
 

 

_________________________________________________________________________________________________ 

*Corresponding author e-mail: Correspondence author: Dina F. Katowah(dfkatoaah@hotmail.com, dfkatoaah@uqu.edu.sa) 

EJCHEM use only: Received date 10 October 2023; revised date 17 December 2023; accepted date 07 January 2024 

DOI: 10.21608/EJCHEM.2024.236051.8726 

©2024 National Information and Documentation Center (NIDOC) 
 

 

Egypt. J. Chem. Vol. 67, No. 7 pp. 377 - 387 (2024) 

 

 

Fabrication of a Green Nanocomposite Film-Based Polylactic Acid Loaded 

Cellulose Acetate- Ag Nanoparticles - Curcumin Nanoparticles For 

Enhanced Antibacterial Activities 

Dina F. Katowah
a
*, Bdor A Almalki

a
 

a
Department of Chemistry, Faculty of Applied Science, Umm Al-Qura University, P.O. Box 16722, Makkah, 

21955, Saudi Arabia 

Abstract 

Nowadays, there is a growing concern regarding the conservation of ecological systems. The continuous usage of polymers 

greatly contributes to environmental pollution. Consequently, the development to eliminate environmental pollution. 

Therefore, the use of locally sourced biomaterials in polymer composites promotes environmental awareness, reduces reliance 

on unsustainable synthetic materials, and has the advantage of lower cost of natural fibers compared to synthetic alternatives. 

The key objective of this research is to establish an environmentally friendly nanocomposite (NCs) film by utilizing natural 

resources. To achieve this, the polylactic acid-cellulose acetate-curcumin-silver (PLA-CA-CUR-Ag) NCs film was 

synthesized in four steps using a simple solution-casting and ultrasonic irradiation. Acetylation of cellulose (CE) extracted 

from sukkari palm leaf using acetic anhydride, AcOH and H2SO4 catalyst. Additionally, CUR was transformed into 

nanoparticles (NPs) using physico-chemical fabrication techniques. Ag NPs were synthesized using the solid-state approach, 

utilizing the pomegranate peel. These NPs and CA were distributed in PLA as the supporting matrix. The structure of the 

novel synthesized NCs film was proved by several tools as FT-IR, XRD, UV, SEM, TGA, and DTG. In addition to revealing 

the importance of synthesized NCs film, as they have proven antibacterial and antifungal effectiveness. CA, CUR NPs, and 

Ag NPs increased the activity of PLA against Bacillus subtilis and Candida albicans, whereas PLA alone did not show any 

activity. 
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1. Introduction 
CA, an alternative biopolymer, possesses 

both antimicrobial properties and mechanical 

strength. It is produced by converting CE into a 

derivative through                           a chemical 

reaction involving acetic anhydride and acetic acid, 

with sulfuric acid serving as a catalyst [1]. CA is an 

important ester of CE [2] and has gained increasing 

attention due to its advantageous characteristics, 

including biocompatibility, biodegradability, 

favorable mechanical properties, insolubility in 

water, high affinity, non-toxicity, good hydrolytic 

stability, excellent chemical resistance, and relatively 

low cost. Moreover, CA has potential applications in 

various fields, such as wound dressing, filament-

forming matrices, antimicrobial membranes, affinity 

membranes, biomedical separation, and biomedical 

NCs [3]. Numerous articles have focused on the 

recent advancements in antimicrobial additives for 

CA, covering aspects such as their preparation, 

biocidal action, and application [3-8]. 

CUR, a polyphenolic compound, has 

garnered significant attention in global studies due to 

its diverse biological activities [9-13]. It is derived 

from turmeric, an ancient spice commonly used in 

Asian traditional remedies [14]. CUR has 

antimicrobial properties that include antifungal, 

antibacterial, antiviral, and antimalarial activity. 

