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Abstract. Witasari LD, Lizar DP, Florencia OM, Ramadhan A, Fiana NAO, Supriyadi S, Pratiwi SUT, Nandika D, Karlinasari L, 
Arinana A, Batubara I, Santoso D, Sudiana IK, Hertanto DM, Rachmayanti Y, Firmansyah D. 2023. Designing antimicrobial active 
packaging films based on chitosan plus fungus comb ethyl acetate extract from Indo-Malayan termite mounds. Biodiversitas 24: 5947-
5955. Antimicrobial active packaging systems incorporate antimicrobial compounds into polymer films, i.e., chitosan, thus suppress 
spoilage microorganism growth in foods. Chitosan films itself cannot prevent microbial growth, thus other antimicrobial agent must be 
added. Fungus comb extract from Indo-Malayan termite (Macrotermes gilvus (Hagen, 1858)) mounds is a potential active organic 
antimicrobial compound, which can be incorporated into chitosan films. The purpose of this study was to develop and characterize 

active packaging films based on chitosan plus an antimicrobial fungus comb ethyl acetate extract. Films contained 1% chitosan and 
fungus comb ethyl acetate extract (0.5, 1, 2, and 5% w/v). Notably, films containing 2 and 5% extracts inhibited Escherichia coli 
(ATCC 25922), Staphylococcus aureus (ATCC 25923), and Pseudomonas aeruginosa (ATCC 27853), but not fungi. Films plus 2% 
extract showed a thickness, tensile strength, and strain of 0.13 mm, 2.15 MPa, and 32.55%, respectively. Films had a moisture content of 
0.26%, water solubility of 2.68%, swelling property of 2.37%, and water vapor permeability (WPV) of 3.31×10−10 g.m−1s−1.Pa−1. They 
displayed smooth morphology but no new functional groups. Thus, chitosan plus 2% of fungus comb ethyl acetate extract can be used in 
antimicrobial active packaging films for food application. It could be applied as a green alternative to prolong the shelf-life of food 
products. 
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 INTRODUCTION 

Active packaging technologies incorporate additives 

into packaging systems with a view to maintaining food 

quality and extending shelf life. Active packaging inhibits 

spoilage and pathogen growth, prevents contaminant 

migration, and identifies package leaks, thus ensuring food 

safety (Biji et al. 2015). Antimicrobial packaging is a 

promising form of active food packaging. It can be 

fabricated using antimicrobial packaging materials or 

agents inside package spaces or foods. Antimicrobial 

packaging can be used for sensitive foods, including meat, 

fish, poultry, baked goods, cheese, fruit, and vegetables 
(Al-Tayyar et al. 2022). Different biopolymers have been 

used to develop packaging films and include active 

substrates, such as polysaccharides, lipids, and proteins. 

Carbohydrate polymers such as starches, cellulose 

derivatives, chitosan and pectin that are edible and 
biodegradable, have been utilized as packaging materials 

(Espitia et al. 2014). Chitosan is a popular polysaccharide 

due to its potential as an active packaging-based material 

(Flórez et al. 2022) and is composed of deacetylated chitin, 

which is found in crab residues, shrimp shells, cell walls, 

fungal cell membranes, insect exoskeletons, and arachnids 

(Bakshi et al. 2018). Chitosan is a linear cationic 

polysaccharide consisting of d-glucosamine and N-acetyl-

d-glucosamine units linked by β-(1 → 4) linkages (Dash et 

al. 2011). Chitosan is a weak base so that it can dissolve in 

acidic solutions, but it remains insoluble in water. Chitosan 
has good packaging-based properties, which exert 

antimicrobial, biocompatible, non-toxic, biodegradable, 

and excellent film-forming characteristics (De Carli et al. 

2022; Gan et al. 2022). Although having several 

advantageous antimicrobial properties, chitosan itself 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cellulose-derivatives
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cellulose-derivatives
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/polysaccharide
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cannot prevent microbial growth, so other antimicrobial 

properties must be introduced to ensure food safety levels 

for sustainable active packaging (De Carli et al. 2022).  

Chemical preservatives in antimicrobial release systems 

consist of organic acids (e.g., benzoates, propionates, and 

sorbates), nitrites, sulfites, parabens, chlorides, phosphates, 

epoxides, alcohols, ozone, hydrogen peroxide, diethyl 

pyrocarbonate, bacteriocins, and antibiotics (Coban 2020). 

Potassium sorbate and sodium benzoate have a generally 

recognized as safe (GRAS) status and can inhibit bacterial 
and fungal growth. Furthermore, Potassium sorbate had 

been incorporated as antimicrobial agent in biopolymers 

films of chitosan (Remedio et al. 2019). Green tea extract 

was incorporated into a chitosan film to develop active 

packaging for pork sausages which showed enhanced 

antioxidant and antimicrobial properties (Siripatrawan and 

Noipha 2012). Fungus comb is a potential active organic 

antimicrobial compound which can be incorporated into 

biopolymeric matrices. The fungus comb is a unique 

structure made by termites from the subfamily 

Macrotermitinae (Isoptera: Termitidae) in their nests as a 
substrate. The only species of fungus of Termomyces sp. 

