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ABSTRACT 

 

 

 

 

The concept of feasibility in green synthesis of zinc oxide (ZnO) nanoparticles has 

been discussed thoroughly in many related studies. However, size control using 

volume of plant extracts undermines potential for process upscaling. This study aimed 

to improve repeatability and reproducibility of green synthesis of ZnO by controlling 

total phenolic content of incorporated plant extracts. This study had been conducted 

by manipulating the molar ratio of zinc nitrate to sodium hydroxide and types of plant 

extracts. Leaves of Camellia sinensis, Manilkara zapota and Elaeis guineensis had 

been employed to obtain plant extracts, which were subsequently incorporated at gallic 

acid equivalent of 100 mgg-1. The phytochemical profile of plant extracts and physical 

properties of ZnO were determined. In addition, antibacterial activity of dispersed and 

encapsulated ZnO against Escherichia coli and Staphylococcus aureus was examined. 

Consistency in particle sizes of ZnO justified the feasibility of using total phenolic 

content to achieve size control. The roles of phytochemicals were affected by reaction 

pH. Under neutral pH, the role of phytochemicals as chelating agent predominated. 

Under basic condition, complex phytochemicals demonstrated structure-directing 

effect on ZnO microparticles. The antibacterial strength of ZnO reduced by 16 times 

with the decrement in particle size. Meanwhile, the incorporation of phytochemicals 

enhanced antibacterial activity of ZnO by fourfold. Encapsulation retained 

antibacterial strength of ZnO particles with defined microstructures without 

enhancement. This study confirmed that particle size and morphology of ZnO could 

be controlled through manipulation of total phenolic content of plant extracts and the 

reaction pH of green synthesis. 
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ABSTRAK 

 

 

 

 

Konsep kebolehlaksanaan dalam proses sintesis hijau terhadap nanopartikel zink 

oksida (ZnO) telah dibincangkan secara menyeluruh dalam pelbagai kajian yang 

berkaitan. Walaubagaimanapun, kawalan saiz menggunakan isipadu ekstrak tumbuhan 

menjejaskan potensi untuk peningkatan skala pemprosesan. Kajian ini bertujuan untuk 

meningkatkan kebolehulangan dan kebolehan untuk penghasilan semula sintesis hijau 

ZnO dengan mengawal jumlah kandungan fenolik ekstrak tumbuhan yang 

digabungkan. Kajian ini dijalankan dengan mengawal nisbah molar zink nitrat kepada 

natrium hidroksida dan jenis ekstrak tumbuhan. Daun-daun Camellia sinensis, 

Manilkara zapota dan Elaeis guineensis telah digunakan untuk memperoleh ekstrak 

tumbuhan yang kemudiannya dicampurkan pada persamaan asid galik sebanyak 100 

mgg-1. Profil fitokimia ekstrak tumbuhan dan ciri-ciri fizikal ZnO juga telah ditentukan. 

Di samping itu, aktiviti antibakteria ZnO sebagai partikel terselerak dan terkapsul 

terhadap Escherichia coli dan Staphylococcus aureus telah diperiksa. Ketekalan dalam 

saiz partikel ZnO menjustifikasikan kebolehlaksanaan penggunaan jumlah kandungan 

fenolik untuk mencapai kawalan saiz. Peranan fitokimia dipengaruhi oleh pH tindak 

balas. Di bawah pH neutral, peranan fitokimia sebagai agen pengkelat berdominasi. 

Di bawah keadaan alkali, fitokimia kompleks menunjukkan kesan pengarahan struktur 

pada mikropartikel ZnO. Kekuatan antibakteria ZnO berkurang sebanyak 16 kali 

ganda dengan pengurangan saiz partikel. Sementara itu, penggabungan telah 

meningkatkan aktiviti antibakteria ZnO sebanyak 4 kali ganda. Penkapsulan 

mengekalkan kekuatan antibakteria partikel ZnO yang mempunyai struktur mikro 

yang nyata tanpa sebarang penambahbaikan. Kajian ini mencadangkan  bahawa saiz 

zarah dan morfologi ZnO boleh dikawal melalui manipulasi jumlah kandungan fenolik 

ekstrak tumbuhan dan juga pH dalam tindak balas sintesis hijau. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of study 

 

 

Nanotechnology is an extensively researched field with an anticipated global market 

share of approximately 55.0 million dollars by 2022 (Inshakova & Inshakov, 2017. 

Nanomaterials refer to any material with one or more structures ranging from 1 to  

1000 nm, while nanoparticles are materials with all external dimensions within the 

nanoscale (Jeevanandam et al., 2018). Nanomaterials are classified according to their 

compositions, which include carbon, organic, inorganic, and composite compounds 

(Jeevanandam et al., 2018). Metal oxide nanoparticles fall in the category of 

composite-based nanomaterials.  

 Metal oxide nanoparticles are synthesized in the laboratory through physical 

and chemical methods, which include spray pyrolysis, chemical vaporization, sol-gel 

synthesis, and co-precipiation (Singh et al., 2018; Zikalala et al., 2018). However, the 

process upscaling through physical and chemical methods suffer from limitations due 

to the need for sophisticated technology, high-energy consumption, and the use of 

toxic chemicals (Kharissova et al., 2019). Recent trends in nanosynthesis reveal a 

growing interest in the use of biological materials to react with metal precursors under 

regulated condition (Rodríguez-León et al., 2019; Pal et al., 2020). The process 

simulates wet chemical synthesis without the use of toxic solvents (Singh et al., 2018; 

Rodríguez-León et al., 2019; Pal et al., 2020).  

 The terms ‘green synthesis’ and ‘biosynthesis’ are used interchangeably to 

describe the synthesis of nanoparticles using biological materials derived from bacteria, 

fungi, algae, and plants (Zikalala et al., 2018). Green synthesis utilizing plant extracts 

as the bioreductants is a sustainable route since phytochemicals can be extracted from 
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any plant parts (Soni et al., 2021). Green synthesis of metal oxide nanoparticles is cost-

effective and environmentally friendly as the required starting materials are metal 

precursors, plant extracts, and water (Singh et al., 2018; Zikalala et al., 2018). 

Phytochemicals also function as capping agents to control the morphology and particle 

size of nanoparticles in addition to being the reducing and chelating agents (Singh et 

al., 2018; Zikalala et al., 2018).  

 Zinc oxide (ZnO) nanoparticles have garnered attention for a wide range of 

applications due to their unique physical and chemical attributes. Zinc oxide 

nanoparticles had been reported as photocatalytic adsorbent for water treatment (Ong, 

Ng & Mohammad, 2018; Isik et al., 2019), gas sensors (Han et al., 2010; Rai & Yu, 

2012), solar cells (Saeidi, Abrari & Ahmadi, 2019; Trindade et al., 2020), and active 

ingredient in cosmetics (Kuo et al., 2010; Lu et al., 2015). Meanwhile, the biocidal 

effect of ZnO nanoparticles against pathogenic microorganisms had captured attention 

for their potential commercialization as preservatives and biocidal products (Clausen 

at al., 2011; Pasquet et al., 2014; Król et al., 2017).  

 The versatility of ZnO nanoparticles has prompted the development of their 

green synthesis pathway with the incorporation of different plant extracts. Despite 

extensive efforts to justify the pathway’s feasibility, the processing conditions are not 

universal. The incorporation of plant extracts is expressed in weight, volume or 

percentage without quantitative and qualitative information of the phytochemicals 

present in the reaction. Xu et al. (2021) highlighted plant extract concentration as one 

of the the major manipulating factors in green synthesis of ZnO nanoparticles in 

addition to plant species, precursor concentration, reaction time, pH value, and 

calcination condition. Even though a trend was observed where the size of 

nanoparticles reduced with the increment in concentration of incorporated plant extract, 

the process was not replicable because the unit used to express the incorporation of 

plant extract was empirical. Uncertainties in phytochemical content are contributed by 

genomic composition, developmental stage, cultivation condition of plants, and 

sensitivity of phytochemicals to time and temperature control during extraction 

(Dhami & Mishra, 2015; Altemimi et al., 2017).  

 Owing to the uncertainties, a rapid and effective quality control plan is 

desirable to improve the repeatability and reproducibility for green synthesis of ZnO 

nanoparticles. Instead of incorporating the plant extracts on an empirical basis, it is 

ideal to exert control on biological active compounds present in the extracts. 
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Polyphenols, constituted of flavonoids and non-flavonoids compounds, are the most 

prevalent phytochemicals in plant kingdom (Câmara et al., 2020). Polyphenolic 

compounds are regarded as marker group for quality evaluation of medicinal plants 

due to their substantial influence in biological activity of extracts (Belščak-Cvitanović 

et al., 2017). In fact, study has been carried out to determine the role of isolated 

phenolic acids in the green synthesis of metal nanoparticles (Amini & Akbari, 2019). 

 Meanwhile, the application of ZnO nanoparticles as antibacterial agent is 

restricted to colloidal stability of the nanoparticles and the chemistry of administered 

condition (Peng et al., 2017). When dispersed into targeted site, zinc oxide 

nanoparticles are prone to forming agglomerates (Tso et al., 2010; Keller et al., 2010; 

Peng et al., 2015). Encapsulation of nanoparticles in supporting medium improves 

their dispersibility and stability (Trujillo-Reyes, Peralta-Videa & Gardea Torresdey, 

2014). The encapsulation of ZnO nanoparticles in alginate nanocomposites has shown 

its applicability as disinfectant (Zhang et al., 2015; Motshekga, Ray & Maity, 2018; 

Baek, Joo & Toborek, 2019). However, it is important to highlight that the attack 

mechanisms of ZnO nanoparticles against microorganisms are determined by their 

morphology and particle size. The attack mechanisms of ZnO nanoparticles include 

generation of reactive oxygen species (ROS), bacterial cell internalization and 

destruction, and release of Zinc (II) ions (Zn2+) (Dimapilis et al., 2018). Previous 

studies demonstrated the antibacterial properties of ZnO nanocomposite without 

taking into account the differences in antibacterial strength contributed by morphology 

and particle size of the encapsulated nanoparticles. Thus, more research is required to 

provide information on feasibility of the concept when the variability in morphologies 

and particle sizes of ZnO nanoparticles is a concern. 