Notably, CUR has demonstrated extensive 

antibacterial efficacy and has been deemed safe even 

at large doses (up to 12 g per day) based on clinical 

human trials. This safety profile has prompted the 

synthesis of various CUR derivatives to create 

antimicrobial drugs with modified and enhanced 

antibacterial activities [15, 16].  CUR and other 

antimicrobial derivatives have been combined to 

produce antimicrobial gels and emulsions for skin 

that improve skin protection and wound treatment 

capabilities[17]. Furthermore, CUR has been 

incorporated with hydrogel Ag NPs to enhance the 

functionality of hydrogel Ag NCs as targeted agents 

for wound dressing and antimicrobial applications 

[17]. Since CUR exhibits poor solubility and low 

absorption, it is often utilized in NPs form, which 

offers advantages such as improved solubility and 

absorption [18]. 

Ag NPs, being a fascinating material, have 

attracted significant attention in research and 

development aimed at enhancing their inherent 

properties [19, 20]. This noble nanometal is 

renowned for its antimicrobial capabilities, which 

find relevance in various applications such as 

orthopedics [21], packaging [22], medical devices 

[23], footwear, and household items [24]. Moreover, 

Ag NPs possess unique properties that make them 

highly promising in diverse fields including 

electronics [25], photonics [26], photocatalysis [27], 

surface-enhanced Raman spectroscopy detection 

[28], biosensor materials [29], etc. 

PLA is a thermoplastic polymer known for 

its non-toxicity, biodegradability, and excellent 

mechanical properties. It finds applications in various 

fields such as agriculture, packaging, engineering 

materials, and medical textile preparation [30, 31]. 

Additionally, PLA is biocompatible with body fluids, 

and its degradation products do not cause any local or 

systemic toxic effects [32]. Therefore, incorporating 

antimicrobial additives into PLA is an advantageous 

approach to addressing microbial proliferation [33]. 

In response to the growing demand for eco-friendly 

resources, scientists have been focusing on 

developing materials derived from nature [34, 35]. 

Currently, there is a growing concern 

regarding the conservation of ecological systems. 

Most synthetic polymers, however, are derived from 

petrochemicals and possess limited biodegradability. 

The continuous usage of polymers greatly contributes 

to environmental pollution. Recently, traditional 

materials made from synthetic composites, which 

contribute to greenhouse gas emissions, have been 

replaced with environmentally friendly and 

renewable composite materials [36]. Consequently, 

the development of environmentally friendly 

materials utilizing natural resources has emerged as a 

significant challenge over the past decade. 

Additionally, the utilization of locally sourced bio-

materials in polymer composites promotes 

environmental awareness, reduces reliance on 

unsustainable synthetic materials, and offers a cost 

advantage due to the lower cost of natural fibers 

compared to synthetic alternatives [37]. 

The hybrid of natural polymers with Ag NPs 

in NCs film will have several industrial applications 

as sensors which can be used to detect factors that 

endanger human life, such as heavy metal 

contamination of drinking water and the detection of 

toxic fumes and gases in factories or laboratories 

[29,34]. Also, NCs film used in manufacturing the 

energy device as lithium ion batteries, 

supercapacitors, and solar cells [25,26]. 

Given the aforementioned information, 

researchers have shown significant interest in the 

development of eco-friendly green NCs. In this study, 

a novel green NCs film was created by combining 

CA, CUR NPs, and Ag NPs with PLA matrix. The 

synthesis of the film NCs involved a straightforward 

four-step process, including solution casting and 

ultrasonic irradiation. Firstly, CE was extracted from 

sukkari palm leaves and acetylated through a reaction 

involving acetic anhydride (Ac2O), acetic acid 

(AcOH), and sulfuric acid (H2SO4) as the catalyst is 

employed. Secondly, CUR was fabricated as NPs 

through a physico-chemical method. Thirdly, a solid-

state approach utilizing pomegranate peel was 
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employed to synthesize Ag NPs, which were then 

dispersed within the obtained CA. These NCs 

combine the unique advantages of each component, 

resulting in enhanced properties of the NCs film. 

Subsequently, the newly developed NCs film was 

subjected to testing for its antimicrobial and 

antifungal properties. 

