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 Parabens are chemicals that are frequently used as preservatives in numerous cosmetic products. 
In recent years, the safety concern over these compounds has grown due to their endocrine-
disrupting activity. In this research, a novel green magnetic molecularly imprinted polymer 
(GMMIP) was synthesised using propylparaben as a template and then applied as an adsorbent 
to selectively recognise and remove parabens from cosmetic samples. The green strategies were 
introduced by using Persicaria odorata or Kesum leaf extract as a reducing agent to synthesise 
green magnetic nanoparticles (MNP) as a magnetic core, and deep eutectic solvent (DES) has 
been designed as an environmentally friendly functional monomer that was used in the 
preparation of GMMIP. The GMMIP was characterised using Fourier transform infrared 
spectroscopy (FTIR), field emission scanning electron microscopy (FESEM), and Brunauer-
Emmett-Teller (BET). The results of FESEM and BET indicated that the GMMIP exhibited an 
irregular spherical shape and mesoporous characteristics with a pore size of 17.74 nm. The 
adsorption pH, kinetics, isotherms, and thermodynamics parameters were performed to 
investigate the interactions that take place between GMMIP and propylparaben. The adsorption 
processes appeared to best fit the pseudo-second-order kinetic and Freundlich isotherm models 
at an optimum pH of 12. Findings from a thermodynamics study revealed the adsorption process 
was exothermic, spontaneous, and more favourable at 298 K. The optimised GMMIP was applied 
as an adsorbent to remove the parabens from cosmetic samples. When compared to 
methylparaben and ethylparaben, the GMMIP had the highest selectivity and effectively 
removed propylparaben, with recoveries ranging from 75.6% to 113.3%. It was found that the 
limits of detection (LOD) and quantification (LOQ) were between 0.03 and 0.05 mg/L and 0.11 
and 0.16 mg/L, respectively. The synthesised GMMIP proved to be a convenient and effective 
adsorbent to remove parabens from cosmetic products.  
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1. Introduction  
 

     
      Currently, parabens are one of the most used preservatives in cosmetic products such as shampoos, lotions, deodorants, 
scrubs, sunscreens, and eye make-up1. However, parabens are included in a long list of compounds that are either forbidden 
or controlled and have an impact on the safety of cosmetics. For preservation, a mixture of two or three types of parabens 
is usually employed. However, recent research has indicated that parabens are classified as an “endocrine-disrupting 
chemical” (EDC) since they can harm both human and animal health by disturbing the endocrine system2. Another study 
revealed that paraben exposure can harm the reproductive system3. Additionally, it has been established that parabens may 
cause breast cancer4. 



 624

     According to the European Union (EU) Council Directive and the National Pharmaceutical Regulative Agency (NPRA) 
of Malaysia, parabens are permitted in cosmetic products in maximum amounts of 0.4% as a single usage and 0.8% for the 
overall number of parabens in the cosmetic products5. Nowadays, there are many “paraben-free” cosmetics on the market, 
and consumers have generally reacted well to them. However, labelling fraud is made easier by the lack of legislation. It is 
currently becoming more and more crucial to control the presence of parabens in cosmetics, even those marketed as 
“paraben-free,” to ensure consumer safety6. Numerous separation techniques, including solid-phase extraction (SPE), solid-
phase microextraction (SPME), dispersive liquid-liquid microextraction (DLLME), and ultrasonic-assisted extraction 
(UAE), have been developed. However, several of these techniques have limitations, including being time-consuming, 
laborious, and using a lot of hazardous solvents7. Therefore, preconcentration methods are crucial methods implemented 
for sample preparation prior to the separation techniques mentioned above. 
 
     Molecularly imprinted polymers (MIPs) have recently evolved into a promising material for the preconcentration, 
identification, and removal of several types of molecules. Molecularly imprinted polymer (MIP) is a synthetic polymer 
created by introducing the target molecule (template) and then removing it with an appropriate solvent8. As a result, the 
unique cavities obtained are matched to the target molecule in terms of functional group, size, and structure9. MIPs can 
detect and bind the template molecule given by the presence of imprinted cavities, making it possible to separate and detect 
the template molecule10. MIPs have numerous benefits, including ease of production, good stability, and a relatively low 
cost11. Nevertheless, traditional MIPs have a few drawbacks, such as incomplete template removal, slow binding rates, and 
the fact that some of the reagents employed to produce MIP are harmful12.  
 
    The contribution of the green magnetic nanoparticles (MNP) approach has provided many advantages for molecular 
imprinting technology (MIT), which can improve some of the fundamental characteristics of MIP13. Recently, the green 
synthesis of magnetic nanoparticles by biological methods has gained a lot of interest since it has significant benefits over 
chemical and physical methods, including being easy to prepare, cost-effective, and producing less waste14. For example, 
magnetite nanoparticles Fe3O4 have emerged as a potential candidate for study among all magnetic nanoparticles because 
of their superparamagnetic characteristics, biocompatibility, and low toxicity15. There have been numerous reports of 
successful studies employing different plant extracts for MNP synthesis, such as Zanthoxylum armatum DC16, Dolichos 
lablab L17, Kappaphycus alvarezii18, Calliandra haematocephala19, and Lagenaria siceraria20. Fortunately, no research has 
yet described the use of Persicaria odorata extract to manufacture MNP.  
 

     Persicaria odorata (Polygonum odoratum), locally known as "Kesum" in Malaysia, is an edible plant that belongs to the 
Polygonaceae family and the Persicaria genus21. In addition to its culinary usage as a flavouring ingredient, this plant is 
also used in traditional medicine as an anti-diabetic, antioxidant, antibacterial, anti-inflammatory, anti-stress, and anti-
cancer agent22, 23. It has been suggested that proteins, amino acids, organic acids, vitamins, as well as secondary metabolites 
like flavonoids, alkaloids, polyphenols, terpenoids, heterocyclic compounds, and polysaccharides that are present in plants 
play an important role in metal salt reduction as well as act as capping and stabilising agents to synthesise the nanoparticles 
24, 25.  

