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A B S T R A C T   

A new and novel poly(vinyl benzyl dithiocarbonate-dimethyl amino ethyl methacrylate) block copolymer (Pvb- 
DMA-Xa) as adsorbent was synthesized for the vortex-assisted dispersive solid phase microextraction (VA- 
DSPME) of patulin from apple products and dried fruits using Uv–visible spectrophotometer. The characteriza-
tion of synthesized Pvb-DMA-Xa block copolymer was performed with Fourier Transform Infrared spectroscopy 
(FTIR-ATR) technique. Analytical characteristics such as pH, sorbent amount, adsorption time, eluent type and 
its volume, desorption time and adsorption capacity were optimized. Limit of detection (3Sb/m) and limit of 
quantitation (10Sb/m) were found 0.3 and 1.0 ng mL− 1. Linear dynamic range (LDR), relative standard deviation 
(RSD) and recovery values were found in the range of 1–30 ng mL− 1, 2.1–2.7 % and 93.5–97.3 %, respectively. 
Enhancement factor (EF) was found 193. The accuracy of the method was confirmed with standard addition 
method and analyzing of samples by reference method.   

1. Introduction 

Patulin (PAT) is a most toxic secondary metabolite produced by 
certain fungal species of the genera Penicillium, Eupenicillium, Paeci-
lomyces, Aspergillius and Byssochlamys (Marín, Mateo, Sanchis, Valle- 
Algarra, Ramos, Jiménez, 2011). Penicillium expansum, which is 
commonly found as a pollutant of apples and other fruits, is the most 
important of these PAT-producing molds (Fuchs, Sontag, Stidl, Ehrlich, 
Kundi, & Knasmüller, 2008). All patulin-producing fungi have been 
isolated from various vegetables and fruits such as peach, apple, pear, 
plum, etc. (Li, Li, Li, & Zhang, 2017). Patulin elicits a variety of chronic, 
acute symptoms and cause immune toxic, neuro toxic, gastro intestinal 
and genotoxic effects in rodents according to toxicologic studies 
(Wright, 2015). Therefore, it may affect the human health for long time 
consumption of beverages and foods contaminated with patulin. Various 
regulatory agencies have put strict restrictions on the content of patulin 
in various foods due to its adverse health effects. Maximum 

recommended limit for PAT is 50 µg kg− 1 in fruit products and fruit juice 
according to Codex Alimentarius Commission (CAC, 2003). The Europe 
Union Commission has recommended 10 µg kg− 1 PAT limit for apple 
products to young children and infants and 25 µg kg− 1 for solid apple 
products (EC, 2006). It is recommended a tolerable daily intake of PAT 
as 0.4 µg kg− 1 body weight for long-term exposure according to WHO 
Food Additives Expert Committee (JECFA, 1995). Due to the toxicity 
and widespread presence of patulin, a sensitive, fast, green and simple 
analytical method is important for the control of patulin contamination 
in foodstuff. 

Several analytical methods have been used for the determination of 
patulin in different samples including high performance liquid chro-
matography with diod array detection (HPLC-DAD) (Anene, Hosni, 
Chevalier, Kalfat, & Hbaieb, 2016), ultra-high performance liquid 
chromatography tandem mass spectrometry (UHPLC-MS/MS) (Beltrán, 
Ibáñez, Sancho, & Hernandez, 2014), gas chromatography mass spec-
trometry (GC–MS) (Kharandi, Babri, & Azad, 2013), micellar 
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electrokinetic chromatography (MEKC) (Víctor-Ortega, Lara, García- 
Campaña, & del Olmo-Iruela, 2013), liquid chromatography-mass 
spectrometry (LC-MS) (Kataoka, Itano, Ishizaki, & Saito, 2009), capil-
lary electrophoresis-tandem mass spectrometry (CE-MS/MS) (Moreno- 
González, Jáč, Riasová, & Nováková, 2021), Uv visible spectropho-
tometer (Taşpınar, Elik, Kaya, & Altunay, 2021). Uv visible spectro-
photometer has some advantages such as simple, low cost, versatile, fast, 
and easy usage than above reported methods. However, direct deter-
mination of patulin by using spectrophotometer is difficult because of 
low concentration of analytes than instrument detection limit and ma-
trix components of real samples. So, separation and preconcentration 
techniques are necessary to solve these problems and increase sensitivity 
and selectivity of the analytical method. Several sample preparation 
methods such as solid phase extraction (Moreno-González et al., 2021; 
Wang, Wen, & Ling, 2017), magnetic solid phase extraction (Yu, & Fan, 
2017), liquid–liquid microextraction (Abu-Bakar, Makahleh, & Saad, 
2014), molecularly imprinted polymer (Fang, Wang, Yang, Liu, & Wang, 
2016), dispersive solid phase extraction (Sadok, Szmagara, & Sta-
niszewska, 2018; Wu, Dang, Niu, & Hu, 2008), ionic liquid based 
dispersive liquid liquid microextraction (Mohammadi, Tavakoli, 
Kamankesh, Rashedi, Attaran, & Delavar, 2013) have been used before 
patulin determination in various food samples. Vortex-assisted disper-
sive solid phase microextraction has some advantages such simple, 
green, cheap, sensitive, selective and easy extraction of analytes using 
newly synthesized polymeric material. 

