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Optimization of solid phase extraction based on molecularly imprinted polymer
for patulin determination
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Abstract: The modified Stober silica particles were used as support for the development of molecular imprinted
polymer matrix for extraction of patulin. y-MPTS was covalently attached to the surface of Stdber silica particles by
means of condensation reaction between surface silanol groups of silica and methoxy groups of y-MPTS. The
prepared silica SiO,-y-MPTS was polymerized through a non-covalent approach using patulin (PAT) as a template,
maleic acid (MA) as a functional monomer, ethylene glycol dimethacrylate (EGDMA) as a cross linker,
2,2-azobis- (2- methylpropionitrile) (AIBN) as a precursor and acetonitrile (MeCN) as a porogen solvent to prepare
SiO,MA@MIP. The non-imprinted polymer SiO,MA@NIP was prepared following the same synthetic scheme, but in
the absence of the template. Molecular imprinted material was used to selective solid phase extraction (SPE) of patulin
in apple matrix. The best conditions for PAT extraction using the novel MIP@SPE were: 50 mg mass of
SiO,MA@MIP packing in solid phase extraction cartridges, solution of sodium bicarbonate with (1%) acetic acid as
washing solvent and 5 mL MeCN as eluting solvent. The developed MIP@SPE has the advantages of MIPs and SPE
and could have potential applications for high selective enrichment and determination of PAT in apple juices with a
major impact on quality control in food processing, improving product quality and safety with minimal investment.
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INTRODUCTION

Patulin (PAT) (figure 1) is a polyketide-derived
mycotoxin produced by several species of
filamentous fungi belonging to the genera
Penicillium, Aspergillus and Byssochlamys. Of
these, Penicillium is the mainly prolific with 14
species identified as patulin producers [2,3]. Fruit
products in general and apples in particular, are
one of the sectors most affected by this pathogen,
and are considered by far the main route of entry of
patulin into the food chain [4,5]. However, the
major sources of contamination are apples and

apple products, which are also the most important
source of PAT in the human food [5-8]. Indeed,
PAT is recognized to be immunotoxic, mutagenic,
neurotoxic, and it can cause undesirable effects on
the gastrointestinal tract; it also has adverse effects
on the developing foaetus [9,10]. Given the health
risks posed by PAT, governments have created
regulatory guidelines for maximal levels permitted
in apple and apple products. In the United States,
the maximum acceptable level of PAT was set at
50 ppb [11]. the European commission regulations
1425/2003 and 1881/2006 established the
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maximum recommended concentration of PAT
equal to 50 mg/kg in apple fruit juice and apple
juice, 25 mg/kg for solid apple products such as
apple puree and 10 mg/kg for solid apple products
intended for babies and young infants [12,13]. To
meet such requirements, many methods were
developed to analyze PAT in apple juice matrices
[14-17] such as thin layer chromatography (TLC),
mass spectrometry, colorimetry, gas
chromatography/mass spectrometry (GC-MS) and
high performance liquid chromatography-mass
spectrometry (LC-MS). At the moment, the high
performance liquid chromatography with ultra-
violet light detection (HPLC-UV) is the most
frequently used method for PAT determination and
has been validated as an AOAC international
official method [5, 6, 18]. The deficit of UV
detection however, take place when poor
resolution is observed between PAT and other
interfering substances especially 5-(hydroxy-
methyl)furfural (HMF) (see Scheme 1). Therefore,
the pretreatment of the sample for HPLC analysis
prior to the analysis is necessary and crucial in the
analytical procedures. Recently solid phase
extraction (SPE) have been used as alternative
clean-up method substituting the traditional liquid-
liquid extraction (LLE) which is time consuming
and uses organic solvents [19]. The most common
SPE for routine determination of PAT are based on
C18 or C8 modified silica are applied for PAT
extraction and clean-up as solid phase but these
phases exhibit a poor selectivity for the separation
of patulin from complex matrices [20,21].
Molecularly Imprinted Polymers (MIPs) have been
used as SPE sorbents (MIP@SPE) and seem to
become the promising development to circumvent
the draw backs of traditional SPE sorbents owing
to the recognition ability of MIPs for extraction of
mycotoxins from various food matrices [19,22].
Generally, the imprinting process involves
prearrangement of the functional monomers
around a template molecule, then polymerization
in the presence of a crosslinking monomer and
finally removing the template in order to leave a
cavity specific for template molecule. They are
cross linked functional polymers synthesized in the
presence of template, which after removal leads to
formation of specific cavity complementary to the
template molecule [23]. As a consequence, the
objectives of the present study were to develop a
novel extraction procedure using a molecularly
imprinted polymer MIP@SPE for selective clean-
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up and quantification of PAT from apple juice or
its related products samples prior to analysis.

