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Introduction 

With the fast-paced lifestyle, consumers demand convenient, nutritious food, 

making both quality and packaging crucial to meeting their need [1]. 

Packaging provide protection to the product against any biochemical, 
microbial, chemical, and environmental damage [2]. 

Plastic is being used as a principal material for the packaging industry [3]. 

But plastic has remains of chemicals which also penetrated or incorporated 
into the food, causing harm to the consumer and about 906 chemicals are 

identified in plastic [4]. Also, plastic is also a major source of pollution on 

earth as there is no proper way to get rid of them properly, thus a substitute 
for plastic packaging film is a need of the day [5].  

Owing to the harmful effects of plastics, the global trend is changing from 
plastic to bioplastic and from bioplastic to biopolymers [6]. Therefore, 

biodegradable materials are in the process like starch, cellulose, hemicellulose 

and lignin, etc. [7]. From agricultural waste, many biomaterials can be 
extracted for useful products among them cellulose is the most abundant 

biomaterial [8]. Cellulose can be converted into microcrystalline cellulose 

also to provide better ductility and elasticity to bio composite films [7,9]. 
Cellulose can be extracted from coconut shell [10]. Coconut husks contain 

about 38-39% cellulose, 17.33% hemicellulose, and 46-53% lignin [11]. 

Now packaging technology is emerging day by day and this includes active 
packaging. intelligent packaging and bio active packaging [1]. Among all 

technologies, intelligent packaging indicate the condition of the product very 

clearly thus, it can prevent spoilage of food and ultimately food wastage can 
minimized [12].  

This study will develop biodegradable and intelligent food packaging films 

from coconut waste, providing an eco-friendly alternative to traditional 
packaging. The prepared films will undergo physicochemical characterization 

to evaluate their structural, mechanical, and functional properties, ensuring 

their suitability for use in preserving food quality and extending shelf life. 
Materials and Methods 

  

 

 

Table 1: Treatment plan for film preparation 

Treatments Cellulose (%) Resveratrol 
(%) 

Catechin (%) 

To 1.5 - - 

T1 1.5 0.05 - 

T2 1.5 0.01 - 

T3 1.5 - 1 

T4 1.5 - 3 

Characterization of biodegradable intelligent films 

Biodegradability test 

[13] method was followed to determine the degradability of the prepared 

films. Film samples were cut into 4cm² pieces and buried in soil rich in 
microbes near plant roots. Initial weight was recorded, and final weight was 

measured after fourteen days. 

Mechanical properties 

Mechanical properties of the films including tensile strength and percentage 

elongation at break were measured by [14] described method. The TST 101 

Universal Testing Machine was used to test the mechanical properties of 
films, cutting samples into 150 mm x 15 mm and stretching them at 100 

mm/min. 
Water vapor permeability 

The permeability of films towards water vapor was evaluated by the 

procedure described in [15]. The water permeability of films was tested by 
cutting them into 2x2 cm² pieces and fitting them in test tubes filled with 

distilled water. The tubes were then placed in a humidity chamber for 24 

hours, and thickness was recorded. 
Films thickness 

A digital micrometer with 0.001mm sensitivity was used to check film 

thickness, calibrated and checked for zero error. Random readings were taken 
from three sides, and the average was used to evaluate barrier properties and 

film strength [15]. 

The growing environmental concerns about plastic packaging made of petrochemicals, including their non-biodegradability and 

hazardous chemical composition, make the development of sustainable substitutes necessary. This study aims to turn coconut waste—a 

plentiful supply of biopolymers like cellulose, hemicellulose, and lignin—into biodegradable packaging films. To improve 

functionality, two intelligent chemicals, resveratrol and catechin, were added to the films at different concentrations. The films' 

mechanical, water-permeability, antioxidant, and antibacterial qualities were evaluated and contrasted with control samples. The 

findings showed that while catechin increased water solubility and resveratrol promoted elongation, increasing concentrations of 

intelligent compounds improved tensile strength and film thickness. While both substances showed antioxidant and antibacterial 

properties, catechin was efficient in antioxidant properties. Additionally, the films showed excellent biodegradability, with direct 

relation to compound concentration. These results imply that resveratrol or catechin-derived films made from coconut trash can 

provide efficient, biodegradable solutions for food packaging applications. 
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Water solubility 

Solubility of the films into water was calculated by the method mentioned in 

[16]. Film samples of 2x2 cm2 were dried at 105°C for 24 hours, then 
submerged in 30ml water for 24 hours, then dried again at 105°C, and their 

dried weight was measured. 