The production of various types of block copolymers are a common 
procedure for tailoring application properties of polymers (Yıldız, 
Hazer, & Tauer, 2012). Comb/brush type block/graft copolymers show 
very useful material properties. Reversible addition fragmentation chain 
transfer (RAFT) polymerization is a powerful technique for macromo-
lecular synthesis of a broad range of well-defined polymers (Ozturk, 
Atalar, Goktas, & Hazer, 2013; Boyer, Bulmus, Liu, Davis, Stenzel, & 
Barner-Kowollik, 2007). The xanthate derivatives can also be used in the 
controlled living free radical polymerization as reversible addition 
fragmentation chain transfer agent. Potassium salt of xanthate can easily 
be exchanged with a halogen derivative to produce a RAFT agent with 
xanthate group (Easterling, Xia, Zhao, Fanucci, & Sumerlin, 2019; Şanal, 
Oruç, Öztürk, & Hazer, 2015; Zounr, Tuzen, Hazer, & Khuhawar, 2018). 

In this study, we synthesized a novel comb type block/graft copol-
ymer (Pvb-DMA-Xa) with rich sulfur and amine groups in order to use 
for the vortex-assisted dispersive solid phase microextraction of patulin 
from apple products and dried fruits. 

2 . Experimental 

2.1 . Chemicals and reagents 

All reagents were of analytical purity. Patulin (4-hydroxy-4H-furo 
[3,2-c]pyran-2(6H)-one, PAT) was obtained from Sigma-Aldrich com-
pany (St. Louis, MO, USA) and its 1000 mg L-1 stock solution was pre-
pared by dissolving the it’s appropriate amount in acetonitrile/water 
mixture. The working solutions for the studies such as optimization and 
validation were freshly prepared by daily dilution of the stock solution. 
The solvents including acetone (Merck, Darmstadt, Germany), methanol 
(Merck), ethanol (Merck), THF (Sigma) and acetonitrile (Sigma) were 
used in the sorption and desorption steps. The pH adjustment required 
for the solutions in the studies was achieved with acetate, citrate, borate 
and phthalate buffer solutions. Vinyl benzyl chloride (vbc) and dimethyl 
amino ethyl methacrylate (DMA)were supplied from Sigma-Aldrich 
(Germany) and purified by passing through from basic Al2O3. 
Potassium-O-ethyl dithiocarbonate (Potassium xanthegonate, KXa) was 
supplied from Merck, Germany. 2-(Dodecylthiocarbonothioylthio)-2- 
methylpropionic acid (R2) was synthesized according to the procedure 
in cited reference (Hazer, Eren, Senemoğlu, Modjinou, Renard, & Lan-
glois, 2020). 

2.2 . Instrumentation 

FTIR spectra of the polymer samples were recorded using Bruker 
Model, Tensor II with ATR technique. Vortex (VG3 model, IKA GmbH, 
Germany) was used to disperse the sorbent. Ultra-pure water was ob-
tained by a Milli-Q water purification system (Millipore, USA). The pH 
of the working solutions was adjusted by means of a digital pH meter 
(Selecta 2001 Sartorius, North America). In the sample preparation step, 
ultrasonic bath (A SK5210LHC Kudos, Shanghai, China) and rotary 
evaporator (BUCHI R-200, Flawil, Switzerland) were used. An UV–Vi-
sible Spectrophotometer (Shimadzu UV-1800 PC model, Tokyo, Japan) 
was used to carry out spectral analysis equipped with quartz cuvettes 
with a path length of 10 mm. 

