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Abstract: Nanotechnology has recently emerged as an essential field of study in 

modern materials science. The green synthesis of nanoparticles using plant extracts 

is of great interest because it is cost-effective, eco-friendly, and suitable for large-

scale production. The study highlights the synthesis of ZnO nanoparticles (ZnO 

NPs) using Laurus nobilis (L. nobilis) leaf extract and their characterization and 

biological activities for potential applications in the biomedical field. ZnO NPs 

were synthesized using Laurus nobilis leaf extract. The synthesized ZnO NPs were 

characterized by UV-Vis spectroscopy, TEM, XRD, and FT-IR. According to TEM 

and XRD diffraction analysis, with a mean particle size of 16 ± 5 nm, it was found 

that the synthesized ZnO NPs contain a hexagonal wurtzite structure. ZnO NPs 

have antibacterial activity against Gram-positive Staphylococcus aureus (S. 

aureus) and Gram-negative Escherichia coli (E. coli). The antiproliferative activity 

of ZnO NPs was tested against the human colon cancer cell line and mouse normal 

fibroblast cell line using MTT assay in vitro. The results show that the prepared 

nanoparticles had antiproliferative in screened incubation time and concentrations. 
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1. INTRODUCTION 

ZnO NPs, due to their superior properties, namely large binding energy, wide band gap, and 

high piezoelectricity, have many applications such as medical imaging (Lim et al., 2012; 

Senthilkumar et al., 2009), nanocomposites (Bhattacharya & Samanta, 2016), drug delivery 

(Yuan et al., 2010), and hyperthermia of tumors (Sharma et al., 2022).  There are numerous 

methods to synthesize ZnO NPs, including mechanical grinding, chemical reduction, laser 

cutting, photoreduction, and the green approach (Agarwal et al., 2017; Ghimire et al., 2022; 

Wirunchit et al., 2021). Among them; the green approach is of great interest to reduce metal 

salts to nanoparticles because it is inexpensive, non-toxic, and environmentally friendly (Jadoun 

et al., 2021). There are many studies in the literature on the synthesis of ZnO NPs using different 

plant extracts such as Nephelium lappaceumL. (Karnan & Selvakumar, 2016) Mangifera indica 

(Rajeshkumar et al., 2018), Suaeda aegyptiaca (Rajabi et al., 2017), Calotropis gigantea 
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(Vidya et al., 2013), Aspalathus linearis (Diallo et al., 2015), and Syzygium Cumini (Sadiq et 

al., 2021). Synthesis of nanoparticles from plant extracts is a bottom-up approach using metal 

salts as precursors (Hoda et al., 2021).  

L. nobilis is an evergreen, aromatic plant of the Lauraceae family that grows in temperate 

and tropical areas of the world, including Türkiye, Spain, Morocco, Greece, Portugal, Mexico, 

and other Mediterranean nations (Alejo-Armijo et al., 2017). The leaves of this plant are used 

as a spice flavoring in foods. In addition, leaf extracts are used for fungal and antimicrobial 

infections, and to treat burping, bloating, and gastrointestinal issues (A. Sharma et al., 2012). 

L. nobilis leaf extract contains ingredients such as sugars, kaempferol glycosides, sesquiterpene 

lactones, megastigme glycosides, organic acids, (+)-catechin, (+)-gallocatechin, (+)-

epigallocatechin, (-)-epicatechin, and procyanidins (Kaurinovic et al., 2010). Thanks to the 

components it contains, the plant can form and stabilize nanoparticles by reducing metallic ions 

(Rai et al., 2009).  

