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Abstract 

Active packaging films based on semirefined carrageenan (SRC) were fabricated by integrating rosemary essential oil (REO) 

with varying concentrations of TiO2 nanoparticles (1, 3, 5, and 7 wt.%) using the solvent casting method. FTIR spectra analysis 

of the SRC films revealed no significant interactions between the SRC compounds, REO, and TiO2 nanoparticles (TiO2NPs). 

The SRC film with 1 wt.% TiO2NPs exhibited the highest tensile strength (26.5890 MPa), while the incorporation of 0.5 wt.% 

REO in the SRC/TiO2 films enhanced the elongation at break of the SRC films. The presence of TiO2NPs and REO reduced 

the moisture content and water solubility of the SRC films. The SRC film with 1 wt% TiO2NPs displayed lower opacity values; 

however, the opacity of the films increased with the concentration of TiO2NPs, indicating their suitability for preventing 

spoilage in photosensitive foods. The integration of REO in the SRC film showed higher antioxidant activity (22.51%). 

However, the inclusion of TiO2NPs in the films reduced the antioxidant activity, possibly due to the nanoparticles acting as 

nanofillers in the film matrix and immobilising the essential oil release to the film surface.  
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Introduction 

Packaging holds significant importance as it plays a 

crucial role in safeguarding food from spoilage. 

According to statistics from the Food and Agriculture 

Organization of the United Nations (FAO), 

approximately one-third of the food produced spoils 

every year, primarily due to foodborne pathogens [1]. 

In addition, food waste and loss usually occur in the 

marketplace during production and distribution, and 

even by unwitting consumers [2]. The ideal food 

packaging material should be practical, affordable, 

and biodegradable to ensure the long-term 

preservation of food quality [3]. A viable strategy for 

preventing food spoilage is the formulation of active 

packaging films containing antimicrobial and 

antioxidant compounds. Active packaging films 

effectively guarantee the reliability of packaged food 

products by preventing food oxidation and microbial 

growth, which can lead to human illness [4,5]. 

Currently, many researchers are focused on the 

production of active packaging films using 

biodegradable materials, mainly because of the 

adverse environmental effects caused by the increase 

in waste disposal from petroleum-based plastic 

packaging. 

 

Carrageenan is widely utilized and studied due to its 

biodegradability, biocompatibility, and impressive 

mechanical properties in the food packaging field [6]. 

It has been utilized as a film-forming material for 

packaging products owing to its natural gelling and 

binding characteristics [7-9]. Abundant in red algae 

(Rhodophyta), carrageenan is a water-soluble 

polysaccharide [8]. It is categorized into two groups: 

refined carrageenan and semirefined carrageenan 

(SRC). Following the semi refining process, a certain 

amount of seaweed cellulose remains in carrageenan. 

However, natural biopolymers have several 

drawbacks that limit their applications in food 

packaging. Their use in packaging applications is 

compromised by their poor barrier properties owing to 

their hydrophilicity and weak mechanical strength. 

Researchers have recently shown significant interest 

in incorporating nanoparticles to enhance the quality 

of packaging materials used for food products 

[7,11,12]. The favorable interaction between 

nanoparticles and polymers enhances the properties of 

nanocomposite-based packaging films [13]. 
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Owing to their strong antibacterial and photocatalytic 

properties, as well as their ability to scavenge ethylene, 

metal oxides, such as TiO2 nanoparticles (TiO2NPs), 

are widely used as nanofiller components in food 

packaging [14]. Hou et al. [15] found that the addition 

of TiO2NPs to the film matrix improved the tensile 

properties and protected the film from visible and UV 

light frequencies. The UV-filtering property of 

TiO2NPs can prevent food spoilage, mainly due to 

light induction in food packaging systems [16]. Active 

packaging, however, consists of elements that help 

maintain the organoleptic properties of food while 

extending its shelf life by inhibiting microbial 

development and increasing antioxidant capacity. The 

addition of antioxidants such as essential oils (EO) can 

induce antioxidant and antimicrobial properties while 

improving the physical properties of the films. The 

main constituents of rosemary essential oil (REO) 

consist of 1,8-cineole, camphor, α-pinene, and 

camphene, which is known for its antibacterial and 

antifungal properties [17]. In addition, REO is highly 

effective in inhibiting oxidation reactions in food and 

has a strong antibacterial effect against Pseudomonas 

spp., a common spoilage bacterium in poultry meat 

[18]. 