2.3. Pvb-DMA-Xa block copolymer 

2.3.1. Reversible addition fragmentation transfer (RAFT) polymerization of 
vbc 

A mixture of vbc (10.08 g), R2 (0.18 g) and 2,2′-azo bis isobutyro 
nitrile (AIBN, 0.025 g) was polymerized at 80 ◦C under argon for 5 h. 
Pvbc was recovered by precipitation from methanol. It was dried under 
vacuum at 40 ◦C for 24 h. Yield of macro RAFT initiator Pvbc was 8.65 g. 

2.3.2. Block copolymerization of DMA using Pvbc 
A mixture of Pvbc (0.53 g), AIBN (0.011 g), DMA (2.0 g) and toluene 

(5.0 mL) as solvent was polymerized at 80 ◦C under argon for 5 h. The 
block copolymer (Pvb-DMA) was recovered by precipitation from 
methanol. It was dried under vacuum at 40 ◦C for 24 h. Yield was 1.04 g. 

2.3.3. Synthesis of Xa functionalized Pvb-DMA block copolymer (Pvb- 
DMA-Xa) 

A mixture of Pvb-DMA (0.72 g), KXa (1.47 g) and was stirred in THF 
(10 mL) at 40 ◦C for 24 h. Yield was 0.74 g. 

2.4. Samples 

In order to investigate the applicability of the method, all samples 
were collected from grocers and markets in Sivas/Turkey. In this 
context, nine different apple juices, six different apple-pure, nine 
different dried apples, three dried apricots, three dried pineapples, three 
dried figs, three dried prune and three dried kiwi fruit were collected. 
The collected samples were stored at 4 ◦C until sample preparation. 

2.5 . Sample preparation 

The sample preparation steps for the collected samples are presented 
below (Ji, Li, Yang, Qi, Xiao, & Qian, 2017). First, solid (5 g) and liquid 
(5 mL) samples were added to 50 mL conical tubes containing 10 mL 
water and 75 μL pectinase. In the second step, the tubes were placed in 
an ultrasonic bath for the enzymatic reaction and then sonication was 
applied at 30 ◦C for 60 min. In the third stage, the caps of the tubes were 
opened and 20 mL of acetonitrile was added into them and vortex was 
applied for 2 min. In the fourth stage, after centrifugation at 4000 rpm 
for 5 min, the supernatant was transferred to a new tube and 1.5 g of N- 
propylethylenediamine and 0.5 g of MgSO4 were added to the new tube. 
In the fifth step, the obtained solution was dried in a rotary evaporator at 
45 ◦C under nitrogen flow and then was dissolved in 2.0 mL of aceto-
nitrile–water mixture and made ready for the application of the VA- 
DSPME procedure. 

2.6. The VA-DSPME procedure 

The developed method consists of sorption and desorption steps. The 
sorption steps were carried out as follows. First, 10 mL of the above- 
described samples were added to 50 mL conical tubes containing 40 
µg PAT. Subsequently, the pH of the sample solutions was adjusted to 6.5 
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using a phosphate buffer solution. 80 mg of the newly synthesized 
composite material was added to the tubes. Then, the tubes were vor-
texed for 3 min to ensure that the PAT in the sample solution was 
adsorbed on the Pvb-DMA-Xa block copolymer. Next, the tubes were 
centrifuged at 4000 rpm for 2 min and the sorption step was completed 
by separating the composite material including PAT from the aqueous 
phase. The desorption steps were carried out as follows. In order to 
provide spectrophotometric analysis of PAT, it is necessary to take the 
PAT adsorbed on the Pvb-DMA-Xa block copolymer into the aqueous 
solution. In this context, 1 mL of methanol was added to the solid sor-
bent and vortexed for 2 min. The tubes were centrifuged again at 4000 
rpm for 2 min and then the aqueous phase was transferred to quartz 
cuvettes and finally spectral measurements were made at 292 nm by 
means of an UV–Vis spectrophotometer. 

3. Results and discussion 

3.1. Characterization of Pvb-PDMA-Xa block copolymer 

Vinyl benzyl chloride has two different functional groups, vinyl and 
chloromethyl groups which improve easily modification reactions. 
Chloromethyl group leads to form cationic moieties obtained by the 
reaction with a tertier nitrogen molecule. In our recent work, PHB-Pvbc 
block copolymer was reacted with trimethyl amine in order to obtain 
cationic polymer which was successfully used in the separation of Pb(II) 
and Cd(II) (Altunay, Hazer, Tuzen, & Elik, 2021). 

