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Abstract 

This project was conducted to develop an environmentally friendly bioactive compound 
delivery system using lignin, a naturally biodegradable biomaterial, as a carrier for encapsulating 
eugenol. Eugenol is a natural compound with strong antimicrobial potential against plant pathogens. 
Therefore, this study investigated the release behavior of eugenol under different temperature 
conditions to evaluate the potential of the developed system for controlling Rice Blast Disease and 
reducing dependence on chemical pesticides in agriculture. Lignin nanoparticles encapsulating eugenol 
(LNPs-EUG) were synthesized and characterized. The prepared nanoparticles exhibited an average 
particle size of 67.57 nm and high stability, with a zeta potential of −43.2 mV. Chemical structure 
analysis using FTIR and XRD confirmed the successful encapsulation of eugenol within the amorphous 
lignin matrix. The release behavior was examined using UV–Vis spectrophotometry by determining the 
maximum absorbance wavelength, with analysis performed at 282 nm. The results showed that the 
developed delivery system provided sustained and controlled release for more than 20 hours, while 
release rates increased at higher temperatures. In conclusion, the developed lignin nanoparticles 
encapsulating eugenol demonstrate strong potential as a stable controlled-release bioactive delivery 
system. This system may improve the efficiency of natural bioactive compounds for sustainable 
agricultural applications while supporting environmentally friendly crop disease management and 
efficient natural resource utilization for future sustainable farming development worldwide. 
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Introduction 

Rice is a major economic crop in Thailand 

and the Asian region; however, its production is 

significantly affected by Rice Blast Disease caused 

by Pyricularia oryzae, leading to severe yield 

losses [1]. Although synthetic fungicides are widely 

used for disease control, their environmental 

residues and potential health risks have raised 

concerns. Eugenol, a natural compound with 

strong antifungal activity, has gained attention as an 

alternative; however, its practical application is 

limited by high volatility and rapid degradation 

under heat and light exposure [5, 8].  

Nano-encapsulation technology provides 

an effective strategy to enhance the stability and 

delivery efficiency of bioactive compounds [3, 4, 7]. 

In this study, lignin was selected as a natural carrier 

due to its amorphous structure, UV-shielding 

mailto:04799@pccl.ac.th


 

 2 

ability, and functional groups that support 

interactions with eugenol through hydrogen 

bonding and intermolecular forces [9–11]. The 

conversion of lignin into nanoparticles further 

improves surface area and adhesion properties, 

supporting controlled release under agricultural 

conditions [6, 10]. 

Therefore, this project aims to develop 

lignin nanoparticles for Eugenol encapsulation and 

investigate their encapsulation efficiency and 

temperature-dependent release behavior. This 

approach provides a sustainable delivery system 

for natural antifungal compounds, reducing 

reliance on synthetic fungicides and promoting 

environmentally friendly rice blast disease 

management. 

 

Methodology 

1. Preparation of Eugenol-Loaded Lignin 

Nanoparticles	(LNPs-EUG) 

Eugenol-loaded lignin nanoparticles 

(LNPs-EUG) were prepared using the 

nanoprecipitation method. Lignin powder 2 g was 

dissolved in 100 mL of ethanol under magnetic 

stirring at 200 rpm and 50°C for 2 hours. The 

obtained lignin solution was filtered to remove 

impurities, diluted to a concentration of 5 mg/mL, 

and transferred into a syringe. Eugenol (14.05 µL) 

was dissolved in 200 mL of deionized water, 

followed by gradual injection of 10 mL of lignin 

solution using a syringe pump under continuous 

stirring at 600 rpm and 25°C to form LNPs-EUG. The 

synthesized nanoparticle suspension was 

subsequently freeze-dried overnight to obtain 

dried LNPs-EUG powder for further characterization 

and release studies. 

2. Release Kinetic Study of LNPs-EUG 

 The release behavior of Eugenol from 

LNPs-EUG was investigated by dispersing LNPs-EUG 

powder 0.01 g in 200 mL of deionized water. The 

suspension was sonicated using an ultrasonic 

cleaner for 30 minutes at 20°C to ensure uniform 

nanoparticle dispersion. Then, 10 mL of the 

suspension was transferred into three dialysis 

membranes. Each membrane was immersed in a 

250 mL beaker containing 200 mL of deionized 

water under controlled temperatures of 25°C, 

40°C, and 50°C using a magnetic stirrer with a hot 

plate. The beakers were sealed with parafilm to 

prevent evaporation, and samples were collected 

from the external solution at 1, 2, 3, 4, 5, 20, 24, 

and 48 hours to determine the amount of Eugenol 

released from the LNPs-EUG system. 

3. Characterization of LNPs-EUG 

 The chemical and physical properties of 

LNPs-EUG were characterized using DLS, FT-IR, XRD, 

and UV-Vis Spectrophotometry. DLS was used to 

determine particle size, PDI, and nanoparticle 

stability. FT-IR and XRD were employed to analyze 

chemical interactions, functional groups, and 

structural properties after Eugenol encapsulation. 

UV-Vis Spectrophotometry was used to evaluate 

the loading capacity and encapsulation efficiency 

(%EE) based on the Eugenol calibration curve. 

 

Result and Discussion  

1.	Particle Size and Polydispersity Index Analysis 

(DLS Result) 

The particle size distribution, average 

particle size, and stability of LNPs-EUG were 

investigated using Dynamic Light Scattering (DLS). 
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The obtained results are presented in Figure 1.1, 

Figure 1.2, and Table 1.1. 