 

Although various studies on carrageenan/metal oxide 

nanoparticles or carrageenan/EO films have been 

reported, the combined effects of TiO2NPs and REO 

in SRC-based packaging films remain unexplored. In 

this context, the synthesis and characterization of SRC 

film integrated with REO and varying concentrations 

of TiO2NPs were carried out. The FTIR spectra of the 

SRC films were evaluated, and their mechanical and 

physical properties were examined. Finally, SRC films 

integrated with REO and TiO2NPs were analyzed for 

antioxidant activity using DPPH scavenging activity. 

 

Materials and Methods 

Materials  

The materials employed in this study included 

semirefined carrageenan sourced from CV Simpul 

Agro Globalindo, Indonesia. TiO2 nanoparticles 

(particle size of 20–25 nm, 99.7% purity), DPPH (2,2-

diphenyl-1-picrylhydrazyl) and food grade glycerol 

(99.5% purity) were supplied from Sigma-Aldrich, 

USA. Rosemary essential oil was obtained from a 

local store in Pahang, Malaysia.  

 

Preparation of SRC-based film 

SRC-based films were fabricated using a solvent 

casting technique with slight modifications [19]. The 

SRC (2%, w/v) was gradually added to pure water at 

80 °C with continuous stirring. Prior to mixing with 

the SRC film solution, TiO2 powder was suspended in 

pure water and sonicated for 30 minutes using an 

ultrasonic probe (Shanghai KUDOS Ultrasonic 

Instrument Co., Ltd.). Furthermore, SRC/REO/TiO2 

films were prepared with varying TiO2NP 

concentrations (1, 3, 5, and 7 wt.% based on SRC), 

along with the addition of 0.5% REO. Glycerol (40  

wt.% based on SRC) was introduced to all film-

forming solutions as a plasticizer. The SRC/REO film, 

excluding TiO2NPs, was also prepared as a control 

film. Following the cooling of the SRC film-forming 

solution to 50 °C, 80 mL of the solution was cast on a 

plate measuring 20 cm × 25 cm. The various films 

developed are outlined in the Table 1. 

 

Fourier transform infrared (FTIR)  

The FTIR spectrum of the film sample was recorded 

with an attenuated total reflection (ATR) part (Nicolet 

iS5 spectrometer, Thermo Fisher Scientific, United 

States). The FTIR spectra were determined in the 

wavelength region from 600 to 4000 cm−1 using 

OMNIC software. 

  

Mechanical properties  

Film thickness was measured with a precision of 0.001 

mm using a Vernier caliper. The tensile strength (TS) 

and elongation at break (EB) of the film samples were 

measured following the ASTM D882 method (ASTM 

International) [20] using a universal testing machine 

(AG-X plus, Japan). Uniform film strips (10 × 1.5 cm2) 

were vertically stretched at a constant speed of 50 

mm/min.   

 

Water solubility (WS)  

The film samples (2 × 2 cm²) were dried in an oven at 

100 °C to a constant weight, W0 [21]. The film samples 

were placed in 30 mL distilled water for 24 h at room 

temperature. Subsequently, the undissolved film 

samples were dried at 100 °C to a constant weight, Wf. 

The WS was calculated using the following equation: 

  

WS(%) =
W0 − Wf

W0

× 100 (Eq. 1) 

 

Table 1. Film formulation 

Sample TiO2 (wt.%) REO (wt.%) 

SRC/REO – 0.5 

SRC/TiO2 1% 1 – 

SRC/REO/TiO2 1% 1 0.5 

SRC/REO/TiO2 3% 3 0.5 

SRC/REO/TiO2 5% 5 0.5 

SRC/REO/TiO2 7% 7 0.5 
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Moisture content (MC)  

The film samples were determined by measuring the 

weight loss of the films (2 × 2 cm2) before W1 and after 

drying them in an oven at 100 °C for 24 h, W2 [21]. 

MC was calculated using the provided equation: 

 

MC(%) =
W1 − W2

W1

× 100 
   (Eq. 2) 

 

Opacity  

A UV-visible spectrophotometer (U-1800, Japan) was 

used to measure the opacity of the films at a 

wavelength of 600 nm, with an empty plastic cuvette 

serving as the reference [14]. The opacity of the films 

was calculated using the following equation: 

 

Opacity =
Abs600

d
× 100                                  (Eq. 3) (3) 

 

where Abs is the absorbance, and d is the thickness of 

the film (mm). 