    Meanwhile, there has been an increase in interest in employing deep eutectic solvent (DES) as a green functional 
monomer in the synthesis of MIPs26, 27. DES has numerous advantages, including a wide range of polarity, low volatility 
and toxicity, water-miscibility, and biodegradability. By altering the hydrogen bond donor or acceptor, a specific DES can 
be created, which improves the specific identification of MIP in contrast to traditional MIP. Numerous studies have 
demonstrated that using a specifically designed DES as a functional monomer in the MIP polymerization process can 
enhance the selectivity and affinity of the target molecules28. Therefore, the main goal of this work is to synthesise and 
apply green magnetic molecularly imprinted polymer (GMMIP) as an adsorbent for the removal of parabens from cosmetic 
samples. The parabens were determined and quantified using UV-VIS analysis. The green MNP was first synthesised using 
Kesum leaf extract as a reducing agent via the co-precipitation method for the first time in a straightforward and 
environmentally beneficial manner. The MNP was then used as the magnetic core in the synthesis of GMMIP. Besides that, 
the designed DES was also introduced as an eco-friendly functional monomer to accomplish the green aspect of the GMMIP 
synthesis. The characteristics and adsorption performance of GMMIP were also investigated. To our knowledge, this study 
marks the first attempt to use Kesum leaf extract and DES for the synthesis of MIPs dedicated to paraben removal from 
cosmetic samples. 
 

2. Experimental 
 
2.1 Materials 
 

      Iron (II) chloride tetrahydrate (FeCl2.4H2O, 99%) and Iron (III) chloride hexahydrate (FeCl3.6H2O, 99%) were supplied 
by R&M Chemicals whereas ammonia solution (NH4OH, 25%) and toluene (C6H5CH3) were supplied by Merck. Moreover, 
tetraethyl orthosilicate (TEOS, C8H20O4Si, 98%), (3-Aminopropyl) triethoxysilane (APTES, C9H23NO3Si, 99%), choline 
chloride (ChCl, C5H14CINO, 98%) propyl 4-hydroxybenzoate (propylparaben, C10H12O3 99%), methyl 4-hydroxybenzoate 
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(methylparaben, C8H8O3, 99%), ethyl 4-hydroxybenzoate (ethylparaben, C9H10O3, 99%), methacrylic acid (MAA, C4H6O2, 
99%), trimethylolpropane trimethacrylate (TRIM, C15H20O6), and benzoyl peroxide (BPO, C14H10O4) were supplied by 
Sigma-Aldrich. Methanol (CH3OH, 99%) and acetic acid (C2H4O2, 96%) were supplied by Fisher Scientific. Meanwhile, 
ethanol (C2H5OH 95%) was supplied by HmbG Chemicals. The deionized water was commercially available from our 
laboratory.  

2.2  Preparation of plant extract (Kesum leaf extract) 

     5 g of Kesum leaves were bought from a supermarket in Muar, Johor, Malaysia (latitude: 2° 2’ 45.5784” N; longitude: 
102° 34’ 4.3644” E). The leaves were first rinsed with tap water and then with deionized water to get rid of any dust. The 
leaves were then cut into smaller pieces and boiled in 100 ml of deionized water for 2 hours at 80 °C until the colour of the 
aqueous solution changed to a golden yellow. The extract was filtered onto filter paper and stored at a temperature of 4 ℃ 
for later use29. 

 

2.3 Synthesis of green magnetic nanoparticles (MNP) 

     The green MNP was synthesised following the30 method with a slight modification via the co-precipitation method using 
Kesum leaf extract as a reducing agent. The metal salts Fe3+ (FeCl3.6H2O, 1.1 g) and Fe2+ (FeCl2.4H2O, 0.5 g) were put into 
a three-necked round bottom flask that was filled with 100 ml of deionized water. The reaction was allowed to run for 1 
hour at 80 °C with constant stirring and in the presence of nitrogen. Then, 5 ml of the Kesum leaf extract was gradually 
added to the reaction mixture. The reaction mixture was then adjusted to pH 10 by adding NH4OH dropwise. The final 
product (black precipitate) was rinsed with deionized water several times and once with ethanol. The product was then 
subjected to a 24-hour vacuum drying process at 60 °C. 

 

2.4   Modification and functionalization of magnetic nanoparticles surfaces (MNP@SiO2-NH2) 

     The green MNP was modified with SiO2 following the31, 32 methods in the following procedures: About 0.3 g of MNP 
was mixed with 50 ml of ethanol and 4 ml of ultrapure water before being ultrasonically processed for 15 minutes. Then, 5 
ml of NH4OH and 2 ml of TEOS were added and stirred for 12 hours at room temperature. The final product (MNP@SiO2) 
was obtained and rinsed with ethanol and water before being dried at 60 °C in a vacuum. Next, the MNP@SiO2 nanoparticles 
were functionalized using APTES as follows: 2 g of MNP@SiO2 nanoparticles and 50 ml of toluene were ultrasonically 
mixed for 15 minutes in a three-necked flask. The mixture was then treated with 4 ml of APTES and refluxed at 110 °C for 
12 hours with constant stirring while being protected by nitrogen gas. The product obtained (MNP@SiO2-NH2) was isolated 
by filtering, repeatedly rinsed with ethanol, and dried for 12 hours at 60 °C under vacuum. 

 

2.5   Synthesis of deep eutectic solvent (DES) 

      The deep eutectic solvent (DES) was prepared following the33 method using choline chloride and methacrylic acid 
(ChCl/MAA) in a beaker with a 1:2 molar ratio. The mixture was stirred on a hot plate at 80 °C until a uniform liquid was 
produced. After being cooled to room temperature, the DES was employed as a green functional monomer in the GMMIP 
synthesis.  

2.6     Synthesis of green magnetic molecularly imprinted polymer (GMMIP) 

      The GMMIP was synthesised via the precipitation polymerization method. About 0.2 mmol (0.036 g) of the template 
(propylparaben) was dissolved in 20 ml of methanol, and then 1 ml of the DES (functional monomer) was added. The 
mixture was stirred for 30 minutes to form the template-monomer complex. Next, about 0.1 g of MNP@SiO2-NH2, 4.0 
mmol (1.23 ml) of the trimethylolpropane trimethacrylate, TRIM (cross-linker), and 0.05 g of benzoyl peroxide, BPO 
(initiator) were introduced to the present mixture solution and ultrasonically mixed for 15 minutes. The reaction mixtures 
were stirred at 87 °C for 24 hours after being nitrogen-purged for 10 minutes. Finally, a magnet was used to collect the 
produced GMMIP, and the template was then removed with a 9:1 methanol-acetic acid wash. The templates were totally 
eluted until the eluent was propylparaben-free by UV-VIS spectrophotometer detection34, 35. The same technique was used 
to produce the green magnetic non-imprinted polymer (GMNIP), but without propylparaben. The proposed polymerization 
process for GMMIP is given in Fig. S1.  

