
Documents

Putra, S.S.S.a b , Shalauddin, M.c , Akhter, S.d , Basirun, W.J.e f , Elgharbawy, A.A.M.g , Ahmed, S.R.h , Srinivasan, S.h ,
Rajabzadeh, A.R.h , Hayyan, A.b , Alanazi, Y.M.i , Chakrabarti, B.K.j , Low, C.T.J.k

A highly selective electrochemical sensor by using bimetallic metal organic framework for the detection of 3-
Monochloropropane-1,2-diol esters (3-MCPDEs)
(2025) Journal of Food Composition and Analysis, 144, art. no. 107702, . 

DOI: 10.1016/j.jfca.2025.107702

a Faculty of Industrial Sciences and Technology, Universiti Malaysia Pahang Al-sultan Abdullah, Lebuhraya Tun Abdul
Razak, Pahang, Gambang, 26300, Malaysia
b Department of Chemical Engineering, Faculty of Engineering, Universiti Malaya, Kuala Lumpur, 50603, Malaysia
c School of Pharmacy, Faculty of Health and Medical Sciences, Taylor's University, Selangor, Subang Jaya, 47500, Malaysia
d Department of Pharmaceutical Chemistry, School of Pharmacy, IMU University, Bukit Jalil, Kuala Lumpur, 57000, Malaysia
e Nanotechnology and Catalysis Research Center (NANOCAT), Universiti Malaya, Kuala Lumpur, 50603, Malaysia
f Department of Chemistry, Faculty of Science, Universiti Malaya, Kuala Lumpur, 50603, Malaysia
g International Institute for Halal Research and Training (INHART), International Islamic University Malaysia, P.O Box 10,
Kuala Lumpur, 50728, Malaysia
h School of Engineering Practice & Technology, McMaster University, Hamilton, ON L8S 4L8, Canada
i Chemical Engineering Department, King Saud University, P.O. Box 800, Riyadh, 11421, Saudi Arabia
j Sabanci University Nanotechnology Research and Application Centre (SUNUM), Orta Mah. Üniversite Cad. No: 27/1,
Tuzla, İstanbul, 34956, Turkey
k WMG, Warwick Electrochemical Engineering Group, Energy Innovation Centre, University of Warwick, Coventry, CV4 7AL,
United Kingdom

Abstract
3-Monochloropropane-1,2-diol esters (3-MCPDEs) are hazardous contaminants in heat-processed foods, raising serious
food safety concerns. In this study, a high-performance Fe-Mn-MOF/NIF sensor was developed via a simple hydrothermal
method for rapid and precise 3-MCPDEs detection. Structural and morphological analyses confirmed the sensor stability,
with FTIR revealing strong interactions between (-CH) and (O-H) stretching vibrations, while XRD indicated slight crystal
distortion upon detection. FESEM and TEM confirmed minimal aggregation, ensuring homogeneous iron (Fe) and
manganese (Mn) distribution. The sensor exhibited a large surface area, significantly enhancing its detection capability.
Using square wave voltammetry (SWV) method, it achieved a broad linear range (0.05–255 µM), low detection limit (0.002
µM), and exceptional sensitivity (43.71 µA µM−1 cm−2). Comparative analysis with GC-MS demonstrated comparable
accuracy, while real-sample testing in soy sauce confirmed high recovery rates. Unlike conventional methods, this sensor
enables cost-effective, rapid, and on-site detection, offering a transformative approach for food safety monitoring. With its
superior performance, the Fe-Mn-MOF/NIF sensor presents a breakthrough in electrochemical detection, paving the way for
enhanced food quality control and public health protection. © 2025 The Authors

Author Keywords
2-propanediol esters;  3-chloro-1;  Cyclic voltammetry;  Electrochemical impedance spectroscopy;  Metal-organic
framework;  Square wave voltammetry

References
Ahn, Y., Choi, S., Kwak, S.Y.
Remarkable effect of deprotonation on adsorption of 3-MCPD and glycidol on
carboxylated Fe-MIL-88s
(2020) J. Environ. Chem. Eng., 8. 

Ai, L., Zhang, C., Li, L., Jiang, J.
Iron terephthalate metal-organic framework: Revealing the effective activation of
hydrogen peroxide for the degradation of organic dye under visible light irradiation
(2014) Appl. Catal. B Environ., 148-149, pp. 191-200. 

