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Abstract: Molecular imprinting technology is an emerging technique that achieves specific rec-
ognition of imprinted molecules by simulating the interactions between antibody and antigen or
between enzyme and substrate. The core of this technology lies in the preparation of molecularly
imprinted polymers (MIPs). However, traditional preparation methods of MIPs face severe challenges
due to drawbacks such as uneven morphology, limited conformational choices for molecular
recognition, random and uncontrollable polymerization, and environmental safety hazards, making
the innovation of synthesis methods urgent. In recent years, with the proposal of green chemistry
concepts and the development of green synthesis methods, the preparation technology of MIPs has
gradually transitioned towards resource-saving and environment-friendly directions. The preparation

of green molecularly imprinted polymers (GMIPs) aims to replace traditional methods by reducing
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the use of solvents and the generation of waste liquids during the synthesis process, employing safe
and non-toxic reagents and solvents, and developing efficient synthesis methods to improve energy
efficiency. Green solvents such as water, supercritical carbon dioxide, deep eutectic solvents, and
ionic liquids are used to replace organic solvents in the synthesis of traditional MIPs. Functional
monomers with biocompatibility and environmental friendliness, including chitosan, cellulose,
itaconic acid, dopamine, and cyclodextrin, have found increasing applications in the preparation
of MIPs. In addition, the preparation technology of MIPs is gradually transitioning towards resource
conservation and environmental friendliness. The development of novel synthesis methods such as
green precipitation polymerization, microwave-assisted synthesis, supercritical fluid technology,
ultrasound-assisted polymerization, and computer simulation-assisted design and characterization
has promoted the popularity of GMIPs preparation methods. These novel preparation methods
significantly improve the functionality and environmental compatibility of MIPs by precisely regulating
reaction conditions, reducing energy consumption, and minimizing harmful by-products. They not
only optimize the synthesis efficiency of MIPs, but also provide new ideas for solving the bottlenecks
of traditional methods in morphology control and large-scale production. GMIPs, with their high
selectivity, stability, and tunability, have shown breakthrough applications in multiple frontier fields.
For example, in environmental monitoring, GMIPs are applied to detect heavy metal ions (such
as lead and arsenic), organic pollutants (such as pesticides and antibiotics), and explosives in
aqueous environments. In the field of food safety analysis, GMIPs enable efficient enrichment and
detection of trace pollutants (such as pesticide residues, veterinary drugs, and mycotoxins) in food
matrices, significantly outperforming traditional methods. In biomedical applications, GMIPs are
developed as drug controlled-release systems, biomarker detection platforms, and targeted
therapeutic carriers. In addition, the efficient performance of GMIPs in sample pretreatment (such
as solid-phase extraction) further reduces analysis costs and reduces reliance on organic solvents.
This paper reviews the novel preparation methods of GMIPs and their applications in environmental
monitoring, food safety, and biomedicine in recent years, and provides an outlook on the de-
velopment of GMIPs.

Keywords: molecularly imprinted polymers; green chemistry; environmental monitoring; food

safety; biomedicine; review
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Fig. 1 Basic steps for the manufacture of molecularly imprinted polymer (MIP)
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R 1 G B & MIPs i Rz 3 7R )
Table 1 Applications of microwave-assisted preparation of MIPs

Sample Analytes Main material characterization Reference
Water Pb(1l), As(V) FT-IR, XRD, BET [61]
Water sulfamethoxazole HRSTEM, FT-IR, TGA [62]
Urine perphenazine HRTEM, FESEM, UV/vis [63]
Water 4-nitrophenol SEM, FT-IR, TEM [64]
Water nitrophenol SEM, BET, TG [65]

Milk tetracycline TEM, SEM, FS [66]

Milk florfenicol SEM, FT-IR [67]
Water malachite green FT-IR, SEM, EDS [68]
Water cd(ll), As(V) FT-IR, XRD, TG [69]