lives in the fungus comb, which means it might have 

contained substances to eliminate another fungus (Arinana 

et al. 2016). Fungus combs extracted from Indo-Malayan, 

Macrotermes gilvus, termite mounds using ethyl acetate 

exhibited antimicrobial and antifungal activities against 

Gram-positive (Staphylococcus aureus) and Gram-negative 

(Escherichia coli and Pseudomonas aeruginosa) bacteria, 

and Aspergillus flavus and Aspergillus niger fungi 

(Witasari et al. 2022). Fungus comb extraction generated 

dominant compounds, including glycerol, phenolic 
compounds (phenol, 2-methoxy, and phenol, 2, 6-

dimethoxy), and Bis(2-ethylhexyl) phthalate, which 

demonstrated antimicrobial, antifungal, antioxidant and 

immunomodulator (inflammation-modulating) activities 

(Nandika et al. 2021; Rachmayanti et al. 2022; Caesario et 

al. 2023; Nandika et al. 2023). Besides, the fungus comb 

extracts considered as preservative for controlling wood-

decaying fungi (Nandika et al. 2023). Therefore, these 

unique fungus comb characteristics render it a suitable 

natural resource for incorporation with chitosan into active 

film production. 

To date, chitosan films incorporated with fungus comb 
extracts (hereafter extracts) from Indo-Malayan termite (M. 

gilvus) mounds have not been reported. In this study, the 

microstructural, physical, and functional properties of 

composite active antimicrobial packaging systems based on 

chitosan-incorporated extracts were examined. We provide 

insights on these characteristics with a view to generating 

potential applications for the food packaging industry. 

MATERIALS AND METHODS 

Preparing antimicrobial active packaging films 

Films were prepared according to Butler et al. (1996) 

with some modifications. Films were made by dissolving 
1% chitosan (w/v) in 0.1 M acetic acid and adding the 

extracts in dimethyl sulfoxide at different concentrations 

(0.5, 1, 2, and 5% b/v) and stirring. Mixtures were poured 

into 12×15 cm2 trays and dried at 50°C for 15-18 h in a 

cabinet dryer incubator (Aneka Mesin, Yogyakarta, 

Indonesia). 

Active packaging film characterization 

In vitro antimicrobial activity 

Antibacterial susceptibility tests 

Antibacterial activity was determined using the Kirby-

Bauer disc diffusion method (CLSI 2015). Escherichia coli 

(ATCC 25922), P. aeruginosa (ATCC 27853), and S. 
aureus (ATCC 25923) culture stocks from Remel, Thermo 

Scientific, Santa Fe Drive were prepared using a streak 

plate method on Mueller-Hinton agar (MHA, OXOID, 

Basingstoke, England) and plates incubated at 37°C for 18 

h. Single colonies were diluted in 2 mL of 0.85% NaCl and 

adjusted to approximately 1.5×108 CFU/mL using 0.5 

McFarland turbidity units with the Wickerham card 

approach. The cell suspension was then inoculated onto 

MHA medium using a sterile cotton swab (Onemed, 

Indonesia). Films were cut into rounds (diameter = 6 mm) 

and placed onto agar surfaces. Films without extracts were 
used as negative controls. Petri dishes were left at room 

temperature for 1 h and then incubated at 37°C for 18 h. 

Clear zones around the samples were determined as the 

diameter of the inhibition zone (DIZ). Samples were tested 

in triplicate. 

Antifungal susceptibility tests 

Stock A. niger (FNCC 6114) and A. flavus (FNCC 

6181) cultures were adjusted to 106 CFU/mL and 

resuspended in 5 mL 0.05% Tween 80. Film antifungal 

susceptibility to both fungal cultures was determined using 

the Kirby-Bauer disk diffusion method (CLSI 2015). Single 
colony was inoculated onto potato dextrose agar medium 

(Merck, Germany) using a streak plate technique. Film 

rounds (diameter = 6 mm) were placed onto agar surfaces. 

Films without extracts were used as negative controls. A. 

flavus and A. niger susceptibility was determined by 

measuring DIZ values around films after 48 h at 30°C. 

Film thickness 

Films were cut into hourglass shapes (100×25 mm2) 

using a cutter (Dumddel, China) and stored for 24 h at 

25°C in 80% relative humidity (RH). Packaging thickness 

was then measured using a micrometer screw (Coolant 

Proof, Mitutoyo, Japan). 

Mechanical properties 

Film tensile strength and strain levels were measured 

using the Universal Testing Machine (Zwick BL-GR-

500N), ZwickRoell Pte. Ltd., Banten, Indonesia, at test 

rates = 50 mm/s (Contessa et al. 2021). 

Moisture content 

Moisture content measurements were performed by 

weighing packaging samples (2.5 × 2.5 cm) (m0) and 

drying at 100°C for 24 h (Rachtanapun et al. 2021). 

Samples were reweighed until a constant weight was 
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obtained (m1) and the moisture content calculated using 

equation below: 

 

 
 

Measurements were performed three times and 

averaged. 