 

2.7    Characterization 

Several instruments were used to characterise the synthesised materials in the preparation of the GMMIP. FTIR spectra 
were recorded using Perkin-Elmer. All the samples were run between 400 and 4000 cm-1. Field emission scanning electron 
microscopy (FESEM, FEI Versa 3D Dual Beam) was used to examine the appearance of each sample in order to examine 
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the morphology and surface structure of the materials. The surface area and porous characteristics of the materials were 
assessed using the Brunauer-Emmett-Teller (BET) method (Sorptometric 1990 Series, USA). The quantification of propyl-
, ethyl-, and methylparaben was performed at λmax = 256 nm using a UV-VIS spectrophotometer (Shimadzu UV 3600, 
Japan) 

2.8    Batch adsorption studies  

2.8.1    Preliminary batch study  

     The performances of the produced adsorbents (MNP, GMMIP, and GMNIP) were compared by adsorption experiments. 
The temperature was set to 25 ℃, the analyte solution was 10 ml, the sorbent dosage was 10 mg, and the contact time was 
1 hour at 100 rpm. After adsorption, a magnet was used to separate the adsorbent, and the eluent was then filtered before 
being analysed with a UV-VIS spectrophotometer with a maximum 256 nm wavelength36. The adsorption capacity (mg/g) 
and removal efficiency (%) of each sample were calculated in triplicate using Eq. (1) and Eq. (2), as shown below: 

Adsorption capacity mg g⁄  = 
Co -Ce

W  × V   
 

(1) 

Removal efficiency %  = 
 Co- Ce

Co
 × 100 (2) 

where Co and Ce are the concentration of target compound solution before and after adsorption (mg/L) respectively, V is 
the solution volume (L) and W is the polymer mass (g)37. 

2.8.2  Effect of pH  

     The adsorption capacity of propylparaben was investigated in various pH solutions while keeping other variables 
constant. The pH of 10 ml of a 10 mg/L propylparaben solution containing 10 mg of GMMIP was studied in the range of 
1-13. Sodium hydroxide (NaOH, 0.1 M) or hydrochloride acid (HCl, 0.1 M) were added to the solution in the necessary 
amounts to control the pH. At room temperature, the mixture was mechanically shaken for an hour. The propylparaben 
concentration was measured both before and after adsorption, and the adsorption capacities of the GMMIP were calculated 
38.  

2.8.3   Effect of contact time  

      10 mg of GMMIP was weighed and suspended in 10 ml of a 10 mg/L propylparaben solution. The mixture was shaken 
mechanically for 0-90 minutes at room temperature. The propylparaben concentration was measured both before and after 
adsorption, and the adsorption capacities of GMMIP were calculated39.  

2.8.   Effect of initial concentrations  

      10 mg of the GMMIP was added to a centrifuge tube with 10 ml of paraben solution at various concentrations (10, 20, 
30, 40, 50, and 60 mg/L). The mixture was shaken mechanically at room temperature for the optimum contact time. The 
initial and final concentrations of propylparabens were determined to calculate the adsorption capacities39.  

2.8.5  Effect of adsorption thermodynamics 

      10 mg of GMMIP was placed in a centrifuge tube that contained 10 ml of a 10 mg/L propylparaben solution. The 
mixture was shaken mechanically at optimum contact time at different temperatures using a mechanical shaker and was 
centrifuged at 100 rpm. The adsorption capacities of GMMIP were calculated39.   

2.9   Application of GMMIP for removal of parabens from cosmetic samples 

2.9.1   Sample preparation 

     The cosmetic samples were purchased at a local store in Muar, Johor, and included body wash, deodorant, face cleanser, 
moisturizer, lotion, and toner. The cosmetic samples were diluted with deionized water at a 1:100 dilution ratio, filtered 
through a 0.45 µm membrane filter to eliminate contaminants, and stored in the dark at 4 °C 40.   

2.9.2    Removal of parabens in cosmetic samples 

     The efficiency of GMMIP to remove parabens from cosmetic samples was tested following the36, 41 method with slight 
modifications. The recovery experiment was carried out using the cosmetic samples that were spiked with parabens 
(methylparaben, ethylparaben, and propylparaben) at a concentration level of 1 mg/L. A centrifuge tube was filled with 10 
mg of GMMIP. After that, 10 ml of the spiked cosmetic samples were added, and it was shaken for 15 minutes. A permanent 
magnet was then used to collect the GMMIP, which was subsequently rinsed with 3 ml of water. Finally, the parabens 
(propylparaben, ethylparaben, and methylparaben) were eluted from GMMIP using 10 ml of methanol/acetic acid solution 
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(99:1, v/v) after 15 minutes of shaking. A 0.45 µm membrane filter was used to filter the elute, which was then subjected 
to UV-VIS spectrophotometry analysis. 

3. Result and discussion 
 
3.1   Characterization of green magnetic molecularly imprinted polymer 

3.1.1    Functional group analysis  

     The FTIR spectra of Kesum leaf extract, MNP, MNP@SiO2, MNP@SiO2-NH2, GMMIP, and GMNIP are displayed in 
Fig. 1. Initially, the green MNP was synthesised using Kesum leaf extract as a reducing agent. Fig. 1 (a) shows the FTIR 
spectrum of the extract of Kesum leaf. It showed distinctive bands at 1634 cm-1 and 3318 cm-1, respectively, which denoted 
the presence of the C=O group of carboxylic acid and the O-H group of phenolic compounds. The presence of the obvious 
Fe-O peak at 543 cm-1, as shown in Fig. 1 (b), indicates that green MNP was successfully synthesised. The characteristic 
band due to the O-H group of phenol was found to be shifted from 3318 cm-1 to 3217 cm-1, which is indicative that it 
functions as a reducing agent in the production of green MNP. The band associated with the C=O group of carboxylic acid 
was slightly shifted from 1634 cm-1 to 1633 cm-1 compared to the aqueous extract of Kesum leaf. The presence of a peak at 
1434 cm-1 was due to the C=C group of aromatic compounds16, 42. In Fig. 1 (c), for MNP@SiO2, there were four strong 
peaks observed. The strong peaks at 1067 cm-1 and 795 cm-1 could be assigned to the asymmetric and symmetric stretching 
vibrations of Si-O-Si bonding, while the peaks at 447 cm-1 and 954 cm-1 were associated with the bending vibrations of Si-
O-Si and Si-OH, respectively. It has been established that a silica layer was grafted onto the surface of MNP43. In Fig. 1 
(d), for the MNP@SiO2-NH2, the presence of a peak at 1636 cm-1 was caused by the vibration of N-H, which indicates that 
APTES was successfully applied on magnetic nanoparticle surfaces. The absorption band of C=O in TRIM was seen at 
1722 cm-1 and 1724 cm-1 for GMMIP and GMNIP, respectively, in Fig. 1 (e) and Fig. 1 (f). The outcomes demonstrated 
that the materials were developed favourably and that MNP@SiO2-NH2 surfaces had successfully been grafted with a 
polymer layer44, 45.  