FT-IR: Fourier transform infrared spectroscopy; XRD: X-ray diffraction; BET: Brunauer-Emmett-Teller; HRSTEM: high resolu-
tion scanning transmission electron microscopy; TGA: thermogravimetric analysis; HRTEM: high resolution transmission electron mi-
croscopy; FESEM: field emission scanning electron microscope; UV/vis: ultraviolet-visible spectroscopy; TEM: transmission electron
microscope; TG: thermogravimetry; FS: fluorescent sensing; EDS: energy dispersive X-ray spectroscopy.
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Fig.4 Schematic diagram of the molecular imprinting pre-assembly based on molecular dynamics simulation!
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Table 2 Applications of computer aided preparation of MIPs

Analyte Main raw materials Application prospect Ref.
Bilobalide MAM, TMPTA, ACN biomedicine [93]
New recreational drugs EGCG, ACE, NI, 1A criminal investigations [94]
As(1Il) UiO-66 MOF, MAA, EGDMA environmental monitoring [95]
Triazole fungicides MYC, TFMAA, EGDMA food safety [96]
Tolfenpyrad FeCl,, VTMS, EGDMA, 2-VP, DMF food safety [97]
Thiamethoxam AA, MAA, APV, EGDMA, AIBN environmental monitoring [98]
Hydroxycamptothecin TEOS, EGDMA, AIBN, MeOH, CHCl; biomedicine [99]
Estrone IA, PEG3A, AIBN environmental monitoring [100]

MAM: methyl acrylamide; TMPTA: trihydroxymethylpropane triacrylate; ACN: acetonitrile; EGCG: catechin; ACE: acetamino-
phen; NI: nicotine; IA: itaconic acid; MAA: methacrylic acid; EGDMA: dimethyl methacrylate; MYC: trizole fungicides; TFMAA: 2-
(trifluoromethyl) acrylic acid; VITMS: triethoxysilane; 2-VP: 2-vinylpyridine; DMF: N, N-dimethylformamide; AA: acroleic acid; APV:

on vinyl benzoic acid; AIBN: 2,2-azo-diisobutyronitrile; PEG3A: polyethylene glycol triacrylate.
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Fig. 5 Schematic diagram of epinephrine detection by the MIP electrochemical sensor

[113]
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Table 3 Applications of MIPs in environmental monitoring

Applicable objects

Outstanding advantages Ref.

Paclobutrazol
Ultrasensitive dimethoate
Pesticide residues

Nitro explosives

high selectivity, physical strength and high stability, high sensitivity [123

high selectivity, excellent chemical stability, recoverability and low cost [124

]
]
selective identification ability, wide application, customization, portable detection [ 125]
easy to synthesize, reusable, selective binding [126]

]

Large molecule and small molecule pollutants multifunctional, environmentally friendly [127

F4 MIPsERRBRES MR ARG
Table 4 Applications of MIPs in food safety analysis

Applicable objects

Outstanding advantages Ref.

Ciprofloxacin selectivity, sensitivity, stability, simplicity of preparation and cost-effectiveness [139]
Lambda-cyhalothrin high degree of selectivity, simple preparation process and high practicability [140]
Hydrocortisone resistant to high pressure and acid alkali corrosion, with fewer operating steps [141]
Thiamphenicol no need for expensive antibodies or enzymes, simple and cost-effective detection process [142]
Organophosphorus lower detection limit and quantitative limit, high selectivity and faster equilibrium adsorption time [143]
Norfloxacin high selectivity, high adsorption capacity, reusable and high magnetic saturation value [144]
Cephalexin selective and efficient, easy to separate, suitable for analysis of complex samples [145]
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Table 5 Applications of MIPs in sample solid phase extraction

Applicable objects Outstanding advantages Ref.