 As an emerging multidisciplinary field of material chemistry, biotechnology 

and nanotechnology, the application of different plant extracts in green synthesis of 

ZnO nanoparticles has been widely explored. This study is a fundamental research 

conducted with the goal of improving the repeatability and reproducibility of green 

synthesis for ZnO size control. This study was also intended to elucidate the reaction 

mechanism of green synthesis of ZnO nanoparticles. In addition, the current work was 

envisioned to contribute to the future design of deployment techniques for ZnO 

nanoparticles as biocidal products.  
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1.2 Problem statement 

 

 

The feasibility for the green synthesis of ZnO nanoparticles has been proven through 

extensive studies with the application of different plant extracts. Previous research 

focus on manipulating of reaction duration, temperature, pH, concentration of 

precursors and plant species for desirable process outcome. Generally, plant extracts 

are cited as reducing agents in green synthesis of ZnO nanoparticles, with their 

incorporation regulated by percentage in reaction mixtures (Xu et al., 2021). Despite 

being a major player in green synthesis, plant extracts inclusion was manipulated 

merely by the volume of aqueous extract added, without information on the 

quantitative and qualitative phytochemical profile. The variability of phytochemical 

composition in extracts reduces the repeatability and reproducibility of green synthesis. 

Present study was carried out to address the issue.  

 Zinc oxide nanoparticles are made up of ZnO particles with various particle 

sizes and morphologies. The morphology and size of ZnO nanoparticles determine 

their attack mechanisms against microorganisms. The ideal deployment practice of 

ZnO nanoparticles as effective biocidal agent shall take their physical properties into 

consideration. Encapsulation of ZnO nanoparticles in polymeric network is trending 

in efforts to resolve problems associated with agglomeration and settling of 

nanoparticles following administration to liquid medium. Previous studies focused 

mainly on investigating the difference in antibacterial properties between individual 

nanoparticles and their encapsulated counterparts. It is prudent to investigate the 

universality of encapsulation for ZnO of different morphologies in order to enhance 

their antibacterial strength. To address the issue, ZnO nanoparticles with distinct 

morphologies and particle size were examined for their antibacterial strength as 

dispersed and encapsulated particles under controlled conditions. 
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1.3 Research objectives 

 

 

The aim of the study was to improve repeatability and reproducibility of ZnO green 

synthesis. In addition, proposal of reaction mechanism and the roles of phytochemicals 

in green synthesis of ZnO were anticipated. The antibacterial activities of ZnO against 

Escherichia coli and Staphylococcus aureus were also investigated, with respect to 

morphologies, particle sizes and deployment methods.   

The objectives of the study are as follows: 

I. To synthesize ZnO nanoparticles by incorporating different plant extracts at 

controlled total phenolic content. 

II. To determine the effects of reaction condition and phytochemical composition 

on morphology and particle size of ZnO. 

III. To examine the antibacterial activity of ZnO samples against E. coli and S. 

aureus as dispersed particles and encapsulated particles. 

 

 

1.4 Scopes and limitations of study 

 

 

The following are the scopes of study adopted to fulfil the objectives: 

 

I. The selection of plant leaves for this study was derived from three categories; 

food material for Camellia sinensis (black tea leaves), traditional herbal 

medicinal material for leaves of Manilkara zapota (chikoo leaves) and waste 

material for the leaves of Elaies guineensis (oil palm leaves). Plant materials 

were decocted through aqueous extraction to eliminate the use of solvent. Prior 

to the synthesis of ZnO, total phenolic content of crude extracts were examined 

using Folin-Ciocalteu assay to obtain data on concentration of gallic acid 

equivalent (GAE). Plant extracts were incorporated at a concentration of           

100 mg GAE g-1. The reaction mixtures were prepared at different molarity 

combinations of zinc nitrate hexahydrate [Zn(NO3)2.6H2O] and sodium 

hydroxide (NaOH). 

II. The morphology and particle size of ZnO were examined under Field Emission 

Scanning Electron Microscopy (FESEM). Due to large numbers of ZnO samples 

synthesized, representative samples from replicated procedure were prepared for 
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observation under FESEM. The consistency of particle sizes in ZnO samples 

was considered a measure of repeatability of process. Meanwhile, the 

phytochemical composition of plant extracts were determined with Attenuated 

Total Reflection - Fourier Transfrom Infrared (ATR-FTIR) spectroscopy and 

standard methods of phytochemical qualitative analysis. The information on 

reaction mixture, qualitative phytochemical data and physical properties of ZnO 

were integrated to determine their interrelated effects and elucidate the reaction 

mechanisms. 

III. The minimum inhibitory concentration (MIC) of ZnO against E. coli and S. 

aureus was determined using Resazurin Cell Viability Test. The bacterial 

suspension was prepared in 0.9 % saline solution instead of broth medium to 

eliminate the interference of organic compounds from the culture medium. In 

addition, only ZnO with defined microstructures and ZnO nanoparticles of the 

smallest sizes within the group of incorporated crude plant extract were selected 

for the examination of antibacterial activity as encapsulated particles. The ZnO 

samples were encapsulated in alginate hydrogel beads. The antibacterial activity 

of encapsulated particles were determined using a modified Kirby-Bauer method. 

IV. Statistical analysis was performed using IBM SPSS Statistics 22.0 to compare 

the means of independent groups and determine the correlation between groups 

of variables. 
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CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1 Nanomaterials and nanoparticles 

 

 

Nanomaterials are defined as materials with at least one dimension smaller than 1 μm 

(Buzea, Blandino & Robbie, 2007). While they share the same definition, 

nanoparticles are characterized by the potential to be in smaller scales, such as atomic 

and molecular scales (approximately 0.2 nm) (Buzea, Blandino & Robbie, 2007). 

Meanwhile, a bulk material could be interpreted as particles without definite 

geometries (Walter, 2013). A nanoscale material exhibits distinct characteristics from 

its bulk counterpart because of its higher aspect ratio (Aljawfi et al., 2020). Surface 

and quantum effects are two factors that cause behavioral differences between 

nanomaterials and bulk materials (Buzea, Blandino & Robbie, 2007; Aljawfi et al., 

2020). The nanoparticles exhibited nano effects due to their outstanding optical, 

thermal, magnetic, mechanical, and electrical properties.  

 Nanoparticles can be classified into primary particles, agglomerates, and 

aggregates based on their morphologies. Primary particles can be regarded as 

nanoparticles with well-defined geometrical shapes. Because of their high surface 

energy, the primary particles are prone to assembling into agglomerates. The surface 

area of agglomerates is not much different from that of primary particles (Walter, 

2018). The International Union of Pure and Applied Chemistry (IUPAC) defines 

agglomerates as dispersed particles held together by weak physical interactions. In the 

wet chemical synthesis method, the formation of agglomerates results in precipitation 

of nanoparticles when they exceed their colloidal sizes (Sokolov et al., 2015). The 

formation of agglomerates is reversible under specific temperature, pressure, and 

solution pH (Sokolov et al., 2015). Meanwhile, aggregates form as the primary 
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particles crystallize. Aggregates are interpreted as strongly bonded colloidal particles 

produced by irreversible clustering (Sokolov et al., 2015). Crystallization of primary 

particles occurs during the sintering process, resulting in the formation of aggregates. 

These aggregates have a much lower specific surface area than their primary particles. 

Figure 2.1 depicts the difference between primary particles, agglomerates and 

aggregates. 

 

 
 

Figure 2.1: Primary particles and agglomerates exhibit similar surface area to volume 

ratio; however, the aggregates have a much smaller specific surface area compared to 

the others. 

 

 

2.2 Nucleation and growth of nanoparticles 

 

 

LaMer’s mechanism is used to conceptualize the synthesis of nanoparticles. The 

mechanism is characterized in terms of two sequential stages: nucleation and growth 

(Thanh, Maclean & Mahiddine, 2014; Polte, 2015). The prerequisites for condensation, 

which are the zero-charge precursors, are formed through redox reaction. The solution 

will become saturated with the monomers as nucleation continues. When the 

nucleation threshold is reached, nanoparticles begin to grow. Nuclei can grow 

isotropically when the rate of growth is slower than the rate of nucleation or 

anisotropically when the conditions are reversed (Zikalala et al., 2018). These particles 

will continue to grow unless they are stabilized by counteractive repulsive force (Polte, 
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2015). The factors governing growth of nanoparticles are surface energy and solubility 

of nanoparticles.  