 

2. Experimental Methodology 

2.1. Materials 
The palm branches utilized in this study 

were sourced from a farm situated in Mecca, Saudi 

Arabia. The specific palm type used was Sukkari. 

The polylactic acid (PLA) material, with a thickness 

of 3mm, was sourced from Goodfellow in 

Cambridge, UK and was in its pure biopolymer form. 

The following chemicals and reagents were employed 

without purification: curcumin (CUR) with a purity 

of 98%, glacial acetic acid, acetic anhydride, sulfuric 

acid, and dichloromethane, all obtained from Sigma 

Aldrich in the USA. Chloroform was acquired from 

Fisher Scientific located on Bishop Meadow Road in 

Loughborough, UK, while silver nitrate was obtained 

from Carlo Erba in Milan, Italy. Throughout the 

experiments, distilled water was used. 

2.2. Measurements and characterization 
The film morphologies have been studied in 

this investigation using a field-emitting scanning 

electron microscopy (SEM) instrument, specifically 

the Thermo Scientific Scios2 DualBeam System. 

This analysis aimed to provide fundamental 

information regarding the crystallographic and 

structural characteristics of the polymer films. 

Additionally, the crystallinity of the films was 

evaluated using XRD (X-ray diffraction) analysis. 

using the Rigaku Corporation model (RIGAKU 

ULTIMA_IV). Furthermore, TGA and differential 

thermogravimetry (DTG) were used to evaluate the 

thermal stability of the films. The TGA and DTG 

tests were performed using a Shimadzu DTA-60 and 

TGA-60 system at a heating rate of 10 °C/min under 

ambient atmospheric conditions. This analysis 

yielded information about the temperature at which 

the films started to degrade. To obtain information 

about the functional groups present in the samples 

and to record the Fourier Transform Infrared (FTIR) 

spectra, the Shimadzu FTIR - IR Affinity1S and 

IRSpirit spectrometer with the QATR-S accessory 

installed were utilized. The FTIR measurements were 

conducted within the 4000-300 cm−1 range. 

Additionally, absorption studies were conducted 

using Thermo Scientific Evolution 201/220 UV-

Visible Spectrophotometers to investigate the 

absorption properties of the films. 

2.3. Isolation of CE from Palm Branch 
The palm leaves (Fig.1a) were first washed 

and dried. They were then chopped into uniform 

pieces with dimensions of approximately 5 x 10 cm. 

Subsequently, the palm leaves underwent a treatment 

with 3% NaOH solution as described by reference 

[38]: 9 g of palm leaf samples have been placed in a 

500 mL round flask including 150 mL of 3% NaOH 

solution to begin the treatment. The flask was 

subsequently subjected to Reflux. at 110 °C with 

continuous magnetic stirring for a duration of 3 hours 

(Fig.1b). After the reflux process, the solid material 

was filtered and rinsed multiple times with distilled 

H2O. Subsequently, for 1.5 hours, the filtered 

substance was dried in a 70 °C oven. The resulting 

pretreated palm leaf sample is shown in Fig.1c. 

2.4. Acetylation of CE 
To prepare the CA, acetylation of the 

pretreated palm leaf sample was carried out using the 

following method as described in reference [41]: 

Acetylation was performed using acetic 

anhydride as the acetylating agent, glacial acetic acid 

was used as the solvent, and sulfuric acid served as 

the catalyst. In the acetylation process, 3.5 g of the 

pretreated palm leaf sample was dissolved in a 

combined mixture consisting of 16.5 ml of AcOH, 10 

ml of Ac2O, and 1 ml of H2SO4. The resulting 

mixture was stirred using a magnetic stirrer for a 

duration of 5 hours at a temperature of 7 °C in an ice 

bath. After the reaction of acetylation, the resulting 

material was filtered and subjected to multiple 

washes using warm distilled water at a temperature of 

40 °C. Subsequently, the filtered substance was dried 

in an oven set at 70 °C for a duration of 1.5 hours. 

The CA obtained from this process is shown in 

Fig.1d. 