Amphetamines excellent performance in selectivity, sensitivity, efficiency, and cost-effectiveness [174]

Griseofulvin simple process, high selectivity, cost-effectiveness, minimal matrix interference, small sample size and [175]
solute dosage

Epoxy triglyceride convenient, with higher repeatability, efficient separation, and environmental friendliness [176]

Phthalate esters
analytes in complex samples

high selectivity, high capacity, and low detection limit, suitable for sensitive determination of trace target [177]

Coumarins high selectivity and extraction efficiency can achieve effective separation and detection of coumarin [178]
Bisphenol A effective enrichment and detection of BPA, with a imprinting factor of 6.58 [179]
Amphetamine highly selective, high-capacity, and fast kinetic properties effectively extract target compounds from com- [180]
Modafinil plex matrices




- 130 - 1,

i % 44 %

AR L AN, E kB P AE 7 I, MIPs HAT
FLR I V8 1, A )2 A A o o 2% L TV 45 R0 43 BT
G0 5 T, T AT 0 v AR E T R AT A R
Shy b B e Ay AR A R T B AR R R L SR,
MIPs 7E 3 & 43 87 v i) 1o AT Ak 6 300 o B, 75 22
HE— 25 BIF 5% Sk fif e A SR 2t AR S U A e S
PEZE A S ) i

FE BB R it A7 7 TET 30 8 D A TR G 42 A A SR O
i F 5 80N 5t (EPD AE iy 38 86 51, Dipali 451 Al
A BT — ok 4 5 AT v 0 B M e B RE T 1Y
BT BN A, S DR A Tt ek [l oA 4 it
TR . AN, S BN R A W AR AR Y TR
BN 43 5 b A 0 R ik 6 & X 4R Bl CCUS (il
AR R AE A ) B R I af fo ke oA S L,
Ry S e HE 0 B AR S TR B R AR AL AR

3 RZENTHIERSYHIREKSRE

3.1 Bk

LA 5y F BRI SR A W AE U ) S B R v AT T
I 2 PR . B 5, ke A Ty )T B N
AR MAE Gy 43 BRI 3R G W il 4% 7 AT SR A8 ]
KEMAHLET X5 H 25 ™4 010 2% 5 6 1 HE
HOE A vhge o Hk 52 2% PR b I AR E e ) B
il TR . P R AR AL B ST R S B B 5
Z R T EWIERE, k= XGOS TEHBRRAY K
WA B 518 VAL, i T o R R A WA T
30 W KR R IE R B TS A R X A
B AL R IR Z B o eAh, o FENE R AWML S
s il A Ay URME A% 5 0k e DL B v RS B 5 R
AR B0 2400 3D T B4 Bl i) £ AR B BE SE I R
SERE R A S AR A AT R R
32 RE

Bl 5 N AT T R0 A 4 1 B VD G L I T Y
B 8 W TE A 4 A S i R S L H 0 Ak 24 RN
TR T DN R S M 5 R R T R 52 W O e, e
ScCO, fEh —Fh gt iE i), O/ T Bl R A 4 2k
FE AR RN, TR AL R ARSI e
TR AFE G L, I Bl DL B st K B, 0 A4 BE it
A TESR w4 G AL e 3 — PR Y [ I SEE e T A L
BRI . R A RIE (AR HR R
2 1 e %) AE Sy Dy e SR B A, B AR AR e A HL /D
Sy FIRE AR, REE N TR 8 (AD AR 19 & J fn
e I, a5 A s Ak S R R AT 3R A B AE

TENIE A W A R B TR A, LR A
i R SR AR B R TZ B N R R SR 8 T B
R ) A R KM R 2 1 5 A B 7 1) 4k S5 0 3, A
G v oI IR A R D e o 7 A /1 o s AR RS
Ak 2 55 RG R 1 B 1R BR AT

S & Uk :

