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Abstract 

Green synthesis of particles involves the use of safe biological agents as an eco-friendly and cost-effective alternative to chemical 

synthesis. In this study, silver particles were biosynthesised by using silver nitrate and aqueous Citrus microcarpa peel extract as 

the reducing and stabilising agent. The synthesised silver particles were confirmed and characterised by UV-Vis spectroscopy, 

scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX), and dynamic light scattering (DLS). The UV-

Vis spectrum showed surface plasmon resonance (SPR) with maximum peak intensity around 450 nm. The DLS studies show that 

silver particles have an average Z-diameter value of 235 nm with a polydispersity index of 0.363, which indicates the presence of 

agglomeration. The reaction parameters have a significant effect on the formation of silver particles. The highest absorbance 

recorded was 1.42 obtained under conditions of 72 hours reaction time, using 5 wt.% peel extract that reacted with 8 mM silver 

nitrate solution, while the ratio of solution of peel extract to silver nitrate was fixed at 1:5. Silver particles were successfully 

synthesised by Citrus microcarpa peel extract, which has the potential to replace the chemical method. 
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Abstrak 

Sintesis hijau partikel melibatkan penggunaan agen biologi yang selamat sebagai alternatif yang mesra alam dan keberkesanan kos 

dibandingkan dengan kaedah sintesis kimia. Dalam kajian ini, partikel perak disintesis dengan menggunakan nitrat perak dan 

ekstrak kulit Citrus microcarpa berair sebagai ejen penurunan dan penstabilan. Partikel perak yang disintesis telah dikaji dan 

dicirikan dengan menggunakan analisis spektoskopi UV-Vis, mikroskop imbasan elektron (SEM), spektroskopi tenaga sinar-X 

(EDX), dan penyerakan cahaya dinamik (DLS). Spektrum UV-Vis menunjukkan permukaan resonan plasma (SPR) pada panjang 

gelombang maksimum sekitar 450 nm. Kajian PCD menunjukkan bahawa purata saiz bagi partikel ialah 235 nm dan indeks 

poliserakan adalah 0.363 yang membuktikan pengaglomeratan partikel. Parameter reaksi mempunyai kesan yang signifikan 

terhadap pembentukan partikel perak. Panjang gelombang tertinggi yang direkodkan adalah 1.42 yang diperolehi dalam keadaan 

masa 72 jam dengan menggunakan ekstrak 5 wt.% yang bertindak balas dengan larutan perak nitrat 8 mM, manakala nisbah larutan 

kulit ekstrak ke nitrat perak ditetapkan pada 1:5. Partikel perak boleh disintesis dengan menggunakan ekstrak kulit Citrus 

microcarpa yang mempunyai potensi untuk menggantikan kaedah sintesis kimia. 

 

Kata kunci:  partikel perak, Citrus microcarpa, sintesis hijau 
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Introduction 

Silver particles are among the most utilised particles in 

therapeutic gadgets, medicinal service items, and 

material coatings. Since silver particles can disrupt the 

membrane and enzymatic activities of pathogenic 

microorganisms, it is widely applied in numerous 

biomedical applications such as surgical instruments, 

wound dressings, and antiseptic sprays [1]. Various 

preparation techniques can be used for the synthesis of 

silver particles, notably the chemical reduction method, 

thermal decomposition, and laser ablation [2]. In most 

cases, these methods include the utilisation of toxic 

chemicals especially the use of organic solvents as 

stabilising and reducing agents that are hazardous to 

living organisms, not to mention cause environmental 

pollution [3]. 

 

Biological methods are suitable alternatives to 

overcome the drawbacks of the chemical methods as it 

is straightforward, cost-effective, dependable, and 

environmentally friendly. Much consideration has been 

given to the high yield production of silver particles 

obtained from different biological medium including 

bacteria, fungi, algae, plant extract, and waste materials 

[4]. Green synthesis of silver particles utilising plants 

has been widely reported in literature due to their wide 

range of applications [5]. 

 

The green synthesis method that uses plant extracts 

stems from green chemistry principles since the overall 

synthesis of particles is environmentally friendly [6]. 