2.5. Synthesis of CUR NPs 
As mentioned in the literature [18, 40], the 

preparation of (CUR NPs) was achieved through a 

physico-chemical fabrication method. The following 

procedure was followed: Firstly, to prepare a CUR 

solution, 0.1 g of CUR was mixed with 20 ml of 

dichloromethane (Fig. 1e). From this solution, 1 ml 

was added drop by drop into 50 ml of boiling water 

using a burette. The mixture was then subjected to 

ultrasonication for 30 minutes at a frequency of 50 

kHz. After ultrasonication, the solution was subjected 

for stirring about 20 minutes at 800 rpm, as a result, a 

clear orange-colored precipitate formed. (Fig. 1f, g). 

Subsequently, the solution was then centrifuged for 

separating the resulting precipitate from the 

supernatant. The supernatant was discarded, and the 

remaining pellet (Fig. 1g) was obtained. Finally, the 

obtained pellet was oven-dried to obtain the desired 

(CUR NPs) (Fig. 1h). 

2.6. Synthesis of Ag NPs 
The pomegranate fruits (Fig. 1i) were first 

washed using distilled water and then sliced. 

Subsequently, the peel was left to dry at room 

temperature for a period of 7 days (Fig. 1j). Next, the 

dried pomegranate peel was ground. The preparation 

of (Ag NPs) was carried out utilizing a solid-state 



 Dina F. Katowah and  Bdor A Almalki 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 67, No. 7 (2024)  

 

 

380

method [19]. During this procedure, 2 grams of finely 

ground pomegranate peel were combined with 0.3 

grams of AgNO3 and thoroughly mixed (Fig. 1k). 

The resulting powders were subsequently placed in a 

furnace and subjected to 600 °C temperature for a 

duration of 3 hours. The formation of Ag NPs is 

illustrated in Fig. 1(i-l). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Isolation of cellulose acetate from Palm Branch (a-c), 

cellulose Acetate (d), Synthesis of nano CUR (e-h), Synthesis of 

Ag NPs (i-l) 

 

2.7. Preparation of PLA-CA-CUR-Ag NCs film 
The PLA-CA-CUR-Ag NCs film was 

fabricated using a solution-casting and ultrasonic 

irradiation method based on a previously reported 

procedure with some modifications [40]. To begin, 

PLA was added to chloroform and stirred at room 

temperature for 12 hours until it completely 

dissolved. Afterward, CA was introduced into the 

PLA solution and stirred for an additional 6 hours. 

The CUR NPs were then mixed with the PLA-CA 

mixture and stirred for 3 hours, followed by 

sonication for 1 hour. Separately, Ag NPs were added 

to chloroform and sonicated for 30 minutes. 

Subsequently, the obtained Ag NPs solution was 

added to the PLA solution and subjected to 

sonication for a duration of 1 hour to enhance the 

dispersion of CA, CUR, and Ag NPs. Then, the 

solution was poured into a Petri dish, and the process 

of preparing the PLA-CA-CUR-Ag NCs film is 

depicted in Fig. 2. 

 

 
Figure 2: Preparation of PLA-CA-CUR-Ag NCs film 

For comparison, the same preparation 

procedure was repeated three times to synthesize 

other films. Pure PLA film (Fig. 3a), PLA-AC film 

(Fig. 3b), and PLA-CA-CUR NCs film (Fig. 3c) were 

prepared following similar steps. The abbreviations 

for the fabricated films and their composition with 

different polymer ratios are provided in Table 1. 