3.1.1. Thermogravimetric analysis 
Thermogravimetric Analysis (TGA) measures weight loss as a func-

tion of temperature under a nitrogen atmosphere. The dried function-
alized Pvb-PDMA-Xa samples (10 mg) were heated from 20 ◦C to 600 ◦C 
at a rate of 10 ◦C/min under nitrogen atmosphere. Decomposition 
temperatures were measured via TGA and recorded using the first de-
rivative (see Fig. S1). Weight loss between 216 and 382 ◦C is related to 
the xanthate groups. Polypropylene main chain starts decomposition 
from 382 to 450 ◦C. The maximum decompositions were determined as 
278, 294 ◦C (for xanthegonate groups) and 428 ◦C (for polypropylene 
main chain). 

3.1.2. SEM analysis 
Topology of the Pvb-PDMA-Xa sample was determined by SEM. Pvb- 

PDMA-Xa morphology showed the layered structure (see Fig. S2). The 
sulphur content (8.36 wt%) and nitrogen content (8.33) of Pvb-PDMA- 
Xa were confirmed by EDX analysis (see Fig. S3). 

3.1.3. BET analysis 
BET specific surface areas (BETSSA) were determined on powders 

with a Micromeritics Gemini VII surface area and porosity under an Ar 
flow. The BET analysis of the Pvb-PDMA-Xa sample gave the results as: 
BET surface area: 0.2127 m2/g, pore volume 0.000153 cm3/g and pore 
size: 923.197 Å. 

Here, we report a new block copolymer containing dimethyl amino 
ethyl methacrylate and xantogenate groups. The reaction of the chlor-
omethyl groups of the Pvbc with tertier amine groups of PDMA was 
carried out leading to cationic polymer, then chloride anions exchange 
with xanthogenate groups in order to obtain novel block copolymer with 
nitrogen and sulfide rich groups which were very effective on the 
chelating cationic species. This new polymer chemical formula can be 
designed as given in Fig. S4. The new block copolymer could not be 
dissolved in any solvent. It could be only characterized by FTIR-ATR 
technique. The characteristic signals (wavelength in cm− 1) of the ob-
tained block copolymer were observed (Fig. S5): 704.79 (C–S stretch), 
1724.51 (ester carbonyl), 2730–2763 (C–H stretch), 3233 (ammonium) 
(Nandiyanto, Oktiani, & Ragadhita, 2019). 

3.2. The optimization of the VA-DSPME procedure 

For the optimization of the sorption and desorption steps, respec-
tively, pH, sorbent amount, vortex time, desorption solvent type and 
volume and desorption time were investigated and optimized in detail. 
In addition, the reusability and sorption capacity of the sorbent were 
also investigated. To determine the optimum value, the percent recovery 
was calculated according to the formula below. 

Recovery(%) =
[
Cfound − Creal

]
× 100/Cspiked (1) 

Where Cfound, Creal, and Cspiked were the amount of the PAT after 
spiking the standard to the sample, amount of PAT in the sample, and 
amount of PAT added to the sample, respectively. 

3.2.1. Effect of pH 
Patulin is an electrophilic molecule, and has a high effect by binding 

covalently to thiol groups of proteins and glutathione (Fliege, & Metzler, 
2000; Morgavi, Boudra, Jouany, & Graviou, 2003). This high interaction 
of patulin with thiol groups, we designed a polymer with sulfur groups in 
order to extract patulin from apple products and dried fruits. pH of 
sample solution is important for vortex-assisted dispersive solid phase 
microextraction (VA-DSPME) of patulin in real samples for quantitative 
recoveries. The recovery values of analytes in VA-DSPME procedure 
were investigated in the pH range of between 3.5 and 9.5 by using 10 mL 
sample solution containing 40 µg PAT, 80 mg of Pvb-PDMA-Xa block 
copolymer, 3 min extraction time, 2 min centrifugation at 4000 rpm and 
1 mL methanol as eluent. pH of the model solutions was investigated in 
the range of pH 3.5–9.5. The recovery of PAT was found quantitative at 
pH 6.5 (Fig. 1a). 