Almoselhy, R.I.M., Eid, M.M., Abd El-Baset, W.S., Aboelhassan, A.E.F.A.
Determination of 3-MCPD in some edible oils using GC-MS/MS
(2021) Egypt. J. Chem., 64, pp. 1639-1652. 

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 1/7



Ambroz, F., Macdonald, T.J., Martis, V., Parkin, I.P.
Evaluation of the BET theory for the characterization of meso and microporous
MOFs
(2018) Small Methods, 2, pp. 1-17. 

Amini, A., Kazemi, S., Safarifard, V.
Metal-organic framework-based nanocomposites for sensing applications – A
review
(2020) Polyhedron, 177. 

Anuar, N.S., Basirun, W.J., Ladan, M., Shalauddin, M., Mehmood, M.S.
Fabrication of platinum nitrogen-doped graphene nanocomposite modified
electrode for the electrochemical detection of acetaminophen
(2018) Sens. Actuators, B Chem., 266, pp. 375-383. 

Araujo, M., Beekman, J.K., Mapa, M.S.T., Macmahon, S., Zhao, Y., Flynn, T.J., Flannery,
B., Sprando, R.L.
Toxicology in Vitro Assessment of intestinal absorption / metabolism of 3-chloro-1,
2-propanediol ( 3-MCPD) and three 3-MCPD monoesters by Caco-2 cells
(2020) Toxicol, Vitr. 67. 

Arris, F.A., Manan, W.N., Kaco, H., Shaffie, A.H., Sajab, M.S.
Electrochemical characterization of graphite-zero-valent iron for 3-
Monochloropropane-1,2-Diol (3-MCPD) detection
(2021) Mater. Sci. Forum, 1025, pp. 20-25. 

Arris, F.A., Mohan, D., Sajab, M.S.
Facile synthesis of 3D printed tailored electrode for 3-Monochloropropane-1, 2-Diol
(3-MCPD) sensing
(2022) Micromachines, 13, p. 383. 

Arris, F.A., Thai, V.T.S., Manan, W.N., Sajab, M.S.
A revisit to the formation and mitigation of 3-chloropropane-1,2-diol in palm oil
production
(2020) Foods, 9, pp. 1-24. 

Banurea, I.R., Sanjaya, A.R., Nizardo, N.M., Ivandini, T.A.
Molecularly imprinted polymer of p-amino thiophenol thiophenol for a 3-
monochloropropane-1,2-diol impedance-based sensor
(2023) Mater. Chem. Phys., 301. 

Cheng, W., Zhang, Q., Wu, D., Yang, Y., Zhang, Y., Tang, X.
A facile electrochemical method for rapid determination of 3-chloropropane-1,2-diol
in soy sauce based on nanoporous gold capped with molecularly imprinted polymer
(2022) Food Control, 134. 

Chung, H.-Y., Kumar Ponnusamy, V., Jen, J.-F.
Determination of 3-chloropropanediol in soy sauce samples by liquid phase
extraction coupled with microwave-assisted derivatization and high performance
liquid chromatography-ultraviolet detection
(2018) Int. J. Eng. Res. Sci., 4, pp. 54-61. 

Coates, J.
Interpretation of Infrared Spectra, A Practical Approach
(2000) Encycl. Anal. Chem., 

Dean, S.N., Shriver-lake, L.C., Stenger, D.A., Erickson, S., Golden, J.P., Trammell, S.A.
Machine learning techniques for chemical identification using cyclic square wave
voltammetry
(2019) Sensors, 19, p. 2392. 

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 2/7



Douglas, A., Skoog, F.J., Holler, S.R.C.
(2017) Principles of instrumental analysis, 
7th ed. Cengage Learning

Dua, Y., Hu, J., Hu, Z., Zhang, W., Qi, Y., Zhang, Y., Li, X., Liu, Y.
A sensitive HPLC-FLD method for the quantitative determination of 3-chloro-1, 2-
propanediol by pre-column fluorescence derivatization with 9- ( 2-Hydroxypropyl)
adenine
(2021) J. Liq. Chromatogr. Relat. Technol., 44, pp. 445-456. 

Fang, M., Zhou, L., Zhang, H., Liu, L., Gong, Z.Y.
A molecularly imprinted polymers/carbon dots-grafted paper sensor for 3-
monochloropropane-1,2-diol determination
(2019) Food Chem., 274, pp. 156-161. 

