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ABSTRAK 

Kajian ini bertujuan untuk menghasilkan formulasi nanopartikel polimerik yang 

bertujuan untuk melingkupi ekstrak akueus dua spesies Cymbopogon iaitu Cymbopogon 

citratus (serai makan) dan Cymbopogon nardus (serai wangi) yang mengandungi agen 

antioksidan tidak stabil. Selain daripada mempunyai zarah bersaiz nano yang boleh 

meningkatkan penembusan pada kulit, nanopartikel juga berkebolehan untuk 

meningkatkan stabiliti agen terapeutik secara kimia atau fizikal, serta berupaya untuk 

menyampaikan agen terapeutik ke kawasan yang dikehendaki dalam kandungan 

konsentrasi yang tinggi. Ekstrak akueus telah diperolehi daripada tiga kaedah ekstrak 

yang berbeza iaitu merebus, infusi dan „soxhlet‟. Nanopartikel polimerik atau nama 

khasnya Chitosan-Alginate nanopartikel telah disediakan dengan kaedah gelatin ionik 

serta dikaji untuk mengemali ciri-ciri nanopartikel seperti saiz, potensi zeta, indeks 

polydispersity, dan kecekapan pengkapsulan. Semua formulasi juga dinilai untuk 

aktiviti antioksidan menggunakan kaedah ujian DPPH. Nanopartikel polimerik yang 

mengandungi C. nardus ekstrak akueus oleh kaedah „soxhlet‟ didapati memberikan 

hasil yang memuaskan dari segi saiz zarah, potensi zeta, indeks polydispersity dan 

kecekapan lingkupan dengan nilai 281±34.31 nm, -36,25±3.43 mV, 0.48 dan 86.9±5%, 

masing-masing. Semua formulasi nanopartikel ini telah didapati mempunyai aktiviti 

antioksida, dan salah satunya mempunyai peratus yang tertinggi iaitu 58.29±0.34%. 

 



iv 

ABSTRACT 

This study aimed to formulate polymeric nanoparticles to encapsulate aqueous 

extracts of two Cymbopogon species which are Cymopogon citratus and Cymbopogon 

nardus that contain unstable antioxidant agent. Apart from having the nano-sized 

particles which may enhance penetration to the skin, nanoparticles are also known for 

their abilities to increase the stability of therapeutic agents by chemical or physical 

means, as well as to deliver higher concentrations of drugs to target areas. The aqueous 

extracts were obtained by three different extraction methods which are decoction, 

infusion and soxhlet extraction. Polymeric nanoparticles which are chitosan-alginate 

nanoparticles were prepared by a modified ionic gelation method and characterized for 

their particle size, zeta potential, polydispersity index, and encapsulation efficiency. All 

the formulations were also evaluated for the antioxidant activity by free scavenging 

DPPH assay. The polymeric nanoparticles encapsulating C. nardus aqueous extracts by 

soxhlet extraction were found to give satisfactory results of particle size, zeta potential, 

polydispersity index and encapsulation efficiency with values of 281±34.31 nm, -

36.25±3.43 mV, 0.48 and 86.9±5%, respectively. All the nanoparticles formulations 

were found out to exhibit antioxidant activity with the highest percentage of inhibition 

activity of 58.29±0.34%.  
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CHAPTER 1 

 

 

INTRODUCTION 

1.1 Background of Study 

Medicinal plants are the source of good economic value due to its natural 

medicinal compounds. One of the most commonly known medicinal plants is 

Cymbopogon genus, a member of Gramineae (Poaceae). Cymbopogon genus which 

comprises of 144 species is most commonly known for its uses not only for 

pharmaceuticals, but also for cosmetics and perfumery applications (Avoseh et al., 

2015). In this study, an extended study of Cymbopogon species is carried out 

particularly for two species which are C. citratus, also known as normal lemongrass and 

