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Abstract Pickering emulsions are an emerging encapsulation technology
for volatile compounds such as essential oils, which have been
incorporated into packaging films to maintain the quality, safety,
and nutritional value of food products. This study developed and
characterized a sustainable active packaging film made from
gelatin/semi-refined carrageenan incorporated with eugenol-
loaded Pickering emulsion (EPE) stabilized by chitosan
nanoparticles. The Coats-Redfern method (CRM) was applied to
thermogravimetric (TGA) data to evaluate thermal degradation
kinetics using various kinetic models, providing fundamental
insights into thermal stability for active packaging applications.
The results showed that EPE droplets exhibited a monodisperse
distribution (PDI < 0.3) with particle diameters of 18-47 nm
maintained over 60 days. Scanning electron microscopy (SEM)
observations revealed that films with 3% EPE maintained a
homogeneous morphology, while obvious particle
agglomeration occurred at higher concentrations (5% and 7%
EPE). Incorporation of 3% EPE increased elongation at break to
58% and improved antioxidant activity to 89%, while tensile
strength did not decrease significantly (P > 0.05) compared to the
control film. The CRM indicated that the film with 3% EPE
followed a complex degradation pathway involving multiple-step
network ruptures, which was associated with a higher activation
energy of 112.83 kJ/mol. Films containing 3-7% EPE exhibited
effective antimicrobial properties, with clear inhibition zones
significantly wider than those of the control film against
Escherichia coli and Staphylococcus aureus. Overall, EPE-
integrated films enhance the functionality and thermal stability
of gelatin/semi-refined carrageenan-based films, highlighting
their potential for sustainable active packaging applications.

Keywords Author Keywords: Active packaging; Antimicrobe; Antioxidant;

Eugenol; Pickering emulsion; Thermal degradation kinetics

9/3/26, 12:02 PM Thermal degradation kinetics and multifunctional properties of gelatin/carrageenan films incorporating eugenol-loaded Pickerin…

https://www.webofscience.com/wos/woscc/full-record/WOS:001789064200001 2/11

https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Active%20packaging%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Antimicrobe%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Antioxidant%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Eugenol%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Pickering%20emulsion%5C%22%22%7D%5D&eventMode=oneClickSearch
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22AK%22,%22rowText%22:%22%5C%22Thermal%20degradation%20kinetics%5C%22%22%7D%5D&eventMode=oneClickSearch


Author
Information

Corresponding
Address:

Azman, Nurul Aini
Mohd

(corresponding
author)

Univ Malaysia Pahang Al Sultan Abdullah, Fac Chem & Proc
Engn Technol, Kuantan, Pahang, Malaysia
E-mail Addresses :
ainiazman@umpsa.edu.my
Addresses :

1  Univ Malaysia Pahang Al Sultan Abdullah, Fac Chem & Proc
Engn Technol, Kuantan, Pahang, Malaysia

2  SIMATS Engn, Dept Biotechnol, Saveetha Nagar, Chennai,
Tamil Nadu, India

3  Int Islamic Univ Malaysia, Dept Fundamental Dent & Med
Sci, Kulliyyah Dent, Kuantan Pahang, Malaysia
E-mail Addresses :
ainiazman@umpsa.edu.my

Data availability
statement

The datasets generated and/or analyzed during the current study
are available from the corresponding author on reasonable
request.

Conflict of
interest
statement

There are no conflicts to declare.

Categories/
Classification

Research Areas: Food Science & Technology

Citation

Topics:

3 Agriculture,
Environment &
Ecology

chevron_right

3.85 Food
Science &
Technology

chevron_right

3.85.741 Chitosan
Packaging Films

Web of Science
Categories

Food Science & Technology

Funding

Universiti Malaysia Pahang Al-Sultan
Abdullah (UMPSA)

RDU233020

arrow_drop_down

arrow_drop_down

arrow_drop_down

Show details

expand_more
View funding text

Funding agency
Grant

number
Show All Details

9/3/26, 12:02 PM Thermal degradation kinetics and multifunctional properties of gelatin/carrageenan films incorporating eugenol-loaded Pickerin…

https://www.webofscience.com/wos/woscc/full-record/WOS:001789064200001 3/11

mailto:ainiazman@umpsa.edu.my
mailto:ainiazman@umpsa.edu.my
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMAC%22,%22rowText%22:%22%5C%223%20Agriculture,%20Environment%20%26%20Ecology%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMSO%22,%22rowText%22:%22%5C%223.85%20Food%20Science%20%26%20Technology%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22TMIC%22,%22rowText%22:%22%5C%223.85.741%20Chitosan%20Packaging%20Films%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22WC%22,%22rowText%22:%22Food%20Science%20%26%20Technology%22%7D%5D
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Universiti%20Malaysia%20Pahang%20Al-Sultan%20Abdullah%20(UMPSA)%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FO%22,%22rowText%22:%22%5C%22Universiti%20Malaysia%20Pahang%20Al-Sultan%20Abdullah%20(UMPSA)%5C%22%22%7D%5D&disableEdit=true
https://www.webofscience.com/wos/woscc/general-summary?queryJson=%5B%7B%22rowBoolean%22:null,%22rowField%22:%22FG%22,%22rowText%22:%22%5C%22RDU233020%5C%22%22%7D%5D&disableEdit=true