Antimicrobial activity of films 

Antimicrobial activity of the films due to addition of bioactive intelligent 

compounds were tested by the method described in [17] with some 

modifications. The diffusion method was used to calculate the inhibitory zone 
of intelligent films. Pure E. coli and Saurous strains were streaked on agar, 

preserved on nutrient broth, and tested on nutrient agar plates. Sterilized buds 

were used to pick strains, and the inhibition zone was measured using a 
Vernier caliper after 24 hours. 

Swelling property 

The swelling of the films was determined by the method described by [16] 
with slight modifications. The property of films was evaluated by cutting 

them into 2x2 cm² pieces, drying them in a hot air oven at 105°C, dipping 
them in water for 24 hours, cleaning excess water, and then drying again at 

105°C for 24 hours. 

Antioxidant activity 

The method used by [18] with slight alterations was estimated to calculate the 

antioxidant or scavenging activity against free radicals of the films. Films 

extract was obtained by dissolving 0.1g samples in ethanol for 24 hours, 
followed by preparing a DPPH solution. The DPPH solution was mixed with 

films extract, and the absorbance of the film at 517nm was determined. 

Statistical analysis 

The results obtained will be analyzed by a completely randomized design 

(CRD) at a 0.05% significance level according to the method of Montgomery 

(2017). 
Results and Discussion 

Biodegradability 

Biodegradation of films increased with incorporation of resveratrol within 14 
days. But catechin decreased the process, as shown in the table. Intelligent 

films with 0.1% resveratrol concentration are the maximum degraded films 

from all others and the least degraded films are intelligent films with 3% 
catechin.  

Mechanical properties 

Tensile strength 
With the introduction of both compounds tensile strength of packaging films 

increased. Addition of enough amount of catechin into cellulose increases the 

strength of the films due to the intermolecular interactions of hydrophilic 
group of cellulose with polyhydroxy group of catechin, which results a great 

compatibility of catechin with cellulose [19]. 

Percentage Elongation 
Incorporation of cellulose packaging films with resveratrol improves the 

percentage elongation, while catechin addition decreases the elongation at 

breakage of packaging films. The lowest flexibility of films was observed in 
catechin films due to the hydrophobic interactions of catechin molecules 

which reduced the flexibility of film [20]. 

Water Vapor Permeability (WVP) 
Table 1 shows the analysis of variance and mean value of water vapor 

permeability of biodegradable intelligent films. Results of the study indicate 

the water vapor permeability of pure cellulose films is 1.52×10-9gmm-1s-

1mmHg-1, which was decreased with the addition of resveratrol. While 

catechin decreased permeability. The cellulose films with 0.1% Resveratrol 

concentration show the lowest water vapor permeability form all treatments 
of resveratrol and catechin. While pure cellulose films exhibit the highest 

water vapor permeability in the current study. Resveratrol is a polyphenol 

compound that increases the hydrophobicity of the composite films. 
Thickness  

The thickness of the films increased with an increase in the amount of 

bioactive intelligent compounds. Thickness increased from 0.0373 ± 0.0045 
mm to 0.0603 ± 0.0085mm with the increase of resveratrol concentration. 

While catechin concentration increased the thickness from 0.0373 ± 0.0045 

mm to 0.059 ± 0.01 mm. The maximum thickness of the intelligent films was 
containing 0.1% resveratrol that is 0.0603 ± 0.08 mm. 