Cancer, which is the primary cause of death worldwide, is one of the health problems that 

most concern and affect society. In 2020, colorectal cancer was the third cause of cancer-related 

death in the United States (Siegel et al., 2020). Depending on the type of cancer, its stage, and 

the patient's health, several treatment methods, including surgery, radiotherapy, and 

chemotherapy, are used (Debela et al., 2021). However, these treatment methods have 

disadvantages such as selectivity, multi-drug resistance, and adverse side effects (Mondal et al., 

2014). Recently, nanoparticles' small size and greater atomic content on their surface allow 

them to interact with biomolecules both inside and outside body cells, enabling them to be used 

in medicine to treat cancer as drug delivery systems and diagnostic tools (Mundekkad & Cho, 

2022; Zabielska-Koczywąs & Lechowski, 2017).  

In this study, L. nobilis leaf extract was used to synthesize ZnO NPs. The synthesized ZnO 

NPs were characterized by UV-Vis spectroscopy, XRD, FTIR, and TEM.  S. aureus and E. coli 

strains were utilized to examine the antibacterial activity of ZnO NPs. In addition, the Minimum 

Inhibitory Concentration (MIC)-Minimum Bactericidal Concentrations (MBC) of ZnO NPs 

were determined. The antiproliferative activity of ZnO NPs was tested against a human colon 

cancer cell line and a mouse normal fibroblast cell line using MTT assay in vitro. 

2. MATERIAL and METHODS 

2.1. Chemical Used 

Zinc acetate dihydrate (Zn(CH₃CO₂)₂.2H₂O) and Sodium hydroxide (NaOH) used in this study 

were purchased from Merck Company. Deionized water was used throughout the experimental 

study. L. nobilis leaves were collected from the Antalya region and their type has been 

confirmed. 

2.2. Preparation of Aqueous Leaf Extract  

L. nobilis leaves were washed with tap water and then with deionized water to purify them from 

dust and foreign wastes and dried them by laying in the shade at room conditions. After the 

dried L. nobilis leaves were ground, the powder was sieved with a particle size of 0.630 – 1.00 

mm to be used in the extract. 2.5 g of powdered L. nobilis leaves and 100 ml of deionized water 

were taken into a 250 ml flask and boiled under reflux for 5 min. Then, the extract was cooled 

to room temperature and filtered. The extract was centrifuged at 9500 rpm for 5 minutes to 

remove plant residues and impurities and kept at 4°C for further studies. 

2.3. Synthesis of Nanoparticles  

Zinc acetate dihydrate was used as a metal precursor for the synthesis of ZnO NPs. ZnO NPs 

were synthesized using L. nobilis leaf extract with minor modification, as previously 

demonstrated by Dönmez (Dönmez, 2021). 10 ml of L. nobilis leaf extract was added to 90 ml 
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of 0.02 M zinc acetate solution and stirred at room temperature using a magnet stirrer.  Then, 1 

M NaOH was added drop by drop to reach the pH of the mixture to 12 and the solution was 

stirred at room temperature for 2 hours.  The resulting white mixture was centrifuged at 9500 

rpm for 30 min. The precipitate was purified with deionized water and ethanol to remove 

impurities. Finally, obtained white precipitate was dried at 60 overnight and then calcined at 

200°C for 3 hours. 

2.4. Characterization of Synthesized Nanoparticles  

ZnO NPs were characterized by UV-Vis spectroscopy, XRD, FTIR, and TEM techniques. UV-

visible spectra of ZnO NPs were recorded in the 200 to 700 nm wavelength range using a 

JASCO V-770 UV/Vis spectrometer operating at a 1 nm resolution. X-ray diffractometer with 

Cu Ka radiation wavelength of 0.15406 nm investigated the phase structure and material 

identification of ZnO NPs. Spectrum was obtained using Panalytical Empyrian X-ray 

diffractometry at an angle of 2θ in the range of 10° to 80°. The morphologies and dimensions 

of ZnO NPs were investigated by Transmission Electron Microscopy (JEOL JEM-1010). The 

stability of synthesized ZnO NPs was measured by zeta potential analysis (Horiba Scientific).  