 

 

2.3 Nanosynthesis 

 

 

The process of generating nanoparticles is known as nanosynthesis. There are two 

approaches of nanosynthesis: top-down and bottom-up. The top down approach to 

nanosynthesis is to reduce the size of the starting material to the nanoscale using 

mechanical and chemical methods (Goyal, 2017). Meanwhile, the bottom-up 

technique involves the building of nanoparticles atom-by-atom, molecule-by-molecule 

or, cluster-by-cluster (Goyal, 2017). There are three primary methods for producing 

nanoparticles: chemical, physical and biological syntheses. Because of growing 

environmental concerns, biological synthesis, which employs waste materials, 

microbes, and plants as reducing media, is being intensively investigated (Zikalala et 

al., 2018). Biological synthesis is also referred to as green synthesis. The core concepts 

of green synthesis include waste minimization, pollution reduction, the use of safer 

solvent, and the incorporation of renewable feedstock (Singh et al., 2018). Overall, 

green synthesis is regarded as a reliable and sustainable synthesis pathway (Singh et 

al., 2018). 

 

 

2.3.1 Green synthesis of nanoparticles 

 

 

Phytosynthesis is the synthesis of nanoparticles with the incorporation of plant extract. 

The term “phyto” is derived from the Greek word “phutón”, which means “plant”. 

Phytosynthesis is a burgeoning sub-discipline of nanosynthesis. Green synthesis is a 

more popular term to describe the process. Metal ion transformation into nanoparticles 

is a natural process in plant metabolism (Zikalala et al., 2018). In the process of 

phytomining, uptake and assimilation of metal ions will ultimately lead to conversion 

of ions into nanoparticles with the utilization of plant biomaterials as capping agents 

(Zikalala et al., 2018).  

 The prerequisites for green synthesis of metal nanoparticles are reducing or 

chelating agents from plants and a precursor of the desired metal. Metal complexes are 

formed as a result of interaction between the reducing or chelating agents and the metal 
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precursor. Reducing agents are chemical compounds that reduce another chemical 

compound by donating electrons while chelating agent are ligands that may form two 

or more coordinating covalent bonds with a metal ion. The roles of plant extracts vary 

as the reaction conditions change. Moreover, phytochemicals could function as 

capping agents, forming electrostatic interaction with metal complexes to stabilize the 

particles.  

 According to previous studies, polysaccharides, reducing sugars, amino acids, 

organic acids, vitamins, and phytochemicals act as reducing, chelating, and capping 

agents in phytosynthesis (Duan, Wang & Li, 2014; Singh et al., 2018; Sharmila, 

Thirumarimurugan & Muthukumaran, 2019). The ability of phytochemicals to 

facilitate the formation of metallic and metal oxide nanoparticles is governed by the 

reducing properties of their functional groups. Previous studies has linked metal 

bioreduction to the presence of hydroxyl (-OH) and carbonyl (C=O) in phytochemicals 

such as phenols, alkaloids, flavones, and anthracenes (Singh et al., 2018; Ishak, 

Kamarudin & Timmiati, 2019; El Shafey, 2020). Additionally, El Shafey (2020) also 

reviewed that the oxygen produced from degradation of phytochemicals assisted the 

reduction of metal compounds. 

 Previous studies highlighted the feasibility of using the leaf extract of Camellia 

sinensis, Manilkara zapota and Elaies guineensis in green synthesis of metal and metal 

oxide nanoparticles (Ramli et al., 2015; Asghar et al., 2018; Shaniba et al., 2019; 

Satheesha et al., 2020; Kiriyanthan et al, 2020). The properties of tea products vary 

depending on the processing conditions of Camellia sinensis. The fermentation of 

Camellia sinensis leaves results in the production of black tea leaves (Chan, Lim & 

Chew, 2007). In Malaysia, black tea is a common commodity. Zhao et al. (2019) 

reported the prevalence of polyphenolic compounds in black tea, particularly catechins 

and theaflavins. Meanwhile, Manilkara zapota, commonly known as chikoo or ciku, 

is a lowland rainforest species commonly farmed in Malaysia for its wholesome fruits 

(Tamsir et al., 2020). Decoction of chikoo leaves has been deployed as traditional 

medicine to treat inflammatory diseases (Islam et al., 2013). Tamsir et al. (2020) 

reported high total phenolic content in chikoo leaf extract, with a high concentration 

of m-coumaric acid and quinic acid. The use of leaf extract of Elaies guineensis, also 

known as oil palm, in green synthesis of metal nanoparticles has been introduced due 

to the presence of antioxidative polyphenols with hydroxyl and carboxyl groups 

(Ramli et al., 2015). Oil palm leaf extracts were reported to contain alkaloids and 
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terpenoids in addition to phenolic compounds (Ng, Abdullah & Chong, 2013).     

Figure 2.2 depicts the chemical structures of common polyphenolic compounds found 

in plant extracts. 

 

 
 

Figure 2.2: Phenolic compounds with hydroxyl groups, for instances (a) carbolic 

acid, (b) m-coumaric acid, (c) catechin, and (d) theaflavin,  are postulated to have 

contributed to the reducing properties of plant extracts. 

 

 

2.3.2 Controlling parameters of green synthesis 

 

 

The size and morphology of nanoparticles are manipulated by an interplay of various 

process parameters, such as volume of plant extracts, reaction pH, reaction time and 

temperature, the nature and concentration of precursor and reducing agent, and the 

synthesis protocol (Ajdari et al., 2017; Ismail et al., 2018; Rodríguez-León et al., 

2019). It is important to note that previous studies have focused on volume rather than 

concentration and quality of plant extracts.  

 The effect of pH on size and morphology of nanoparticles is proven significant 

(Patra & Baek, 2014). The pH value of reaction mixture manipulates the oxidation 

state and reducing power of the reducing agents (Kumari et al., 2016; Ismail et al., 

2018). In addition to initiating nucleation, reaction pH affects the solubility of primary 

particles. The concentration of primary particles is important for controlling of particle 

size during nanosynthesis (Gogotsi, 2006). Ostwald ripening occurs when the 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



64 

 

REFERENCES 

 

 

 

 

Aiyegoro, O. A. & Okoh, A. I. (2010). Preliminary phytochemical screening and In 

vitro antioxidant activities of the aqueous extract of Helichrysum longifolium 

DC. BMC Complementary and Alternative Medicine, 10(21). 

Ajdari, M. R., Tondro, G. H., Sattarahmady, N., Parsa, A. & Heli, H. (2017). 

Phytosynthesis of silver nanoparticles using Myrtus communis L. leaf extract and 

investigation of bactericidal activity. Journal of Electronic Materials, 46(12), 

6930-6935. 

Aljawfi, R. N., Alam, M. J., Rahman, F., Ahmad, S., Shahee, A. & Kumar, S. (2020). 

Impact of annealing on the structural and optical properties of ZnO nanoparticles 

and tracing the formation of clusters via DFT calculation. Arabian Journal of 

Chemistry, 13(1), 2207-2218. 

Almadiy, A. A., Nenaah, G. E. & Shawer, D. M. (2018). Facile synthesis of silver 

nanoparticles using harmala alkaloids and their insecticidal and growth 

inhibitory activities against the khapra beetle. Journal of Pest Science, 91(2), 

727-737. 

Almini, S. M., & Akbari, A. (2019). Metal nanoparticles synthesis through natural 

phenolic acids. IET Nanobiotechnology, 13(8), 771-777. 

Altemimi, A., Lakhssassi, N., Baharlouei, A., Watson, D. G. & Lightfoot, D. A. (2017). 

Phytochemicals: extraction, isolation, and identification of bioactive compounds 

from plant extracts. Plants (Basel, Switzerland), 6(4), 42. 

Amin, G., Asif, H. M., Zainelabdin, A., Zaman, S., Nur, O. & Willander, M. (2011). 

Influence of pH, precursor concentration, growth time, and temperature on the 

morphology of ZnO nanostructures grown by the hydrothermal method. Journal 

of Nanomaterials, 2011, 269692. 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



65 

 

Ann, L. C., Mahmud, S., Bakhori, S. K. M., Sirelkhatim, A., Mohamad, D., Hasan, H., 

Seeni, A. & Rahman, R. A. (2014). Antibacterial responses of zinc oxide 

structures against Staphylococcus aureus, Pseudomonas aeruginosa and 

Streptococcus pyogenes. Ceramics International, 40, 2993-3001. 

Asghar, M. A., Zahir, E., Shahid, S. M., Khan, M. N., Asghar, M. A., Iqbal, J. & 

Walker, G. (2018). Iron, copper and silver nanoparticles: green synthesis using 

green and black tea leaves extracts and evaluation of antibacterial, antifungal and 

aflatoxin B1 adsorption activity. LWT – Food Science and Technology, 90, 98-

107. 

Ashimova, A., Yegorov, S., Negmetzhanov, B. & Hortelano, G. (2019). Cell 

encapsulation within alginate microcapsules: immunological challenges and 

outlook. Frontiers in Bioengineering and Biotechnology, 7(380). 

Baek, S., Joo, S. H. & Toborek, M. (2019). Treatment of antibiotic-resistant bacteria 

by encapsulation of ZnO nanoparticles in an alginate biopolymer: insights into 

treatment mechanisms. Journal of Hazardous Materials, 373, 122-130. 

Bajpai, S. K., Chand, N. & Chaurasia, V. (2011). Nano zinc oxide-loaded calcium 

alginate films with potential antibacterial properties. Food and Bioprocess 

Technology, 5, 1871-1881. 

Baranska, M. & Schulz, H. (2009). Determination of alkaloids through infrared and 

Raman spectroscopy. in Cordell, G. A. (Ed.). The Alkaloids: Chemistry and 

Biology. Netherlands: Elsevier Inc. 217-255. 

Belščak-Cvitanović, A., Valinger, D., Benković, M, Tušek, A. J., Jurina, T., Komes, 

D. & Kljusurić, J. G. (2017). Integrated approach for bioactive quality evaluation 

of medicinal plant extracts using HPLC-DAD, spectrophotometric, near infrared 

spectroscopy and chemometric techniques. International Journal of Food 

Properties, 20 (Sup 3), 1-18. 