This method is generally utilised for the synthesis of 

metallic particles such as silver, iron, platinum, and 

gold. This strategy is a practical method for producing 

particles and offers flexibility with regards to the 

morphology, size, and nature of the separated particles 

[7]. Green synthesis of silver particles is one of the 

viable alternatives for acquiring size-controlled silver 

particles with antibacterial activity [8]. Smaller-sized 

silver particles have a significantly larger surface area 

that is in contact with the bacteria, thus making them 

more effective as antibacterial agents [9].  

 

It is believed that the genus Citrus originated from 

Southeast Asia. Advances in natural or artificial 

crossbreeding has produced several hundreds of 

varieties and different hybrids [10]. Citrus microcarpa 

(C. microcarpa) is a natural hybrid from the crossbreed 

of a mandarin and an oval kumquat. It has been 

cultivated throughout tropical countries such as 

Southeast Asia countries, India, Hawaii, and West 

Indies. The health benefits of this citrus fruit have been 

attributed to their high content of phenolic compounds, 

including coumarins, flavonoids, lignin’s, phenolic 

acids, and tannins [11]. Phenolic acids such as caffeic, 

p-coumaric, ferulic, and sinapic acids were found in C. 

microcarpa peel [12]. These acids were reported to 

exhibit high antioxidant activity [13]. 

 

In this paper, silver particles were synthesised by using 

C. microcarpa peel extract as a reducing and stabilising 

agent. The reduction of silver ion to silver particles was 

observed through colour change of samples during 

incubation. The peel extract concentration, silver nitrate 

concentration and incubation time were varied to 

determine the highest absorbance spectra. The silver 

particles formed were characterised by using UV-Vis 

spectrophotometer, SEM, EDX, and DLS. These 

characterisations were conducted to observe and study 

their formation, surface morphology, and size 

distribution of the silver particles. 

 

Materials and Methods 

Materials 

Citrus Microcarpa fruits were purchased from Nibong 

Tebal, Pulau Pinang. Silver nitrate (AgNO3, 99.8% 

purity) was purchased from Bendosen Laboratory 

Chemical. Distilled water was used for all preparations 

of aqueous solutions. 

 

Preparation of C. microcarpa peel extract 

Fresh C. microcarpa fruits were washed thoroughly 

with distilled water and the peel was separated from the 

flesh. Then, the peels were finely blended into powder 

and dried in the oven. The mass of the sample was 

weighed and the drying process was continued until a 

constant mass of the sample was reached whereby all 

moisture was removed. Aqueous extract of (2 wt.%) C. 

microcarpa peels were prepared by weighing 2 g of 

powdered peels and added to 100 mL of distilled water 
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in a beaker. The beaker was then placed on a hot plate 

magnetic stirrer at 750 rpm and heated at a temperature 

of 80 °C for 10 minutes. The solution was then removed 

from the heat source and left at room temperature to be 

cooled down. The aqueous extract was filtered with 

muslin cloth followed by filtration using Whatman no.1 

filter paper (Whatman Limited, England) and finally 

using a 0.45 µm syringe filter. 

 

Synthesis of silver particles using C. microcarpa peel 

extract 

Silver nitrate was weighed and then placed in a 250 ml 

volumetric flask filled with distilled water to obtain a 

concentration of 8 mM silver nitrate. Aqueous extract of 

2 wt.% C. microcarpa peel was slowly added to the 

silver nitrate solution while stirring. The mixture was 

incubated at room temperature for 48 hours. A series of 

experiments were performed to investigate the effect of 

incubation time, concentration of plant extract and 

concentration of silver nitrate. The effect of incubation 

time (0, 1, 5, 24, 48 and 72 hours) was studied at room 

temperature. The amount of plant extract was varied at 

2, 5, and 10 wt.% while maintaining the concentration 

of silver nitrate at 8 mM. The effect of silver nitrate was 

determined by varying the concentration at (2, 4, 6, and 

8 mM). The ratio of solution of peel extract to silver 

nitrate was fixed at 1:5. 

 

Characterisation of silver nanoparticles 

UV-Vis absorption spectra were measured using Agilent 

Cary 60 UV-Vis spectrophotometer at different time 

intervals in the absorption wavelength of 400-800 nm. 