[1] Whitcombe M J, Kirsch N, Nicholls I A. J Mol Recogn,
2014, 27: 297
[2] LinXL, LuML, Tang R, et al. Guangzhou Chemical Indus-
try, 2024, 52(20): 1
ARIEm, Bk, FERL, .MM, 2024, 52(20): 1
[3] Sajini T, Mathew B. Talanta Open, 2021, 4: 100072
[4] Miladinovié¢ S M. Anal Bioanal Chem, 2025, 417: 665
[5] da Silva Janior C A, Girotto Janior G, Morais C, et al. Pure
Appl Chem, 2025, 97(2): 189
[6] Galuszka A, Migaszewski Z, Namiesnik J. TrAC-Trends
Anal Chem, 2013, 50: 78
[7] Gutiérrez-Serpa A, Gonzdalez-Martin R, Sajid M, et al. Ta-
lanta, 2021, 225: 122053
[8] Arabi M, Ostovan A, Li J, et al. Adv Mater, 2021, 33:
2100543
[9] Sajid M, Plotka-Wasylka J. Talanta, 2022, 238: 123046
[10] Zhao Q. [PhD Dissertation]. Changchun: Jilin University,
2015
B A Ane 3] KA SRR, 2015
[11] Han Y, Wang Y, Li Y L, et al. World Chinese Medicine,
2024, 19(13): 1916
T, W, B, LR, 2024, 19(13): 1916
[12] Xu W, Wang B, Sun Y, et al. Sep Puri Technol, 2025,
355: 129652
[13] Dong C, Shi H, Han Y, et al. Eur Polym J, 2021, 145:
110231
[14] Di Giulio T, Asif I M, Corsi M, et al. ACS Appl Mater In-
terfaces, 2025, 17(8): 12663
[15] Garcia-Nicolas M, Arroyo-Manzanares N, Vifias P. J Food
Compos Anal, 2025, 140: 107295
[16] Yang X, Jin C, Yu K, et al. Environ Res, 2023, 231:
116164
[17] Chen L, Wang X, Lu W, et al. Chem Soc Rev, 2016, 45:
2137
[18] Ansari S, Masoum S. Talanta, 2021, 223: 121411
[19] Pan G, Zu B, Guo X, et al. Polymer, 2009, 50: 2819
[20] Guo W, XulJ, Tang Z, et al. Sep Puri Technol, 2025, 362:
131784
[21] Martin-Esteban A. J Sep Sci, 2022, 45: 233
[22] Martins R A, Bernardo R A, Machado L S, et al. TrAC-
Trends Anal Chem, 2023, 168: 117285
[23] Ostovan A, Ghaedi M, Arabi M. Talanta, 2018, 179: 760
[24] Kecili R, Hussain G, Hussain C M, et al. Talanta Open,
2025, 11: 100446
[25] Bao Y, Liu S, Shao N, et al. Colloids Surf A Physicochem
Eng Asp, 2023, 676: 132266
[26] Bagheri A R, Ghaedi M. Int J Biol Macromol, 2019,
139: 40



5 2 3] F

36, 5 0 T EDIE B W) < B R () 5 TR S RTUT  T 2R R

- 131 -

[27]

[28]

[29]

[32]

[33]
[34]

[35]

[56]