Bibi, A., Rehman, S. & Yaseen, A. (2019). Alginate-nanoparticles composites: kinds, 

reactions and applications. Materials Research Express, 6, 092001. 

Biesaga, M. (2011). Influence of extraction methods on stability of flavonoids. Journal 

of Chromatography A, 1218, 2505-2512. 

Bilici, Z., Işık, Z., Aktaş, Y., Yatmaz, H. C. & Dizge, N. (2019). Photocatalytic effect 

of zinc oxide and magnetite entrapped calcium alginate beads for azo dye and 

hexavalent chromium removal from solutions. Journal of Water Process 

Engineering, 31, 100826. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



66 

 

Boppella, R., Anjaneyulu, K., Basak, P. & Manorama, S. V. (2013). Facile synthesis 

of face oriented ZnO crystals: tunable polar facets and shape induced enhanced 

photocatalytic performance. The Journal of Physical Chemistry C, 117(9), 4597-

4605. 

Brouwers, R., Vass, H., Dawson, A., Squires, T., Tavaddod, S. & Allen, R. J. (2020). 

Stability of β-lactam antibiotics in bacterial growth media. PLoS one, 15(7), 

e0236198. 

Buzea, C., Blandino, I. I. P. & Robbie, K. (2007). Nanomaterials and nanoparticles: 

sources and toxicity. Biointerphases, 2(4), MR17-MR71. 

Cai, J., Wang, Y., Xi, X., Li, H. & Wei, X. (2015). Using FTIR spectra and pattern 

recognition for discrimination of tea varieties. International Journal of 

Biological Macromolecules, 78, 439-446. 

Câmara, J. S., Albuquerque, B. R., Aguiar, J., Corrêa, R. C. G., Gonçalves, J. L., 

Granato, D., Pereira, J. A. M., Barros, L. & Ferreira, I. C. F. R. (2020). Food 

bioactive compounds and emerging techniques for their extraction: polyphenols 

as a case study. Foods (Basel, Switzerland), 10(1), 37. 

Cao, D., Gong, S., Shu, X., Zhu, D. & Liang, S. (2019). Preparation of ZnO 

nanoparticles with high dispersibility based on oriented attachment (OA) process. 

Nanoscale Research Letters, 14(210). 

Casanova, F. & Santos, L. (2016). Encapsulation of cosmetic active ingredients for 

topical application – a review. Journal of Microencapsulation, 33(1), 1-17. 

Caunii, A., Pribac, G., Grozea, I., Gaitin, D. & Samfira, I. (2012). Design of optimal 

solvent for extraction of bio-active ingredients from six varieties of Medicago 

sativa. Chemistry Central Journal, 6, 123. 

Chakraborty, S., Farida, J. J.., Simon, R., Kasthuri, S. & Mary, N. L. (2020). Averrhoe 

carrambola fruit extract assisted green synthesis of ZnO nanoparticles for the 

photodegradation of congo red dye. Surfaces and Interfaces, 19, 100488. 

Chan, E. W. C., Lim, Y. Y. & Chew, Y. L. (2007). Antioxidant activity of Camellia 

sinensis leaves and tea from a lowland plantation in Malaysia. Food Chemistry, 

102, 1214-1222. 

Chávez-González, M. L., Sepúlveda, L., Verma, D. K., Luna-Garcia, H. A., 

Rodríguez-Durán, L. V., Ilina, A. & Aguilar, C. N. (2020). Conventional and 

emerging extraction processes of flavonoids. Processes, 8(4), 434. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



67 

 

Chew, S., Tan, C., Pui, L., Chong, P., Gunasekaran, B. & Lin, N. K. (2019). 

Encapsulation technologies: a tool for functional foods development. 

International Journal of Innovative Technology and Exploring Engineering, 

8(5S), 154-160. 

Ching, K., Li, G., Ho, Y. & Kwok, H. (2016). The role of polarity and surface energy 

in the growth mechanism of ZnO from nanorods to nanotubes. CrystEngComm, 

18, 779-786. 

Chithra, M. J., Sathya, M. & Pushpanathan, K. (2015). Effect of pH on crystal size and 

photoluminescence property of ZnO nanoparticles prepared by chemical 

precipitation method. Acta Metallurgica Sinica (English Letters), 28, 394-404. 

Clausen, C. A., Kartal, S. N., Arango, R. A. & Green, F. (2011). The role of particle 

size of particulate nano-zinc oxide wood preservatives on termite mortality and 

leach resistance. Nanoscale Research Letters, 6, 427. 

Coates, J. (2006). Interpretation of Infrared Spectra, A Practical Approach. in R. A. 

Meyers & M. L. McKelvy (Ed.). Encyclopedia of Analytical Chemistry. New 

York: Wiley. 

Costa, R. & Santos, L. (2017). Delivery systems for cosmetics – from manufacturing 

to the skin of natural antioxidants. Power Technology, 322, 402-416. 

Dey, P., Kundu, A., Kumar, A., Gupta, M., Lee, B. M., Bhakta, T., Dash, S. & Kim, 

H. S. (2020). Analysis of alkaloids (indole alkaloids, isoquinoline alkaloids, 

tropane alkaloids). in Nabavi, S. M., Saeedi, M., Nabavi, S. F. & Silva, A. S. 

(Ed.). Recent Advances in Natural Products Analysis. Netherlands: Elsevier Inc. 

505-567.  

Dhami, N. & Mishra, A. D. (2015). Phytochemical variation: how to resolve the 

quality controversies of herbal medicinal products? Journal of Herbal Medicine, 

5, 118-127. 

Díaz, N., Suárez, D. & Merz, Jr. K. M. (2000). Hydration of zinc ions: theoretical study 

of [Zn(H2O)4](H2O)8
2+ and [Zn(H2O)6](H2O)6

2+. Chemical Physics Letters, 326, 

288-292. 

Dimapilis, E. A. S., Hsu, C., Mendoza, R. M. O. & Lu, M. (2018). Zinc oxide 

nanoparticles for water disinfection. Sustainable Environment Research, 28, 47-

56. 

Duan, H., Wang, D. & Li, Y. (2014). Green chemistry for nanoparticle synthesis. 

Chemical Society Reviews, 44, 5778-5792. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



68 

 

Dudonné, S., Vitrac, X., Coutiѐre, P., Woillez, M. & Mérillon, J. (2009). Comparative 

study of antioxidant properties and total phenolic content of 30 plant extracts of 

industrial interest using DPPH, ABTS, FRAP, SOD, and ORAC assays. Journal 

of Agricultural and Food Chemistry, 57, 1768-1774. 

El Aziz, M. M. A., Ashour, A. S. & Melad, A. S. G. (2019). A review on saponins 

from medicinal plants: chemistry, isolation, and determination. Journal of 

Nanomedicine Research, 7(4), 282-288. 

El-Shafey, A. M. (2020). Green synthesis of metal and metal oxide nanoparticles from 

plant leaf extracts and their applications: a review. Green Processing and 

Synthesis, 9, 304-339. 

Fakhari, S., Jamzad, M. & Fard, H. K. (2019). Green synthesis of zinc oxide 

nanoparticles: a comparison. Green Chemistry Letters and Reviews, 12(1), 19-

24. 

Foe, K., Namkoong, G., Abdel-Fattah, T. M., Baumgart, H., Jeong, M. S. & Lee, D. 

(2013). Controlled synthesis of ZnO spheres using structure directing agents. 

Thin Solid Films, 534, 76-82. 

Gogotsi, Y. (2006). Nanomaterials Handbook. Ohio: CRC Press. 

Goh, C. H., Heng, P. W. S. & Chan, L. W. (2012). Cross-linker and non-gelling Na+ 

effects on multi-functional alginate dressings. Carbohydrate Polymers, 87, 

1796-1802. 

Goswami, M., Adhikary, N. C. & Bhattacharjee, S. (2018). Effect of annealing 

temperatures on the structural and optical properties of zinc oxide nanoparticles 

prepared by chemical precipitation method. Optik, 158, 1006-1015. 

Goyal, R. K. (Ed.) (2017). Nanomaterials and Nanocomposites – Synthesis Properties, 

Characterization Techniques, and Applications. Boca Raton: CRC Press. 

Grasel, F. d. S., Ferrão, M. F. & Wolf, C. R. (2016). Development of methodology for 

identification the nature of the polyphenolic extracts by FTIR associated with 

multivariate analysis. Spectrochimica Acta Part A: Molecular and Biomolecular 

Spectroscopy, 153, 94-101. 

Gudkov, S. V., Burmistrov, D. E., Serov, D. A., Rebezov, M. B., Semenova, A. A. & 

Lisitsyn, A. B. (2021). A mini review of antibacterial properties of ZnO 

nanoparticles. Frontiers in Physics, 9, 641481. 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



69 

 

Gul, R., Jan, S. U., Faridullah, S., Sherani, S. & Jahan, N. (2017). Preliminary 

phytochemical screening, quantitative analysis of alkaloids, and antioxidant 

activity of crude plant extracts from Ephedra intermedia indigenous to 

Balochistan. TheScientificWorldJournal, 2017, 5873648. 

Han, N., Wu, X., Chai, L., Liu, H. & Chen, Y. (2010). Counterintuitive sensing 

mechanism of ZnO nanoparticle based gas sensors. Sensors and Actuators B: 

Chemical, 150, 230-238. 

Hanemann, T. & Szabó, D. V. (2010). Polymer-nanoparticle composites: from 

synthesis to modern applications. Materials, 3, 3468-3517. 