Water solubility and swelling properties 

Water solubility and swelling properties were examined 

according to Zhang et al. (2022), with modifications. Films 

(2.5 × 2.5 cm) were dried at 100°C for 24 h, weighed (m1), 

and soaked in 10 mL aquadest for 24 h. Then, the samples 

were placed on filter paper, vacuum filtered, and then 

reweighed (m2). Finally, the samples were dried at 100°C 

for 24 h and reweighed (m3). The final mass was estimated 

by weighing the samples (m3). Water solubility and 

swelling properties were calculated as follows: 

 

 

Color properties 

A Chroma Meter CR-400 (Konica Minolta, Japan) was 

used to measure sample color. Films were placed on a 

white plate and L* (brightness), a* (redness + or 

greenness), and b* (yellow + or bluish) light values from 

film surfaces were calculated using CIELAB values. 

Scanning Electron Microscopy (SEM) 
Film surface morphology was analyzed using SEM 

(SU3500, Hitachi, Tokyo, Japan) at 5 kV voltage 

acceleration and magnification = 100×, 500×, and 1000× 

(Riaz et al. 2018). Prior to analyses, films were coated with 

gold (thickness <50 nm) to prevent damage during 

scanning. 

Fourier-transform infrared spectroscopy (FTIR) 

Film functional groups were examined using FTIR 

(Thermo Scientific iS10, New York, USA) with spectra 

obtained between 4000-400 cm−1. Samples were analyzed 

using transmittance mode and baseline correction. 

Water Vapor Permeability (WVP) 

Water vapor transmission rates were examined 

according to Song et al. (2022), with some modifications. 

Packaging (diameter = 4 cm) was placed in a cup plus 10 g 

silica gel at the bottom. Samples were attached to the cup 

and stored in a desiccator at 80% RH. Samples were then 

weighed over a 0-8 h period and WPV percentages 

calculated as follows: 
 

 
 

Where: W = weight change (g), X = film thickness (m), 

t = weight gain time (s), A = permeation area (m2), P0 = 

water vapor pressure at the test temperature,  = 

difference in RH between two sides of the sample. 

Statistical analysis 

One-way analysis of variance was used to analyze the 

data. Mean and standard deviation values were calculated 

and a p<0.05 significance level was used. All assays were 

performed in triplicate. 

RESULTS AND DISCUSSION 

Active packaging films 

Film-based chitosan samples plus extracts were 

successfully produced (Figure 1). Higher extract 

concentrations generated darker film colors as indicated by 
color analyses (Table 4). Color has a significant impact on 

consumer acceptance of packaged foods. Films plus 2% 

extract had a lower brightness (L*) when compared with 

the control, but significantly increased a* and b* values 

(p<0.05). Therefore, 2% extract addition increased redness 

and yellowness traits in films (Figure 1D). 

 

 

 
 

     
A B C D E 

 
Figure 1. Film color appearance. Control film (A) and films plus extracts at 0.5% b/v (B), 1% b/v (C), 2% b/v (D), and 5% b/v (E) 
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Antibacterial and antifungal activity 

Higher extract concentrations in chitosan films 

significantly increased DIZ values (Table 1). No clear 

zones were detected in control and films plus 0.5 and 1% 

extracts (Figure 4). Gram-positive S. aureus (ATCC 25923) 

bacteria were the most sensitive bacteria. Unfortunately, 

chitosan films plus extracts (all concentrations) displayed 

no inhibitor zones against A. flavus (FNCC 6181) and A. 

niger (FNCC 6114) (Table 1 and Figure 4). Thus, the films 

exhibited no antifungal activity. From our antimicrobial 
activity data, chitosan films plus 2% extract were selected 

for physical and chemical characterization. Results are 

expressed as the mean ± standard deviation in columns and 

followed by different superscripts denoting significant 

differences (p<0.05); ND, Not Detected. C1F0.5, C1F1, C1F2, 

C1F5 represent active packaging films (6 mm) plus extracts at 

0.5, 1, 2, and 5% b/v, respectively. 

Physical properties of packaging films 

The addition of 2% extract to films significantly increased 

the film thickness and strain when compared with the control 

(Table 2), whereas the tensile strength was lower. Results 
were expressed as the mean ± standard deviation in 

columns and followed by different superscripts denoting 

significant differences (p<0.05); C1F2, packaging films 

plus extract (2% b/v). 

Barrier and chemical properties of packaging films 

From Table 3, films plus extract (2% b/v) displayed 

higher moisture content and WPV levels when compared 

with the control. However, the samples exhibited lower 

water solubility and swelling properties. Results were 

expressed as the mean ± standard deviations in columns 

and followed by different superscripts denoting significant 

differences (p<0.05); C1F2, active packaging film plus 

extract (2% b/v).  

FTIR and SEM analyses 

FTIR was used to determine functional group properties 

in negative control (C1) and C1F2 samples and identify the 

interactions between chitosan and extract (2%). From the 
spectral analyses, no new peaks were formed, indicating no 

new functional groups were created (Figure 2). SEM 

analyses revealed that film surfaces plus extracts (2% b/v) 

were smoother when compared with controls (Figure 3). 

White spots indicated less smooth film texture. 