MATERIALS AND METHODS

1. Chemicals and reagents

Patulin standard (purity > 98%) was provided from
AG Scientific (AG Scientific Inc, San Diego, CA,
USA) dissolved in water/acetonitrile 90:10 and
stored at 4 °C. 5-(hydroxymethyl) furfural (HMF)
(purity > 95%) was obtained from TCI (Tokyo
Chemical Industry CO. LTD). Its molecular
structure is shown in Scheme 1. All reagents
(acetic acid, hydrochloric acid and sodium
carbonate) were purchased from Sigma-Aldrich
(France). y-Methacryloxy-propyltrimethoxysilane
(y-MPTS) and tetraethyl orthosilicate (TEOS,
98%) were purchased from Sigma-Aldrich.
Polysorbate 20 used as stabilizer was purchased
from Aldrich under the trade name Tween®20.
2,2-azobisisobutyronitrile (AIBN), maleic acid
(MA), ethylene glycoldimethacrylate (EGDMA)
were purchased from Sigma-Aldrich All solvents
(acetonitrile (MeCN), ethyl acetate (EtOAc),
hexane (HA), acetone (Ac) of HPLC grade were
obtained from Fisher Scientific  (Illkirch-
Graffenstaden, France). Water was doubly-
deionized and filtered with 0.45-pm filter
membrane before use.

2. Synthesis of molecular imprinted polymer

The synthesis of SIO,MA@MIP comprised two
steps as described elsewhere [24]. Step i): At first,
SiO,-y-MPTS  was prepared by adding
tetraethoxysilane (TEOS) to y-methacryloxy-
propyltrimethoxysilane (y-MPTS) solution. The
molar ratio of y-MPTS to TEOS in the final
solution was 1:4. The mixture was kept at 80°C
over night. In the second step, the obtained silica
Si0,-y-MPTS and 0.01 mmol of patulin (template)

OH
-
4,6-dihydro-4-hydroxy-2H-furo 5-(hydroxymethyl)furfural
[3,2-c]pyranne-2-one (HMF)
(PAT)

Figure 1. Molecular structure of PAT and HMF.
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were introduced in 10 mL of acetonitrile
containing 20 mmol maleic acid (MA), the cross-
linker EGDMA (20 mmol) and AIBN (0.2 mmol)
as initiator. The mixture was polymerized by
heating at 60°C for 6h. The obtained powder
denoted SiO,MA@PAT was separated and stored
under vacuum for subsequent uses. To remove the
template, repeated extractions of SIO,MA@PAT
with ethyl acetate for 8h and methanol-acetic acid
(90:10, v/v) in a Soxhlet apparatus were
established. For control, non-imprinted polymer
(SiO,MA@NIP) was also synthesised by using the
same manner and conditions but without PAT.

3. Chromatographic conditions

A liquid chromatography apparatus Agilent
Technologies) equipped with two pumps, DAD
detector, automatic injector with a six-port
injection valve (Agilent 110) was used for the
identification and quantification of patulin in apple
juice. Chemstation workstation for LC software
was used for data processing. The HPLC operation
conditions included reversed-phase C18 column
(4 x 250 mm, 5 mm, EC Nucleosil, Macherey-
Nagel) and a mixture of solvent as mobile phase
(water/Acetonitrile, v/v. = 90:10). Flow rate:
ImL.min™"; injection: 10puL and chromatograms
were recorded at 276 nm.

4. Standard solutions and sample preparation
Stock standard solution of PAT was prepared by
dissolving 5 mg of pure crystalline patulin in 50
mL of water/acetonitrile (90:10 v/v) and working
solutions were obtained by successive dilutions in
water/acetonitrile. HMF (figure 1) stock standard
solution (500 pg.L™, dissolved in deionized water).
Working standard solutions were prepared by
appropriate dilution of this solution with water.
Stock standard and working standard solutions
were stored at 4°C until used. Apple juice samples
provided from local market were centrifuged at
5000 tr/min for 5 min. The supernatant was then
diluted with water and stored at 4°C before
analysis.