 

Antioxidant activity  

The film samples (50 mg) were mixed with 10 ml of 

0.1 mM DPPH solution [22]. After incubating the 

films for 30 min, absorbance was measured at 517 nm 

using a UV-visible spectrophotometer (U-1800, 

Japan). The results were expressed as % DPPH 

scavenging activity using the provided equation 4. 

 
Results and Discussion 

FTIR spectra  

Figure 1 illustrates the functional group properties of 

SRC films integrated with REO and varying 

concentrations of TiONPs. The stretching vibration of 

the –OH group was observed between the peaks at 

3200 – 3500 cm-1, corresponding to the polysaccharide 

polymer of carrageenan in the FTIR spectra [9]. The 

vibration at ~1640 cm-1 is due to the –CH and CH2 

deformation vibrations in the CH2OH of 

polysaccharide polymers [23]. It has been suggested 

that the C–H stretching vibrations of the alkane groups 

in carrageenan are responsible for the peak at 2920   

cm-1 [24]. The C–O–C bonds of carrageenan (3,6-

dehydrogenated galactose repeating units) are 

associated with the peak at 920 cm-1, while the C–O–

S bonds (galactose 4-sulphate repeating units) are 

associated with the peak at 844 cm-1 [23]. The slight 

changes observed in the intensity and peaks of certain 

functional groups, such as –OH stretching and C–H 

stretching, indicate the interaction between REO, 

TiO2NPs, and SRC.  
 
Roy & Rhim [25] previously observed similar 

alterations in peak intensity and shifts in peak 

positions, which were attributed to the physical 

interactions between melanin nanoparticles and the 

agar substance. However, upon comparing the spectra 

of all SRC films, no additional peaks or obvious shifts 

of the characteristic peaks were observed. In general, 

the functional group of the SRC/REO film and the 

SRC/TiO2NPs film with REO or without REO, 

remained unchanged, indicating that the integration of 

REO or TiO2NPs into the SRC film did not change the 

structure of the SRC film.  

 

 

 

 

 

DPPH scavenging activity (%) = [(Abscontrol − Abssample)/Acontrol] × 100 (Eq. 4) 

 

  
Figure 1. FTIR spectra of SRC/REO, SRC/TiO2NPs, and SRC films with REO and varying concentrations of 

TiO2NPs 

3



Malays. J. Anal. Sci. Volume 29 Number 1 (2025): 1113 

 
 

 

Mechanical properties of the films  

Mechanical properties such as tensile strength (TS) 

and elongation at break (EB) are used to determine the 

flexibility, rigidity, and strength of the films for 

packaging purposes. A previous study showed that the 

SRC film plasticized with 0.9 wt.% glycerol possesses 

good TS (57.20 MPa) in contrast to the conventional 

plastic packaging low density polyethylene (LDPE) 

(19-44 MPa) [21,26]. Figure 2 illustrates the TS and 

EB of SRC films containing REO with varying 

concentrations of TiO2NPs. According to the results, 

SRC film with REO showed a lower TS of 16.41 MPa, 

whereas the inclusion of 1 wt.% TiO2NPs increased 

the TS of the SRC film to 26.59 MPa. Overall, the 

incorporation of TiO2NPs resulted in a higher TS of 

the SRC films than that of SRC films without TiO2NPs. 

This may be ascribed to the homogenous dispersion of 

nanoparticles, which possess a large specific surface 

area, enhancing their interaction within the film 

matrices [27]. Moreover, upon the inclusion of REO 

in the SRC/TiO2 film, the TS of the films decreased 

slightly, with values ranging from 18.58 MPa to 22.86 

MPa. The addition of REO to SRC films can disrupt 

the polymer–nanoparticle–EO interaction and form a 

discontinuous structure in the film matrices [28]. 

Additionally, the interaction affects the stiffness and 

strength of the films as the intermolecular forces of the 

polymer network decrease, thereby reducing the TS 

value of the SRC films [29,30]. 

 

Besides, the EB values of the SRC films with REO and 

varying concentrations of TiO2NPs are presented in 

Figure 2. The results expressed that SRC/REO/TiO2     

1% film exhibited the highest EB (28.10%) among all 

the SRC films. The SRC/TiO2 1% film displayed a 

lower percentage of EB, with a value of 16.43%. This 

observation could be ascribed to the inherent rigidity 

of the TiO2NPs within the film matrix [27]. 

Furthermore, the EB of the SRC films improved with 

the inclusion of REO, which could be attributed to the 

plasticization effects of the oil, which increased the 

mobility and flexibility of the polymer chains [29]. 