 

Fig. 1. FTIR spectra of (a) Kesum leaf extract (b) MNP, (c) MNP@SiO2, (d) MNP@SiO2-NH2, (e) GMMIP, and (f) GMNIP. 

3.1.2 Morphological and particle size analysis 

     Fig. 2 depicts the results of a FESEM analysis of the surface morphology, structure, and particle size of MNP, 
MNP@SiO2, MNP@SiO2-NH2, GMMIP, and GMNIP. For morphological investigation, the relevant particle size 
distribution histogram was produced using Image-J software and given in Fig. S2. After Gaussian fitting to the histograms 
provided by Origin software, the average particle size of the data was obtained. As illustrated in Fig. 2 (a), the produced 
green magnetic nanoparticles, MNP, had an irregular spherical form and agglomerated with an average diameter of 98.19 
nm. As a result of being coated with a silica layer and going through APTES functionalization, MNP@SiO2 (Fig. 2 (b)) 
and MNP@SiO2-NH2 (Fig. 2 (c)) gradually increased in size. The sizes of MNP@SiO2 and MNP@SiO2-NH2 are 
substantially bigger and smoother in shape, with average diameters of 205.35 nm and 209.15 nm, respectively. After 
polymerization, the surface morphology of GMMIP (Fig. 2 (d)) and GMNIP (Fig. 2 (e)) was reported to have more rough 
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surfaces, with average diameters of 243.70 nm and 252.35 nm, respectively. The incremental change resulted in a rise in 
the size of the materials, suggesting that the modification and polymerization processes were successful46.  

  

 

 

 

 

 

 

 

 

 

 

Fig. 2. The FESEM images of (a) MNP, (b) MNP@SiO2 (c) MNP@SiO2-NH2, (d) GMMIP, and (e) GMNIP. 

3.1.3  Surface area analysis 

     The porosity and specific surface area of the three synthesised adsorbents, MNP, GMMIP, and GMNIP, were determined 
using Brunauer-Emmet-Teller (BET) as given in Table 1. Fig. 3 shows the findings of nitrogen adsorption and desorption 
of MNP, GMMIP, and GMNIP. The surface areas of MNP, GMMIP, and GMNIP were 85.87 m2 g-1, 5.02 m2 g-1, and 4.52 
m2 g-1, respectively. The surface area of bare MNP decreased, which indicated modification and polymerization had taken 

2 (a) MNP 2MNP@SiO )b( 2 

2NH- 2MNP@SiO )c( 2 2 (d) GMMIP 

2 (e) GMNIP 
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place. These three adsorbents have average pore sizes of 10.39 nm for MNP, 17.74 nm for GMMIP, and 15.25 nm for 
GMNIP. Among the three adsorbents, the GMMIP has the largest pores, which can offer a template for better adsorption. 
Additionally, type IV isotherms were seen in the adsorption isotherms of all the adsorbents, indicating the presence of 
mesoporous and capillary condensation47. Mesoporous materials (2–50 nm) contain pores that are between those of 
microporous (2 nm) and macroporous (> 50 nm). Mesoporous materials have greater benefits than microporous and 
macroporous materials, including a large surface area, a large pore volume, and strong stability48. The MNP displayed 
typical type IV isotherms with H1-type hysteresis loops ascribed to cylindrical or columnar pores. The adsorption and 
desorption curves are parallel, and the two curves are perpendicular to the pressure axis at the narrow region, indicating that 
the distribution of pore diameter is narrowing49. Meanwhile, the GMMIP and GMNIP had H4-type hysteresis loops owing 
to slit-shaped pores. This wide hysteresis loop and the steeper desorption curve than the adsorption curve suggest that the 
materials may have different pore types and pore diameter distributions50.  

Table 1. Summary of BET analyses for MNP, GMMIP, and GMNIP. 
Type of analysis MNP GMMIP GMNIP 

Surface area (m2 g-1) 85.87 5.02 4.52 
Pore volume (cm3 g-1) 0.240 0.006 0.004 
Pore size (nm) 10.39 17.74 15.25 
N2 adsorption / desorption 
isotherm  

Type IV isotherm with 
H1-type hysteresis loop  

Type IV isotherm with 
H4-type hysteresis loop 

Type IV isotherm with 
H4-type hysteresis loop 

 

  
Fig. 3. BET data of nitrogen adsorption / desorption isotherms of MNP, GMMIP, and GMNIP. 

3.2    Optimization performance of GMMIP for paraben adsorption  

3.2.1 Preliminary batch study  

     A preliminary study was carried out on three synthesised materials (MNP, GMMIP, and GMNIP) to investigate their 
performances against propylparaben, as shown in Fig. S3. The results showed that the GMMIP (0.9523 mg/g) has the best 
adsorption capacity, followed by the MNP (0.6694 mg/g), and the GMNIP (0.3375 mg/g) has the lowest capacity towards 
the propylparaben. The adsorption capacity is influenced by the differences in particle morphology, particle size, and pore 
area of the materials. The results imply a considerable improvement in adsorption for GMMIP compared to MNP and 
GMNIP, since the main goal of this study is to improve and increase the selectivity of the MIP features. Following a 
comparison of the types of these three adsorbents, GMMIP and MNP were chosen for further adsorption studies. Several 
aspects impacting performance, such as the effect of pH, kinetics, isotherms, and thermodynamics adsorption, were explored 
to assess the capability of the GMMIP for the removal and determination of parabens in cosmetic samples. 