Harun, N. H., Mydin, R. B. S. M. N., Sreekantan, S., Saharudin, K. A., Ling, K. Y., 

Basiron, N., Radhi, F. & Seeni, A. (2018). Shape-dependent antibacterial activity 

against Staphylococcus aureus of zinc oxide nanoparticles. Malaysian Journal 

of Medicine and Health Sciences, 14(Supp 1), 141-146. 

He, Y., Ingudam, S., Reed, S., Gehring, A., Strobaugh, Jr. T. P. & Irwin, P. (2016). 

Study on the mechanism of antibacterial action of magnesium oxide 

nanoparticles against foodborne pathogens. Journal of Nanobiotechnology, 14, 

54. 

Herrera-Hidalgo, L., López-Cortes, L. E., Luque-Márquez, R., Gálvez-Acebal, J., de 

Alarcón, A., López-Cortes, L. F., Gutiérrez-Valencia, A. & Gil-Navarro, M. V. 

(2020). Ampicillin and ceftriaxone solution stability at different temperatures in 

outpatient parenteral antimicrobial therapy. Antimicrobial Agents and 

Chemotherapy, 64(7), e00309-20. 

Heuer-Jungemann, A., Feliu, N., Bakaimi, I., Hamaly, M., Alkilany, A., Chakraborty, 

I., Masood, A., Casula, M. F., Kostopoulou, A., Oh, E., Susumu, K., Stewart, M. 

H., Medintz, I. L., Stratakis, E., Parak, W. J. & Kanaras, A. G. (2018). The role 

of ligands in the chemical synthesis and applications of inorganic nanoparticles. 

Chemical Reviews, 119(8), 4819-4880. 

Holzwarth, U., Cossío, U., Llop, J. & Kreyling, W. G. (2019). Unpredictable 

nanoparticle retention in commonly used plastic syringes introduces dosage 

uncertainties that may compromise the accuracy of nanomedicine and 

nanotoxicology studies. Frontiers in Pharmacology, 10, 1293. 

Husen, A. & Siddiqi, K. S. (2014). Phytosynthesis of nanoparticles: concept, 

controversy and application. Nanoscale Research Letters, 9(1), 229. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



70 

 

Inshakova, E. & Inshakov, O. (2017). World market for nanomaterials: structure and 

trends. MATEC Web of Conferences, 129, 02013. 

Iqbal, E., Salim, K. A. & Lim, L. B. L. (2015). Phytochemical screening, total 

phenolics and antioxidant activities of bark and leaf extracts of Goniothalamus 

velutinus (Airy Shaw) from Brunei Darussalam. Journal of King Saud University 

– Science, 27, 224-232. 

Ishak, N. A. I. M, Kamarudin, S. K. & Timmiati, S. N. (2019). Green synthesis of 

metal and metal oxide nanoparticles via plant extracts: an overview. Materials 

Research Express, 6(84). 

Isik, Z., Bilici, Z., Adiguzel, S. K., Yatmaz, H. C. & Dizge, N. (2019). Entrapment of 

TiO2 and ZnO powders in alginate beads: photocatalytic and reuse efficiencies 

for dye solutions and toxicity effect for DNA damage. Environmental 

Technology & Innovation, 14, 100358. 

Islam, M. R., Parvin, M. S., Banu, M. R., Jahan, N., Das, N. & Islam, M. E. (2013). 

Antibacterial and phytochemical screening of ethanol extracts of Manilkara 

zapota leaves and bark. International Journal of Pharma Sciences, 3(6), 394-

397. 

Ismail, A., Marjan, Z. M. & Foong, C. W. (2004). Total antioxidant activity and 

phenolic content in selected vegetables. Food Chemistry, 87, 581-586. 

Ismail, E. H., Saqer, A. M. A., Assirey, E., Naqvi, A. & Okasha, R. M. (2018). 

Successful green synthesis of gold nanoparticles using a Corchorus olitorius 

extract and their antiproliferative effect in cancer cells. International Journal of 

Molecular Sciences, 19(9), 2612. 

Jafarirad, S., Mehrabi, M., Divband, B. & Kosari-Nasab, M. (2016). Biofabrication of 

zinc oxide nanoparticles using fruit extract of Rosa canina and their toxic 

potential against bacteria: a mechanistic approach. Materials Science and 

Engineering C, 59, 296-302. 

Jeevanandam, J., Barhoum, A., Chan, Y. S., Dufresne, A. & Danquah, M. K. (2018). 

Review on nanoparticles and nanostructured materials: history, sources, toxicity 

and regulations. Beilstein Journal of Nanotechnology, 9, 1050-1074. 

Jin, S. & Jin, H. (2021). Antimicrobial activity of zinc oxide nano/microparticles and 

their combinations against pathogenic microorganisms for biomedical 

applications: from physicochemical characteristics to pharmacological aspects. 

Nanomaterials (Basel, Switzerland), 11(2), 263. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



71 

 

Jin, S., Jin, J., Hwang, W. & Hong, S. W. (2019). Photocatalytic antibacterial 

application of zinc oxide nanoparticles and self-assembled networks under dual 

UV irradiation for enhanced disinfection. International Journal of 

Nanomedicine, 14, 1737-1751. 

Kayani, Z. N., Saleemi, F. & Batool, I. (2015). Effect of calcination temperature on 

the properties of ZnO nanoparticles. Applied Physics A, 119, 713-720. 

Keller, A. A., Wang, H., Zhou, D., Lenihan, H. S., Cherr, G., Cardinale, B. J., Miller, 

R. & Ji, Z. (2010). Stability and aggregation of metal oxide nanoparticles in 

natural aqueous matrices. Environmental Science & Technology, 44(6), 1962-

1967. 

Khalifa, S. M., Abd. El-Aziz, A. M., Hassan, R. & Abdelmegeed, E. S. (2021). β-

lactam resistance associated with β-lactamase production and porin alteration in 

clinical isolates of E. coli and K. pneumoniae.  PLoS one, 16(5), e0251594. 

Khandel, P., Yadaw, R. K., Soni, D. K., Kanwar, L. & Shahi, S. K. (2018). Biogenesis 

of metal nanoparticles and their pharmacological applications: present status and 

application prospects. Journal of Nanostructure in Chemistry, 8, 217-254. 

Kharissova, O. V., Kharisov, B. I., González, C. M. O., Méndez, Y. P. & López, I. 

(2019). Greener synthesis of chemical compounds and materials. Royal Society 

Open Science, 6, 191378. 

Kiriyanthan, R. M., Sharmili, S. A., Balaji, R., Jayashree, S., Mahboob, S., Al-Ghamin, 

K. A., Al-Misned, F., Ahmed, Z., Govindarajan, M. & Vaseeharan, B. (2020). 

Photocatalytic, antiproliferative and antimicrobial properties of copper 

nanoparticles synthesized using Manilkara zapota leaf extract: a photodynamic 

approach. Photodiagnosis and Photodynamic Therapy, 32, 102058.  

Kohane, D. S. (2007). Microparticles and nanoparticles for drug delivery. 

Biotechnology and Bioengineering, 96(2), 203-209. 

Kołodziejczak-Radzimska, A. & Jesionowski, T. (2014). Zinc oxide – from synthesis 

to application: a review. Materials, 2014(7), 2833-2881. 

Krężel, A. & Maret, W. (2016). The biological inorganic chemistry of zinc ions. 

Archives of Biochemistry and Biophysics, 611, 3-19.  

Król, A., Pomastowski, P., Rafińska, K., Railean-Plugaru, V. & Buszewski, B. (2017). 

Zinc oxide nanoparticles: synthesis, antiseptic activity and toxicity mechanism. 

Advances in Colloid and Interface Science, 249, 37-52. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



72 

 

Kuang, Y., Du, J., Zhou, R., Chen, Z., Megharaj, M. & Naidu, R. (2015). Calcium 

alginate encapsulated Ni/Fe nanoparticles beads for simultaneous removal of Cu 

(II) and monochlorobenzene. Journal of Colloid and Interface Science, 447, 85-

91. 

Kügler, J. H., Roes-Hill, M. L., Syldatk, C. & Hausmann, R. (2015). Surfactants 

tailored by the class Actinobacteria. Frontiers in Microbiology, 6(212). 

Kumari, M., Mishra, A., Pandey, S., Singh, S. P., Chaudhry, V., Mudiam, M. K. R., 

Shukla, S., Kakkar, P. & Nautiyal, C. S. (2016). Physico-chemical condition 

optimization during biosynthesis lead to development of improved and 

catalytically efficient gold nano particles. Scientific Reports, 6, 27575. 

Kumari, S., Priya, P., Misra, G. & Yadav, G. (2013). Structural and biochemical 

perspectives in plant isoprenoid biosynthesis. Phytochemistry Reviews, 12, 255-

291. 

Kunz, T., Lee, E. J., Schiwek, V., Seewald, T. & Methner, F. J. (2011). Glucose – a 

reducing sugar? Reducing properties of sugars in beverages and food. Brewing 

Science, 64, 61-67. 

Kuo, C., Wang, C., Ko, H., Hwang, W., Chang, K., Li, W., Huang, H., Chang, Y. & 

Wang, M. (2010). Synthesis of zinc oxide nanocrystalline powders for cosmetic 

applications. Ceramics International, 36, 693-698. 

La Spina, R., Spampinato, V., Gilliland, D., Ojea-Jimenez, I. & Ceccone, G. (2017). 

Influence of different cleaning processes on the surface chemistry of gold 

nanoparticles. Biointerphases, 12(3), 031003.  