This result aligns with the observations of 

Shahrampour and Razavi [26], who noted that 

incorporating REO nanoemulsions (ranging from 0.5 

to 4 wt.%) increased the EB of root gum film.  

Additionally, similar trends were observed in active 

packaging film made from chitosan, with an 

improvement in EB and a decrease in TS value upon 

incorporation of Santalum album EO [30]. Hence, the 

incorporation of REO and TiO2NPs can influence the 

molecular interactions between the particles within the 

polymer matrices, consequently affecting the 

mechanical strength of the packaging films. 

 

Physical properties of the films  

The water solubility (WS) of a film determines its 

integrity when encountering water. In particular, the 

WS of films reflects their ability to decompose as 

biodegradable packaging materials. Table 2 shows 

that the highest WS was observed in the SRC/TiO2 1% 

film (88.65%), and the inclusion of REO slightly 

decreased the WS of the SRC/TiO2 film, with values 

ranging from 77.08 to 85.39%. The reduction in WS 

was ascribed to the intermolecular interaction between 

REO and SRC in the polymeric chain. In general, the 

hydrophilic nature and presence of sulphate and 

hydroxyl groups in the carrageenan polymer can be 

attributed to the improved WS of the film [31]. This 

interaction reduces the number of free hydroxyl 

groups, leading to the formation of hydrogen bonds 

with water [26]. In a study conducted by Sripahco et 

al. [31], it was observed that the WS of nanocellulose 

gellan gum with Anethum graveolens EO exhibited 

similar behavior. The decrease in WS is likely 

attributable to the nature of the oil as a hydrophobic 

substance in the polymer matrix, thereby reducing the 

overall hydrophilicity of the film. 

 

 
Figure 2. Mechanical properties of (a) SRC/REO, (b) SRC/TiO2 1%, (c) SRC/REO/TiO2 1%, (d) SRC/REO/TiO2 

3%, (e) SRC/REO/TiO2 5%, and (f) SRC/REO/TiO2 7% film 
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The moisture content (MC) of the SRC film decreased 

with the incorporation of TiO2NPs and REO (Table 2). 

Compared to the SRC film with REO, the 

incorporation of 1 wt% TiO2NPs slightly reduced the 

MC of the films. The incorporation of TiO2NPs may 

enhance and limit the motion of the network 

arrangement of the film, leading to a decrease in the 

weight loss of water components in the polymer 

matrices [33]. Riahi et al. [34] also showed that the 

MC of gelatin/grapefruit seed extract film slightly 

decreased with the incorporation of 0.5 wt% of 

TiO2NPs. 

 

Film appearance, thickness and opacity of the films  

The SRC films blended with REO and/or TiO2NPs 

exhibited smooth surfaces and were easily peeled off 

from the casting plate. The addition of TiO2NPs 

slightly decreased the transparency of the developed 

films with increasing concentrations of TiO2NPs 

(Figure 3). In contrast, compared to the SRC/TiO2 1% 

film, the REO-integrated SRC film has greater clarity. 

 

The thickness of the SRC films in this study ranged 

from 0.095 to 0.105 mm (Table 2). As the amount of 

TiO2NPs in the film matrix increased, the solid content 

of the film increased as well, resulting in a greater 

thickness of the SRC films. Similarly, Rong et al. [35] 

demonstrated that as the concentration of TiO2NPs 

increased, the thickness of hyacinth bean 

starch/Mesona chinensis Benth polysaccharide films 

increased. The transparency or opacity of a film is a 

key element that influences consumer consent for 

packaging packaged food products. Table 2 illustrates 

the opacity of SRC films with REO and varying 

concentrations of TiO2NPs. The opacity value of the 

SRC film with REO is significantly higher than that of 

the SRC film with 1 wt% of TiO2. This is likely due to 

the presence of large lipid molecules during film 

drying, which could be responsible for the 

heterogeneity and roughness observed on the surfaces 

of the film samples. In general, the opacity of the SRC 

films increased with increasing concentration of 

TiO2NPs, ranging from 8.02 to 18.47 mm-1. This 

aligns with a previous study that observed an increase 

in film opacity for chitosan/cassava starch-based 

packaging films, incorporating TiO2NPs at 

concentrations of 0.25% and 1%, compared to the 

control film without TiO2 [36]. Furthermore, 

increasing the incorporation of TiO2NPs from 0.1 to 

0.3 wt.% resulted in reduced visibility of the 

chitosan/alginate film in food products [37]. Riahi et 

al. [34] demonstrated that the inclusion of TiO2NPs 

decreased the light transmission of the active 

packaging film and prevented the passage of visible 

and UV light. Therefore, SRC films incorporated with 

TiO2NPs can serve as packaging films to protect light-

sensitive foods from spoilage and extend their shelf 

lives. 