3.2.2  Effect of pH 

     The effect of pH on the adsorption capacity was studied over a pH range of 1–13. From Fig. 4, the adsorption capacity 
of propylparaben showed similar trends from pH 1 to pH 13 for both MNP and GMMIP. The results demonstrated that the 
adsorption capacity of propylparaben by both MNP and GMMIP declined from pH 1 to pH 3 and subsequently increased 
from pH 4 to pH 12. However, as it reaches pH 13, the readings drop. The optimal pH for both MNP and GMMIP was 
discovered to be pH 12. Propylparaben is protonated below pH 3, hence its binding capacity is limited. Parabens are mostly 
neutral at pH 3–6.551. Parabens occur predominantly in a negatively charged form at pH values ranging from 7 to 12 because 
the hydroxyl group has now been entirely deprotonated. The binding capacity rises considerably in this area, reaching a 
peak at pH 12. This is because when propylparaben is deprotonated, it forms hydrogen bonds and electrostatic interactions 
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with MNP and GMMIP52, 53. However, when the pH is raised to pH 13, the binding capacity is reduced once again. This is 
because paraben molecules are completely converted into alcohol and hydroxybenzoic acid51. As a result of this 
optimization, pH 12 appeared to be the most favourable condition for future adsorption studies. 

  

Fig. 4. Effect of pH on propylparaben adsorption by MNP 
and GMMIP. 

Fig. 5. Effect of contact time on propylparaben adsorption 
by MNP and GMMIP. 

3.2.3  Effect of contact time 

      The effect of contact time on propylparaben adsorption and removal using the MNP and GMMIP was studied within 
the intervals of 0-90 minutes at room temperature. The findings are represented in Fig. 5 and Fig. 6, respectively. The 
adsorption capacity shows a rapid increase during the first 15 minutes, owing to the availability of active sites for both 
adsorbents, MNP and GMMIP. It was found that the adsorption rate had gradually flattened after 15 minutes. This may be 
because more propylparaben molecules had saturated the mesoporous at this moment than during the first 15 minutes of 
adsorption. Since then, the propylparaben molecules have been pushed further and deeper into the pores, facing considerably 
more resistance, causing the adsorption to slow down54. In addition, the availability of recognition sites on GMMIP is 
thought to be the reason why the adsorption capacity of GMMIP is clearly greater than that of MNP. As a result, 15 minutes 
was shown to be the optimum contact time for both adsorbents, with removal efficiencies of 73.19 % (MNP) and 80.75 % 
(GMMIP), indicating their ability to effectively bind and remove the propylparaben. Therefore, 15 minutes was chosen as 
the equilibrium point for the studied parabens throughout the investigation. 

 

Fig. 6. Effect of contact time on propylparaben removal by MNP and GMMIP. 

3.2.4 Adsorption kinetics  

     The adsorption kinetics data based on the contact time study were analysed using the pseudo-first-order model (Fig. S4) 
and the pseudo-second-order model (Fig. S5) to better understand how the propylparaben and the adsorbents interact. The 
slope (-k1/2.303) and intercept (log qe) of the linear curve log (qe - qt) vs t in Eq. (3) can be used to calculate the values of 
qe and k1 for the pseudo-first-order model. The values of qe and k2 for the pseudo-second order model can be found from 
the linear curve of t/qt versus t with intercept (1/k2qe

2) and slope (1/qe) in Eq. (4).  

Pseudo-first-order model: 
log (qe-qt) = log qe - k1t

2.303
 

 
(3) 
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Pseudo-second-order model: 
t

 qt
 = 

1
k2qe

2 +
1
q

t 

 
(4) 

where qe and qt are the adsorbed amounts at equilibrium and time t (mg/g), t is the time (min), and k1 is the pseudo-first-
order rate constant (min-1). The value of k1 is obtained by plotting log (qe-qt) versus t.  The rate constant is always inversely 
proportional to the initial solute concentration, although some research has found that k1 increases with or without the initial 
solute concentration. This is because, for a higher initial solute concentration, a longer time is needed55, 56. In order to 
describe the validity and suitability of the adsorption kinetics, the normalized standard deviation Δq (%) and relative error 
(%) were calculated using Eq. (5) and Eq. (6), respectively36. The kinetic parameters for the adsorption of MNP and GMMIP 
to propylparaben are summarized in Table 2. 
 

Normalized standard deviation: 

Δq % =
(

qexp-qcal

qexp
)
2

N-1 ×100 

 

 

(5) 

Relative error (%) 

Relative error % =
qexp-qcal

qexp
 

 

 

(6) 

where N is the number of data points, whereas qexp and qcal (mg/g) are the experimental and calculated adsorption 
capacities, respectively.  

Table 2. Kinetic parameters for the propylparaben adsorption of MNP and GMMIP. 
Parameters of kinetic model Adsorbent 

MNP GMMIP 
qe,exp (mg/g) 7.4073 12.0008 

Pseudo-first-order kinetic model (PFO) 
qe,cal (mg/g) 3.9683 5.2155 
k1 (min-1) 
Δq (%)  
Relative error (%) 

0.0221 
32.83 
46.43 

0.0493 
39.98 
56.54 

R2 0.5173 0.7589 
Pseudo-second-order kinetic model (PSO) 

qe,cal (mg/g) 5.8997 11.2994 
k2 (min-1) 
Δq (%) 
Relative error (%) 

0.0208 
14.39 
20.35 

0.0076 
4.13 
5.84 

R2 0.9990 0.9965 
 

      It is evident that the regression coefficient (R2) that was produced from linear curves of pseudo-second-order for MNP 
(R2 = 0.9990) and GMMIP (R2 = 0.9965) was greater than that for MNP (R2 = 0.5173) and GMMIP (R2 = 0.7589) obtained 
from pseudo-first-order. Moreover, the experimental adsorption capacity, qe,exp (MNP = 7.4073 mg/g and GMMIP = 12.008 
mg/g) obtained was close to the calculated adsorption capacity, qe,cal (MNP = 5.8997 mg/g and GMMIP = 11.2994 mg/g) 
that was obtained from the pseudo-second-order model, whereas the calculated adsorption capacity, qe,cal obtained from the 
pseudo-first order model for MNP and GMMIP was 3.9683 mg/g and 5.2155 mg/g, respectively. The high regression 
coefficient (R2), the similarity between the experimental and calculated adsorption capacities, and the lower Δq values of 
14.39 % (MNP) and 4.13 % (GMMIP), with relative error (%) of 20.35 % (MNP) and 5.84 % (GMMIP), suggested that the 
pseudo-second-order model was more precise to represent the kinetic adsorption of propylparaben onto MNP and GMMIP 
than the pseudo-first-order model. 
 