Lakkis, J. M. (2016). Encapsulation and Controlled Release Technologies in Food 

Systems, 2nd Edition. United Kingdom: John Wiley & Sons Ltd. 

Lallo da Silva, B., Abuçafy, M. P., Berbel Manaia, E., Oshiro Junior, J. A., Chiari-

Andréo, B. G., Pietro, R. & Chiavacci, L. A. (2019). Relationship between 

structure and antimicrobial activity of zinc oxide nanoparticles: an 

overview. International Journal of Nanomedicine, 14, 9395–9410. 

Lam, W., Chong, M. N., Horri, B. A., Tey, B. & Chan, E. (2017). Physicochemical 

stability of calcium-alginate beads immobilizing TiO2 nanoparticles for removal 

of cationic dye under UV irradiation. Journal of Applied Polymer Science, 

134(26). 

Lee, S. R. (2018). Critical role of zinc as either an antioxidant or a prooxidant in 

cellular systems. Oxidative Medicine and Cellular Longevity, 2018, 9156285. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



73 

 

Leopoldini, M., Russo, N. & Toscano, M. (2011). The molecular basis of working 

mechanism of natural polyphenolic antioxidants. Food Chemistry, 125, 288-306. 

Liu, Y. C., Li, J., Ahn, J., Pu, J., Rupa, E. J., Huo, Y. & Yang, D. C. (2020). 

Biosynthesis of zinc oxide nanoparticles by one-pot green synthesis using fruit 

extract of Amomum longiligulare and its activity as a photocatalyst. Optik – 

International Journal for Light and Electron Optics, 218, 165245. 

López-Romero, S. & Jiménez, M. J. Q. (2015). Monodisperse ZnO solid spheres by 

an assisted structure directing agent – hydrothermal method. World Journal of 

Condensed Matter Physics, 5, 332-338. 

Lu, P., Huang, S., Chen, Y., Chiueh, L. & Shih, D. Y. (2015). Analysis of titanium 

dioxide and zinc oxide nanoparticles in cosmetics. Journal of Food and Drug 

Analysis, 23, 587-594. 

Makarov, V. V., Love, A. J., Sinitsyna, O. V., Makarova, S. S., Yaminsky, I. V., 

Taliansky, M. E. & Kalinina, N. O. (2014). “Green” nanotechnologies: synthesis 

of metal nanoparticles using plants. Acta naturae, 6(1), 35-44. 

Manzoor, U., Zahra, F. T., Rafique, S., Moin, M. T. & Mujahid, M. (2015). Effect of 

synthesis temperature, nucleation time, and postsynthesis heat treatment of ZnO 

nanoparticles and its sensing properties. Journal of Nanomaterials, 2015, 

189058. 

Maret, W. (2019). The redox biology of redox-inert zinc ions. Free Radical Biology 

and Medicine, 134, 311-326. 

Martínez Rivas, C. J., Tarhini, M., Badri, W., Miladi, K., Greige-Gerges, H., Nazari, 

Q. A., Galindo Rodríguez, S. A., Román, R. Á., Fessi, H. & Elaissari, A. (2017). 

Nanoprecipitation process: from encapsulation to drug delivery. International 

Journal of Pharmaceutics, 532(1), 66-81. 

Matinise, N., Fuku, X. G., Kaviyarasu, K., Mayedwa, N. & Maaza, M. (2017). ZnO 

nanoparticles via Moringa oleifera green synthesis: physical properties & 

mechanism of formation. Applied Surface Science, 406, 339-347. 

Meli, K., Kamika, I., Keshri, J. & Momba, M. N. B. (2016). The impact of zinc oxide 

nanoparticles on the bacterial microbiome of activated sludge systems. Scientific 

Reports, 6, 39176. 

 

 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



74 

 

Mercado-Mercado, G., Blancas-Benitez, F. J., Velderrain-Rodríguez, G. R., 

Montalvo-González, E., González-Aguilar, G. A., Alvarez-Parrilla, E. & 

Sáyago-Ayerdi, S. G. (2015). Bioaccessibility of polyphenols released and 

associated to dietary fibre in calyces and decoction residues of Roselle (Hibiscus 

sabdariffa L.). Journal of Functional Foods, 18, 171-181. 

Misra, S. K., Dybowska, A., Berhanu, D., Luoma, S. N. & Valsami-Jones, E. (2012). 

The complexity of nanoparticle dissolution and its importance in 

nanotoxicological studies. Science of the Total Environment, 438, 225-232. 

Mohammadi, F. M. & Ghasemi, N. (2018). Influence of temperature and concentration 

on biosynthesis and characterization of zinc oxide nanoparticles using cherry 

extract. Journal of Nanostructure in Chemistry, 8, 93-102. 

Motshekga, S. C., Ray, S. S. & Maity, A. (2018). Synthesis and characterization of 

alginate beads encapsulated zinc oxide nanoparticles for bacteria disinfection in 

water. Journal of Colloid and Interface Science 512, 686-692. 

Nandiyanto, A. B. D., Oktiani, R. & Ragadhita, R. (2019). How to read and interpret 

FTIR spectroscope of organic material. Indonesian Journal of Science & 

Technology, 4(1), 97-118. 

Naqvi, Q., Kanwal, A., Qaseem, S., Naeem, M., Ali, S. R., Shaffique, M. & Maqbool, 

M. (2019). Size-dependent inhibition of bacterial growth by chemically 

engineered spherical ZnO nanoparticles. Journal of Biological Physics, 45(2), 

147-159. 

Ng, S. Y., Abdullah, S. & Chong, K. P. (2013). Phytochemical constituents from 

leaves of Elaeis guineensis and their antioxidant and antimicrobial activities. 

International Journal of Pharmacy and Pharmaceutical Sciences, 5(4), 137-140. 

Nguyen, D. H., Vo, T. N. N., Le, N. T. T., Thi, D. P. N. & Thi, T. T. H. (2020). 

Evaluation of saponin-rich / poor leaf extract-mediated silver nanoparticles and 

their antifungal capacity. Green Processing and Synthesis, 9, 429-439. 

Ong, C. B., Ng, L. Y. & Mohammad, A. W. (2018). A review of ZnO nanoparticles as 

solar photocatalysts: synthesis, mechanisms and applications. Renewable and 

Sustainable Energy Reviews, 81, 536-551. 

Osbourn, A., Gross, R. J. & Field, R. A. (2011). The saponins: polar isoprenoids with 

important and diverse biological activities. Natural Product Reports, 28(7), 

1261-1268. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



75 

 

Padalia, H., Moteriya, P. & Chanda, S. (2018). Synergistic antimicrobial and cytotoxic 

potential of zinc oxide nanoparticles synthesized using Cassia auriculata leaf 

extract. BioNanoScience, 8, 196-206. 

Pal, S., Pal, K., Mukherjee, S., Bera, D., Karmakar, P. & Sukhen, D. (2020). Green 

cardamom mediated phytosynthesis of ZnO NPs and validation of its 

antibacterial and anticancerous potential. Materials Research Express, 7, 

015068. 

Parihar, V., Raja, M. & Paulose, R. (2018). A brief review of structural, electrical and 

electrochemical properties of zinc oxide nanoparticles. Reviews on Advanced 

Materials Science, 53, 119-130. 

Parlinska-Wojtan, M., Kus-Liskiewicz, M., Depciuch, J. & Sadik, O. (2016). Green 

synthesis and antibacterial effects of aqueous colloidal solutions of silver 

nanoparticles using camomile terpenoids as a combined reducing and capping 

agents. Bioprocess and Biosystems Engineering, 39(8), 1213-1223. 

Pasquet, J., Chevalier, Y., Pelletier, J., Couval, E., Bouvier, D. & Bolzinger, M. (2014). 

The contribution of zinc ions to the antimicrobial activity of zinc oxide. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects, 457, 263-274. 

Pathak, T. S., Yun, J., Lee, J. & Paeng, K. (2010). Effect of calcium ion (cross-linker) 

concentration on porosity, surface morphology and thermal behaviour of 

calcium alginates prepared from algae (Undaria pinnatifida). Carbohydrate 

Polymers, 81, 633-639. 

Patra, J. K. & Baek, K. (2014). Green nanobiotechnology: factors affecting synthesis 

and characterization techniques. Journal of Nanomaterials, 2014, 417305. 

Peng, X., Palma, S., Fisher, N. S. & Wong, S. S. (2011). Effect of morphology of ZnO 

nanostructures on their toxicity to marine algae. Aquatic Toxicology, 102, 186-

196. 

Peng, Y., Tsai, Y., Hsiung, C., Lin, Y. & Shih, Y. (2017). Influence of water chemistry 

on the environmental behaviors of commercial ZnO nanoparticles in various 

water and wastewater samples. Journal of Hazardous Materials, 322 (Pt B), 348-

356. 

Peng, Y., Tso, C., Tsai, Y., Zhuang, C. & Shih, Y. (2015). The effect of electrolytes 

on the aggregation kinetics of three different ZnO nanoparticles in water. Science 

of Total Environment, 530-531, 183-190. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



76 

 

Pereira, G. A., Arruda, H. S. & Pastore, G. M. (2018). Modification and validation of 

Folin-Ciocalteu assay for faster and safer analysis of total phenolic content in 

food samples. Brazilian Journal of Food Research, 9(1), 125-140. 

Polte, J. (2015). Fundamental growth principles of colloidal metal nanoparticles – a 

new perspective. CrystEngComm, 17, 6809-6830. 

Poshadri, A. & Kuna, A. (2010). Microencapsulation technology: a review. Journal of 

Research ANGRAU, 38, 86-102. 