 

 

 

 

Figure 3: Pure PLA (a), PLA-AC (b), PLA-CA-CUR NCs (c) and 

PLA-CA-CUR-Ag NCs (d) films 

 
Table 1: The abbreviations and the chemical compositions for 

nanocomposites polymer film 

Ag NPs 

(g) 

CUR 

(g) 

CA 

(g) 

PLA 

(g) 

Formulation 

- - - 1 PLA 

- - 0.05 0.95 PLA/CA 

- 0.01 0.05 0.94 PLA/CA/CUR 

0.01 0.01 0.05 0.93 PLA/CA/CUR/Ag NPs 

 

2.8. Assessment of Antimicrobial Activity 
The films' antibacterial activity was tested 

toward 4 bacteria and one fungus from the 

microbiology laboratory at the University of King 

Abdulaziz Hospital in Jeddah, Saudi Arabia. Gram-

positive (+ve) bacteria, specifically Bacillus subtilis 

ATCC 6633and Staphylococcus aureus ATCC 

29213, were present, as were gram-negative (-ve) 

bacteria, specifically Pseudomonas aeruginosa ATCC 

27853 and Escherichia coli ATCC 35218. Candida 

albicans ATCC 76615 was the fungal strain used. 

 

2.8.1. Inoculum preparation 

On Muller-Hinton agar plates, bacterial 

culture collections were grown. A loopful of 

overnight bacterial cells from the agar plates were 

moved into 5 mL of regular saline (85% NaCl), and 

the suspension's turbidity was set to 1-5 x 106 

CFU/mL. The agar diffusion approach was used to 

conduct preliminary antibacterial and antifungal 

activity screening, as described previously [41]. In 

this technique, Petri dishes with a diameter of 90 mm 

were filled with 25 mL of Muller-Hinton agar, and 1 

mL of the bacterial culture (1 × 106 CFU/mL) was 

added to the agar medium. Each strain was inoculated 

individually. On the agar plates containing the seeded 

bacteria, 6 mm diameter wells were created. 

Subsequently, 50 µL of each film sample, prepared at 
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a concentration of 20 mg/mL, was added to the 

respective wells. As a negative control, DMSO was 

used. The Petri dishes were subsequently placed in an 

incubator set at 37°C and incubated for 24 hours. 

After incubation, the absence of bacterial growth in 

the area surrounding the wells indicated inhibitory 

activity. The inhibition-zones were recorded using a 

caliper to determine the extent of inhibition. 

 

3. Rustle and discussion 
Confirmation of the preparation of CA, 

CUR NPs, and Ag NPs was carried out using FT-IR 

and UV techniques. The FT-IR spectroscopy analysis 

was performed on the extracted CE from sukkari 

palm leaf and its acetylated form (Fig. 4). In the 

spectrum of CE, an absorption band for stretching -

OH groups at ν = 3400 cm
-1

 was observed. In 

comparison to CA, the intensity of the -OH 

absorption band decreased, indicating a decrease in -

OH content in the acetylated CE. This reduction 

confirmed the successful acetylation of CE. A 

shoulder peak near the stretching vibrations peak of -

OH at 2924 cm-1was refer to C-H bond stretching 

vibration which are present in aliphatic groups of CE. 

The absorption bands at ν = 1751 cm
-1

were identified 

as ester carbonyl groups, the peak at 1375 cm-1 

referred to the existence of C-H bonds in the acetyl 

group, and the absorption at 1235 cm
-1

was attributed 

to the presence of C-O bonds in the (O-C=O group). 

These peaks provided confirmation of the formation 

of ester bonds in the acetylated CE, resulting in an 

increase in their relative intensity [38, 43]. 

Furthermore, distinctive peaks were observed, 

confirming the acetylation of C isolated from sukkari 

palm leaf. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4:  FT-IR of C and CA 

 

Fig. 5a depicts the FT-IR spectrum of CUR 

NPs, verifying the existence of all CUR functional 

groups. The stretching of the C=C bond was observed 

at 1627 cm
-1

, whereas the peak at 1453 cm
-

1corresponded to the C=H bond in the CUR 

molecule. The stretching and vibration of C=O were 

represented by the absorption bands at 1610 cm-1 and 

1506 cm
-1

, respectively. Furthermore, the stretching 

of C-N resulted in a peak at 1037 cm-1. The stretching 

of O-H groups was observed at 3380 cm
-1

, while the 

enol peaks of C-O-C and C-O were located at 1110 

cm
-1

and 1272 cm
-1

, respectively [39]. The UV 

spectroscopy image (Fig. 5b) of CUR NPs provided 

further confirmation of their presence. The unique 

absorption of CUR NPs has been demonstrated by 

the absorption peak at 419 nm [18, 39, 42].  