C. nardus, also known as scented lemongrass.  

C. Citratus and C. nardus extracts contained many chemical components which 

reside in its essential oil and aqueous extracts such as myrcene, citral, geranial, neral, 

heptenone, dipentene, limonene, linalool, borneol, geraniol, and citronellol which gives 

various biological activities (Olorunnisola et al., 2014). These bioactive phytochemical 

compositions can be obtained from leaf extracts prepared with different solvents such as 

water, methanol and ethanol (Soares et al., 2013). In traditional medicines, the fresh 

herbs of C. citratus are usually prepared by decoction and infusions while the dried 

leaves are usually given in the form of tea (Salome et al., 2012). Decoction is suitable 

for extracting hard plants materials or the compounds which are known to be heat-

stable. It is usually resulted in more oil-soluble compounds compared to maceration and 

infusion (Nn, 2015). In this study, we focus on extraction of decoction, infusion and 

soxhlet extraction using water as the solvent for the aqueous extract.  
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C. citratus and C. nardus have a wide range of applications due to their 

antibacterial, antifungal, anti-inflammatory, anti-carcinogenic and antioxidant 

properties. An antioxidant agent by natural sources such as C. citratus and C. nardus is 

highly demanded esppecially for the safety assurance of the consumers. Latest research 

investigations have proved that antioxidant potential of plant is attributed by the 

presence of polyphenols, flavonoids, lignins, alkaloids, terpenoids, carotenoids, 

vitamins and other compounds which have the abilities to remove toxic oxidative 

products. Phenolic compounds play important role in antioxidant activity as it 

scavenges reactive oxygen species (ROSs) generated during metabolism in the body 

such as hydrogen peroxide (H2O2), superoxide anion (O
2-

) and free radicals (Promila & 

Madan, 2018). The production of free radicals in higher amount than the amount that 

can be neutralized by the body leads to oxidative stress. Oxidative stress can cause 

diseases such as cancer, cardiovascular diseases, rheumatoid arthritis, muscle 

destruction, neurological disorders, inflammatory diseases, and skin aging. Skin aging 

is caused by the antioxidant capacity that is diminished by ROS along with chronic 

exposure to Ultraviolet (UV) light (Gianeti & Campos, 2014; Villalobos, 2015). A safe 

topical application which contains high concentration of active ingredient is required 

for the efficacy of the treatment. The formulation also needs to have high stability to 

ensure the efficacy in preventing and eliminating free radicals due to the characteristics 

of antioxidant which are very unstable due to the fact that it can be oxidized easily. This 

characteristic makes the formulation ineffective and inactive before reaching the site of 

action (Leonardi, 2017).  

The prevention of the formulation from being ineffectual before reaching the 

site of action can be achieved by nanoparticles system, specifically Chitosan-Alginate 

nanoparticles. Chitosan is a cationic polymer which has been widely used in many 

applications including topical. It is reported to have high potentials not only as a vehicle 

for controlled delivery, but also for antioxidant and skin protecting agent (Aranaz et al., 

2018). Apart from the use of nano-sized particles to provide sustained and controlled 

release of encapsulated drugs or active ingredients, nanoparticles are also known for 

their abilities to increase the stability of therapeutic agents by chemical or physical 

means, and to deliver higher concentrations of drugs to target areas (Goyal et al., 2016).  
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In this study, polymeric nanoparticle of Chitosan with sodium alginate using the 

aqueous extracts of C. citratus and C. nardus is synthesised in order to achieve the 

objectives of this study. The polymeric nanoparticles have several attractive 

applications due to their biodegradability, biocompatibility and non-toxic nature 

(Natrajan et al., 2015). After the formulation of Chitosan-Alginate nanoparticles by 

using the ionic gelation method, the characterizations of nanoparticles such as particle 

size, zeta potential, encapsulation efficiency and drug loading are analyzed. For zeta 

potential, it indicates the stability of the nanoparticles formulation as the magnitude of 

zeta potential reflecting the degree of electrostatic repulsion between charged particles. 

Thus, the high degree of zeta potential whether it is negative or positive indicates the 

resistance of the particles to aggregation, resulting a final stable system (Ahmed & 

Aljaeid, 2016).  

Other than nanoparticles characterizations, antioxidant activity of the Chitosan-

Alginate nanoparticles is also analyzed by Free Radical Scavenging DPPH assay which 

requires the absorbance readings of nanoparticles samples using UV-Vis 

Spectrophotometer in order to calculate the percentage of scavenging activity. Higher 

concentration of samples contains higher antioxidant activity, resulting in a lower 

absorbance reading and higher percentage of scavenging activity. In terms of visual 

observation, the colour change of DPPH solution from purple to yellow when it is fully 

reacted with the antioxidant agent in the samples indicates a reduction of free radicals 

by the antioxidant agent (Jothy et al., 2011).   
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