RESULTS AND DISCUSSION

1. Method development of MIP@SPE

A novel procedure for the development of
MIP@SPE that ensures an efficient extraction of
PAT was optimized. To this end, the ability of the
developed SiO,MA@MIP to selectively extract
PAT was assessed at different mass of adsorbent
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Figure 2. Extraction profiles of patulin
using different masses of SiO,MA@MIP.

(20, 30, 50 and 60 mg). The effects of washing and
eluting solvents on the recovery of PAT were also
evaluated.

1.1. Mass of adsorbent and binding capacity

As shown in figure 2, the lower recovery (38%)
was observed with 20 mg adsorbent
(SiO,MA@MIP), suggesting a rapid saturation of
the recognition sites and that the free (non
attached) molecules of PAT were loosed during the
percolation and washing steps. Increasing the mass
of adsorbent remarkably improved the retention of
PAT, with a maximum recovery (94%) were found
at 50 mg or above (60 mg) of adsorbent, which
indicates that the increased number of binding sites
leads to better fixation of PAT molecules under the
experimental conditions used. Additionally, the
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Figure 3. Extraction profiles obtained with MIP and
NIP after percolation of ImL apple juice spiked with
PAT (0.5 pg.mL™).
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Figure 4. Retain capacities of PAT using
SiO,MA@MIP and SiO,MA@NIP materials.

high recovery confirms that this elaborated
SiO,MA@MIP could be useful in extracting PAT.
Support to these results was provided by figure 3,
where the potential to extract PAT from apple juice
was compared between SiO.MA@MIP and
SiO,MA@NIP. Results indicated that most of
loaded PAT was lost in the loading fraction, and
that SIO,MA@NIP was not able to retain PAT. In
contrast, when using SIO,MA@MIP, a sufficient
retention of PAT was underscored in the elution. It
is worthy to note that SiO,MA@NIP was also able
to retain a residual amount of PAT possibly via
non-specific interactions.

Support to this assumption is given by figure 4,
where the capacities of MIP and NIP polymers to

retain PAT are presented. Results show that 50 mg
SiIO,MA@MIP exhibited high capacity for PAT
than that of the SiO,MA@NIP. The maximum
binding capacity of SiO,MA@MIP was found to
be 261.8 pg.g” versus 30 pg.g” of SIO,MA@NIP.
Collectively, these results indicate that the novel
material showed great level of adsorption and good
affinity towards PAT.

1.2. Effects of washing and eluting solvent on
PAT recovery

In order to remove PAT contaminant HMF,
different solvents have been considered for the
washing and eluting steps during MIP@SPE
analysis. To this end, apple juices spiked with
HMF and PAT were loaded into the developed
MIP@SPE at a flow rate of ImL.min"' and washed
with hexane, petroleum ether, diethyl ether,
mixture of ethyl acetate/hexane at different
proportions (10:90, 20:80 and 30:70) and sodium
bicarbonate (1%, w / v) followed by acetic acid
(1%). Among these solvents, the best recovery
(75%) was observed with sodium bicarbonate
solution followed by acetic acid, presumably
through its high capacity to break the non specific
interactions of HMF on SiO,MA@MIP surface
and to achieve selective preconcentration of PAT
(figure 5).

Another point to be considered is that cartridge
acidification allowed better stability to PAT [25],
leading hence to better recovery. These results
were similar to those reported by Khorrami and
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Figure 5. (A) Chromatogram of apple juice spiked with PAT (0.1 pg.mL™") and HMF (0.1 ug.mL™),
(B) Chromatogram of washing fraction obtained after loading spiked apple juice through MIP@SPE cartridge.
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Figure 6. Recoveries of PAT (0.5 pg.mL™")
with different eluting solvents.

Taherkhani [26] who found that the use of 1.5%
sodium bicarbonate solution at a flow rate of
ImL.min"" overcomes the problem of interfering
phenolic compounds and improve the recovery of
PAT in a polymethacrylic MIP@SPE.