      If the experimental data fit with the pseudo-first-order model, the adsorption was followed by physisorption, in which 
boundary-layer diffusion occurs. Meanwhile, the pseudo-second-order model proposed chemisorption as the rate-limiting 
step between the interaction of adsorbent and analytes. Therefore, it is proposed that the rate-limiting step for the adsorption 
of propylparaben on MNP and GMMIP may be chemisorption. However, several researchers argue that adsorption 
processes cannot be correctly attributed solely to kinetic investigations or the use of kinetic models alone. To determine 
whether adsorption is a chemical or physical process, many analytical techniques, including FTIR, Raman spectroscopy, 
and TGA, must be used in conjunction with information on the activation and adsorption energies of the molecules and 
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adsorptive thermodynamic data57. Due to this, the thermodynamic investigation was continued in this work in order to 
confirm the types of adsorptions involved. 
 

3.2.5   Effect of initial concentrations 

     The effect of initial concentrations was studied using 10 mg of MNP / GMMIP at optimum pH 12 for 15 minutes at 
room temperature with various initial concentrations ranging from 10 to 60 mg/L. It is shown in Fig. 7 that when the 
concentration increased, more propylparaben was adsorbed onto MNP / GMMIP. This happened because an increase in 
propylparaben concentration led to a reduction in the resistance to propylparaben absorption from the solution. Additionally, 
the rate of propylparaben adsorption also increases as the concentrations increase, which is associated with an increase in 
driving force54. Increasing driving force increases the likelihood of molecular collisions and the surface area of the 
adsorbent, which tends to increase mass transfer from the solution phase to the solid phase. Fig. 8 illustrates the relationship 
between the initial concentration and the amount of propylparaben removed by MNP and GMMIP. The removal efficiency 
of propylparaben by MNP increased until it reached equilibrium at 30 mg/L with a removal efficiency of 81.2 %, whereas 
the removal efficiency of GMMIP achieved equilibrium at 50 mg/L with a removal efficiency of 81.4 %. Thus, the findings 
conclude that paraben saturation occurs at a particular concentration because there are only a finite number of active sites 
on the surface of the adsorbents36. 

  

Fig. 7. Effect of initial concentration on propylparaben 
adsorption by MNP and GMMIP. 

Fig. 8. Effect of initial concentration on propylparaben 
removal by MNP and GMMIP. 

3.2.6  Adsorption isotherms 

     The adsorption isotherms model is crucial to describing how an adsorbate interacts with the adsorbent at constant 
temperature and pH. As a result, many isotherm models, such as the Langmuir model and the Freundlich model, have been 
proposed by researchers to produce an appropriate correlation for experimental data. The Langmuir equation is explained 
by Eq. (7) below: 

ce

qe
= 1

KLqm
+ ce

qm
 (7) 

where ce denotes the equilibrium adsorbate concentration (mg/L), qe is the equilibrium adsorption capacity (mg/g), qm is the 
maximum adsorption capacity (mg/g), and KL represents the Langmuir constant (L/mg). 

     The Langmuir isothermal model has some limitations in that it assumes that the adsorption energy for a homogeneous 
adsorbent surface is identical for each site, contrary to the fact that an adsorbent has heterogeneous surfaces with different 
adsorption energies for each site58. The Langmuir constant, KL, is correlated with adsorption capacity, where greater surface 
area and volume of pore can lead to greater adsorption capacity. Meanwhile, the basic characteristics of the Langmuir 
isotherm can be represented by the separation factor RL. From Eq. (8) below, KL and C0 represent the Langmuir constant 
(mg/g) and initial concentration of adsorbate (mg/g), respectively. The RL value shows the adsorption to be either linear (RL 
= 1), irreversible (RL = 0), unfavorable (RL > 1), or favorable (0 < RL < 1)59.   

RL= 
1

1+ KLC0
 (8) 

     Meanwhile, the heterogeneity and multilayer adsorption of molecules onto the adsorbent surfaces are identified using 
the Freundlich isotherm model60. The Freundlich isotherm model is illustrated by Eq. (9). 
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log qe= log KF+ 
1
nF

log ce 
(9) 

where qe (mg/g) is the number of molecules adsorbed to the adsorbent surface, ce (mg/L) is the equilibrium concentration 
of adsorbate, KF (mg/g) is the adsorption capacity of the adsorbent, and 1/nF is the intensity of the adsorption. 

Table 3. Isotherm parameters for the adsorption of MNP and GMMIP to propylparaben. 
Parameters of isotherm model Adsorbent 

MNP GMMIP 
Langmuir model 

qm (mg/g) 103.09 94.34 
KL (L/mg) 0.0615 0.0985 
RL 0.35 0.16 
R2 0.1359 0.3292 

Freundlich model 
KF (mg(1-1/n) L1/n/g) 3.6417 4.3631 
nF 1.0727 1.0287 
1/nF 0.9322 0.9721 
R2 0.9872 0.9966 

 
     In this study, the equilibrium data of the MNP and GMMIP adsorption processes were fitted using the Langmuir model 
(Fig. S6) and the Freundlich model (Fig. S7). The correlation coefficient (R2) in linear regression is used to investigate the 
applicability of the isotherms model to adsorption behaviors. The R2 value that is most closely related to 1 indicates that the 
isotherms model offers the best fit to the experimental data. The parameters of the isotherm model of MNP and GMMIP 
are represented in Table 3. The adsorption processes of MNP and GMMIP were assumed not to comply with the Langmuir 
model due to their R2 values. The R2 values of MNP and GMMIP from the Langmuir adsorption model were 0.1359 and 
0.3292, respectively, which are very low. The Langmuir isotherm showed maximum adsorption capacities, qm, with values 
of 103.09 and 94.34 mg/g for MNP and GMMIP, respectively. Furthermore, the Langmuir constant, KL value for GMMIP 
(KL= 0.0985 L/mg) was higher than MNP (KL= 0.0615 L/mg) which indicates the higher capacity and affinity of GMMIP 
than MNP. Moreover, the Langmuir model may be used to determine the RL values, which show whether the adsorption 
process is preferred or not. The RL values obtained for MNP and GMMIP were 0.35 and 0.15, respectively, which were in 
the range of 0 < RL < 1, demonstrating the favorable adsorption under the studied conditions. The Langmuir model makes 
the following assumptions: (1) that the surface is homogeneous, in which case all adsorption sites are energetically 
equivalent; (2) that adsorption occurs in a monolayer with each site only capable of adsorbing one adsorbate molecule; (3) 
that there is no lateral interaction between adsorbed molecules; and (4) that adsorption is reversible61. Thus, from all the 
results obtained, the propylparaben adsorption onto MNP and GMMIP was disregarded since the Langmuir model primarily 
applies to monolayer adsorption on a homogenous system. 
 