 
Figure 1.1 Particle size distribution of Eugenol-

loaded lignin nanoparticles (LNPs-EUG) 

 
Figure 1.2 Average hydrodynamic diameter of 

LNPs-EUG with standard deviation 

 
Table 1.1 Physical properties and surface 

charge of Eugenol-loaded lignin nanoparticles 

 The characterization results of LNPs-EUG 

showed an average particle size (Z-Average) 

of 67.57 nm with a PDI value of 0.33, confirming 

successful nanoparticle formation with moderate 

size distribution. The nanoparticles exhibited high 

physical stability, as indicated by the zeta potential 

value of -43.2 mV, which provided strong 

electrostatic repulsion and prevented particle 

aggregation. The particle mobility of -3.38 

µm·cm/V·s under low conductivity conditions 

(0.027 mS/cm) further supported the stability of 

the LNPs-EUG system. 

2. Chemical Functional Group Analysis (FT-IR 

Analysis) 

 The FT-IR spectra of commercial lignin 

and Eugenol-loaded lignin nanoparticles (LNPs-

EUG) are presented in Figure 2.1. 

 

 
Figure 2.1 FT-IR spectra comparison between 

commercial lignin and Eugenol-loaded lignin 

nanoparticles (LNPs-EUG) 

The FT-IR spectra of commercial lignin 

and LNPs-EUG revealed the characteristic 

functional groups and chemical interactions 

after Eugenol encapsulation. The LNPs-EUG 

spectrum retained the main lignin peaks, 
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indicating that the original lignin structure was 

preserved. Additional absorption peaks 

corresponding to Eugenol confirmed its 

successful encapsulation into the lignin 

nanoparticle matrix. The overlapping signals 

suggested molecular interactions between 

lignin and Eugenol, such as hydrogen bonding, 

without significant changes to the fundamental 

chemical structure of lignin. 

3. Structural Analysis Using X-Ray Diffraction 

(XRD) 

 The X-ray diffraction (XRD) patterns of 

commercial lignin and Eugenol-loaded lignin 

nanoparticles (LNPs-EUG) are presented in 

Figure 3.1. 

 
Figure 3.1 XRD patterns of commercial lignin 

and Eugenol-loaded lignin nanoparticles (LNPs-

EUG) 

 The XRD analysis was performed to 

investigate the structural characteristics of 

lignin before and after Eugenol encapsulation. 

Both commercial lignin and LNPs-EUG exhibited 

a broad halo pattern within the 2θ range of 

15°–30°, indicating the amorphous structure of 

lignin. No sharp diffraction peaks were observed 

after Eugenol encapsulation, confirming that 

Eugenol was uniformly distributed within the 

lignin nanoparticle matrix without forming 

crystalline structures. These results indicate 

that the encapsulation process maintained the 

original molecular structure of lignin and 

successfully formed the LNPs-EUG system. 

4. Eugenol Release Study from Lignin 

Nanoparticles 

 The release behavior of Eugenol from 

LNPs-EUG was evaluated using UV-Vis 

Spectrophotometry. A calibration curve was 

established to correlate absorbance with 

Eugenol concentration, as shown in Figure 4.1.

 
Figure 4.1 Calibration curve showing the 

relationship between absorbance and Eugenol 

concentration measured by UV-Vis 

Spectrophotometry 

 The calibration curve showed a strong 

linear relationship between absorbance and 

Eugenol concentration, with the regression 

equation y = 0.0443x + 0.0232 and R² = 0.9778, 

indicating reliable quantification of Eugenol 

during the release study. 

The Eugenol release profiles of LNPs-

EUG at different temperatures (25°C, 40°C, and 

50°C) are shown in Figure 4.2. Temperature 

significantly affected the release behavior. 

At 25°C, LNPs-EUG exhibited sustained release, 

while 40°Cresulted in moderate release with 
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slight initial burst release followed by 

prolonged release. At 50°C, a pronounced burst 

release and the highest Eugenol release were 

observed. 

 
Figure 4.2 Eugenol release profile from LNPs-

EUG at different temperatures (25°C, 40°C, and 

50°C) 

 The cumulative release ratio (C/C₀) 
shown in Figure 4.3 increased continuously with 

release time, indicating the diffusion-controlled 

release of Eugenol from the amorphous lignin 

nanoparticle matrix. Higher temperatures 

accelerated molecular diffusion, causing the C/C₀ 
ratio to reach equilibrium faster. These results 

demonstrate that LNPs-EUG effectively 

encapsulated Eugenol and provided a controlled-

release system. 

 
Figure 4.3 Cumulative release ratio (C/C₀) of 

Eugenol from LNPs-EUG under different 

temperature conditions 

 

Conclusions 

This study successfully developed 

Eugenol-loaded lignin nanoparticles (LNPs-EUG) 

as a potential sustainable biocontrol system for 

rice blast disease management. The nanoparticles 

exhibited suitable properties with an average 

particle size of 67.57 nm and high stability 

indicated by a zeta potential of -43.2 mV, 

preventing particle aggregation and maintaining 

dispersion stability. 

FT-IR and XRD analyses confirmed the 

successful encapsulation of Eugenol within the 

amorphous lignin matrix without significant 

changes to lignin’s chemical structure. The 

release study showed that temperature 

influenced Eugenol release behavior, with 

higher temperatures accelerating release 

and 50°C causing an initial burst release, while 

lower temperatures provided sustained release 

for more than 20 hours. Overall, LNPs-EUG 

demonstrated potential as an effective carrier 

for stabilizing Eugenol and enabling controlled 

release, supporting the development of 

environmentally friendly biocontrol products 

for long-term rice blast disease management. 
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