 

Antioxidant activity of the films  

The DPPH scavenging activity was used to measure 

the antioxidant properties of the SRC films. The 

antioxidant activity of pure REO was 51.62% (Figure 

4), demonstrating the antioxidant ability of the EO for 

use in active packaging films. According to Alizadeh-

Sani et al. [38], the antioxidant properties of rosemary 

oil are commonly associated with the existence of 

polyphenolic compounds like carnosoic acid, carnosol, 

 

Table 2. Thickness, moisture content, water solubility, and opacity of SRC/REO, SRC/TiO2NPs, and SRC films 

with REO and varying concentrations of TiO2NPs 

Sample Thickness 

(mm) 

Moisture Content 

(%) 

Water Solubility 

(%) 

Opacity 

(mm-1) 

SRC/REO 0.095 ± 0.0032 33.46 ± 0.52 80.42 ± 4.38 4.05 ± 0.89 

SRC/TiO2 1% 0.100 ± 0.0071 25.10 ± 1.67 88.65 ± 2.90 2.38 ± 1.26 

SRC/REO/TiO2 1% 0.105 ± 0.0087 24.74 ± 0.26 77.08 ± 0.76 8.02 ± 0.40 

SRC/REO/TiO2 3% 0.102 ± 0.0056 26.39 ± 0.21 83.03 ± 1.40 11.50 ± 1.09 

SRC/REO/TiO2 5% 0.101 ± 0.0042 22.81 ± 0.04 80.22 ± 1.94 15.03 ± 0.63 

SRC/REO/TiO2 7% 0.102 ± 0.0038 26.07 ± 0.81 85.39 ± 0.36 18.47 ± 0.67 

 

 
Figure 3. The image of (a) SRC/REO, (b) SRC/TiO2 1%, (c) SRC/REO/TiO2 1%, (d) SRC/REO/TiO2 3%, (e) 

SRC/REO/TiO2 5%, and (f) SRC/REO/TiO2 7% film 
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rosmarinic acid, and other active constituents such as 

myrcene, camphor, and α-pinene. Nonetheless, the 

DPPH scavenging activity of REO-integrated SRC 

film is 22.51%, which can be attributed to the minimal 

use of REO (0.5 wt%) in the film formulation. On the 

contrary, the integration of TiO2NPs into SRC film did 

not enhance the antioxidant properties of the film, with 

a DPPH scavenging activity of 9.29%, indicating that 

this inorganic substance was not an effective radical 

scavenger. Researchers reported that the DPPH of 

chitosan films containing Santalum album EO 

increased (7.34% to 23.69%) as the EO concentration 

increased from 0.5 to 2 wt.% [30]. In addition, as 

shown in Figure 4, the DPPH values decreased with 

increasing concentration of TiO2NPs in the SRC films. 

The introduction of TiO2NPs did not significantly 

affect the antioxidant activity of the SRC films. This 

result indicates that the excessive amount of 

nanoparticles used in the film formulation 

immobilized the EO molecules and reduced the 

release rate of the EO on the film surface. A previous 

study showed a similar trend in antioxidant activity as 

the content of TiO2NPs increased in the 

gelatin/grapefruit seed extract [34]. The study 

suggests that the adsorption of the extract on the 

surface of TiO2 prevents the active compounds from 

freely interacting with free radical oxidation. The 

phenolic components of antioxidant compounds play 

a crucial role in preventing rancidity caused by 

oxidation in foods [39]. Therefore, this study 

advocates that the synergistic effect of REO and 

TiO2NPs in the SRC films can contribute to the 

interaction between the active compounds and 

oxidizing free radicals on the film surface.  

 

Conclusion 

SRC films were prepared by integrating 0.5 wt.% REO 

and varying concentrations of TiO2NPs (1, 3, 5, and 7 

wt.%). Compared to the SRC/REO film (16.4183 

MPa), the introduction of 1 wt.% TiO2NPs enhanced 

the tensile strength of the film to 26.5890 MPa. The 

inclusion of TiO2NPs in the SRC/REO films reduced 

their moisture content and water solubility. 