 

 

 

 

 

 

 

 

Figure 5: FT-IR (a) and UV (b) spectrum of CUR NPs 

 

The presence of Ag NPs was also confirmed using 

FT-IR spectroscopy, as depicted in Fig. 6a. The 

spectrum exhibited peaks at 3272 cm
-1

, which could 

be caused by stretching vibrations of OH groups 

existing in water as a result of the precursor. 

Furthermore, two peaks at 1043 cm-1and 1651 cm-

1
may be associated with bioorganic compound C-C 

and C=O bonds, such as residues of glucose and 

chains of carbons. [44-46]. The presence of -C=O 

symmetry stretching vibrations was observed at 1651 

cm
-1

, while the peak at 594 cm
-1

confirmed the 

presence of Ag-O bonds. Furthermore, UV 

spectroscopy provides confirmation of the green 

synthesis of Ag NPs using pomegranate peel. The 

UV spectrum of the synthesized Ag NPs is shown in 

Fig. 6b, with a characteristic absorption peak 

observed at 414 nm. Both FT-IR and UV 

spectroscopy confirm the formation of Ag NPs [47]. 

 

 

 
 

 

 

Figure 6:  FTIR (a) and UV (b) spectrum of Ag NPs 
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The XRD diffraction patterns obtained for the films 

revealed of PLA, PLA-CA, PLA-CA-CUR, and 

PLA-CA-CUR-Ag NCs are presented in Fig. 7. In the 

case of PLA, it was expected to exhibit distinct X-ray 

diffraction peaks since it is a semi-crystalline 

polymer. However, these films showed a broad halo 

in the XRD pattern, demonstrated the amorphous 

nature of PLA. However, in contrast, the XRD 

patterns of the PLA-CA films exhibited peaks 

corresponding to both CA and PLA. According to 

previous literature [48], diffraction peaks of CA are 

typically observed at 2θ values around 14.7, 16.6, and 

22.6 [49]. Hence, the peak at 16.6 can be attributed to 

CA, confirming the presence of CA in the film. 

Similarly, the XRD pattern of the PLA-CA-CUR NPs 

film displayed characteristic peaks corresponding to 

both PLA and CA. Furthermore, the XRD pattern 

showed peaks at 17.53, 18.17, and 24.54 [39], 

corresponding to the characteristic peaks of CUR 

NPs. These peaks, although appearing slightly in 

these NCs, are most likely attributed to the fine 

dispersion of a very small amount of CUR in the 

PLA matrix. The presence of these peaks confirms 

the synthesis of the PLA-CA-CUR NCs film. 

Moreover, the XRD pattern obtained for the PLA-

CA-CUR-Ag NCs film exhibited characteristic peaks 

of PLA, CA, and CUR NPs, along with distinct 

characteristic peaks of Ag NPs at 38.13, 44.42, 64.60, 

and 77.52 [19]. The presence of all these peaks 

confirms the formation of the NCs film. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: XRD patterns of PLA, PLA-CA, PLA-CA-CUR NCs 

and PLA-CA-CUR-Ag NCs films 

 

Fig. 8 displays the FTIR spectra of the PLA 

film, PLA-CA film, PLA-CA-CUR NCs, and PLA-

CA-CUR-Ag NCs. All of these films displayed 

characteristic bands at 867 cm-1 and 751 cm-1, which 

are indicative of the crystalline and amorphous 

phases of the polymer, respectively [50]. 

Furthermore, at 1183 cm
-1

and 1081 cm
-1

, peaks 

related to the symmetric and asymmetric stretching of 

the complex C-O-C group were noticed. [51]. 

