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CHAPTER I 

INTRODUCTION 

 

 

1.1 Background 

Zinc oxide (ZnO-NPs) is zinc metal ions that reduced into nano-sized 

molecules known as nanoparticles. This nanoparticle is the result of 

nanotechnology that synthesizes molecules, commonly metallic molecules in size 

range of 1 to 100 nm and its applications can help as gas sensors, photocatalyst, 

photoelectric, drugs carrier, antibacterial material which also possess antioxidant 

activity (Kumar et al., 2014; Ma et al., 2012). The methods used to synthesize 

nanoparticles are including physical and chemical. The examples of physical 

method used are pulse laser ablation, mechanochemical synthesis, and pulsed wire 

discharge method, while the example for chemical method used are sonochemical 

method, chemical reduction method, microemulsion method, and solvothermal 

decomposition (Umer et al., 2012). 

However, among those methods, scientists had been conducting “green 

chemistry” method to reduce the size of particles using plant extract known as 

green synthesis which were found to be friendlier for both human health and 

environment (Umer et al., 2012). For synthesizing ZnO-NPs efficiently, selection 

of solvents are necessary to optimize ZnO-NPs synthesis since different solvent 

used might affect size and shapes of synthesized ZnO-NPs (Khoza et al., 2011). 

Ma et al. (2012) reported that ZnO-NPs could be synthesized using simpler 

method which using microwave, while Joseph and Mathew (2014) were able to 
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synthesize silver nanoparticles simple, fast, eco-friendly and economic methods 

by assisting microwave method with addition of plant extract as reducing and 

capping agent. 

According to Makarov et al. (2014), the reduction of metal ion into 

nanoparticles and its stability in green synthesis were influenced by the plant 

metabolites such as sugars, protein, terpenoids, alkaloids, phenolic acids and 

polyphenol. Among of the plants, black mulberry (Morus nigra) leaf has been 

used to produce metal nanoparticles such as silver nanoparticles. Both leaf and 

fruit of black mulberry are well known to be the good sources of phenolic 

compounds especially anthocyanin such as cyanidine-3-glucoside and cyanidine-

3-rutinoside which are the major, and pelagordinin-3-glucoside, pelargodinin-3-

rutinoside which are the minor (Kutlu et al., 2009). 

In this study synthesis of ZnO-NPs will be conducted using microwave 

and assisted by green chemistry compound from the leaf and fruit extract of black 

mulberry with modifying type of solvent used and calcination temperature. These 

ZnO-NPs nanoparticles will be investigated further by its antioxidant activity 

using 1,1-diphenyl-2-picrylhydrazyl (DPPH●) and nanoparticles characterization 

technique by using Particle Size Analysis (PSA) and Scanning Electron 

Microscopy (SEM). 

 

1.2 Research Problem 

Leaf and fruit of black mulberry (Morus nigra) is considered to be used as 

reducing and stabilizing agent due to its high phenolic properties. However, there 

is lack of research about the most suitable solvent and dilemma in effect of 
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calcination that actually might affect the characteristics of synthesized 

nanoparticles. Calcination treatment was done in order to increase purity of 

nanoparticles product by removing unwanted organic products (Suciu et al., 2008; 

Naseri et al., 2012; Xin et al., 2014). Unfortunately, the use of calcination 

nanoparticles might influence particle agglomeration, causing the size of 

nanoparticle to become bigger (Naseri et al., 2012). Therefore, microwave-

assisted synthesis of ZnO-NPs using leaf and fruit extract of Morus nigra with 

different types of solvent and different calcination temperature was done to see its 

effect towards antioxidant activity of synthesized ZnO-NPs. 

 

1.3 Research Objectives 

1.3.1 General Objectives 

The main objective of this experiment was to find the most suitable 

treatment of ZnO-NPs synthesis using black mulberry and its potential as 

reducing agents for green synthesis of ZnO-NPs to its antioxidant activity. 

1.3.2 Specific Objectives 

Specific objectives of this experiment were: 

1. To determine the most suitable solvent for synthesizing ZnO-NPs with the 

highest yield and free radical scavenging activity. 

2. To evaluate the difference of using fruit or leaf of black mulberry for 

synthesizing ZnO-NPs towards the yield and free radical scavenging activity 

of ZnO-NPs. 
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3. To determine the effect of different calcination temperature of ZnO-NPs 

synthesized through fruit and leaf extract towards ZnO-NPs characteristics 

and antioxidant activity.   