 

 
 
Table 2. Thickness and mechanical properties of packaging films 
 

Sample 
Thickness 

(mm) 
Tensile (MPa) Strain (%) 

C1  0.05 ± 0.00a 42.58 ± 3.10b 21.86 ± 3.35a 
C1F2 0.13 ± 0.00b 2.15 ± 0.76a 32.55 ± 5.72b 

Results were expressed as the mean ± SD and followed by 
different superscripts denoting significant differences (p<0.05); 
C1, negative control; C1F2, Active packaging biofilm plus fungus 
comb ethyl acetate extract (2% b/v) 

 

 

 
Table 1. Antibacterial and antifungal susceptibility assays 
 

Sample 

Diameter of the inhibition zone (DIZ) (mm) 

E. coli P. aeruginosa S. aureus A. flavus A. niger 

(ATCC 25922) (ATCC 27853) (ATCC 25923) (FNCC 6181) (FNCC 6114) 

C1 (Negative control) ND ND ND ND ND 

C1F0.5 ND ND ND ND ND 
C1F1 ND ND ND ND ND 
C1F2 7.75 ± 0.65a 8.93 ± 1.03a 8.70 ± 1.13a ND ND 
C1F5 13.10 ± 1.75b 13.86 ± 1.49b 15.91 ± 3.03b ND ND 

Note: Results were expressed as the mean ± SD and different superscripts denoting significant differences (p<0.05); C1F0.5, C1F1, 
C1F2, C1F5 were active packaging biofilm plus fungus comb ethyl acetate extract 0.5, 1, 2, and 5% b/v, respectively 

 
 

 
Table 3. Moisture content, water solubility, swelling properties, and water vapor permeability (WVP) of packaging films 
 

Sample Moisture content (%) Water solubility (%) Swelling properties (%) WVP (10−10g.m−1s−1.Pa−1) 

C1(Negative control) 0.04 ± 0.02a 2.94 ± 0.21a 2.80 ± 0.19a 1.09 ± 0.02a 
C1F2 0.27 ± 0.11b 2.68 ± 0.48a 2.37 ± 0.45a 3.31 ± 0.04b 

 

 

 
Table 4. Color parameters of packaging biofilms 
 

Sample 
L* a* b* 

(Lightness) (Red/Green Value) (Blue/Yellow Value) 

C1 (Negative control) 88.56 ± 0.25b 0.28 ± 0.08a 11.22 ± 0.43a 
C1F2 51.87 ± 0.83a 18.08 ± 0.35b 43.94 ± 2.55b 

Note: Results were expressed as the mean ± SD and followed by different superscripts denoting significant differences (p<0.05); C1F2, 
Active packaging biofilm plus fungus comb ethyl acetate extract (2% b/v) 
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Figure 2. FTIR spectrum showing the negative control (C1), chitosan (blue), and film (C1F2) plus extract (2% b/v) (red) 
 
 
 

   
A B C 

   
D E F 

 
Figure 3. Scanning electron microscopy (SEM) analysis of films. A, C, E were negative control films and b, d, f were packaging films 
plus fungus comb ethyl acetate extract (2% b/v). Microscopy magnification: 100× (A and B), 500× (C and D), and 1000× (E and F) 
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A.1 B.1 C.1 

   
A.2 B.2 C.2 

   
A.3 B.3 C.3 

   
A.4 B.4 C.4 

 
Figure 4. Antibacterial susceptibility assay on active biofilms. A. E. coli (ATCC 25922); B. P. aeruginosa (ATCC 27853); C. S. aureus 
ATCC 25923; Number 1, 2, 3, 4 are films added with 0.5, 1, 2, and 5% fungus comb ethyl acetate extract, respectively 
 

 

 

Discussion 

To investigate antibacterial film properties against 

Gram-negative and Gram-positive bacteria, we used the 
Kirby-Bauer disc diffusion method. Inhibition zones 

indicate how antimicrobial compounds in samples can 

inhibit microbial growth (Balouiri et al. 2016). As indicated 

(Table 1), the highest concentration of the extract (5%) 

showed the highest DIZ values for all bacteria. By reducing 

the extract concentrations, smaller inhibition zones were 

generated. The 2% concentration was the lowest 

concentration which inhibited bacterial growth. In contrast, 

no inhibition zones were observed in samples plus 0.5 and 

1% extracts (Table 1). Thus, the antimicrobial compounds in 

fungus combs were not completely released into chitosan 
films. Chitosan and fungus comb antimicrobial compounds 

are polar and form hydrogen bonds due to interactions 

between amino acid residues in chitosan polymer chains 

and aldehyde groups in fungus comb extracts. This 

observation was supported by FTIR data, which indicated a 

higher transmittance for C1F2 films at 2922.46 cm−1 when 

compared with the negative control, thereby indicating that 

O-H bond numbers were increasing (Figure 2). Hydrogen 
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bonds have the greatest intermolecular forces, making it 

difficult for antimicrobial agent release from samples (Wu 

et al. 2017). 

Staphylococcus aureus (ATCC 25923) was more 

sensitive when compared with the other bacteria (Table 1). 

Similar data were reported by Witasari et al. (2022). Gram-

positive bacterial wall structures allow for more rapid 

hydrophobic antibacterial agent penetration into the 

cytoplasm and cell. In contrast, Gram-negative bacterial 

cell walls contain thin peptidoglycan, which is covered by 
an outer lipopolysaccharide and lipoprotein membrane, 

rendering it impermeable to hydrophobic molecules 

(Nazzaro et al. 2013). After contact with films, S. aureus 

(ATCC 25923) cell surfaces became rougher and cell 

structures were not intact due to cell leakage. Such 

structural damage occurred due to interactions between 

positive charges in the samples, which bound to negative 

charges in teichoic acid. These interactions caused cell wall 

brittleness, thereby disrupting cell membrane stability. This 

occurred with Gram-negative bacteria; P. aeruginosa 

(ATCC 25922) and E. coli (ATCC 25922) cell walls were 
damaged due to cell leakage (Hao et al. 2022). 