Water Solubility 

Pure cellulose films were only 8.11±0.05% soluble in water. The addition of 

resveratrol and catechin changed the solubility of films in water differentially. 

Resveratrol decreased the solubility of the films. Films solubility was 

decreased to 7.57±0.06% and 7.09±0.04% by the addition of 0.05% and 0.1% 

resveratrol, respectively into pure cellulose films. 

Antimicrobial Activity 

Means value of inhibition zone of intelligent biodegradable packaging films 

by E. coli and S. aurous. Biodegradable intelligent packaging with resveratrol 

gave inhibition zone against E. coli at both concentrations. 0.05% resveratrol 
exhibited a very small inhibition zone of only 0.6±0.1mm due to very small 

concentration of resveratrol. This zone increased with increasing 

concentration of resveratrol. On the other hand, resveratrol does not show any 
antimicrobial activity against. S. aurous. Catechin also performed its 

antimicrobial activity against S. aurous. and E. coll. Biodegradable intelligent 

packaging films with 1% catechin concentration did not show any 

antimicrobial activity against any microbe due to very small concentration of 
intelligent compound. 

Swelling Degree 

With the addition of resveratrol swelling degree decreases gradually. 0.05% 
resveratrol decreased the swelling of the films to 124.81±0.05% from 

140.25±0.06%. This swelling also decreased further to 106.68±0.1% with 

0.1% resveratrol concentration. Catechin also decreased the swelling degree 
of the intelligent but less than that of resveratrol. Pure cellulose films without 

any intelligent compound give the highest swelling degree while the lowest 

swelling degree is observed for the intelligent packaging film containing 0.1% 
resveratrol. 

Antioxidant Activity 

Pure cellulose films have no DPPH scavenging activity. 0.05% addition of 
resveratrol into films give scavenging activity of 10.25±0.1%. This activity 

also increases by increasing the concentration of resveratrol. 0.1% resveratrol 
in films has the antioxidant activity 11.67±0.05%. The maximum scavenging 

activity in the current study is given by the addition of 3% catechin into 

packaging films and pure cellulose films do not show any antioxidant activity. 
 

Treatment 

 

Biodegradability 

 

Tensile 

Strength 

Percentage 

Elongation 

Water vapors                     

Permeability 

 

Thickness 

 

To 

 

33.69±0.3c 

 

23.71±0.1c 

 

23.24±0.04c 

 

1.52±0.02a 

 

0.0373±0.04b 

 

T1 

 

51.07±0.2b 

 

24.43±0.1d 

 

34.19±0.01b 

 

1.32±0.01b 

 

0.0580±0.08ab 

 

T2 

 

56.59±0.3a 

 

27.26±0.06c 

 

39.65±0.1a 

 

0.98±0.03c 

 

0.0603±0.08a 

 

T3 

 

27.21±0.1d 

 

33.98±0.07b 

 

22.95±0.06d 

 

1.35±0.03b 

 

0.483±.09ab 

 

T4 

 

22.09±0.02c 

 

41.87±0.09a 

 

12.46±0.05c 

 

1.29±0.02b 

 

0.0590±0.01b 

 

Treatment 

 

Water Solubility 

 

Swelling 

Degree 

 

Antioxidant 

Activity 

Antimicrobial Activity 

E. coli (mm) 

 

S. aurous 

(mm) 

 

To 

 

8.11±0.05c 

 

140.25±0.06a 

 

No 

 

No 

 

No 

 

T1 

 

7.57±0.06d 

 

124.81±0.05d 

 

10.25±0.1d 

 

0.6±0.02c 

 

No 

 

T2 

 

7.09±0.04e 

 

106.68±0.1c 

 

11.67±0.05c 

 

0.8±0.01a 

 

No 

 

T3 

 

15.63±0.08b 

 

138.76±0.09b 

 

46.29±0.1b 

 

No 

 

No 

 

T4 

 

15.94±0.06a 

 

133.29±0.06c 

 

73.19±0.07a 

 

0.7±0.02b 

 

0.6±0.02 
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