Tang X-J, N D, Bi C-L, et al. Ind Eng Chem Res, 2013,
52: 13120

Velempini T, Pillay K, Mbianda X Y, et al. J Environ Sci
(China), 2019, 79: 280

Barzkar M, Ghiasvand A, Safdarian M. Talanta, 2023,
259: 124501

Lee H, Dellatore S M, Miller W M, et al. Science, 2007,
318: 426

Lynge M E, Schattling P, Stadler B. Nanomedicine, 2015,
10: 2725

Zhang M, Zhang X H, He X W, et al. Nanoscale, 2012, 4:
3141

Hao Y, Gao R, Liu D, et al. Talanta, 2016, 153: 211

Wang YY, Hou P C, Dong S H, et al. Talanta, 2025, 295:
128361

Zhang L, Shen M P, Li Z D, et al. Sens Actuat B Chem,
2025, 432: 137445

Petitjean M, Garcia-Zubiri I X, Isasi J R. Environ Chem
Lett, 2021, 19: 3465

Zhao X, Wang Y, Zhang P, et al. Macromol Rapid Comm,
2021, 42: 1

Farooq S, Xu L Z, Ostovan A, et al. Food Chem, 2023,
429: 136822

Song Z, LiJ, Lu W, et al. TrAC-Trends Anal Chem, 2022,
146: 117704

Yang H, Liu H B, Tang Z S, et al. J Environ Chem Eng,
2021, 9: 106352

Rapacz D, Smolinska-Kempisty K, Wolska J. Talanta,
2024, 280: 126674

Lazarevic-Pasti T, Tasic T, Milankovic V, et al. Chemo-
sensors, 2023, 11: 35

LiF, LiXX, SulJ, etal. JSep Sci, 2021, 44: 2131

Furtado A I, Bonifacio V D B, Viveiros R, et al. Mol-
ecules, 2024, 29: 926

WuX, DuJJ,LiMY, RSC Adv, 2018, 8: 311

Liu H M, Jin P, Zhu F C, et al. TrAC-Trends Anal Chem,
2021, 134: 116132

ChenY, YuZ. Green Chem Eng, 2024, 5: 409

Chen Y, Ding L, Di H, et al. Food Hydrocoll, 2024, 153:
109974

Kok Sheng C, Alrababah Y M. Heliyon, 2024, 10: e30441
Roland R M, Bhawani S A, Ibrahim M N M. BMC Chem,
2023, 17: 165

Werle J, Buresova K, Cepova J, et al. Spectrochim Acta
A, 2024, 322: 124689

Pineda-Cevallos D, Funes Menéndez M, Gonzdalez-Gago
A, etal. Clin Chim Acta, 2024, 554: 117778

Cho M G, Hyeong S, Park K K, et al. Polymer, 2021,
237: 124348

Wang J, Cheng Y, Peng R, et al. Colloids Surf A, 2020,
587: 124342

Zeng H, Yu X, Wan J, et al. Process Biochem, 2020,
94: 329

de Sousa N, Correia-Silva A, Pinho A G, et al. Br J Phar-
macol, 2025, 182(8): 1783

Ostovan A, Ghaedi M, Arabi M. Talanta, 2018, 179: 760
Xu S, Zhang X, Sun Y, et al. Analyst, 2013, 138: 2982

[59]
[60]

lo1]

[62]

[63]
[64]

[65]
[66]
[67]

[68]

[69]

[73]

[74]
[75]

[76]

[77]

[78]

[79]

[80]

[81]

[83]
[84]
[85]

[86]
[87]

[88]

[89]
[90]

Hu Q, He Y, Wang F, et al. Chin Med, 2021, 16: 87

Karim K, Amine A, Arduini F, et al. J Pharm Biomed Anal
Open, 2024, 4: 100033

Hawash H B, Hagar M, Elkady M F, et al. Chem Eng J,
2023, 475: 146019

Lamaoui A, Palacios-Santander J M, Amine A, et al. Ta-
lanta, 2021, 232: 122430

Safdarian M, Ramezani Z. New J Chem, 2019, 43: 48
Liang W, Lu Y, Li N, et al. Microchem J, 2020, 159:
105316

ZhuF, LuH, Lu Y. J Mater Sci, 2023, 58(10): 4399

HouJ, Li H, Wang L, et al. Talanta, 2016, 146: 34

Chen H, Son S, Zhang F, et al. J Chromatogr B, 2015,
983-984: 32

Awokoya K N, Oninla V O, Adeyinka G C, et al. Sci Afr,
2022, 16: e01194

Hawash H B, Hagar M, Elkady M F, et al. Int J of Biol
Macromol, 2024, 281: 136263

Kempe K, Becer C R, Schubert U S. Macromolecules,
2011, 44(15): 5825

Goni M L, Ganan N A, Martini R E. J CO2 Util, 2021, 54:
101760

Garbiec E, Rosiak N, Sip S, et al. Int J Mol Sci, 2025, 26
(2): 855

Soares da Silva M, Viveiros R, Aguiar-Ricardo A, et al.
RSC Adv, 2012, 2(12): 5075

Byun H-S, Yang D-S, Cho S-H. Polymer, 2013, 54(2): 589
Marcelo G, Ferreira I C, Viveiros R, et al. Int J Pharm,
2018, 542(1/2): 125