Genualdi, S., Nyman, P., DeJager, L.
Simultaneous analysis of 3-MCPD and 1,3-DCP in Asian style sauces using
QuEChERS extraction and gas chromatography-triple quadrupole mass
spectrometry
(2017) J. Agric. Food Chem., 65, pp. 981-985. 

Han, S., Ding, Y., Teng, F., Yaoa, A., Lenga, Q.
Determination of chloropropanol with an imprinted electrochemical sensor based
on multi-walled carbon nanotubes / metal – organic framework
(2021) RSC Adv., 11, pp. 18468-18475. 

Haque, E., Khan, N.A., Park, J.H., Jhung, S.H.
Synthesis of a metal–organic framework material, iron terephthalate, by ultrasound,
microwave, and conventional electric heating: a kinetic study
(2010) Chem. (Easton), 18 (16), pp. 1046-1052. 

Hazra, B., Wood, D.A., Vishal, V., Varma, A.K., Sakha, D., Singh, A.K.
Porosity controls and fractal disposition of organic-rich Permian shales using low-
pressure adsorption techniques
(2018) Fuel, 220, pp. 837-848. 

He, B., Wang, L., Li, M.
A biosensor for direct bioelectrocatalysis detection of 3-MCPD in soy sauce using
Cyt-c incorporated in Au@AgNSs/FeMOF nanocomposite
(2020) J. Iran. Chem. Soc., 18, pp. 151-158. 

Ioime, P., Piva, E., Pozzebon, M., Pascali, J.P.
Automated sample preparation and analysis by gas chromatography tandem mass
spectrometry (GC–MS/MS) for the determination of 3- and 2-monochloropropanediol
(MCPD) esters and glycidol esters in edible oils
(2021) J. Chromatogr. A, 1650. 

Jakhar, S., Singh, N., Siwal, S.S.
In-situ synthesis of reduced graphene oxide templated MIL-53(Fe) nanorods for
photo-catalytic degradation of organic dyes under sunlight
(2023) Vietnam J. Chem., 61, pp. 646-654. 

Jang, Y., Koh, E.
Assessment of estimated daily intake of 3-monochloropropane-1,2-diol from soy
sauce in Korea
(2020) Food Sci. Biotechnol., 

(2016), JECFA, 2017. Evaluation of certain contaminants in food: eighty-third report of the
Joint FAO/WHO Expert Committee on Food Additives, WHO Technical Report Series.
Joint FAO/WHO Expert Committee On Food Evaluations of contaminants.

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 3/7



Korte, R., Schulz, S., Brauer, B.
Chloropropanols (3-MCPD, 1,3-DCP) from food contact materials: GC-MS method
improvement, market survey and investigations on the effect of hot water extraction
(2021) Food Addit. Contam. - Part A Chem. Anal. Control. Expo. Risk
Assess., 38, pp. 904-913. 

Le Dinh, C., Nguyen Nhu, T., Vu Ngoc, T., Le Thi, H.H., Tran Cao, S.
GC-MS/MS method for simultaneous determination of ester forms of 3-MCPD and 2-
MCPD in infant formula
(2020) Heavy Met. Arsen. Conc. Water, Agric. Soil, rice Ngan Son. Dist. Bac. Kan.
Prov., Vietnam 3, pp. 133-144. 

Liu, P.W., Li, C.I., Huang, K.C., Liu, C.S., Chen, H.L., Lee, C.C., Chiou, Y.Y., Chen, R.J.
3-MCPD and glycidol coexposure induces systemic toxicity and synergistic
nephrotoxicity via NLRP3 inflammasome activation, necroptosis, and autophagic
cell death
(2021) J. Hazard. Mater., 405. 

Mahmoodi, N.M., Abdi, J.
Nanoporous metal-organic framework (MOF-199): Synthesis, characterization and
photocatalytic degradation of Basic Blue 41
(2019) Microchem. J., 144, pp. 436-442. 

Maki Ahmad, M., Roushani, M., Farokhi, S.
Ni-P nanosheets derived from a metal–organic framework containing triptycene
ligand: A high-performance electrochemical sensor for glucose determination
(2024) Microchem. J., 197, pp. 1-8. 

Martin, A.A., Fodjo, E.K., Marc, G.B.I., Albert, T., Kong, C.
Simple and rapid detection of free 3-monochloropropane-1,2-diol based on cysteine
modified silver nanoparticles
(2021) Food Chem., 338. 