2.5. Bacterial Strains and Determination of Minimum Inhibitory Concentration (MIC)-

Minimum Bactericidal Concentration (MBC)  

To investigate the antibacterial activity of ZnO NPs Gram-positive S. aureus ATCC 25923, and 

Gram-negative, E. coli ATCC 25922 strains were used. The bacteria strains were cultured in 

Mueller Hinton broth (MHB) (Merck, Germany) at 37◦C for 18-24 h with 120 rpm. 

The detection of MIC of ZnO NPs was carried out using a microtitre broth dilution method. 

The bacterial suspension was adjusted with sterile saline to a concentration of 108 CFU ml-1. A 

hundred μL of ZnO NPs were added to the wells containing 100 μL MHB medium and serially 

diluted two-fold. Five μL of bacterial suspension adjusted to 0.5 McFarland inoculated each 

well and plates were incubated at 37 ºC’de for 24 h. Following incubation, microplates were 

evaluated. The smallest concentration without growth was determined as the MIC value.  MBC 

test was performed by plating the suspension from each well of microtiter plates into the MHA 

plate. The plates were incubated at 37◦C for 24 h. The lowest concentration with no visible 

growths on the MHA plate was taken as the MBC value.  

2.6. Investigation of the Effects of ZnO NPs Against Colon Cancer Cell Line and Mouse 

Adipose Fibroblast Cell Line 

The human colon adenocarcinoma epithelial cell line (DLD-1) (ATCC® CCL-221TM) was 

purchased from the American Type Culture Collection (ATCC, USA). Mouse adipose 

fibroblast cell line (L929) (ATCC® CCL-1TM) was donated by Associate Professor Cigdem 

Yucel from Erciyes University, Faculty of Pharmacy. DLD-1 and L929 cell lines were cultured 

in DMEM supplemented with 10% FBS and 1% glutamax. The cell seeding was done at 5 × 

103 cells/well density into 96-well plates. The DLD-1 and L929 cells were exposed to ZnO 

NPs at 50, 25, 12.5, 6.25, and 3.125 µL/mL concentrations for 48 h. The 50 µL of MTT stock 

solution, which is prepared as 5 mg/mL in DMEM solution, was added to the plate wells and, 

were incubated for 3 h. Absorbance values were measured in an Elisa plate reader at 590 nm. 

3. RESULTS and DISCUSSION 

3.1. Characterization of ZnO NPs 

In this study, the synthesis of ZnO NPs using L. nobilis leaf extract was successfully carried 

out. Firstly, UV-Vis analysis was performed to observe the formation of synthesized ZnO NPs. 

The UV-Vis spectrum of ZnO NPs is given in Figure 1 and the absorption peak at 372 nm 

belongs to the SPR absorption of it. The structure of the plasmon band and the wavelength 
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range in which it is observed vary according to the size distribution, average diameter, and 

shape of the nanoparticles (Link & El-Sayed, 1999). It is well known that the plasmon band gap 

in the UV-Vis Spectrum of ZnO NPs increases with decreasing particle size. For example, 

Hammad et al. (2010) investigated the change in particle size by exposing the synthesized ZnO 

NPs to different calcination temperatures and reported that there is a change in the plasmon 

band depending on the particle size in the UV-Vis spectrum of ZnO NPs of different sizes 

(Hammad et al., 2010).  

Figure 1. UV-Vis spectrum of synthesized ZnO NPs. 

 

The crystal structure of the synthesized ZnO NPs was determined by XRD diffraction 

analysis. The XRD patterns of the synthesized ZnO NPs are given in Figure 2. The XRD 

diffraction peaks of the synthesized ZnO NPs are in good agreement with the ZnO hexagonal 

wurtzite structure of the Joint Committee on Powder Diffraction Standards (JCPDS-36-1451). 

No characteristic diffraction peaks were observed in the XRD analysis except for ZnO, 

indicating that the ZnO NPs were free of unwanted impurities. Similar results have been 

reported in some studies in the literature (Al-Kordy et al., 2021; Khorsand Zak et al., 2011). 

Figure 2. XRD pattern of synthesized ZnO NPs. 