In order to increase PAT recovery, an appropriate
choice of eluting solvent is required. In this study,
eleven eluting solvents including ethyl acetate,
acetonitrile, binary mixture (ethyl acetate/hexane
in different proportions) and ternary mixture (ethyl
acetate/hexane/acetone and ethyl acetate/hexane/
acetonitrile in different proportions) were screened
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Figure 7. Recoveries of PAT from the MIP@SPE
cartridge as function as volume of acetonitrile.

for their PAT recovery. Results showed that the
average recoveries ranged from 30% (using ethyl
acetate) to 94% with acetonitrile (Figure 6). The
remaining eluting solvents showed intermediate
recovery values (50-60%). The potential of
acetonitrile to desorbs PAT was at least in part
attributed to a decrease in the number of hydrogen-
bond donating groups of PAT due to its relatively
high dielectric constant (€= 37.5). Earlier studies

focused on PAT analysis in different apple-based
commercial products also mentioned the potential
of polar aprotic solvents like acetonitrile to desorb
PAT from SPE-C18 [27].

It is worthy to note that 5 mL of acetonitrile
provided the highest efficiency for PAT extraction
(Figure 7). Consequently, on the basis of the
elution efficiency and minimum solvent
consumption, 5 mL of acetonitrile was adopted for
the elution of PAT from the MIP@SPE cartridge.

CONCLUSION

Synthesis of a molecular imprinted polymer
through polymerization of maleic acid using PAT
as template molecule was achieved. Polymerisation
was conducted from surface attached groups in the
presence or absence of Patulin. The imprinted
material was applied as a sorbent of the MIP@SPE
method. Various parameters including mass of
adsorbent, washing solvent, eluting solvent and its
amount have been optimized for the selective
extraction of PAT. The selectivity of the
MIP@SPE was established using non-imprinted
polymer solid phase extraction (NIP@SPE). Best
results were attained using 50 mg of adsorbent,
sodium bicarbonate followed with (1%) acetic acid
as washing solvent and 5 mL acetonitrile as eluting
solvent. The recoveries of PAT from spiked apple
juices are in the range of 82-98%.

Sensitivity, simplicity, precision and rapidity of the
developed MIP@SPE method were validated for
SPE extraction of Patulin. This study is ongoing
and will be published in a separate paper.

Acknowledgements: This work was supported by
funding from the “Partenariat Hubert Curien Utique” for
French-Tunisian cooperation, grant no.12G1105.

REFERENCES

[1] O. Puel, P. Galtier, I. Oswald, Biosynthesis and
Toxicological Effects of Patulin, Toxins, 2010, 2
(4), 613-631.

[2] J. C. Frisvad, J. Smedsgaard, T. O. Larsen, R. A.
Samson, Mycotoxins, drugs and other extrolites



;"i-
Amira Anene et al., J. Tun. Chem. Soc., 2017, 19, 187-192 ﬂ ) J

e
i gill dyilpayll Dyeanll

192
produced by species in Penicillium subgenus [17] S. M. Wang, Yang, W. L. (2003). High-
Penicillium, Stud. Mycol., 2004, 49:201-241. performance liquid chromatography determination

[3] S. Vansteelandt, M. Bekaert, T. Lange, Imputation of patulin in concentrated apple juice.
strategies for the estimation of natural direct and Biotechnology, 13(1), 18.
indirect effects, Epidemiologic Methods, 2012, [18] M.W. Trucksess, Official Methods of Analysis of
1:131-158. AOAC International, 18" ed., AOAC

[4] L.G. Chen, B. Li, Magnetic molecularly imprinted International, Gaithersburg, MD, United State of
polymer extraction of chloramphenicol from America, 2005.
honey, Food Chem., 2013, 23-28. [19] A. D. Turner, P. S. McNabb, D. T. Harwood, A. L.

[5] K. Baert, F. Devlieghere, H. Flyps, M. Selwood, M. J. Boundy, Single-Laboratory
Oosterlinck, M.M. Ahmed, A. Rajkovic, Influence Validation of a Multitoxin UltraPerformance LC-
of storage conditions of apples on growth and Hydrophilic Interaction LC-MS/MS Method for
patulin production by Penicillium expansum, Quantitation of Paralytic Shellfish Toxins in
International J. Food Microbiol., 2007, 170-181. Bivalve Shellfish, Journal of AOAC International,

[6] K. Baert, B. De Meulenaer, C. Kasase, A. 2015, (98), 3.