     Based on the R2 values of the Freundlich isotherm model exceeding 0.95, which were 0.9872 for MNP and 0.9966 for 
GMMIP, this suggests that the adsorption of propylparaben on MNP and GMMIP was designed for heterogeneous systems 
and multilayer adsorption. In addition, the values of KF and 1/nF may be determined from the experimental data plotted 
from log qe vs log ce from Eq. (9) using the intercept and slope of the linear equation. The Freundlich adsorption capacity 
(KF) indicates whether a system is favorable for adsorption. Adsorption appears promising when KF is between 1 and 2055, 
and the findings show that the KF in this study was 3.6417 for MNP and 4.3631 for GMMIP. Besides that, the higher KF 
value of GMMIP compared to MNP revealed that GMMIP had a better adsorption system and offered more heterogeneous 
binding sites than MNP. Similarly, 1/nF denotes the strength of adsorption or surface heterogeneity, reflecting the energy-
relative distribution and the heterogeneity of adsorbate sites. The fact that 1/nF < 1 for both MNP and GMMIP suggests that 
the adsorption process was favorable and that physisorption occurred as nF > 136, 46. Overall, the Freundlich isotherm model 
outperformed the Langmuir isotherm model at explaining the adsorption of propylparaben onto MNP and GMMIP. 
  

3.2.7  Adsorption thermodynamics 

     Thermodynamic experiments were conducted to investigate how temperature affects the adsorption mechanism. Various 
thermodynamic parameters are calculated using Eq. (10) and Eq. (11), which are the key characteristics of the adsorption 
mechanism, such as enthalpy change (ΔH°), Gibbs free energy change (ΔG°), and entropy change (ΔS°). By measuring 
these thermodynamic parameters, the nature of the adsorption process can be predicted48.  

ln Kd= 
∆S°
R -

∆H°
RT  (10) 

∆G°= -RT ln Kd (11) 
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where T is the temperature (K), R is the gas constant, and the value Kd can be obtained from qe/ce. A linear plot should be 
generated by a plot of ln Kd versus 1/T (Fig. S8) and ΔH° and ΔS° can be calculated from the slope and intercept, 
respectively62.  

     The adsorption enthalpy (H°), change of entropy (S°), and Gibbs free energy (G°) were calculated from the slope and 
intercept of a Van't Hoff plot of ln Kd vs 1/T using Eq. (10) to evaluate the thermodynamic feasibility of the propylparaben 
adsorption onto MNP/GMMIP. From Table 4, the negative value of ΔH° indicated an exothermic process for both 
adsorption systems, MNP and GMMIP. Being an exothermic process, sorption should be expected to become less effective 
as the temperature of the adsorbate-adsorbent system increases. It is also discovered that the ΔH° of GMMIP (-8.46 kJ/mol) 
was higher than the value of ΔH° of MNP (-8.84 kJ/mol). It could be because the adsorbate molecule interacts with the 
adsorbent surfaces in the GMMIP adsorption system more strongly than in the MNP adsorption system. The magnitude of 
the ΔH° which ranges from -2.1 to -20.9 kJ/mol, implies that physisorption has taken place63. The findings from the 
Freundlich isotherm model support this hypothesis. Furthermore, the values of ΔS° for MNP (-19.84 J/Kmol) and GMMIP 
(-14.64 J/Kmol) were also obtained. The negative values of ΔS° for both systems were correlated with the decrease in 
randomness at the solid/solution during sorption, indicating a more ordered transition state than the initial state64. ΔG° could 
serve as an indicator to verify the spontaneity of the adsorption process. The result demonstrated that a spontaneous process 
occurred in the adsorption system, as shown by the negative values of ΔG° for MNP and GMMIP. The spontaneous process 
implies that no external energy input was needed for the system. In addition, a more negative ΔG° value indicates a stronger 
driving force for adsorption, which enhances the capacity for adsorption. Propylparaben adsorption was clearly 
demonstrated to be more favourable and have greater adsorptive affinity on GMMIP compared to MNP due to the more 
negative value of ΔG° of GMMIP. As the temperature rises, the absolute ΔG° values also seem to increase, which suggests 
that the conditions for propylparaben molecule adsorption are less favorable. Hence, it can be concluded that the adsorption 
of propylparaben on the MNP and GMMIP was observed to be physisorption, exothermic in nature, spontaneous, and more 
favorable at low temperatures.  
 

Table 4. Thermodynamic parameters for propylparaben adsorption by MNP and GMMIP. 
Adsorbent Temperature (K) Enthalpy ΔH° (kJ/mol) Entropy ΔS° (J/Kmol) Gibbs energy ΔG° 

(kJ/mol) 
 

MNP 
298  

-8.84 
 

-19.84 
-2.89 

318 -2.62 
338 -2.09 

 
GMMIP 

298  
-8.46 

 
-14.64 

-4.04 
318 -3.93 
338 -3.44 

 

3.3   Application of GMMIP in real cosmetic samples 

3.3.1  Method validation  

    A standard calibration with six different concentrations (0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/L) for all three parabens was 
plotted. The evaluation of the calibration curve, correlation coefficients (R2), limit of detection (LOD), and limit of 
quantification (LOQ) for the method for the detection of parabens in cosmetic samples is given in Table S1. The linearity 
of calibration curves was discovered to be within the range of 0.1 to 1.0 mg/L, and the correlation coefficient was found to 
be between 0.9995 and 0.9998, indicating that the linear range of analytes has satisfactory linearity. Additionally, based on 
3 and 10 times the signal-to-noise ratio (S/N), the values of LOD and LOQ were determined to be in the ranges of 0.03 to 
0.05 mg/L and 0.11 to 0.16 mg/L, respectively. 