Jiang S, Huang Y, Wang T, et al. Food Res Int, 2025,
204: 115932

Zhong H, Tang C, Li J, et al. Food Chem, 2025, 473:
143049

Shen L, Yan Y, Jiang X, et al. Food Chem, 2025, 473:
143065

Zong D, Zhao H, Li X, et al. Int J Biol Macromol, 2025,
298: 139942

Phutthawong N, Pattarawarapan M. J Appl Polym Sci,
2013, 128(6): 3893

Khan R, Ghazali F M, Mahyudin N A, et al. J Fungi,
2021, 7(8): 606

Jayasinghe G D T M, Dominguez-Gonzalez R, Bermejo-
Barrera P, et al. J Chromatogr A, 2020, 1609: 460431
Kumar N, Narayanan N, Gupta S. React Funct Polym,
2019, 135: 103

Wharton J M, Piccini J P, Koren A, et al. J Am Coll Car-
diol, 2020, 75(11): 343

Ansari S, Masoum S. Analyst, 2018, 143(12): 2862

Ansari S, Masoum S. Microchim Acta, 2020, 187(6): 366
LiZL, GuLL, Jing L P,et al. Chinese Journal of Analysis
Laboratory, 2024, 43(6): 850

EHGR, WUWA, SN, F L ik R %, 2024, 43
(6): 850

Honarmandi P, Arréoyave R. Integr Mater Manuf Innov,
2020, 9(1): 103

LiuZ, XuZ, Wang D, et al. Polymers, 2021, 13(16): 2657
Mar¢ M, Wieczorek P P. Sci Total Environ, 2020, 724:



+ 132 - 1,

1A

5544 3

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]
[111]

[112]

[113]
[114]

[115]

[116]

[117]

[118]

[119]

[120]

138151
Yuan X, Yuan Y, Gao X, et al. Food Chem, 2020, 333:
127540
Zhang Y, Wang H-Y, He X-W, et al. J Hazard Mater,
2021, 412: 125249
Huang X, Zhang W, Wu Z, et al. J Mol Model, 2020, 26
(8): 198
Paredes-Ramos M, Sabin-Lopez A, Pena-Garcia J, et al. J
Mol Graph Model, 2020, 100: 107627
Fu K, Sun H, Chen X, et al. J Hazard Mater, 2024, 480:
136386
LiZY, GuL L, Tong Z H, et al. Polymer, 2021, 217:
123467
Chi D, Wang W, Mu S, et al. Foods, 2023, 12(5): 1045
Silva C F, Menezes L F, Pereira A C, et al. J Mol Struct,
2021, 1231: 129980
Nie F, Li C, Qiao B, et al. Microchim Acta, 2023, 190
(10): 419
Liu J, Cai X, Liu J, et al. Int J Mol Sci, 2022, 23(10) :
5758
Silva W R, Soté W O, da Silveira Petruci J F, et al. Eur
Polym J, 2022, 166: 111024
Pergolizzi J V, Philip B K, Leslie J B, et al. J Clin
Anesth, 2012, 24(4): 334
Pergolizzi J, Taylor R, Raffa R B, et al. Res Rep Trans-
derm Drug Deliv, 2015, 4: 35
Montheil T, Echalier C, Martinez J, et al. J Mater Chem
B, 2018, 6: 3434
Guoning C, Hua S, Wang L, et al. J Pharm Biomed Anal,
2020, 190: 113511
Kia S, Fazilati M, Salavati H, et al. RSC Adv, 2016, 6
(38): 31906
Wang X, Wang L Y, He X W, et al. Talanta, 2009, 79
(3): 926
Gao R X, Su X Q, He X W, et al. Talanta, 2011, 83
(3): 757
Kong X, Gao R X, He X W, et al. J Chromatogr A, 2012,
1245: 8
LiF, GaoJ, Li X, et al. J Chromatogr A, 2019, 1602: 168
Li F, Gao J, Wu H, et al. Nanomaterials, 2022, 12(17):
2997
Bitar M, Lafarge C, Sok N, et al. Food Chem, 2019,
293: 226
Wang Z, LiY Q, Xi X X, et al. Sensors, 2025, 25(1): 70
Sanchez S S, Sillé F C M. Curr Opin Physiol, 2025, 43:
100813
Rebelo P, Costa-Rama E, Seguro I, et al. Biosens and
Bioelectron, 2021, 172: 112719
Kecili R, Hussain C G, Hussain C M. Trends Environ
Anal Chem, 2023, 40: e00213
Sobiech M, Lulinski P, Wieczorek P P, et al. TrAC-
Trends Anal Chem, 2021, 142: 116306
Ayivi R D, Obare S O, Wei J. TrAC-Trends Anal Chem,
2023, 167: 117231
Lopez R, Khan S, Torres S E, et al. Magnetochemistry,
2023, 9(4): 92
Hashemi S H, Kaykhaii M, Keikha A J, et al. Mar Pollut