Huyghebaert, W. Ooghe, F. Devlieghere, Free and [20] R.D. Arrua, T.J. Causon, E.F. Hilder, Recent
bound patulin in cloudy applejuice, Food Chem., developments and future possibilities for polymer
2007, 1278-1282. monoliths in separation science, Analyst 137,

[7] M. Murillo-Arbizu, S. Amézqueta, E. Gonzalez- 2012, 5179-5189.

Penas, A.L. Lopez de Cerain, Occurrence of [21] I Chianella, K. Karim, E.V. Piletska, C. Preston,
patulin and its dietary intake through apple juice S.A. Piletsky, Computational design and synthesis
consumption by the Spanish population, Food of molecularly imprinted polymers with high
Chem., 2009, 420-423. binding capacity for pharmaceutical applications-

[8] K.R.N. Reddy, B. Salleh, B. Saad, H.K. Abbas, model case Adsorbent for abacavir, Anal. Chim.
C.A. Abel, W.T. Shier, An overview of mycotoxin Acta 559, 2006, 73-78.
contamination in foods and its implications for [22] M. Szumski, D. Grzywinski, W. Prus, B.
human health, Toxin Rev.29, 2010, 3-26. Buszewski, Monolithic molecularly imprinted

[91 G.S. Shephard, N.L. Leggott, Chromatographic polymeric capillary columns for isolation of
determination of the mycotoxin patulin in fruit and aflatoxins, J Chromatogr A., 2014, 1364, 163-170.
fruit juices, J. Chromatogr. A 882, 2000, 17-22. [23] J. C. Vidal, L. Bonel, A. Ezquerra, S. Hernandez,

[10] M. F. A. Wouters and G.J.A. Speijers, J. R. Bertolin, C. Cubel, J. R. Castillo,
Toxicological evaluation of certain food additives Electrochemical affinity biosensors for detection
and contaminants Patulin, Food additives series of mycotoxins: A review, Biosensors and
35. Geneva, Switzerland: World Health Bioelectronics, 2013, 146-158.

Organization, 1996, 337-402. [24] A. Anene, R. Kalfat, Y. Chevalier, S. Hbaieb,

[11] Food and Drug Administration. (2005). Molecularly imprinted polymer-based materials as
http://www.fda.gov/Food/GuidanceRegulation/ thin films on silica supports for efficient
RetailFoodProtection/FoodCode/. adsorption of Patulin, Colloids and Surfaces A:

[12] Commission regulation (EC) No 1881/2006 of 19 Physicochemical and Engineering Aspects, 2016,
December 2006 setting maximum levels for 293-303.
certain contaminants in foodstuffs. [25] A. Karakose, S. Sanli, N. Sanli, I. Bulduk,

[13] Commission regulation (EC) No 1425/2003 of 11 Evaluation of Patulin in Commercial Baby Foods
August 2003 amending regulation (EC) number by solid Phase Extraction and Liquid
466/2001 as regards patulin. Chromatography PDA Detection, Food Analysis,

[14] C. M. Maragos, M. Busman, L. Ma, J. R. Bobell, Food Quality and Nutrition, 2015, 52-57.
Quantification of patulin in fruit leathers by ultra- [26] A. R. Khorrami, M. Taherkhani, Synthesis and
high-performance liquid chromatography- Evaluation of a Molecularly Imprinted Polymer for
photodiode array (UPLC-PDA), Journal of Food Pre-concentration of Patulin from Apple Juice,
Additives & Contaminants, 2015, 1164-1174. Chromatographia, 2011, 151-156.

[15] M. H. Tha, S. V. C. Souza, M. Sabino, Single- [27] G. Boonzaaijer, 1. Bobeldijk, W. A. Van
laboratory validation of a liquid chromatography Osenbruggen, Analysis of patulin in Dutch food,
method for the determination of patulin in apple an evaluation of a SPE based method, Food
juice, Food Control, 2009, 569-574. Control, 2005, 587-591.

[16] K. Q. Zhou, (2001). Determination of patulin by

chemical methods. Foreign Medical Sciences
section Hygiene, 28(1), 29-32.


http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/FoodCode/
http://www.fda.gov/Food/GuidanceRegulation/RetailFoodProtection/FoodCode/