Pourrahimi, A. M., Liu, D., Pallon, L. K. H., Andersson, R. L., Abad, A. M., Lagarón, 

J. –M., Hedenqvist, M. S., Ström, V., Gedde, U. W. & Olsson, R. T. (2014). 

Water-based synthesis and cleaning methods for high purity ZnO nanoparticles 

– comparing acetate, chloride, sulphate and nitrate zinc salt precursors. RSC 

Advances, 4, 35568-35577. 

Qi, X., Balankura, T., Zhou, Y. & Fichthorn, K. A. (2015). How structure-directing 

agents control nanocrystal shape: polyvinylpyrrolidone-mediated growth of Ag 

nanocubes. Nano Letters, 15(11), 7711-7717. 

Rafaie, H. A., Samat, N. & Nor, R. M. (2014). Effect of pH on the growth of zinc oxide 

nanorods using Citrus aurantifolia extracts. Materials Letters, 137, 297-299. 

Raghupathi, K. R., Koodali, R. T. & Manna, A. C. (2011). Size-dependent bacterial 

growth inhibition and mechanism of antibacterial activity of zinc oxide 

nanoparticles. Langmuir, 27, 4020-4028. 

Rai, P. & Yu, Y. (2012). Citrate-assisted hydrothermal synthesis of single crystalline 

ZnO nanoparticles for gas sensor application. Sensors and Actuators B: 

Chemical, 173, 58-65. 

Ramli, N. A., Jai, J., Yusof, N. M. & Zamanhuri, N. A. (2015). Green synthesis of 

silver nanoparticles using Elaeis guineensis from palm leaves: influence of pH 

in reaction kinetic. Advanced Materials Research, 1113, 560-565. 

Ramya, M., Nideep, T. K., Nampoori, V. P. N. & Kailasnath, M. (2021). Solvent 

assisted evolution and growth mechanism of zero to three dimensional ZnO 

nanostructures for dye sensitized solar cell applications. Scientific Reports, 11, 

6159. 

Rasli, N. I., Basri, H. & Harun, Z. (2020). Zinc oxide from aloe vera extract: two-level 

factorial screening of biosynthesis parameters. Heliyon, 6(1), e03156.  

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



77 

 

Rayerfrancis, A., Bhargav, P. B., Ahmed, N., Chandra, B. & Dhara, S. (2015). Effect 

of pH on the morphology of ZnO nanostructures and its influence on structural 

and optic properties. Physica B: Condensed Matter, 457, 96-102. 

Reddy, B. H. N., Kumar, T. M. M. & Lakshmi, V. V. (2017). Synthesis and 

characterization of sodium alginate stabilized nano-ZnO impregnated into 

bentonite clay. Journal of Bionanoscience, 11(1), 59-65. 

Reddy, L. S., Nisha, M. M., Joice, M. & Shilpa, P. N. (2014). Antimicrobial activity 

of zinc oxide (ZnO) nanoparticle against Klebsiella pneumoniae. 

Pharmaceutical Biology, 52(11), 1388-1397. 

Rodríguez-León, E., Rodríguez-Vázquez, B. E., Martínez-Higuera, A., Rodríguez-

Beas, C., Larios-Rodríguez, E., Navarro, R. E., López-Esparza, R. & Iñiguez-

Palomares, R. A. (2019). Synthesis of gold nanoparticles using Mimosa 

tenuiflora extract, assessments of cytotoxicity, cellular uptake, and catalysis. 

Nanoscale Research Letters, 14, 334. 

Rokbani, H., Daigle, F. & Ajji, A. (2018). Combined effect of ultrasound stimulations 

and autoclaving on the enhancement of antibacterial activity of ZnO and 

SiO2/ZnO nanoparticles. Nanomaterials (Basel, Switzerland), 8(3), 129. 

Saeidi, M., Abrari, M. & Ahmadi, M. (2019). Fabrication of dye-sensitized solar cell 

based on mixed tin and zinc oxide nanoparticles. Applied Physics A, 125:409. 

Santos, D. I., Correia, M. J. N., Mateus, M. M., Saraiva, J. A., Vicente, A. A. & Moldão, 

M. (2019). Fourier transform infrared (FT-IR) spectroscopy as a possible rapid 

tool to evaluate abiotic stress effects on pineapple by-products. Applied Sciences, 

9, 4141. 

Santos-Sánchez, N. F., Salas-Coronado, R., Villanueva-Cañongo, C. & Hernández-

Carlos, B. (2019). Antioxidant compounds and their antioxidant mechanisms. 

IntechOpen, 85270. 

Satheesha, K. S., Bhat, R., Tharani, M. & Rajeshkumar, S. (2020). In-vitro 

antibacterial activity of black tea (Camellia sinensis) mediated zinc oxide 

nanoparticles against oral pathogens. Bioscience Biotechnology Research 

Communication, 13(4), 2077-2080. 

Schwab, W., Fischer, T. & Wüst, M. (2015). Terpene glucoside production: improved 

biocatalytic processes using glycosyltransferases. Engineering in Life Sciences, 

15(4), 376-386.  

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



78 

 

Seil, J. T. & Webster, T. J. (2012). Antibacterial effect of zinc oxide nanoparticles 

combined with ultrasound. Nanotechnology, 23(49), 495101. 

Shaniba, V. S., Aziz, A. A., Jayasree, P. R. & Kumar, P. R. M. (2019). Manilkara 

zapota (L.) P. Royen leaf extract derived silver nanoparticles induce apoptosis 

in human colorectal carcinoma cells without affecting human lymphocytes or 

erythrocytes. Biological Trace Element Research, 192(2), 160-174.  

Sharmila, G., Thirumarimurugan, M. & Muthukumaran, C. (2019). Green synthesis of 

ZnO nanoparticles using Tecoma castanifolia leaf extract: characterization and 

evaluation of its antioxidant, bactericidal and anticancer activites. 

Microchemical Journal, 145, 578-587. 

Shilhavy, T. J., Kahne, D. & Walker, S. (2010). The bacterial cell envelope. Cold 

Spring Harbor Perspectives in Biology, 2(5):a000414. 

Shukla, S., Mehta, A. & Bajpai, V. K. (2013). Phytochemical screening and 

anthelmintic and antifungal activities of leaf extracts of Stevia rebaudiana. 

Journal of Biologically Active Products from Nature, 3(1), 56-63. 

Siddiqi, K. S., Ur Rahman, A., Tajuddin & Husen, A. (2018). Properties of zinc oxide 

nanoparticles and their activity against microbes. Nanoscale Research Letters, 

13(1), 141. 

Singh, J., Dutta, T., Kim, K., Rawat, M., Samddar, P. & Kumar, P. (2018). ‘Green’ 

synthesis of metals and their oxide nanoparticles: applications for environmental 

remediation. Journal of Nanobiotechnology, 16, 84. 

Sirelkhatim, A., Mahmud, S., Seeni, A., Kaus, N. H. M., Ann, L. C., Bakhori, S. K. 

M., Hasan, H. & Mohamad, D. (2015). Review on zinc oxide nanoparticles: 

antibacterial activity and toxicity mechanism Nano-Micro Letters, 7(3), 219-242. 

Sirtori, C., de Freitas, A. M., Fujiwara, S. T. & Peralta-Zamora, P. (2012). 

Photocatalytic degradation of camphor by suspended and immobilized 

photocatalysts. Journal of Brazilian Chemical Society, 23(8). 

Sobiesiak, M. (2017). Chemical structure of phenols and its consequence for sorption 

processes. IntechOpen, 66537. 

Sokolov, S. V., Tschulik, K., Batchelor-McAuley, C., Jurkschat, K. & Compton, R. G. 

(2015). Reversible or not? Distinguishing agglomeration and aggregation at the 

nanoscale. Analytical Chemistry, 87, 10033-10039. 

Soldatavić, T. (2018). Mechanism of interactions of zinc (II) and copper (II) 

complexes with small biomolecules. IntechOpen, 79472. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



79 

 

Soni, V., Raizada, P., Singh, P., Cuong, H. N., Rangabhashiyam, S., Saini, A., Saini, 

R. V., Le, Q. V., Nadda, A. K., Le, T. & Nguyen, V. (2021). Sustainable and 

green trends in using plant extracts for the synthesis of biogenic metal 

nanoparticles toward environmental and pharmaceutical advances: a review. 

Environmental Research, 202, 111622. 

Suresh, J., Pradheesh, G., Alexramani, V., Sundrarajan, M. & Hong, S. I. (2018). 

Green synthesis and characterization of zinc oxide nanoparticles using insulin 

plant (Costus pictus D. Don) and investigation of its antimicrobial as well as 

anticancer activities. Advances in Natural Sciences: Nanoscience and 

Nanotechnology, 9, 015008. 

Tamsir, N. M, Esa, N. M., Omar, S. N. C. & Shafie, N. H. (2020). Manilkara zapota 

(L.) P. Royen: potential source of natural antioxidants. Malaysian Journal of 

Medicine and Health Sciences, 16(SUPP6), 196-204. 

Tayel, A. A., El-Tras, W. F., Moussa, S., El-Baz, A. F., Mahrous, H., Salem, M. F. & 

Brimer, L. (2011). Antibacterial action of zinc oxide nanoparticles against 

foodborne pathogens. Journal of Food Safety, 31, 211-218. 

Thanh, N. T. K., Maclean, N. & Mahiddine, S. (2014). Mechanisms of nucleation and 

growth of nanoparticles in solution. Chemical Reviews, 114, 7610-7630.  