A similar study by Wai et al. (2019) reported that DIZ 

values for P. aeruginosa (ATCC 27853), from edible 

chitosan films plus lime extracts (2 and 5%), were 7.13 mm 

and 8.32 mm, respectively. Remya et al. (2016) also 

examined the inhibitory activity of chitosan-based 

packaging films plus ginger essential oil extracts and 

reported inhibition zones of 8.5-14.5 mm for S. aureus 

(ATCC 25923) and 2.5-4.5 mm for E. coli (ATCC 25922) 

at different extract concentrations. Therefore, our chitosan 

films plus extracts were better at inhibiting E. coli (ATCC 
25922), S. aureus (ATCC 25923), and P. aeruginosa 

(ATCC 27853) growth (Table 1). 

Witasari et al. (2022) showed that fungus comb ethyl 

acetate extract displayed antifungal activity against A. niger 

and A. flavus. Extracts contained dominant antifungal 

compounds, including phenol, guaiacol, and syringol 

(Nandika et al. 2021). Our observation that A. niger and A. 

flavus growth was inhibited by packaging films plus 

extracts (up to 5%) may have been due to the low 

concentrations (Table 1), thus higher concentrations may 

inhibit fungal growth. In a study by Nandika et al. (2021), 

6% extract addition inhibited Aspergillus foetidus growth. 
From antimicrobial analyses, no clear zones around 

chitosan films without extracts were observed (Figure 4). 

Chitosan is a natural antimicrobial agent, however, 

according to Contessa et al. (2021), its antimicrobial 

activity in films was negligible because it was not 

adequately dispersed in culture medium. Based on 

antimicrobial activity data, packaging samples plus 2% 

extract (C1F2) successfully inhibited microbial growth. 

Therefore, we examined C1F2 physical, barrier, and 

chemical properties. 

To determine chitosan antimicrobial active packaging 
quality and utility, we analyzed film thickness, tensile 

strength, and strain characteristics. Film thickness can 

represent resistance to water vapor, gas, or other volatile 

compounds passing through it (Pagella et al. 2002). Extract 

addition to chitosan films induced significant differences in 

thickness due to increased total solids (Table 2). Both 

tensile strength and strain mechanical properties are 

important for determining food packaging material 

strength. Tensile strength is the maximum tensile force that 

a film can withstand before breaking. The lower the tensile 

value, the weaker the film. We observed that films plus 

extract (2% b/v) exhibited lower tensile strength when 

compared with controls (Table 2). Thus, C1F2 samples 

were more easily broken. Decreased tensile values are 

associated with changes in intermolecular bonds which 
cause polymer chains to weaken and induce film 

deformation (Sogut and Seydim 2018). Strain values 

indicate the film ability to stretch to its maximum. In our 

study, films plus extracts exhibited higher strain values 

when compared with controls (Table 2). Increased strain 

was caused by extract interaction with chitosan, which 

formed an elastic matrix. 

In terms of film color, 2% extract addition reduced the 

brightness values. This addition induced color changes 

because the extract had a brownish yellow color. Therefore, 

the resultant films had higher a* and b* values when 
compared with controls. According to Tien et al. (2006), 

increased viscosity can darken films as they are thicker. 

Depending on the application, film discoloration to 

brownish/yellow can be either desirable or undesirable. 

Dark antimicrobial active packaging can be used to wrap 

light-sensitive products, such as foods high in fat and 

vitamins (Rokilah et al. 2018). 

Moisture content, swelling properties, and water 

solubility percentages were used to determine water 

sensitivity effects on film properties and may be used as 

reference points for film applications in high humidity 
environments (Zhang et al. 2022). As indicated (Table 3), 

we observed a significant increase in moisture content after 

2% extract addition to chitosan films (25.94%) (Nandika et 

al. 2021). Other studies reported that edible chitosan films, 

incorporating levan or pullulan and enriched with ε-

polylysine, had increased moisture content (Gan et al. 

2022). However, in our study, after 2% extract addition, the 

film swelling and water solubility properties decreased. In 

other research, chitosan/zein bilayer films plus 

curcumin/nisin-loaded pectin nanoparticles decreased water 

solubility and swelling properties in films when compared 

with chitosan films (Zhang et al. 2022). 
WVP properties in films act as barriers to water vapor 

in the environment. Film WVP levels should be kept as low 

as possible to protect products from moisture transfer from 

surrounding environments to extend shelf life (Riaz et al. 

2018). WVP values were also improved by adding extracts 

to chitosan films (Table 3). The dominant compound in the 

extracts was glycerol (28.93%) (Nandika et al. 2021) which 

is a polar hydrophilic compound, so its presence in films 

can increase hydrophilicity by reducing intermolecular 

forces in biomaterials (Pinto et al. 2018). Interactions 

between hydrophilic extracts may have decreased water 
resistance in films and increased WVP levels. Similar data 

were recorded for chitosan-hydroxypropyl methylcellulose 

blend films enriched with nettle leaf extracts (Bigi et al. 

