Documents

Putra, S.S.8.2°  Basirun, W.J.¢ 9 Hayyan, A.2 € | Elgharbawy, A.AM.f 9 Hayyan, MM Alanazi, YMJ, Saleh, J.J,
Chakrabarti, B.K.X , Low, C.T.J.", Shalauddin, M.™ , Akhter, S."

Ternary metal-organic framework composite with nanocellulose and deep eutectic solvent for the adsorptive
removal of 3-MCPD esters
(2025) Journal of Food Measurement and Characterization, art. no. 116548, .

DOI: 10.1007/s11694-024-03034-3

@ Department of Chemical Engineering, Faculty of Engineering, Universiti Malaya, Kuala Lumpur, 50603, Malaysia

b Faculty of Applied Sciences, Universiti Teknologi Mara (Perak), Tapah Campus, Tapah Road, Perak, Tapah, 35400,
Malaysia

¢ Department of Chemistry, Faculty of Science, Universiti Malaya, Kuala Lumpur, 50603, Malaysia

d Nanotechnology and Catalysis Research Center (NANOCAT), Universiti Malaya, Kuala Lumpur, 50603, Malaysia

€ Sustainable Process Engineering Centre (SPEC), Faculty of Engineering, Universiti Malaya, Kuala Lumpur, 50603,
Malaysia

f International Institute for Halal Research and Training (INHART), International Islamic University Malaysia, P.O Box 10,
Kuala Lumpur, 50728, Malaysia

9 Department of Biotechnology Engineering, Faculty of Engineering, Bioenvironmental Engineering Research Centre
(BERC), International Islamic University Malaysia (1IUM), Kuala Lumpur, 53100, Malaysia

h Renewable Energy Engineering Program, Faculty of Engineering and Technology, Muscat University, P.O. Box 550 P.C.
130, Muscat, Oman

I Chemical Engineering Program, Faculty of Engineering and Technology, Muscat University, P.O. Box 550 P.C. 130, Muscat,
Oman

j Department of Chemical Engineering, College of Engineering, King Saud University, P.O. Box 800, Riyadh, 11421, Saudi
Arabia

k Nanotechnology Research and Application Centre (SUNUM), Sabanci University, Orta Mah. Universite Cad. No: 27/1,
Istanbul, Tuzla, 34956, Turkey

' WMG, Warwick Electrochemical Engineering Group, Energy Innovation Centre, University of Warwick, Coventry, CV4 7AL,
United Kingdom

M School of Pharmacy, Faculty of Health and Medical Sciences, Taylor’s University Lakeside Campus, Selangor, Subang
Jaya, 47500, Malaysia

" Department of Pharmaceutical Chemistry, School of Pharmacy, International Medical University, Bukit Jalil, Kuala Lumpur,
57000, Kyrgyzstan

Abstract

Removal of 3-monochloropropane-1,2-diol esters (3-MCPDEs) from edible oils is essential for better quality food
consumption due to its detrimental effects on human health. Herein, we present a simple strategy for the in situ growth of a
ternary metal—organic framework (Fe—-Mn—MOF/N4) with nanocellulose (NC) extracted from almond shells using sulfuric
acid (ASS) as a support for 3-MCPD adsorption in spiked extra virgin olive (EVO) oil. The sugar-based deep eutectic solvent
(SDES) was also employed as co-solvent to enhance the active sites of the synthesized MOF, thereby increasing the
adsorption capacity of the primary solid adsorbents, such as MOF and NC-ASS. The Fe—-Mn—-MOF/N4 achieved 85%
removal of 3-MCPD under optimal conditions (6 h, 40 °C, 60 mg dose of Fe—Mn-MOF/N4, 1 g of NC-ASS, and 200 L of
SDES) via an indirect method. The adsorption performance, analyzed using Langmuir and Freundlich isotherm models,
showed excellent adsorption capacity while maintaining the quality of EVO oil within acceptable limits after treatment.
Importantly, Fe-Mn—MOF/N4 could be reused up to five times, with an adsorption efficiency of 48.3% after the final cycle,
demonstrating its sustainability. However, further optimization is needed to prevent the gradual decline in adsorption
efficiency and to meet the regulatory standards. This method offers a sustainable, effective solution for 3-MCPDE reduction,
highlighting the potential of MOF-based materials to enhance food safety by reducing harmful contaminants in edible oils
and food products. © The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer
Nature 2024.
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