3.2.2. Effect of Pvb-PDMA-Xa block copolymer amount 
The amount of adsorbent is important for the quantitative recovery 

of analytes in VA-DSPME method. The amount of Pvb-PDMA-Xa block 
copolymer was examined in the range of 5–150 mg adsorbent in 10 mL 
model solution containing 40 µg PAT, 3 min extraction time, 2 min 
centrifugation at 4000 rpm and 1 mL methanol as eluent at pH 6.5. 
Quantitative recovery values of PAT were found by using 80 mg Pvb- 
PDMA-Xa block copolymer as adsorbent (Fig. 1b). The recovery of 
PAT was decreased after 80 mg adsorbent because it is necessary higher 
amount of eluent for the desorption of analytes. We used 1 mL methanol 
as eluent. High amount of eluent can be cause environmental pollution. 

3.2.3. Effect of sorption time 
In order to accelerate the sorption of PAT in the sample solution, the 

solutions were shaken at a certain constant speed using a vortex mixer. 

Fig. 1a. Effect of pH of sample solution on the recovery of PAT (N = 3).  
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Also, thanks to this agitation step, the Pvb-DMA-Xa block copolymer was 
distributed evenly in the sample solution. In this context, the effect of 
sorption time on recovery of PAT ions was tested in the range of 0.5–10 
min (Fig. 1c). The results show that 3 min vortex time is sufficient for 
effective sorption of PAT. Also, recovery of PAT at periods greater than 
3 min followed a flat plateau. Therefore, 3 min of sorption time was 
chosen as optimum for further studies. 

3.2.4. Effect of desorption eluent type 
In solid phase extraction studies, one of the important variables in 

obtaining quantitative and acceptable results is the type of desorption 
solvent and its volume. Appropriate desorption solvent should be 
selected to take the analyte adsorbed on the Pvb-DMA-Xa block copol-
ymer back into the aqueous solution. If the appropriate solvent is not 
selected, full desorption step cannot be achieved and therefore the 
desired analytical results cannot be obtained. Therefore, acetone, 
methanol, ethanol, THF and acetonitrile were tested as desorption sol-
vents in this study. The results in Fig. 1d indicated that the most suitable 
desorption solvent for this study was methanol. Therefore, methanol 
was used as the desorption solvent for further studies. 

3.2.5. Effect of desorption eluent volume 
The second most important variable in achieving full desorption is 

the volume of desorption solvent. Sufficient solvent must be added to the 
Pvb-DMA-Xa block copolymer so that all PAT can be taken into the 

aqueous solution. Therefore, the effect of methanol volume on the re-
covery of PAT was investigated in the volume range from 0.5 mL to 3 
mL. The results in Fig. 1e showed that 1 mL of methanol was sufficient to 
absorb acetone into the aqueous solution. In particular, the reduction in 
recovery of PAT at volumes above 2 mL is due to the increase in the final 
volume. Therefore, 1.0 mL of methanol was used as the desorption 
solvent volume for further studies. 

3.2.6. Effect of desorption time 
After the deposition solvent (methanol) is added to the Pvb-DMA-Xa 

block copolymer, it must interact well with the Pvb-DMA-Xa block 
copolymer to ensure complete desorption. if complete desorption is not 
achieved, some amount of PAT remains on the adsorbent. Therefore, 
both the recovery is reduced and less PAT is detected than expected. For 
these reasons, after adding methanol on the Pvb-DMA-Xa block copol-
ymer, vortex was applied to this mixture to ensure effective interaction. 
The change in the recovery of PAT with the applied vortex time is pre-
sented in Fig. 1f. It can be seen in the Fig. that a 2 min vortex is sufficient 
for quantitative recovery of PAT. Therefore, the 2 min vortex time 
chosen as the optimum desorption time for further studies. 

3.2.7 . Reusability 
The high number of reusability of the Pvb-DMA-Xa block copolymer 

reduces the cost of the solid phase method. Therefore, in order to test its 
reusability, the Pvb-DMA-Xa block copolymer was washed three times 

Fig. 1b. Effect of PvbDMA-Xa amount on the recovery of PAT (N = 3).  

Fig. 1c. Effect of sorption time on the recovery of PAT (N = 3).  

Fig. 1d. Effect of desorption eluent type on the recovery of PAT (N = 3).  

Fig. 1e. Effect of pH of methanol volume on the recovery of PAT (N = 3).  
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with methanol and water after the desorption step and then dried for 
reuse. No significant change in recovery of PAT ions was observed until 
twenty repetitions of the reuse of the Pvb-DMA-Xa block copolymer. The 
recoveries obtained were in the range of 95.4–99.7% for PAT. The 
analytical result showed that the Pvb-DMA-Xa block copolymer was 
stable in the VA-DSPME procedure and had excellent reusability. The 
high number of reusability of the Pvb-DMA-Xa block copolymer caused a 
relative decrease in the cost of the method. 