2021). 
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The addition of 2% extract induced no bonding effect in 

packaging films (Figure 2). Both compounds simply 

accumulate due to mixing processes (Kusumawati and 

Putri 2013). However, we observed transmittance changes 

in films treated with 2% extract at 2922.46 cm−1 and 

1554.09, indicating that O-H and C=O (amide 1) bonds 

were increasing, respectively. This was possibly due to 

interactions between the extract and chitosan, which 

increased hydrogen bonds (Kaya et al. 2018). Increased 

amide group levels also indicated that films could be 
degraded and suggested the generation of environmentally 

friendly plastic (Handayani and Wijayanti 2015). 

SEM analysis showed that 2% extract addition to 

chitosan films smoothed the film morphology as evidenced 

by fewer white spots when compared to controls (Figure 3). 

A rougher texture on control films indicated a low density 

of insoluble chitosan compounds. Due to the presence of 

cross-links between materials, extract addition smoothed 

and homogenized the film morphology. Additionally, 

smooth surfaces indicated that hydrogen bonds were 

uniform throughout the films (Setiani et al. 2013) 
In conclusion, this study showed that chitosan film 

development, incorporating 2% fungus comb ethyl acetate 

extract, inhibited E. coli (ATCC 25922), S. aureus (ATCC 

25923), and P. aeruginosa ATCC 27853. Unfortunately, 

these films failed to inhibit A. flavus (FNCC 6181) and A. 

niger (FNCC 6114). Chitosan films plus 2% extract 

exhibited lower tensile strength but higher strain, moisture 

content, and water vapor quality when compared with 

controls. Moreover, the solubility and swelling power 

levels in chitosan films plus 2% extract were not 

significantly different to controls. Thus, films based on 
chitosan plus extracts may be used as antimicrobial active 

packaging films for food. Further research on film 

applications in the food packaging industry requires more 

study. 

ACKNOWLEDGEMENTS 

This research was funded by Collaboration research 

program Indonesia-World Class University (contract no. 

1565/UN1/DITLIT/Dit-Lit/PT.01.03/2022) from Universitas 

Gadjah Mada, IPB University, Institut Teknologi Bandung, 

and Universitas Airlangga. We are grateful to Rachmat 

Teguhsutrisno, Th. Novi Dwinawati, Anang Juni Yustanto, 

and Purwito for their technical laboratory assistance. 

REFERENCES 

Al-Tayyar NA, Youssef AM, Al-Hindi R. 2020. Antimicrobial food 

packaging based on sustainable bio-based materials for reducing 

foodborne pathogens: a review. Food Chem 310: 125915. DOI: 

10.1016/j.foodchem.2019.125915. 

Arinana, Aldina R, Nandika D, Rauf A, Harahap IS, Sumertajaya IM, 

Bahtiar ET. 2016. Termite diversity in urban landscape, South 

Jakarta, Indonesia. Insects 7 (2): 20. DOI: 10.3390/insects7020020.  

Bakshi PS, Selvakumar D, Kadirvelu K, Kumar NS. 2018. Comparative 

study on antimicrobial activity and biocompatibility of N-selective 

chitosan derivatives. React Funct Polym 124: 149-155. DOI: 

10.1016/j.reactfunctpolym.2018.01.016.  

Balouiri M, Sadiki M, Ibnsouda SK. 2016. Methods for in vitro evaluating 

antimicrobial activity: A review. J Pharm Anal 6: 71-79. DOI: 

10.1016/j.jpha.2015.11.005. 

Biji KB, Ravishankar CN, Mohan CO, Gopal TKS. 2015. Smart 

packaging systems for food applications: A review. J Food Sci 

Technol 52: 6125-6135. DOI: 10.1007/s13197-015-1766-7. 

Bigi F, Haghighi H, Siesler HW, Licciardello F, Pulvirenti A. 2021. 

Characterization of chitosan-hydroxypropyl methylcellulose blend 

films enriched with nettle or sage leaf extract for active food 

packaging applications. Food Hydrocoll 120: 106979. DOI: 

10.1016/j.foodhyd.2021.106979.  

Butler BL, Vergano PJ, Testin RF, Bunn JM, Wiles JL. 1996. Mechanical 

and barrier properties of edible chitosan films as affected by 

composition and storage. J Food Sci 61 (5): 953-956. DOI: 

10.1111/j.1365-2621.1996.tb10909.x. 

Caesario J, Hertanto DM, Susanto H, Sudiana IK, Nandika D, Karlinasari 

L, Arinana A, Batubara I, Witasari LD, Rachmayanti Y, Firmasyah D, 

Santoso D. 2023. Hematological profile of mice after ethyl acetate 

extract of fungus comb of Indo-Malayan termite (Macrotermes gilvus 

Hagen) mound supplementation in regulating lipopolysaccharide-

induced inflammatory response. Mal J Med Health Sci 19 (3): 57-63. 

Clinical and Laboratory Standards Institute (CLSI). 2015. Performance 

Standards for Antimicrobial Disk Susceptibility Tests: Approved 

Standard (12th ed.). Document M02-A12. Wayne, PA. 