Thein, M. Y., Pung, S., Aziz, A. & Itoh, M. (2015). The role of ammonia hydroxide in 

the formation of ZnO hexagonal nanodisks using sol-gel technique and their 

photocatalytic study. Journal of Experimental Nanoscience, 10(14), 1068-1081. 

Thummajitsakul, S., Samaikam, S., Tacha, S. & Silprasit, K. (2020). Study of FTIR 

spectroscopy, total phenolic content, antioxidant activity and anti-amylase 

activity of extracts and different tea forms of Garcinia schomburgkiana leaves. 

LWT – Food Science and Technology, 134, 110005. 

Tomaro-Duchesneau, C., Saha, S., Malhotra, M., Kahouli, I. & Prakash, S. (2013). 

Microencapsulation for the therapeutic delivery of drugs, live mammalian and 

bacterial cells, and other biopharmaceutics: current status and future directions. 

Journal of Pharmaceutics, 2013, 103527. 

Top, A. & Çetinkaya, H. (2015). Zinc oxide and zinc hydroxide formation via aqueous 

precipitation: effect of the preparation route and lysozyme addition. Materials 

Chemistry and Physics, 167, 77-87. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



80 

 

Trifković, K., Tadić, G. & Bugarski, B. (2016). Short overview of encapsulation 

technologies for delivery of bioactives to food. Journal of Engineering & 

Processing Management, 8(1), 103-111. 

Trindade, L. G. d., Hata, G. Y., Souza, J. C., Soares, M. R. S., Leite, E. R., Pereira, E. 

C., Longo, E. & Mazzo, T. M. (2020). Preparation and characterization of 

hematite nanoparticles-decorated zinc oxide particles (ZnO/Fe2O3) as 

photoelectrodes for solar cell applications. Journal of Materials Science, 55, 

2923-2936. 

Trojanowska, A., Giamberini, M., Tsibranska, I., Nowak, M., Marciniak, Ł., Jatrzab, 

R. & Tylkowski, B. (2017). Microencapsulation in Food Chemistry. Journal of 

Membrane Science and Research, 3(4), 265-271. 

Trujillo-Reyes, J., Peralta-Videa, J. R. & Gardea-Torresdey, J. L. (2014). Supported 

and unsupported nanomaterials for water and soil remediation: are they a useful 

solution for worldwide pollution? Journal of Hazardous Materials, 280, 487-

503. 

Tso, C., Zhung, C., Shih, Y., Tseng, Y., Wu, S. & Doong, R. (2010). Stability of metal 

oxide nanoparticles in aqueous solutions. Water science and technology: a 

journal of the International Association on Water Pollution Research, 61(1), 

127-133. 

Udvardi, B., Kovács, I. J., Fancsik, T., Kónya, P., Bátori, M., Stercel, F., Falus, G. & 

Szalai, Z. (2016). Effects of particle size on the attenuated total reflection 

spectrum of minerals. Applied Spectroscopy, 71(6), 1157-1168. 

Uekawa, N., Yamashita, R., Wu, Y. J. & Kakegawa, K. (2004). Effect of alkali metal 

hydroxide on formation processes of zinc oxide crystallites from aqueous 

solutions containing Zn(OH)4
2- ions. Physical Chemistry Chemical Physics, 6, 

442-446. 

Ukoha, P. O., Cemaluk, E. A. C., Nnamdi, O. L. & Madus, E. P. (2011). Tannins and 

other phytochemicals of the Samanaea saman pods and their antimicrobial 

activities. African Journal of Pure and Applied Chemistry, 5(8), 237-244. 

Umar, H., Kavaz, D. & Rizaner, N. (2019). Biosynthesis of zinc oxide nanoparticles 

using Albizia lebbeck stem bark, and evaluation of its antimicrobial, antioxidant, 

and cytotoxic activities on human breast cancer cell lines. International Journal 

of Nanomedicine, 14, 87-100. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



81 

 

Vaishampayan, M. V., Mulla, I. S. & Joshi, S. S. (2011). Low temperature pH 

dependent synthesis of flower-like ZnO nanostructures with enhanced 

photocatalytic activity. Materials Research Bulletin, 46, 771-778. 

Varaprasad, K., Raghavendra, G. M., Jayaramudu, T. & Seo, J. (2016). Nano zinc 

oxide-sodium alginate antibacterial cellulose fibres. Carbohydrate Polymers, 

135, 349-355. 

Vogelsberger, W., Schmidt, J. & Roelofs, F. (2008). Dissolution kinetics of oxidic 

nanoparticles: the observation of an unusual behaviour. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 324(1-3), 51-57. 

Wahab, R., Kim, Y. & Shin, H. (2009). Synthesis, characterization and effect of pH 

variation on zinc oxide nanostructures. Materials Transactions, 50(8), 2092-

2097. 

Wahid, F., Zhong, C., Wang, H., Hu, X. & Chu, L. (2017). Recent advances in 

antimicrobial hydrogels containing metal ions and metals/metal oxide 

nanoparticles. Polymers, 9(12), 636. 

Walter, D. (2013). Primary particles – agglomerates – aggregates. in 

Forschungsgemeinschaft, D. Nanomaterials. Weinheim: Wiley-VCH Verlag 

GmbH & Co. KGaA. 9-24. 

Wang, M., Zhou, Y., Zhang, Y., Hahn, S. H. & Kim, E. J. (2011). From Zn(OH)2 to 

ZnO: a study on the mechanism of phase transformation. CrystEngComm, 13, 

6024-6026. 

Wasly, H. S., El-Sadek, M. S. A. & Henini, M. (2018). Influence of reaction time and 

synthesis temperature on the physical properties of ZnO nanoparticles 

synthesized by the hydrothermal method. Applied Physics A, 124(76). 

Wendorf, J., Chesko, J., Kazzaz, J., Ugozzoli, M., Vajdy, M., O'Hagan, D. & Singh, 

M. (2008). A comparison of anionic nanoparticles and microparticles as vaccine 

delivery systems. Human vaccines, 4(1), 44–49. 

Xie, Y., He, Y., Irwin, P. L., Jin, T. & Shi X. (2011). Antibacterial activity and 

mechanism of action of zinc oxide nanoparticles against Campylobacter jejuni. 

Applied and Environmental Microbiology, 77(7), 2325-2331. 

Xu, J., Huang, Y., Zhu, S., Abbes, N., Jing, X. & Zhang, L. (2021). A review of the 

green synthesis of ZnO nanoparticles using plant extracts and their prospects for 

application in antibacterial textiles. Journal of Engineered Fibers and Fabrics, 

16, 1-14. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH



82 

 

Xu, X., Chen, D., Yi, Z., Jiang, M., Wang, L., Zhou, Z., Fan, X., Wang, Y. & Hui, D. 

(2013). Antimicrobial mechanism based on H2O2 generation at oxygen 

vacancies in ZnO crystals. Langmuir, 29, 5573-5580. 

Yazaki, K., Arimura, G. & Ohnishi, T. (2017). ‘Hidden’ terpenoids in plants: their 

biosynthesis, localization and ecological roles. Plant and Cell Physiology, 

58(10), 1615-1621. 

Yung, M. M. N., Fougѐres, P., Leung, Y. H., Liu, F., Djurišić, A. B., Giesy, J. P. & 

Leung, K. M. Y. (2017). Physicochemical characteristics and toxicity of surface-

modified zinc oxide nanoparticles to freshwater and marine microalgae. 

Scientific Reports, 7, 15909. 

Zanet, V., Vidic, J., Auger, S., Vizzini, P., Lippe, G., Iacumin, L., Comi, G. & 

Manzano, M. (2019). Activity evaluation of pure and doped zinc oxide 

nanoparticles against bacterial pathogens and Saccharomyces cerevisiae. 

Journal of Applied Microbiology, 127(5), 1391-1402. 

Zeng, X. & Lin, J. (2013). Beta-lactamase induction and cell wall metabolism in Gram-

negative bacteria. Frontiers in Microbiology, 4(128). 

Zhang, F., Li, X., He, N. & Lin, Q. (2015). Antibacterial properties of ZnO/Calcium 

alginate composite and its application in wastewater treatment. Journal of 

Nanoscience and Nanotechnology, 15, 3839-3845. 

Zhang, Y., Chen, Y., Westerhoff, P. & Crittenden, J. (2009). Impact of natural organic 

matter and divalent cations on the stability of aqueous nanoparticles. Water 

Research, 43, 4249-4257. 

Zhao, C., Tang, G., Cao, S., Xu, X., Gan, R., Liu, Q., Mao, Q., Shang, A. & Li, H. 

(2019). Phenolic profiles and antioxidant activities of 30 tea infusions from 

green, black, oolong, white, yellow and dark teas. Antioxidants(Basel), 8(7): 215. 

Zhu, C., Guo, S., Fang, Y. & Dong, S. (2010). Reducing sugar: new functional 

molecules for the green synthesis of graphene nanosheets. ACS Nano, 4(4), 

2429-2437. 

Zhu, Y. F., Fan, D. H., Dong, Y. W. & Zhou, G. H. (2014). Morphology-controllable 

ZnO nanostructures: ethanol-assisted synthesis, growth mechanism and solar 

cell applications. Superlattices and Microstructures, 74, 261-272. 

Zikalala, N., Matshetshe, K., Parani, S. & Oluwafemi, O. S. (2018). Biosynthesis 

protocols for colloidal metal oxide nanoparticles. Nano-Structures & Nano-

Objects, 16, 288-299. 

PTTA
PERP

UST
AKA
AN 
TUN
KU T

UN 
AMI
NAH