Furthermore, the opacity of the films increased as the 

concentration of TiO2NPs increased, limiting the 

passage of visible and UV light radiation. The 

antioxidant activity of the SRC film containing REO 

was higher, with a value of 22.51%. However, the 

inclusion of TiO2NPs inhibited the antioxidant activity 

of the SRC/REO films and resulted in a lower DPPH 

value. This could be attributed to the restraining of the 

interaction between the compounds with free radical 

oxidation when the TiO2NPs were added to the films. 

Therefore, this study suggests that the incorporation of 

REO and TiO2NPs into polymer matrices can improve 

the functional properties of SRC films for active food 

packaging applications. 
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Figure 4. Antioxidant activity of (a) REO, (b) SRC/REO, (c) SRC/TiO2 1%, (d) SRC/REO/TiO2 1%, (e) 

SRC/REO/TiO2 3%, (f) SRC/REO/TiO2 5%, and (g) SRC/REO/TiO2 7% film 

 

References 

1. Motelica, L., Ficai, D., Ficai, A., Oprea, O. C., 

Kaya, D. A. and Andronescu, E. (2020). 

Biodegradable antimicrobial food packaging: 

trends and perspectives. Foods, 9(10): 1438. 

2. Ishangulyyev, R., Kim, S. and Lee, S. (2019). 

Understanding food loss and waste—why are we 

losing and wasting food? Foods, 8(8): 297. 

3. Priyadarshi, R. and Rhim, J. W. (2020). Chitosan-

based biodegradable functional films for food 

0

10

20

30

40

50

60

70

80

90

100

(a) (b) (c) (d) (e) (f) (g)

D
P

P
H

 S
ca

v
en

g
in

g
 a

ct
iv

it
y
 (

%
)

6



Malays. J. Anal. Sci. Volume 29 Number 1 (2025): 1113 

 
 

packaging applications. Innovative Food Science 

& Emerging Technologies, 62: 102346. 

4. de Oliveira Filho, J. G., Bertolo, M. R. V., 

Rodrigues, M. Á. V., Silva, G. da C., de 

Mendonça, G. M. N., Bogusz Junior, S., Ferreira, 

M. D. and Egea, M. B. (2022). Recent advances 

in the development of smart, active, and bioactive 

biodegradable biopolymer-based films containing 

betalains. Food Chemistry, 390: 133149. 

5. Azman, N. H., Khairul, W. M. and Sarbon, N. M. 

(2022). A comprehensive review on 

biocompatible film sensor containing natural 

extract: Active/intelligent food packaging. Food 

Control, 141: 109189. 

6. Oun, A. A. and Rhim, J. W. (2017). Carrageenan-

based hydrogels and films: Effect of ZnO and 

CuO nanoparticles on the physical, mechanical, 

and antimicrobial properties. Food Hydrocolloids, 

67: 45-53. 

7. Roy, S. and Rhim, J. W. (2019). Carrageenan-

based antimicrobial bionanocomposite films 

incorporated with ZnO nanoparticles stabilized 

by melanin. Food Hydrocolloids, 90: 500-507. 

8. Aga, M. B., Dar, A. H., Nayik, G. A., Panesar, P. 

S., Allai, F., Khan, S. A., Shams, R., Kennedy, J. 

F. and Altaf, A. (2021). Recent insights into 

carrageenan-based bio-nanocomposite polymers 

in food applications: A review. International 

Journal of Biological Macromolecules, 192: 197-

209. 

9. Simona, J., Dani, D., Petr, S., Marcela, N., Jakub, 

T. and Bohuslava, T. (2021). Edible films from 

carrageenan/orange essential oil/trehalose—

structure, optical properties, and antimicrobial 

activity. Polymers, 13(3): 1-19. 

10. Nouri, A., Tavakkoli Yaraki, M., Ghorbanpour, M. 

and Wang, S. (2018). Biodegradable κ-

carrageenan/nanoclay nanocomposite films 

containing Rosmarinus officinalis L. extract for 

improved strength and antibacterial performance. 

International Journal of Biological 

Macromolecules, 115: 227-235. 

11. Roy, S., Rhim, J. W. and Jaiswal, L. (2019). 

Bioactive agar-based functional composite film 

incorporated with copper sulfide nanoparticles. 

Food Hydrocolloids, 93: 156-166. 