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]
[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

Bull, 2018, 137: 306

Abu-Dalo M A, Salam A A, Nassory N S. Int J Electro-
chem Sci, 2015, 10(8): 6780

Hua Y, Kumar V, Kim K-H. Microchem J, 2021, 171:
106848

Meri¢ C S, Deveci H A, Kaya M M, et al. Anal Methods,
2025, 17(5): 1080

Chen S, Lan W, Yang D, et al. Anal Chim Acta, 2025,
1337: 343556

Hilaluddin F, Ong K K, Norrrahim M N F, et al. Arab J
Bas Appl Sci, 2024, 31(1): 481

Ceglowski M, Lusina A, Nazim T, et al. Eur Polym J,
2025, 224: 113704

Naseri M, Mohammadniaei M, Sun Y, et al. Chemosen-
sors, 2020, 8(2): 32

Wu S, Mou B, Liu G, et al. Curr Opin Food Sci, 2025,
62: 101270

Atnkut B, Nigussie A, Berza B, et al. Food Control,
2025, 171: 111066

Kumar V, Kim K-H. Environ Pollut, 2022, 299: 118824
Mahmoudpour M, Torbati M, Mousavi M-M, et al. TrAC-
Trends Anal Chem, 2020, 129: 115943

Jia B, Feng F, Wang X, et al. J Future Foods, 2024, 4
(1):1

Chen S, Fu J, Fu Z, et al. Anal Bioanal Chem, 2020,
412: 1049

Farooq S, Wu H, Nie J, et al. Sci Total Environ, 2022,
804: 150293

Danmaraya Y A, Alghodran M A H, Yahaya N, et al. J
Food Compos Anal, 2025, 137: 106966

Zhang R, Guo X, Shi X, et al. Anal Chem, 2014, 86(23):
11705

Andrade F N, Santos-Neto A J, Medina D A V, et al. J
Food Compos Anal, 2023, 121: 105388

Fang L, Jia M, Zhao H, et al. Trends Food Sci Technol,
2021, 116: 387

Surya S G, Khatoon S, Ait Lahcen A, et al. RSC Adv,
2020, 10(22): 12823

Zhang D, Tang J, Liu H. Anal Bioanal Chem, 2019, 411
(20): 5309

Zhou S-x, Lin X-t, Wang J, et al. Food Chem, 2023,
421: 136196

Chen S, Ouyang W, Zhu Y, et al. LWT, 2023, 184:
115026

Boontongto T, Burakham R. Anal Chim Acta,
1186: 339128

Cao Y, Huang Z, Luo L, et al. Food Chem, 2021, 353:
129464

Chen S, Fu J, Li Z, et al. J Chromatogr A, 2019,
1602: 124

Chunta S, Khongwichit S, Watanasin P, et al. Talanta,
2025, 287: 127605

Chen G, Zhang S, Ma X, et al. Chem Eng J, 2024, 480:
148115

Zhang Y, Li H, Hai X, et al. J Chromatogr A, 2025,
1743 465673

Saylan Y, Akgoniilli S, Yavuz H, et al. Sensors, 2019, 19

2021,



5 2 3] F

36, 5 0 T EDIE B W) < B R () 5 TR S RTUT  T 2R R

- 133 -

[150]