 

FTIR spectra of synthesized ZnO NPs were taken in the range of 400–4000 cm-1 as seen in 

Figure 3. The characteristic stretching peak of the ZnO bond is assigned a significant vibration 

band in the FTIR spectrum ranging from 400 cm-1 to 500 cm-1. A large peak at 3388 cm-1 

(stretching) and 1670 cm-1 (bending), is caused by ambient moisture, indicating the presence of 

hydroxyl residue (Nagaraju et al., 2017). The FTIR results are consistent with the results of 
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ZnO NPs which were synthesized from various plant extracts (Dobrucka & Długaszewska, 

2016; Song & Yang, 2016). 

Figure 3. FTIR spectra of synthesized ZnO NPs. 

 

The TEM images of ZnO NPs synthesized using L. nobilis leaf extract, shown in Figure 4, 

can help us analyze the size and shape of the synthesized nanoparticles. According to the TEM 

images of ZnO NPs, it was observed that the nanoparticles ranged in size from 9 to 33 nm, with 

a mean diameter of 16 ± 5 nm. It also showed that the synthesized ZnO NPs were roughly 

spherical.  

Figure 4. TEM images of synthesized ZnO NPs.  

 

The zeta potential analysis confirms the stability of ZnO NPs synthesized using L. nobilis 

leaf extract. As seen in Figure 5, the zeta potential of the synthesized ZnO NPs is -25,2 mV. 

This result shows that the synthesized ZnO NPs are covered by negatively charged groups and 

are quite stable. 

The size distributions of the synthesized ZnO NPs were examined by evaluating the TEM 

images with Adobe Photoshop 7. A total of 100 particles were counted and the size distribution 

plot for the corresponding particles is given in Figure 6. The results show that the size of the 

synthesized ZnO NPs is between 9 nm and 33 nm. 
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Figure 5. Zeta potential of synthesized ZnO NPs.  

 

Figure 6. Particles size distribution of synthesized ZnO NPs. 

 

3.2. Bacterial strains and Determination of MIC- MBC of ZnO NPs 

Since ancient times, people have utilized the antibacterial properties of certain metals and their 

ions. Today, it is known that a variety of metals, including Ag, Al, Co, Cu, Fe, Ga, Mn, Ni, Pb, 

and Zn, have antibacterial properties  (Gudkov et al., 2021). The capacity of metal ions to block 

enzymes, disrupt cell membranes, hinder the uptake of critically needed microelements by 

microorganisms, or induce DNA damage forms the basis of metals' antimicrobial activity 

(Turner, 2017). The MIC/ MBC results against the test bacteria are given in Table 1. The results 

showed that the ZnO NPs had antibacterial activity and the MBC and MIC of S. aureus and E. 

coli were 4,35 mg/mL and 2,175 mg/mL, respectively. The antibacterial activity of the L. 

nobilis leaf extact on bacteria was not observed at the studied concentration. The antibacterial 

effect of ZnO NPs has been demonstrated in many studies carried out so far (Anand et al., 2019; 

D. Sharma et al., 2010). The physical and morphological characteristics of nanoparticles and 

synthesis techniques change their antibacterial capabilities. For example, Upadhyaya et al. 

(2018) reported that hexagonal ZnO NPs synthesized using Lawsonia inermis extract showed 

higher antibacterial activity against S. aureus than rod-shaped ZnO NPs at 100, 200, and 

500 μg/mL concentrations. They concluded that hexagonal ZnO NPs, due to their shape, 
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penetrate the cell membrane barrier more easily than rod ZnO NPs and cause cell death 

(Upadhyaya et al., 2018).  

ZnO NPs show a higher antibacterial effect compared to bulk ZnO (Yamamoto, 2001). The 

factors that most affect the antibacterial activity of ZnO NPs are their small size and large 

surface/volume ratio. Akbar et al. (2017) reported that as the size of ZnO NPs decreases, the 

antibacterial effect increases (Akbar et al., 2017). The smaller nanoparticles effectively 

penetrate through the cell walls of the bacteria, causing membrane damage and ultimately 

leading to cell lysis. The high antibacterial effect of the synthesized ZnO NPs can be attributed 

to their small size and hexagonal structure. 