3.2.8. Sorption capacity 
Sorption capacity is one of the important parameters to teste the 

recovery of PAT. The sorption capacity of the Pvb-DMA-Xa block 
copolymer for PAT was determined according to the batch adsorption 
procedure. The related study includes the following experimental steps. 
A 50 mL of test solution containing 50 mg of PAT was added to 100 mL 
beaker containing 80 mg of the Pvb-DMA-Xa block copolymer. Next, the 
mixture was vortexed for about 1 h. After separation of the Pvb-DMA-Xa 
block copolymer from the aqueous solution, the possible amounts of PAT 
in the remaining aqueous solution were determined by UV–VIS spec-
trophotometer. Using the formula in the batch adsorption procedure 
(Duran, Ozdes, Gundogdu, Imamoglu, & Senturk, 2011), we calculated 
the adsorption capacity as 185.6 mg g− 1 for PAT. 

3.3. Analytical performance 

The analytical parameters of the VA-DSPME method were presented 
in Table 1 in comparison with the data obtained without the VA-DSPME 
method. The regression equation of the VA-DSPME method was A =
0.0827C + 0.0139 with a coefficient of determination of 0.9995. The 
proposed method exhibited a linear dynamic range from 1 to 300 ng 
mL− 1. Limit of detection (LOD) and Limit of quantitation (LOQ) were 
calculated as 0.3 ng mL− 1 and 1.0 ng mL− 1 from the formulas 3Sb/m and 
10Sb/m, respectively. Where m and Sb were the slope of the calibration 
equation and the standard deviation of the blank samples (N = 10), 
respectively. As a result of the application of the VA-DSPME method for 
the two concentrations (5 and 100 ng mL− 1) of PAT in the linear dy-
namic range, the percent relative standard deviation (RSD%) and 
percent recovery were found in the range of 2.1–2.7% and 93.5–97.3%, 
respectively. Enhancement factor (EF) was calculated as 193 from the 
ratio of the slopes of the calibration graphs after and before the VA- 
DSPME method. Validation test, concentrations 20-fold higher than 
the LOQ concentration of PAT were studied with the VA-DSPME method 
and a calibration curve was created according to the analytical signals 
obtained. The satisfactory r2 value obtained (see Fig. S6) was supported 
the validation of the VA-DSPME method. 

3.4. Selectivity 

One of the most important quality parameters in extraction studies is 
the selectivity of the method for the analyte. If the developed method is 
not selective for the analyte studied, the reliability of the analytical re-
sults obtained will decrease. In this context, the proposed method was 
applied by adding the chemical species specified in Table 2 to the model 
solutions including 25 ng mL− 1 PAT. Then, tolerance limit, RSD and 
percent recovery values were calculated for each chemical species. The 
results obtained showed that the recovery (200–3000) was quantitative 
and the RSD values (1.3–2.2%) were lower than the desired limit (5%). 
Also, the tolerable limit for the studied chemical species was quite high. 
These results indicate that especially the synthesized Pvb-DMA-Xa block 
copolymer has a high selectivity for PAT. 

3.5. Precision 

The precision of the VA-DSPME method was checked by intraday/ 
interday studies. In this context, four different PAT concentrations were 
added to the control samples (apple juice), and then the VA-DSPME 
method for intraday and interday study was applied to them five 
times a day and five times in five consecutive days, respectively. Then, 

Fig. 1f. Effect of desorption time on the recovery of PAT (N = 3).  

Table 1 
Analytical characteristics of the VA-DSPME method.  

Analytical characteristics With VA-DSPME Without VA-DSPME 

Regression equation (C in 
ng mL− 1) 

A = 82.9 × 10-3C +
1.4 × 10-3 

A = 4.3 × 10-4C − 9.5 
× 10-4 

Linear dynamic range 
(ng mL− 1) 

1–300 150–2000 

Correlation coefficient, r2) 0.9995 0.9941 
Limit of detection (3Sb/m, ng 

mL− 1) 
0.3 45.5 

Limit of quantitation (10Sb/m, 
ng mL− 1) 

1.0 150 

RSD (%), N = 10 2.7% (at 5 ng mL− 1) 6.2% (at 200 ng mL− 1) 
2.1% (at 100 ng mL− 1) 4.8% (at 800 ng mL− 1) 

Recovery (%), N = 10 93.5% (at 5 ng mL− 1) 88.4% (at 200 ng 
mL− 1) 

97.3% (at 100 ng 
mL− 1) 

94.6% (at 800 ng 
mL− 1) 

*Enrichment factor 193 – 

*Enhancement factor was calculated from the ratio of the slopes of the cali-
bration graphs after and before the VA-DSPME method. 