Asymmetric and symmetric CH3 deformation 

vibrations have been detected at 1453 cm
-1 

and 1358 

cm-1, respectively [52]. The C-O stretching vibration 

of the ester group found in PLA molecules is 

responsible for the appearance of a peak at 1744 cm
-1

 

[53]. Around 2933 cm
-1

, the CH3 stretching 

vibrations in saturated hydrocarbons were detected 

[54]. In the composite films of PLA-CA, PLA-CA-

CUR, and PLA-CA-CUR-Ag, no new peaks were 

observed, except for minor variations in peak 

intensities. This indicates that there were no 

significant changes in the chemical structure of the 

PLA polymer, and no new chemical bonds were 

formed between PLA, CA, CUR NPs, and Ag NPs. 

The FTIR results suggest a physical interaction 

between PLA, CA, CUR NPs, and Ag NPs [51].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8: FT-IR spectrum of PLA, PLA-CA, PLA-CA-CUR NCs 

and PLA-CA-CUR-Ag NCs films 

 

The morphology of PLA, PLA-CA, PLA-

CA-CUR, and PLA-CA-CUR-Ag films was 

examined using SEM analysis, as depicted in Fig. 9. 

Pure PLA film (Fig. 9a) exhibited a smooth surface 

structure without any voids. The PLA-CA film (Fig. 

9b) showed a uniform surface, indicating the 

successful combination of PLA and CA without any 

fractures. Similarly, the surface of the PLA-CA-CUR 
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film (Fig. 9c) appeared smooth and devoid of any 

defects. Furthermore, in the polymer matrix, the CUR 

NPs were evenly dispersed without agglomeration. 

The SEM image (Fig. 9d) reveals a smooth surface 

structure of the PLA-CA-CUR-Ag NCs film, with 

both CUR NPs and spherical Ag NPs present. The 

interaction between the polymer matrix and the CUR 

NPs as well as the Ag NPs resulted in a film with a 

favorable distribution of fillers, without any 

agglomeration. The presence of CUR and Ag NPs is 

responsible for the antibacterial activity exhibited by 

the NCs film. The CUR NPs appear as white 

irregular spheres spread throughout the surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 9: SEM images of PLA (a), PLA-CA (b), PLA-CA-CUR 
NCs (c) and PLA-CA-CUR-Ag NCs (d) films 

 

Manufacturing NCs films were analyzed 

using thermogravimetric analysis (TGA-DTG) to 

determine thermal stability and weight loss. The 

TGA thermogram for PLA Fig. 10a shows two 

primary steps of degradation. First, the mass loss of 

~7% due to the solvent evaporation remained in the 

film at lower temperatures. Second, weight loss of 

~25% arises at 301 °C, which can be attributed to the 

thermal degradation of the PLA matrix. Furthermore, 

PLA decomposed entirely as detected at 574 °C. 

Parallel activity was recorded for both PLA-CA and 

PLA-CA-CUR matrixes, indicating that the addition 

of CA and CUR NPs did not alter the thermal 

stability of the film of PLA. However, the thermal 

stability of PLA is higher than PLA-CA-CUR-Ag 

NCs. Table 2 shows T10, T25, and T50, representing 

the temperatures correlated to the decomposition of 

10, 25, and 50% weight losses, respectively. 

Compared to other samples, PLA-CA-CUR-Ag NCs 

had the lowest residual mass retention and thermal 

stabilities. The final composite degradation 

temperature is CDTfinal, where the decomposition 

ends [55, 56] and the maximum polymer degradation 

temperature PDTmax [57, 58] values determined for 

the samples (Table 2) indicate that the interactions 

between PLA, CA, CUR, and Ag NCs decrease the 

thermal stability of the PLA-CA-CUR-Ag NCs. The 

decreased thermal stability of PLA-CA-CUR-Ag 

NCs can be attributed to the strong interaction 

between their composites besides the dispersion 

quality of the nanosized filler in the polymer matrix 

and the amount of Ag NPs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: TGA (a) and DTG (b) curves of PLA, PLA-CA, PLA-

CA-CUR NCs and PLA-CA-CUR-Ag NCs films 

 

 
Table 2: Thermal behavior of PLA, PLA-CA, PLA-CA-CUR NCs 

and PLA-CA-CUR-Ag NCs films 

 
aThe values were determined by TGA at a heating rate of 10°C 

min−1 
bDetermined from DTG curves. 