Coban HB. 2020. Organic acids as antimicrobial food agents: applications 

and microbial productions. Bioprocess Biosyst Eng 43: 569-591. 

DOI: 10.1007/s00449-019-02256-w 

Contessa CR, da Rosa GS, Moraes CC. 2021. New active packaging based 

on biopolymeric mixture added with bacteriocin as active compound. 

Intl J Mol Sci 22: 10628. DOI: 10.3390/ijms221910628. 

Dash M, Chiellini F, Ottenbrite RM, Chiellini E. 2011. Chitosan-a 

versatile semi-synthetic polymer in biomedical applications. Prog 

Polym Sci 36: 981-1014. DOI: 10.1016/j.progpolymsci.2011.02.001. 

De Carli C, Aylanc V, Mouffok KM, Santamaria-Echart A, Barreiro F, 

Tomás A, Pereira C, Rodrigues P, Vilas-Boas M, Falcão SI. 2022. 

Production of chitosan-based biodegradable active films using bio-

waste enriched with polyphenol propolis extract envisaging food 

packaging applications. Intl J Biol Macromol 213: 486-497. DOI: 

10.1016/j.ijbiomac.2022.05.155.  

Espitia PJP, Du WX, Avena-Bustillos RDJ, Soares NDFF, Mchugh TH. 

2014. Edible films from pectin: physical-mechanical and 

antimicrobial properties - A review. Food Hydrocoll 35: 287-296. 

DOI: 10.1016/j.foodhyd.2013.06.005. 

Flórez M, Guerra-Rodríguez E, Cazón P, Vázquez M. 2022. Chitosan for 

food packaging: Recent advances in active and intelligent films. Food 

Hydrocoll 124: 107328. DOI: 1016/j.foodhyd.2021.107328. 

Gan L, Jiang G, Yang Y, Zheng B, Zhang S, Li X, Tian Y, Peng B. 2022. 

Development and characterization of levan/pullulan/chitosan edible 

films enriched with ε-polylysine for active food packaging. Food 

Chem 388: 132989. DOI: 10.1016/j.foodchem.2022.132989. 

Hao Y, Zhang M, Wang L, Tao N, Li L, Zhu W, Xu C, Deng S, Wang Y. 

2022. Mechanism of antimicrobials immobilized on packaging film 

inhabiting foodborne pathogens. Food Sci Technol 169: 114037. 

DOI: 10.1016/j.lwt.2022.114037. 

Handayani PA, Wijayanti H. 2015. Pembuatan biofilm plastik 

biodegradable dari limbah biji durian (Durio Zibethinus Murr). Jurnal 

Bahan Alam Terbarukan 4 (1): 21-26. [Indonesian] 

Kaya M, Ravikumara P, Ilkc S, Mujtabaa M, Akyuzd L, Labidie J, 

Salaberriae AM, Cakmaka YS, Erkulf SK. 2018. Production and 

characterization of chitosan based edible biofilms from Berberis 

crataegina’s fruit extract and seed oil. Fruit Extr Seed Oil 45: 287-

297. DOI: 10.1016/j.ifset.2017.11.013. 

Kusumawati DH, Putri WDR. 2013. Karakteristik fisik dan kimia edible 

biofilm pati jagung yang diinkorporasi dengan perasan temu hitam. 

Jurnal Pangan dan Agroindustri 1 (1): 90-100. [Indonesian] 

Nandika D, Karlinasari L, Arinana A, Batubara I, Sitanggang PS, Santoso 

D, Witasari LD, Rachmayanti Y, Firmansyah D, Sudiana IK et al. 

2021. Chemical components of fungus comb from Indo-Malayan 

termite Macrotermes gilvus Hagen mound and its bioactivity against 

wood-staining fungi. Forests 12 (11): 1591. DOI: 10.3390/f12111591. 

Nandika D, Arinana A, Karlinasari L, Batubara I, Santoso D, Witasari LD, 

Rachmayanti Y, Firmansyah D, Sudiana IK, Hertanto DM, Hadi YS. 

2023. Efficacy of fungus comb extracts isolated from Indo-Malayan 

termite mounds in controlling wood-decaying fungi. Forests 14 (6): 

1115. DOI: 10.3390/f14061115. 



WITASARI et al. – Antimicrobial active packaging films based on chitosan plus fungus comb ethyl acetate extract 

 

5955 

Nazzaro F, Fratianni F, De Martino L, Coppola R, De Feo V. 2013. Effect 

of essential oils on pathogenic bacteria. Pharmaceuticals 6 (12): 1451-

1474. DOI: 10.3390/ph6121451.  

Pagella C, Spigno G, Marco DFD. 2002. Characterization of starch based 

edible coatings. Food Bioproducts Process 80 (3): 193-198. DOI: 

10.1205/096030802760309214. 

Pinto EP, Tavares WDS, Matos RS, Ferreira AM, Menezes RP, da Costa 

MEHM, de Souza TM, Ferreira IM, de Sousa FFO, Zamora RRM. 

2018. Influence of low and high glycerol concentrations on 

wettability and flexibility of chitosan biofilms. Quimica Nova 41 

(10): 1109-1116. DOI: 10.21577/0100-4042.20170287.  