The average size of silver particles was determined by 

using Dynamic light scattering (DLS). For DLS 

analysis, the sample was dispersed in distilled water 

followed by ultrasonication for 5 minutes, then 

centrifuged for 40 minutes at 4,400 rpm. The 

supernatant was collected and diluted with distilled 

water and analysed by using a computer-controlled 

particle size analyser (Malvern Instrument, UK). The 

morphological features of synthesised silver particles 

from the peel extract were studied by using Quanta FEG 

450 scanning electron microscopy (SEM). The sample 

was centrifuged, and the sample was placed on a stub 

and analysed at an accelerating voltage of 20 KV. 

Elemental composition of the sample was tested using 

energy dispersive X-ray spectroscopy, EDX (Quanta 

FEG 450). 

 

Results and Discussion 

Effect of peel extract concentration 

As seen in Figure 1, the colour of the solutions changed 

from pale yellow to yellowish brown and deep brown 

for solution mixture containing 2, 5, and 10 wt.% peel 

extract respectively. The colour change is because of the 

excitation of SPR in the silver particles that indicates the 

formation of silver particles [14]. The increase in colour 

intensity of reaction mixture is caused by the increase in 

number of particles formed due to the reduction of silver 

ions in the aqueous solution. Solution containing silver 

particles will appear yellowish-brown in colour when 

the surface plasmon vibrations are excited [15].  

 

Figure 2 shows the maximum absorption that was 

obtained at 450 nm for 5 wt.% peel extract 

concentration. The SPR phenomenon occurs when metal 

particles emit strong electromagnetic fields on the 

particle surface, leading to strong absorption band in the 

range of 400-500 nm in UV-Vis spectra [16]. The 

absorption peak was more intense at around 450 nm with 

increasing concentration of the peel extract from 2 to 5 

wt.%. When the concentration of biomolecules involved 

in the metal reductive process increases, more Ag+ are 

reduced to Ag0, thus resulting in higher peak absorbance 

[17]. However, the absorbance decreases significantly 

when the concentration was further increased to 10 wt.% 

peel extract. An excess in peel extract concentration will 

cause the silver particle size to agglomerate which leads 

to larger particle size. The absorbance decreases with 

increasing silver particle size due the decrease in particle 

density [18]. This phenomena has also been reported by 

Kokila et al. [19] for the green synthesis of silver 

nanoparticles from cavendish banana peel extract, where 

the absorbance of 50 wt.% cavendish banana peel 

extract decreases when the volume was increased from 

4 to 5 mL. 
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Figure 1.  Silver particles prepared at different peel extract concentration for (a) 0 hour (b) 48 hours. 

 

 

 

Figure 2.    UV-Vis absorption spectra of silver particles observed for different peel extract concentration (wt.%) after 

48 hours of incubation process 

 

 

Effect of silver nitrate solution 

Peel extract at 5 wt.% was chosen as a constant variable 

to evaluate the optimum concentration of the silver 

nitrate solution. Figure 3 shows that the sample colour 

with 2, 4, and 6 mM are yellowish brown while the 

sample with the highest concentration of silver nitrate 

solution at 8 mM is dark brown. As concentration of the 

silver nitrate solution increases, the intensity of colour 

changes will be more significant due to the presence of 

more silver particles than the reducing agent [20].  

 

The highest peak of absorbance was recorded for 8 mM 

of silver nitrate solution at a wavelength around 450 nm 

(Figure 4). The graph depicts that as the concentration 

of the silver nitrate solution increases, the peak of 

absorbance also increases. Yang and Li [21] who 

synthesised silver particles from mango peels also 

reported that the peak of absorbance increases and shifts 

to higher wavelength with an increase of silver nitrate 

concentration. The slight increase in wavelength could 
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be due to excess silver ions aggregates on the surface of 

preformed nuclei, by which the secondary reduction 

process occurs which leads to the formation of larger 

particles.  