3.3.2  Analysis of real samples  

     Under optimal conditions, the proposed method of magnetic molecular imprinting technique was used in the extraction 
of parabens (methylparaben, ethylparaben, and propylparaben) from six cosmetic samples (bodywash, deodorant, face 
cleanser, moisturizer, lotion, and toner) using UV-VIS spectroscopy. Table 5 tabulates the relative recoveries of parabens 
from various cosmetic samples. For unspiked samples, the lowest amount of methylparaben was found in a lotion sample 
at 0.16 mg/L, while the highest amount was found in a face cleanser at 0.48 mg/L. The sample of a face cleanser had the 
lowest concentrations of ethylparaben and propylparaben, measuring 0.31 mg/L and 0.54 mg/L, respectively. Meanwhile, 
ethylparaben and propylparaben were detected in the greatest concentrations in the toner sample, with concentrations of 
0.71 mg/L and 0.95 mg/L, respectively. Upon evaluation, the majority of the three paraben compounds found in the tested 
cosmetic samples were below the permitted range. According to Council Directive 76/78/EC of the European Community 
and the National Pharmaceutical Regulative Agency (NPRA), the maximum allowable concentration of methyl, ethyl, 
propyl, and butylparaben in cosmetic products is 0.4 % for a single ester and 0.8 % for an ester mixture 5.  Spiked recovery 
studies were run on six cosmetic products to further confirm the validity of the procedure. The cosmetic samples were 
spiked at 1.0 mg/L with three parabens (methylparaben, ethylparaben, and propylparaben) and analysed according to the 
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proposed procedure. The percentage recoveries for cosmetic samples spiked with 1.0 mg/L methylparaben were recorded 
in the range of 43.3 % to 64.6 %, with RSD values between 1.4 % and 4.0 %. Next, it was discovered that the extraction 
recoveries for cosmetic samples containing ethylparaben ranged from 51.7 % to 65.5 %, and the RSD values were between 
1.5 % and 3.9 %. The six cosmetic samples were also spiked with 1.0 mg/L propylparaben, and the findings showed that it 
had the highest extraction recoveries, which ranged from 75.6 % to 113.3 %, and the RSD values were 1.9 % to 5.6 % when 
compared to methylparaben and ethylparaben. This result showed that the GMMIP produced had the highest selectivity and 
binding affinity to propylparaben. The excellent recognition of GMMIP for propylparaben is due to the presence of 
imprinted cavities of the GMMIP that hold the memory of size, shape, and functional groups of the propylparaben, allowing 
it to recognise the propylparaben specifically from its structural analogues, methylparaben and propylparaben. Therefore, 
it can be concluded that the proposed GMMIP extraction method was simple, effective, and cost-effective for its target 
molecules and their structural analogues.  
 
Table 5. Relative recoveries of parabens from various cosmetic samples spiked to a concentration of 1 mg/L. 

Cosmetic samples Analyte: methylparaben 
Found (mg/L) Spiked with 1.0 mg/L methylparaben 

Recovery (%) Relative standard deviation 
(RSD) 

Bodywash 0.47 44.3 3.4 
Deodorant Nd 62.1 2.4 
Face cleanser 0.48 48.1 1.4 
Moisturizer  0.24 64.6 4.0 
Lotion  0.16 43.3 3.5 
Toner 0.39 43.9 3.7 

 
Cosmetic samples Analyte: ethylparaben 

Found (mg/L) Spiked with 1.0 mg/L ethylparaben 
Recovery (%) Relative standard deviation 

(RSD) 
Bodywash 0.60 56.4 2.8 
Deodorant 0.45 61.7 1.5 
Face cleanser 0.31 64.4 3.3 
Moisturizer  0.50 51.7 2.5 
Lotion  0.51 65.5 3.9 
Toner 0.71 52.5 2.0 

 
Cosmetic samples Analyte: propylparaben 

Found (mg/L) Spiked with 1.0 mg/L propylparaben 
Recovery (%) Relative standard deviation 

(RSD) 
Bodywash 0.62 85.2 5.4 
Deodorant 0.55 93.6 4.5 
Face cleanser 0.54 75.6 2.6 
Moisturizer  0.74 113.3 3.9 
Lotion  0.75 88.9 5.6 
Toner 0.95 83.3 1.9 

 
Keynotes: - 
 
Nd: Not detected 
 

3.3.3   Comparison of the proposed method with other methods 

      The magnetic molecular imprinting approach was compared with the earlier literature for the analysis of parabens in 
cosmetic samples, as listed in Table 6. To our knowledge, the developed method has never been used to determine and 
remove parabens from cosmetic samples. The GMMIP contains selective molecular recognition sites that can specifically 
bind parabens. The GMMIP preparation was environmentally friendly and appeared to be an efficient way to remove the 
propylparabens specifically from cosmetic samples with a good recovery of 75.6-113.3 %, and low values of LOD (0.03-
0.05 mg/L) were obtained with some other methods. Additionally, due to the superior magnetic properties of the GMMIP, 
the developed method has an advantage over other methods in that it enables rapid separation and simple handling from the 
matrix using an external magnet. Thus, it simplifies and cuts down on the time required for pre-treatment procedures. 
Although the GMMIP has many of the advantages listed above, a key disadvantage is that, according to the selective assay, 
the result from real samples will be marginally impacted by the presence of structural analogues65. In conclusion, the 
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comparison demonstrated that the method used in this study for analyzing parabens in cosmetic samples was simple, 
feasible, and effective.  

Table 6. Comparison of the analytical performance of the magnetic molecular imprinting technique with other methods for 
the determination of parabens in cosmetics. 

 

4. Conclusion  
 

     A novel green magnetic molecularly imprinted polymer (GMMIP) was successfully developed and evaluated for 
removing parabens from cosmetic products by using propylparaben as a template. The synthesis of green magnetic 
nanoparticles (MNP) via Kesum leaf extract and deep eutectic solvents (DES) were the green strategies that were introduced 
to further the idea of green chemistry. The synthesised GMMIP was characterised by FTIR, FESEM, and BET, and the 
resulting GMMIP exhibited an irregular spherical shape and was mesoporous with a pore size of 17.74 nm. The pH, kinetics, 
isotherms, and thermodynamics were also studied systematically. The propylparaben adsorption by GMMIP complied with 
the pseudo-second-order kinetic and Freundlich isotherm models at an optimum pH of 12. The thermodynamic results 
indicated that the adsorption process was physisorption, exothermic, spontaneous, and more favourable at 298 K. More 
significantly, the GMMIP offered an interesting method and was effectively used as an adsorbent to remove parabens from 
cosmetic samples. Due to the highly selective properties and rapid separation of the GMMIP extraction technique, it allows 
good recoveries of 75.6 % to 113.3 % for propylparaben compared to methylparaben and ethylparaben, with the limits of 
detection (LOD) and limits of quantification (LOQ) in the range of 0.03-0.05 mg/L and 0.11-0.16 mg/L, respectively. 
Therefore, it was underlined that the established method and the use of GMMIP as an adsorbent were efficient, simple, and 
cost-effective for the removal of parabens from cosmetic samples.  
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