plant biomasses), despite obvious limitations, has 
a significant potential and a number of substantial 
advantages relative to traditional methods of nanoparticle 
synthesis. However, to compete cost-effectively with 
nanoparticles obtained through physical and chemical 
methods, it is necessary to scale these methods of 
nanoparticle production using plant material and to 
develop schemes for keeping expenses in check during 
their synthesis. Continuous methods for the synthesis of 
nanoparticles have so far been used only in small-scale 
production. When using chemical synthesis, the prime cost 
of nanoparticles is mainly determined by the cost of the 
metal salts and reducing agents. In the case of “green” 
synthesis, the bulk of the costs will be determined only by 
the cost of the metal salts, because plant wastes from the 
food industry can serve as reducing agents. Moreover, it is 
possible to envision companies involved in the food 
industry and interested in the recycling of waste to partially  
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pay for nanoparticle production. This fact further 
emphasizes the environmental advantages of “green” 
synthesis over traditional methods of nanoparticle 
production. 
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