12. Sharifi, K. A. and Pirsa, S. (2021). Biodegradable 

film of black mulberry pulp pectin/chlorophyll of 

black mulberry leaf encapsulated with 

carboxymethylcellulose/silica nanoparticles: 

Investigation of physicochemical and 

antimicrobial properties. Materials Chemistry 

and Physics, 267: 124580. 

13. Balasubramanian, R., Kim, S. S., Lee, J. and Lee, 

J. (2019). Effect of TiO2 on highly elastic, 

stretchable UV protective nanocomposite films 

formed by using a combination of k-Carrageenan, 

xanthan gum and gellan gum. International 

Journal of Biological Macromolecules, 123: 

1020-1027.  

14. Chen, F., Chang, X., Xu, H., Fu, X., Ding, S. and 

Wang, R. (2023). Gellan gum-based functional 

films integrated with bacterial cellulose and nano-

TiO2/CuO improve the shelf life of fresh-cut 

pepper. Food Packaging and Shelf Life, 38: 

101103. 

15. Hou, X., Xue, Z., Liu, J., Yan, M., Xia, Y. and Ma, 

Z. (2019). Characterization and property 

investigation of novel eco‐friendly 

agar/carrageenan/TiO2 nanocomposite films. 

Journal of Applied Polymer Science, 136(10): 

47113. 

16. Vejdan, A., Ojagh, S. M., Adeli, A. and Abdollahi, 

M. (2016). Effect of TiO2 nanoparticles on the 

physico-mechanical and ultraviolet light barrier 

properties of fish gelatin/agar bilayer film. LWT - 

Food Science and Technology, 71: 88-95. 

17. Stramarkou, M., Oikonomopoulou, V., Missirli, 

T., Thanassoulia, I. and Krokida, M. (2020). 

Encapsulation of Rosemary Essential Oil into 

Biodegradable Polymers for Application in Crop 

Management. Journal of Polymers and the 

Environment, 28(8): 2161-2177. 

18. Fiore, A., Park, S., Volpe, S., Torrieri, E. and Masi, 

P. (2021). Active packaging based on PLA and 

chitosan-caseinate enriched rosemary essential oil 

coating for fresh minced chicken breast 

application. Food Packaging and Shelf Life, 29: 

100708. 

19. Dong, Z., Xu, F., Ahmed, I., Li, Z. and Lin, H. 

(2018). Characterization and preservation 

performance of active polyethylene films 

containing rosemary and cinnamon essential oils 

for Pacific white shrimp packaging. Food Control, 

92: 37-46. 

20. Shektaei, Z. A., Pourehsan, M. M., Bagheri, V., 

Ghasempour, Z., Mahmoudzadeh, M. and Ehsani, 

A. (2023). Physico-chemical and antimicrobial 

characteristics of novel biodegradable films based 

on gellan and carboxymethyl cellulose containing 

rosemary essential oil. International Journal of 

Biological Macromolecules, 234: 122944. 

21. Abd Hamid, K. H., Wan Yahaya, W. A., Mohd Nor, 

N. B., Ghazali, A. S., Abdul Mudalip, S. K., Mat 

Zain, N., Almajano, M. P. and Mohd Azman, N. 

A. (2019). Semirefined carrageenan (SRC) film 

incorporated with α-tocopherol and persicaria 

minor for meat patties application. Indonesian 

Journal of Chemistry, 19(4): 1008. 

22. Ramakrishnan, R., Kulandhaivelu, S. V. and Roy, 

S. (2023). Alginate/carboxymethyl 

cellulose/starch-based active coating with 

grapefruit seed extract to extend the shelf life of 

green chilli. Industrial Crops and Products, 199: 

116752. 

23. da Silva Bruni, A. R., de Souza Alves 

Friedrichsen, J., de Jesus, G. A. M., da Silva Alves, 

E., da Costa, J. C. M., Souza, P. R., de Oliveira 

Santos Junior, O. and Bonafe, E. G. (2023). 

Characterization and application of active films 

7



Malays. J. Anal. Sci. Volume 29 Number 1 (2025): 1113 

 
 

based on commercial polysaccharides 

incorporating ZnONPs. International Journal of 

Biological Macromolecules, 224: 1322–1336. 

24. Roy, S. and Rhim, J. W. (2021). 

Carrageenan/agar-based functional film 

integrated with zinc sulfide nanoparticles and 

Pickering emulsion of tea tree essential oil for 

active packaging applications. International 

Journal of Biological Macromolecules, 193: 

2038-2046. 