Najah, A., Boivin, D., Noël, C., De Poucques, L., Henrion, G., Cuynet, S.
Amino-grafting pre-functionalization of terephthalic acid by impulse dielectric-
barrier discharge (DBD) plasma for amino-based Metal-Organic Frameworks (MOFs)
(2022) Mater. Chem. Phys., 290. 

Ngan Tran, T.K., Ho, H.L., Nguyen, H.V., Tran, B.T., Nguyen, T.T., Thi Bui, P.Q., Bach, L.G.
Photocatalytic degradation of Rhodamine B in aqueous phase by bimetallic metal-
organic framework M/Fe-MOF (M = Co, Cu, and Mg)
(2022) Open Chem., 20, pp. 52-60. 

Omkaramurthy, B.M., Krishnamurthy, G., Foro, S.
Electrocatalytic activity and chemical sensor application of Mn-MOF: Synthesis,
crystal structure and photo luminescent properties
(2019) Mater. Res. Express, 6. 

Paiman, S.H., Rahman, M.A., Uchikoshi, T., Abdullah, N., Othman, M.H.D., Jaafar, J.,
Abas, K.H., Ismail, A.F.
Functionalization effect of Fe-type MOF for methylene blue adsorption
(2020) J. Saudi Chem. Soc., 24, pp. 896-905. 

Putra, S.S.S., Basirun, W.J., Elgharbawy, A.A.M., Hayyan, M., Alabdulmonem, W.,
Aljohani, A.S.M., Hayyan, A.
3-Monochloropropane-1,2-diol (3-MCPD): a review on properties, occurrence,
mechanism of formation, toxicity, analytical approach and mitigation strategy
(2023) J. Food Meas. Charact., 

Putra, S.S.S., Basirun, W.J., Hayyan, A., Elgharbawy, A.A.M.
Role of Green Nanomaterials For 3-chloropropane-1,2-diol Ester (3-MCPDE)

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 4/7



Reduction
(2022) Handbook of green and sustainable nanotechnology, pp. 1-20. 
U. Shanker C.M. Hussain M. Rani Springer Cham

Rahman, M.M., Alam, M.M., Alamry, K.A.
A reliable alternative approach for the ultra-sensitive detection ofl-glutathione with
wet chemically synthesized Co3O4-doped SnO2nanoparticles decorated on a glassy
carbon electrode
(2020) N. J. Chem., 44, pp. 16020-16030. 

Sakaino, M., Sano, T., Kato, S., Shimizu, N., Ito, J., Rahmania, H., Imagi, J., Nakagawa, K.
Carboxylic acids derived from triacylglycerols that contribute to the increase in acid
value during the thermal oxidation of oils
(2022) Sci. Rep., 12, pp. 1-9. 

Schultrich, K., Henderson, C.J., Braeuning, A., Buhrke, T.
Correlation between 3-MCPD-induced organ toxicity and oxidative stress response
in male mice
(2020) Food Chem. Toxicol., 

Sohouli, E., Sadeghpour Karimi, M., Marzi Khosrowshahi, E., Rahimi-Nasrabadi, M.,
Ahmadi, F.
Fabrication of an electrochemical mesalazine sensor based on ZIF-67
(2020) Meas. J. Int. Meas. Confed., 165. 

Song, D., Jiang, X., Li, Y., Lu, X., Luan, S., Wang, Y., Li, Y., Gao, F.
Metal−organic frameworks-derived
MnO<sub>2</sub>/Mn<sub>3</sub>O<sub>4</sub> microcuboids with
hierarchically ordered nanosheets and Ti3C2 MXene/Au NPs composites for
electrochemical pesticide detection
(2019) J. Hazard. Mater., 373, pp. 367-376. 

Sun, C., Wu, N., Kou, S., Wu, H., Liu, Y., Pei, A., Li, Q.
Occurrence, formation mechanism, detection methods, and removal approaches for
chloropropanols and their esters in food: An updated systematic review
(2023) Food Chem. X, 17. 

Tang, Y., Yang, G., Liu, X., Qin, L., Zhai, W., Fodjo, E.K., Shen, X., Kong, C.
Rapid sample enrichment, novel derivatization, and high sensitivity for
determination of 3-chloropropane-1,2-diol in soy sauce via high-performance liquid
chromatography-tandem mass spectrometry
(2023) J. Agric. Food Chem., 71, pp. 15388-15397. 