 

4. Biological activity 
To assess their antimicrobial efficacy, the 

four newly synthesized films were tested in vitro 

 Temperature (°C) for 

various percentage 

decompositions a 

  

Sample T10 T25 T50 PDTmax
b 

(°C) 

CDTfinal
a

(°C) 

PLA 392 383 373 384 410 

PLA-CA  398 386 377 390 410 

PLA-CA-CUR 394 388 378 399 645 

PLA-CA-CUR-Ag  371 355 339 357 376 
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against two standard strains of both gram-positive 

and gram-negative bacteria, as well as one fungus, as 

detailed in Table 3 and depicted in Figures 11 and 12. 

The agar diffusion assay was used as the screening 

method to evaluate antimicrobial activity [37]. 

According to the results presented in Table 3, it can 

be seen that the PLA film did not demonstrate any 

activity against the tested microbial strains. Upon 

analyzing the activity of the remaining three films 

toward bacterial resistance, it was found that the 

PLA-CA-CUR film displayed a moderate level of 

activity toward Bacillus subtilis, as evidenced by an 

inhibition zone diameter of 12 mm. Remarkably, the 

film incorporating Ag-NPs, namely PLA-CA-CUR-

Ag, exhibited enhanced antibacterial activity against 

Bacillus subtilis, resulting in a substantial 20 mm 

zone of inhibition. This level of inhibition was 

comparable to that of the Amoxicillin/Clavulanic acid 

drug, which demonstrated an inhibition zone of 21.5 

mm. On the other hand, when evaluating the films' 

antifungal activity, it was observed that three films, 

namely CA, CUR NPs, and Ag NPs, displayed a 

moderate level of activity against Candida albicans. 

The inhibition zone diameters were measured at 12 

mm, 14 mm, and 14 mm, respectively. 

 

 
Figure 11: Antimicrobial activity of tested PLA and its NCs 

 

 

 

 

 
Figure 12: The activity of tested PLA and its NCs against Bacillus 

subtilis and Candida albicans 

 

 

 

 

 

 

 

Table 3: Antibacterial and antifungal activities of films studied 

 

 
a Reference controls for the Gram-positive and Gram-negative bacteria   is "Ceftizoxime" , and "Nystatin" for fungi 

 

 

 

No. Zone diameter (mm)  

Gram-positive bacteriaa Gram-negative bacteriaa Fungusa 

Staphylococcus 

aureus 

Bacillus 

subtilis 

Escherichia coli Pseudomonas aeruginosa Candida albicans 

PLA - - - - - 

PLA-CA - - - - 12 

PLA-CA-CUR - 12 - - 14 

PLA-CA-CUR-Ag - 20 - - 14 

Ceftizoxime (30 µg) 13 14.5 22 21 - 

Amoxicillin/Clavulanic acid 

(20/10 µg) 
24 21.5 18 22 - 

Nystatin 10µg - - - - 24 
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5. Conclusion  
In this study, we successfully developed a 

novel eco-friendly film called PLA-CA-CUR-Ag 

NCs film using natural precursors derived from 

sukkari palm leaf, curcumin, and pomegranate peel. 

The combination of CA, CUR NPs, and Ag NPs on 

the PLA matrix was achieved through a solution-

casting and ultrasonic irradiation method. The PLA-

CA-CUR-Ag NCs film, among the four films 

prepared, exhibited unique properties with 

remarkable antimicrobial and antifungal efficacy. The 

incorporation of PLA, CA, CUR NPs, and Ag NPs 

resulted increased antibacterial activity against 

Bacillus subtilis, characterized by a significant 20 

mm inhibition zone. Additionally, the film 

demonstrated antifungal activity against Candida 

albicans, showcasing a 14 mm inhibition zone 

diameter. These findings highlight the promising 

potential of the PLA-CA-CUR-Ag NCs film for 

various applications requiring efficient antimicrobial 

and antifungal properties. 
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