25. Roy, S. and Rhim, J. W. (2019). Agar-based 

antioxidant composite films incorporated with 

melanin nanoparticles. Food Hydrocolloids, 94: 

391-398. 

26. Shahrampour, D. and Razavi, S. M. A. (2023). 

Fabrication and characterization of novel 

biodegradable active films based on Eremurus 

luteus root gum incorporated with nanoemulsions 

of rosemary essential oil. Progress in Organic 

Coatings, 175: 107360. 

27. Duan, N., Li, Q., Meng, X., Wang, Z. and Wu, S. 

(2021). Preparation and characterization of k-

carrageenan/konjac glucomannan/TiO2 

nanocomposite film with efficient anti-fungal 

activity and its application in strawberry 

preservation. Food Chemistry, 364: 130441. 

28. Li, J., Ye, F., Lei, L. and Zhao, G. (2018). 

Combined effects of octenylsuccination and 

oregano essential oil on sweet potato starch films 

with an emphasis on water resistance. 

International Journal of Biological 

Macromolecules, 115: 547-553. 

29. Wang, J., Chen, C. and Xie, J. (2022). Loading 

oregano essential oil into microporous starch to 

develop starch/polyvinyl alcohol slow-release 

film towards sustainable active packaging for sea 

bass (Lateolabrax japonicus). Industrial Crops 

and Products, 188: 115679. 

30. Flórez, M., Cazón, P. and Vázquez, M. (2022). 

Active packaging film of chitosan and Santalum 

album essential oil: Characterization and 

application as butter sachet to retard lipid 

oxidation. Food Packaging and Shelf Life, 34: 

100938. 

31. Praseptiangga, D., Mufida, N., Panatarani, C. and 

Joni, I. M. (2021). Enhanced multi functionality 

of semi-refined iota carrageenan as food 

packaging material by incorporating SiO2 and 

ZnO nanoparticles. Heliyon, 7(5): e06963. 

32. Sripahco, T., Khruengsai, S. and Pripdeevech, P. 

(2023). Biodegradable antifungal films from 

nanocellulose-gellan gum incorporated with 

Anethum graveolens essential oil for bread 

packaging. International Journal of Biological 

Macromolecules, 243: 125244. 

33. Dash, K. K., Ali, N. A., Das, D. and Mohanta, D. 

(2019). Thorough evaluation of sweet potato 

starch and lemon-waste pectin based-edible films 

with nano-titania inclusions for food packaging 

applications. International Journal of Biological 

Macromolecules, 139: 449-458. 

34. Riahi, Z., Priyadarshi, R., Rhim, J. W. and 

Bagheri, R. (2021). Gelatin-based functional 

films integrated with grapefruit seed extract and 

TiO2 for active food packaging applications. Food 

Hydrocolloids, 112: 106314. 

35. Rong, L., Shen, M., Wen, H., Ren, Y., Xiao, W. 

and Xie, J. (2021). Preparation and 

characterization of hyacinth bean starch film 

incorporated with TiO2 nanoparticles and Mesona 

chinensis Benth polysaccharide. International 

Journal of Biological Macromolecules, 190: 151-

158. 

36. Gomes de Menezes, F. L., de Lima Leite, R. H., 

Gomes dos Santos, F. K., Aria, A. I. and Aroucha, 

E. M. M. (2021). TiO2-enhanced chitosan/cassava 

starch biofilms for sustainable food packaging. 

Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 630: 127661. 

37. Perera, K. Y., Sharma, S., Duffy, B., Pathania, S., 

Jaiswal, A. K. and Jaiswal, S. (2022). An active 

biodegradable layer-by-layer film based on 

chitosan-alginate-TiO2 for the enhanced shelf life 

of tomatoes. Food Packaging and Shelf Life, 34: 

100971. 

38. Alizadeh-Sani, M., Mohammadian, E. and 

McClements, D. J. (2020). Eco-friendly active 

packaging consisting of nanostructured 

biopolymer matrix reinforced with TiO2 and 

essential oil: Application for preservation of 

refrigerated meat. Food Chemistry, 322: 126782. 

39. Ojeda-Sana, A. M., van Baren, C. M., Elechosa, 

M. A., Juárez, M. A. and Moreno, S. (2013). New 

insights into antibacterial and antioxidant 

activities of rosemary essential oils and their main 

components. Food Control, 31(1): 189-195. 

 

8


	Title
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Results and Discussion
	Conclusion
	Acknowledgements
	References