[151]

[152]

[153]

[154]

[155]

[156]

[157]

[158]

[159]

[160]

[163]

[164]

[165]

(6): 1279

He S, Zhang L, Bai S, et al. Eur Polym J, 2021, 143:
110179

He J-Y, Li Q, Xu H-X, et al. TrAC-Trends Anal Chem,
2023, 162: 117033

Saylan Y, Yilmaz F, Derazshamshir A, et al. J Mol Recog-
nit, 2017, 30(9): e2631

Ronkainen N J, Halsall H B, Heineman W R. Chem Soc
Rev, 2010, 39(5): 1747

Nemdekova K, Labuda J. Mater Sci Eng C, 2021, 120:
111751

Liu C, Shang L, Yoshioka H-T, et al. Anal Chim Acta,
2018, 1010: 1

Wang Y, Li J, Viehland D. Mater Today,
(6):269

Peng W, Gao M, Xu W, et al. Microchem J, 2025, 209:
112806

Musaeva L M, Shestakova K M, Baskhanova S N, et al.
Clin Rheumatol, 2025, 44: 923

Zhou T, Deng Z, Wang Q, et al. Molecules, 2022, 27
(18): 6084

Li F, Gao J, Li Y, et al. Colloids Surf B Biointerfaces,
2020, 190: 110929

LiF, LiX, SulJ, et al. Talanta, 2021, 231: 122339

LiF, LiX X, Li YJ, et al. Chemical Journal of Chinese
Universities, 2021, 42(12): 3606

R, BUNF, IR, L m AR R, 2021, 42
(12): 3606

Wu X, CaoJ, Bao S, et al. J Chromatogr A, 2021, 1655:
462487

Chen B, Xie Q, Zhang S, et al. J Electroanal Chem,
2021, 901: 115680

Camilli E, Bertana V, Frascella F, et al. React Funct

2014, 17

[166]
[167]

[168]

[169]

[170]

[171]

[172]

[173]

[174]

[175]

[176]
[177]

[178]

[179]

[180]

[181]

[182]

Polym, 2025, 208: 106164

Jiang Z, Li G, Zhang M. RSC Adv, 2016, 6(39): 32915
Dechtrirat D, Sookcharoenpinyo B, Prajongtat P, et al.
RSC Adv, 2018, 8(1): 206

Yahaya G O, Hamad F, Bahamdan A, et al. Fuel Process
Technol, 2013, 113: 123

Moe Htet T T, Gemuh C V, Yildirim S, et al. Anal Chim
Acta, 2025, 1345: 343764

Xu C-Y, Cui Y-Y, Yang C-X. TrAC-Trends Anal Chem,
2025, 185: 118171

Kataoka H, Ishizaki A, Saito K, et al. Molecules, 2024,
29(18): 4472

Kamaruzaman S, Nasir N M, Mohd Faudzi S M, et al.
Polymers, 2021, 13(21): 3780

Maranata G J, Surya N O, Hasanah A N. Heliyon, 2021, 7
(1): 05934

Kardani ', Khezeli T, Rashedinia M, et al. J Food Com-
pos Anal, 2025, 137: 106977

Bashir K, Guo P, Chen G, et al. Arab J Chem, 2020, 13
(2): 4082

Cao X, YeZ, LiX, etal Food Control, 2022, 137: 108896
Mirzajani R, Kardani F, Ramezani Z. Food Chem, 2020,
314: 126179

épa(:kovd A, Hrobomnova K, Jablonsky M. Processes,
2024, 12(3): 582

Kalogiouri N P, Tsalbouris A, Kabir A, et al. Microchem
J, 2020, 157: 104965

Kardani F, Khezeli T, Shariati S, et al. J Pharm Biomed
Anal, 2024, 242: 116005

Mohamed S, Santelli S, Giorgetti A, et al. Chemosen-
sors, 2024, 12(12): 279

Rahangdale D, Kumar A. J Environ Chem Eng, 2018, 6
(2):1828