Table 2 
Tolerant limits of matrix ions for the determination and extraction of PAT (N =
3, 25 ng mL− 1).  

Matrix ions Tolerant limit* Recovery (%) RSD (%) 

CO3
2− 3000 99 ± 2  1.6 

SO4
2− 3000 99 ± 1  1.5 

K+ 3000 98 ± 3  1.9 
Ca2+ 3000 98 ± 3  1.3 
Fe3+ 1000 97 ± 4  1.8 
Na+ 1000 96 ± 2  2.0 
Flumethrin 1000 97 ± 3  1.9 
Cyfluthrin 1000 95 ± 5  1.8 
Cypermethrin 750 98 ± 2  2.2 
Ascorbic acid 750 97 ± 4  1.9 
Tartaric acid 500 97 ± 3  1.7 
5-Methylfurfural 500 95 ± 3  1.5 
Beauvericin 500 94 ± 5  1.7 
Ochratoxin 500 92 ± 4  2.2 
Citrinin 200 93 ± 3  2.0 
5-HMF 200 91 ± 3  2.1 

* [matrix ion concentration] / [PAT concentration]. 
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using the obtained results, RSD and percent recovery were calculated for 
each study. The RSD and percent recovery in the intraday study were in 
the range of 2.6–3.4% and 93 ± 5–98 ± 3%, respectively, while the RSD 
and percent recovery in the interday study were in the range of 3.0–4.2% 
and 90 ± 6–97 ± 3%, respectively (Table 3a). These results indicate the 
high precision of the VA-DSPME method. In addition, the obtained 
quantitative recoveries also showed that the proposed method exhibits 
good accuracy in intraday and interday operation. 

3.6. Recovery 

For a successful microextraction process, both the matrix effect and 
the accuracy of the method should be tested by performing a recovery 
study in the real sample application. In this context, three-level PAT 
concentrations were added to the real samples. Then, the percent re-
covery was calculated for each concentration by applying the VA- 
DSPME method. The percent recovery range was also calculated for 
each sample analyzed. All the results obtained are presented in Table 3b. 
The percent recovery ranged from 91 ± 3% to 99 ± 1%. The results 
indicated that quantitative recoveries were achieved. This indicates that 
the method has good accuracy. In addition, the VA-DSPME method can 
be safely applied in real samples with low matrix effect. 

3.7. Applications 

The applicability of the VA-DSPME method was tested on apple 
products and dried fruits. In addition, the same samples were also 
analyzed with the reference method (Ji, Li, Yang, Qi, Xiao, & Qian, 
2017) for the reliability of the analytical results obtained with the VA- 
DSPME method. The application results were presented in Table 4. It 
was seen that there was no significant difference between the results 
obtained with the VA-DSPME method and the reference method. Also, 
the experimental t-values were lower at the critical t-value for six de-
grees of freedom at the 95% confidence level, which indicates that the 
method does not contain significant errors. These results confirm that 
the VA-DSPME method is suitable for the measurement of PAT content 
in the apple products and dried fruits. As listed in Table 4, no the PAT 
was found in apple juice-2, dried apple-1, dried pineapple, dried fig, and 
dried kiwi fruit, probably because their complex manufacturing process 
eliminated the PAT. But, the concentration of PAT was detected in 6.95 
± 0.46 µg g− 1 in apple Juice-1, 2.35 ± 0.08 µg g− 1 in apple Juice-3, 
16.18 ± 0.94 µg g− 1 in apple puree-1, 8.16 ± 0.75 µg g− 1 in apple 
puree-2, 3.51 ± 0.06 µg g− 1 in dried apple-2, 4.85 ± 0.09 µg g− 1 in dried 
apple-3, 1.09 ± 0.02 µg g− 1 in dried apricot and 1.63 ± 0.03 µg g− 1 in 
dried prune. The PAT level in analyzed samples were within the 
permitted limit established by European regulation (50 µg kg− 1). The 
data obtained with both methods showed that the selected sample 
matrices did not have a significant effect on the results and that the VA- 
DSPME method could be applied efficiently and reliably for the deter-
mination of PAT content in the apple products and dried fruits. 