Teng, Y., Wang, X.D., Liao, J.F., Li, W.G., Chen, H.Y., Dong, Y.J., Kuang, D.B.
Atomically Thin defect-rich Fe–Mn–O hybrid nanosheets as high efficient
electrocatalyst for water oxidation
(2018) Adv. Funct. Mater., 28, pp. 1-8. 

Tran, L.T., Dang, H.T.M., Tran, H.V., Hoang, G.T.L., Huynh, C.D.
MIL-88B(Fe)-NH<sub>2</sub>: an amine-functionalized metal-organic framework for
application in a sensitive electrochemical sensor for Cd<sup>2+</sup>, Pb<sup>2+
</sup>, and Cu<sup>2+</sup> ion detection
(2023) RSC Adv., 13, pp. 21861-21872. 

Tsai, H., Hsu, J., Fang, C., Su, N.
Determination of glycidyl esters and 3-MCPD esters in edible oils by sample
pretreatment with the combination of lipase hydrolysis and modified quechers for
gc-ms analysis determination of glycidyl esters and 3-MCPD esters in edible oils by
sample
(2021) J. Food Drug Anal., 29. 

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 5/7



Wang, R., Xu, H., Zhang, K., Wei, S., Deyong, W.
High-quality Al@Fe-MOF prepared using Fe-MOF as a micro-reactor to improve
adsorption performance for selenite
(2019) J. Hazard. Mater., 364, pp. 272-280. 

Xie, Q., Li, Y., Lv, Z., Zhou, H., Yang, X., Chen, J., Guo, H.
Effective adsorption and removal of phosphate from aqueous solutions and
eutrophic water by Fe-based MOFs of MIL-101
(2017) Sci. Rep., 7, pp. 1-15. 

Xu, T., Qingru, Z., Fu, Q., Wang, Z., Liu, X., Xiao, S., Jiang, X., Fang, M.
Fluorescence determination of 3-MCPD by combining amino silica nanoparticles
with fluorescein isothiocyanate
(2023) J. Anal. Sci. Technol., 14. 

Yaman, Y.T., Bolat, G., Saygin, T.B., Abaci, S.
Molecularly imprinted label-free sensor platform for impedimetric detection of 3-
monochloropropane-1,2˗diol
(2021) Sens. Actuators, B Chem., 

Yang, A., Wang, Z., Zhu, Y.
Facile preparation and adsorption performance of low-cost MOF@cotton fibre
composite for uranium removal
(2020) Sci. Rep., 10, pp. 1-10. 

Yang, Y., Lu, Z., Liu, D., Wang, Y., Chen, S., Li, T.
A theoretical and simulation analysis of the sensitivity of sinws-fet sensors
(2021) Biosensors, 11. 

Yuan, Y., Wang, J., Ni, X., Cao, Y.
A biosensor based on hemoglobin immobilized with magnetic molecularly imprinted
nanoparticles and modified on a magnetic electrode for direct electrochemical
determination of 3-chloro-1, 2-propandiol
(2019) J. Electroanal. Chem., 834, pp. 233-240. 

Zhao, Y., Xu, Y., Shi, L., Fan, Y.
Perovskite nanomaterial-engineered multiplex-mode fluorescence sensing of edible
oil quality
(2021) Anal. Chem., 93, pp. 11033-11042. 

Zheng, X., Fu, W., Zheng, K., Gao, B., Lin, L., Liu, W., Lin, Z., Fang, Q.
A novel method for the simultaneous determination of esterified 2-/3-MCPD and
glycidol in foods by GC-MS/MS
(2020) Food Control, 

Correspondence Address
Shalauddin M.; School of Pharmacy, Selangor, Malaysia; email: md.shalauddin@taylors.edu.my
Rajabzadeh A.R.; Nanotechnology and Catalysis Research Center (NANOCAT), Malaysia; email: rajaba@mcmaster.ca

Publisher: Academic Press Inc.

ISSN: 08891575
CODEN: JFCAE
Language of Original Document: English
Abbreviated Source Title: J. Food Compos. Anal.
2-s2.0-105003837343
Document Type: Article
Publication Stage: Final
Source: Scopus

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 6/7



Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

6/3/25, 8:57 AM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1928271775&eid=2-s2.0-105003837343&sort=&clicked… 7/7