Table 1. Antibacterial activity of ZnO NPs against microorganisms (MIC/MBC value). 

Microorganisms ZnO NPs 

S. aureus ATCC 25923 2.175/1.08 

E. coli ATCC 25922 2.175/4.35 

3.3. Antiproliferative Activity Studies of ZnO NPs 

The synthesized ZnO NPs were tested in human colon cancer cell lines and mouse fibroblast 

cell lines in vitro. The results are given in Table 2.  

Table 2. IC50 results of ZnO NPs in DLD-1 and L929 cell lines. 

Compound 
IC50 (µL/mL) 

DLD-1 L929 

ZnO NPs 13.85 20.08 

The results show that ZnO NPs have obvious antiproliferative activity in the colon cancer cell 

line with the half maximal inhibitory concentration (IC50) value of 13.85 µL/mL for 48 h. From 

the above IC50) value, it is clearly seen that the synthesized ZnO NPs can inhibit the growth of 

colon cancer cells. It was also determined from the cell culture studies that the synthesized ZnO 

NPs showed selectivity on healthy cells (L929) and IC50 value was obtained as 20.08 µL/mL. 

The normal and cancer cell viability ratios depending on concentrations of ZnO NPs are given 

in Figure 7.  

Figure 7. Changing cell viability rates depending on the concentrations of synthesized ZnO NPs. 

 

It is seen that the synthesized ZnO NPs has an effect on cell viability depending on the 

concentration (Figure 7). At 3.125 µL/mL concentration, the ZnO NPs was found to be inactive 

on both healthy (L929) and cancerous (DLD-1) cells. In the colon cancer cell line, it is seen 
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that the cell viability rates interacting with the ZnO NPs decreased by 91.57%, 49.88%, 15.74%, 

7.64% for 6.25, 12.5, 25 and 50 µL/mL, respectively, as the concentration increased. It is clearly 

seen that the synthesized ZnO NPs at 12.5 µM have selectivity on healthy cells and the viability 

rates were obtained as 49.88% and 69.93% for DLD-1 and L929, respectively. At 50 µL/mL of 

the ZnO NPs, the viability of healthy cells was almost twice that of cancer cells at 15.95%. 

4. CONCLUSION 

In this study, ZnO NPs were successfully synthesized from L. nobilis leaves extract via the 

green approach, which is an inexpensive, non-toxic, and eco-friendly method. The synthesized 

ZnO NPs were characterized by UV, TEM, XRD, and FT-IR. According to XRD diffraction 

analysis of ZnO NPs, it was observed that they have a hexagonal wurtzite structure. The size 

and shape of the ZnO NPs were determined using the TEM method. According to the TEM 

images of ZnO NPs, it was observed that the nanoparticles ranged in size from 9 to 33 nm, with 

a mean diameter of 16 ± 5 nm. To investigate the antibacterial effect of ZnO NPs S. aureus, 

and E. coli strains were used. The MIC/MBC results of ZnO NPs against test bacteria showed 

that they had antibacterial activity and MBC and MIC values of S. aureus and E. coli were 4.35 

mg/mL and 2.175 mg/mL, respectively. Bacterial infectious illnesses are a severe public health 

issue that has gained international attention as a hazard to human health that also has 

implications for the economy and society. Therefore, new antibacterial agents are needed to 

combat infectious diseases. Although the antibacterial effect of nanoparticles on many 

microorganisms is seen as a promising approach, more research is required on it. 

In addition, synthesized ZnO NPs were screened in DLD-1 and L929 cell lines. The 

nanoparticles were found to be effective in DLD-1. Furthermore, it has selectivity against 

normal cell lines.  Synthesized ZnO NPs have the potential to be used in biomedical applications 

thanks to their antibacterial and anticancer activity. 
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