 

Effect of incubation time 

The effect of different reaction times was investigated 

for the synthesis of silver particles using 5 wt.% of peel 

extract and 8 mM of silver nitrate solution. Figure 5 

shows the result of UV-Vis analysis at incubation time 

of 0, 1, 5, 24, 48, 72 hours. No absorbance peak was 

obtained during 0 and 1 h, indicating few or no particles 

formed in the solution. For the following hours, the 

absorbance intensity increases with time. The highest 

peak of absorbance was obtained after 72 hours of 

incubation time at a wavelength around 450 nm. Longer 

reaction time allows for more chemical interaction 

between the bio-reducing agents to reduce the silver ion 

into silver particles in the medium [20]. Based on 

previous literature, the incubation time required for the 

reduction of silver ions to silver particles varies 

significantly, from 90 minutes to [21] and up to one 

week [22]. 

 

Scanning electron microscopy (SEM) 

Scanning electron microscopy was conducted to observe 

the morphology of silver particles produced. The 

analysis was performed with proportions of 5 wt.% of 

plant extract concentration, 8 mM of AgNO3 solution 

after incubation time of 72 hours. Figure 6 shows the 

image of the silver particles (white clusters) formed with 

different magnification scales. The silver particle 

observed are polydisperse. The morphology of the silver 

particles was observed to be dense silver particles which 

were highly aggregated.  

 

Energy-disperse X-ray analysis 

Energy-disperse X-ray (EDX) analysis was used to 

observe the chemical compositions of the silver particles 

produced at 5 wt.% of the plant extract concentration, 8 

mM of AgNO3 solution after incubation time of 72 

hours. The analysis confirmed the presence of elemental 

silver signal of the silver particles. The result in Figure 

7 revealed strong carbon signal along with a weaker 

oxygen and silver peak (silver element of 19.38% 

weight) that could have originated from silver particles 

with bound biomolecules on the surface of the silver 

particles [23]. The highest peak that was obtained from 

the EDX could have been from carbon that was released 

by the pectin that was present in the C. microcarpa peel. 

The intracellular layer of plant cells especially fruits 

contains high amounts of pectin which is a type of 

structural fibre. The peels of citrus fruits contain 0.5%-

3.5% pectin [24]. Hence, weaker signal of silver is 

obtained as the carbon from the pectin is difficult to be 

separated from the peel extract because of its high 

gelling capacity. The strong signal for silver particles at 

3.0 keV in the EDX profile corresponds to the 

absorption of metallic silver due to SPR of silver 

particles [25].  

 

Size distribution of silver particles 

The distribution of silver particle size in the solution was 

determined using the DLS method. Figure 8 shows the 

size range of synthesised silver particles was between 

100 nm to 500 nm with low polydispersity index (PDI) 

of 0.363. Anandalakshmi et al. [26] who used Pedalium 

murex leaf extract to bio-synthesise silver particles 

found that the size distribution of silver particles ranges 

from 10 to 150 nm. The average diameter determined by 

DLS is approximately 235 nm. This could be due to the 

measured particles size which includes biomolecules 

that surrounds the surface of the silver particles. In 

addition, the large particle size could be explained by the 

different interactive forces in the solution such as Van 

der Waals forces that allows agglomeration of particles 

[27]. Kokila et al. [19] also reported large silver particle 

size of 297 nm obtained from DLS using cavendish 

banana peel extract to biosynthesise silver particles. 
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Figure 3.  Silver particles prepared at different silver nitrate concentration at 48 hours 

 

 

Figure 4.    UV-Vis absorption spectra of silver particles observed using different silver nitrate concentration after 48 

hours 

 

 

Figure 5.   UV-Vis absorption spectra of silver particles observed for the incubation time of 0, 1, 5, 24, 48, and 72 

hours 
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Figure 6.  Scanning electron micrographs of the prepared silver particles of sample at (a) 10 000× magnification and 

(b) 30 000× magnification 

 

 

Figure 7.  Energy disperse X-ray analysis spectra of silver particles 

 

 

Figure 8.  Size distribution of synthesised silver particles 
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Conclusion 

The polydisperse silver particles with an average 

diameter of 235 nm were successfully synthesised using 

C. microcarpa peel extract as the reducing agent. The 

optimum condition to obtain the maximum peak 

absorbance is when the concentration of peel extract is 

5 wt.% which reacts with 8 mM of silver nitrate solution 

for 72 hours. Citrus microcarpa peel extract provides an 

environmentally friendly and cost-effective method that 

could potentially be used for the biosynthesis of silver 

particles. 
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