Rachtanapun P, Klunklin W, Jantrawut P, Jantanasakulwong K, 

Phimolsiripol Y, Seesuriyachan P, Leksawasdi N, Chaiyaso T, 

Ruksiriwanich W, Phongthai S, Sommano SR, Punyodom W, 

Reungsang A, Ngo TMP. 2021. Characterization of chitosan film 

incorporated with curcumin extract. Polymers 13 (6): 1-15. DOI: 

10.3390/polym13060963.  

Rachmayanti Y, Firmansyah D, Umma RR, Hertanto DM, Sudiana IK, 

Santoso D, Nandika D, Karlinasari L, Arinana A, Batubara I, Witasari 

LD. 2022. Antioxidant activity of fungus comb extracts isolated from 

indo-malayan termite Macrotermes gilvus Hagen (Isoptera: 

Termitidae). Indones J Chem 22 (6): 1693-1704. DOI: 

10.22146/ijc.77227. 

Remedio LN, Silva dos Santos JW, Vieira Maciel VB, Yoshida CMP, 

Aparecida de Carvalho R. 2019. Characterization of active chitosan 

films as a vehicle of potassium sorbate or nisin antimicrobial agents. 

Food Hydrocoll 87: 830-838. DOI: 10.1016/j.foodhyd.2018.09.012. 

Remya S, Mohan CO, Bindu J, Sivaraman GK, Venkateshwarlu G, 

Ravishankar CN. 2016. Effect of chitosan based active packaging 

film on the keeping quality of child stored barracuda fish. J Food Sci 

Technol 53 (1): 685-693. DOI: 10.1007/s13197-015-2018-6.  

Riaz A, Lei S, Akhtar HMS, Wan P, Chen D, Jabbar S, Abid M, Hashim 

MM, Zeng X. 2018. Preparation and characterization of chitosan-

based antimicrobial active food packaging film incorporated with 

apple peel polyphenols. Intl J Biol Macromol 114: 547-555. DOI: 

10.1016/j.ijbiomac.2018.03.126. 

Rokilah R, Prarudiyanto A, Werdiningsih, W. 2018. Pengaruh kombinasi 

kemasan dan masa simpan terhadap beberapa komponen mutu bumbu 

plecingan instan. Jurnal Ilmiah Rekayasa Pertanian dan Biosistem 6 

(1): 60-68. DOI: 10.29303/jrpb.v6i1.76. [Indonesian]  

Setiani W, Sudiarti T, Rahmidar L. 2013. Preparasi dan karakterisasi 

edible biofilm dari poliblend pati sukun-kitosan. Jurnal Kimia 

VALENSI 3 (2): 100-109. DOI: 10.15408/jkv.v3i2.506. [Indonesian] 

Siripatrawan U, Noipha S. 2012. Active film from chitosan incorporating 

green tea extract for shelf life extension of pork sausages. Food 

Hydrocoll 27: 102-108. DOI: 10.1016/j.foodhyd.2011.08.011. 

Sogut E, Seydim AC. 2018. The effects of Chitosan and grape seed extract 

based edible films on the T quality of vacuum packaged chicken 

breast fillets. Food Packaging Shelf Life 18: 13-20. DOI: 

10.1016/j.fpsl.2018.07.006. 

Song X, Wang L, Liu L, Li J, Wu X. 2022. Impact of tea tree essential oil 

and citric acid/choline chloride on physical, structural and 

antibacterial properties of chitosan-based films. Food Control 141: 

109186. DOI: 10.1016/j.foodcont.2022.109186. 

Tien CL, Vachon C, Mateescu MA, Lacroix. 2006. Milk protein coatings 

prevent oxidative browning of apples and potatoes. J Food Sci 66 (4): 

512-516. DOI: 10.1111/j.1365-2621.2001.tb04594.x. 

Wai CK, Bond TY, Lin NK, Phing PL. 2019. Antibacterial properties of 

chitosan edible films incorporated with musk lime extracts for the 

preservation of squids. Malays J Anal Sci 23 (6): 914-925. DOI: 

10.17576/mjas-2019-2306-01.  

Witasari LD, Wahyu KW, Anugrahani BJ, Kurniawan DC, Haryanto A, 

Nandika D, Karlinasari L, Arinana A, Batubara I, Santoso D, 

Rachmayanti Y, Firmansyah D, Sudiana IK, Hertanto DM. 2022. 

Antimicrobial activities of fungus comb extracts isolated from 

Indomalayan termite (Macrotermes gilvus Hagen) mound. AMB Expr 

12: 14. DOI: 10.1186/s13568-022-01359-0.  

Wu J, Sun X, Guo X, Ge S, Zhang Q. 2017. Physicochemical properties, 

antimicrobial activity and oil release of fish gelatin films incorporated 

with cinnamon essential oils. Aquac Fish 2 (4): 185-192. DOI: 

10.1016/j.aaf.2017.06.004. 

Zhang L, Chen D, Yu D, Regenstein JM, Jiang Q, Dong J, Chen W, Xia 

W. 2022. Modulating physicochemical, antimicrobial and release 

properties of chitosan/zein bilayer films with curcumin/nisin-loaded 

pectin nanoparticles. Food Hydrocoll 133: 107955. DOI: 

10.1016/j.foodhyd.2022.107955.  
 