3.8. Comparison with other methods 

In order to better understand the effectiveness of the VA-DSPME 
method, the analytical data of the VA-DSPME method were compared 

with the methods previously reported in the literature. The analytical 
data were given in Table 5. It is seen that all analytical comparison 
parameters (LDR, LOD, RSD, recovery, and EF of the VA-DSPME method 
are better than similar determination techniques. When compared with 
expert users and expensive techniques such as LC–MS/MS and 
HPLC–DAD, the working range and LOD values obtained with the VA- 
DSPME method were comparable. Also, the RSD values of our method 
are lower than those of the method. In addition to all these, higher EF 
was obtained with the VA-DSPME method compared to similar micro-
extraction procedures. These results demonstrate that the VA-DSPME 
method can be powerfully applied to a wide range of applications. 

4. Conclusions 

In this research paper, a green, rapid, accurate, and precise vortex- 
assisted dispersive solid phase microextraction (VA-DSPME) procedure 
was presented for the extraction and determination of PAT in apple 
products and dried fruits. A new and novel poly(vinyl benzyl 
dithiocarbonate-dimethyl amino ethyl methacrylate) block copolymer 
(Pvb-DMA-Xa) was synthesized and applied as reusable adsorbent with 
superior adsorption capacity in VA-DSPME procedure. The sorption and 
desorption stages were investigated in detail and optimized. The opti-
mum values obtained were pH 6.5, mass of 80 mg Pvb-DMA-Xa block 
copolymer, sorption time of 3 min, 1 mL of methanol, and desorption 
time of 2 min, respectively, to ensure quantitative recoveries. After the 
necessary verification work, the VA-DSPME method successfully applied 
to the selected samples. The successful effects of the VA-DSPME method 

Table 3a 
Values determined of mean recovery, accuracy and precision of the VA-DSPME.  

Spiked 
amount 
(ng 
mL− 1) 

Intra-day 
precision, % 
(N = 5) 

Intra-day 
accuracy, % 
(N = 5) 

Inter-day 
precision % 
(N = 5 × 5) 

Inter-day 
accuracy % (N =
5 × 5) 

1  3.4 93 ± 5  4.2 90 ± 6 
5  3.1 95 ± 4  3.8 92 ± 6 
150  2.8 97 ± 3  3.5 95 ± 4 
200  2.6 98 ± 3  3.0 97 ± 3  

Table 3b 
Investigation of the metric effect of the VA-DSPME method in real samples.  

Samples Spiked PAT concentrations 
1 ng mL− 1 10 ng mL− 1 50 ng mL− 1 100 ng mL− 1 

Apple Juice-1 92 ± 2 94 ± 3 96 ± 4 97 ± 2 
Apple Juice-2 94 ± 4 96 ± 4 97 ± 3 98 ± 1 
Apple Juice-3 93 ± 3 95 ± 4 98 ± 3 98 ± 2 
Apple puree-1 91 ± 3 94 ± 4 96 ± 5 98 ± 3 
Apple puree-2 95 ± 2 97 ± 3 98 ± 4 99 ± 3 
Dried apple-1 96 ± 4 97 ± 2 98 ± 4 99 ± 2 
Dried apple-2 92 ± 3 95 ± 4 97 ± 3 98 ± 2 
Dried apple-3 93 ± 5 96 ± 4 97 ± 3 99 ± 1 
Dried Apricot 94 ± 4 95 ± 5 98 ± 4 99 ± 3 
Dried pineapple 95 ± 2 96 ± 3 97 ± 3 98 ± 2 
Dried fig 94 ± 3 96 ± 4 98 ± 2 98 ± 1 
Dried prune 96 ± 4 97 ± 3 98 ± 2 99 ± 1 
Dried kiwi fruit 92 ± 5 94 ± 3 96 ± 4 97 ± 3  

Table 4 
Application results of the VA-DSPME to selected dried fruit and apple products 
(N = 4P = 0.95; tk = 2.78).  

Samples VA-DSPME method Reference method **t-value 
Found Found 

Apple Juice-1 6.95 ± 0.46* 6.59 ± 0.44  0.98 
Apple Juice-2 <LOD <LOD  – 
Apple Juice-3 2.35 ± 0.08 2.41 ± 0.09  0.87 
Apple puree-1 16.18 ± 0.94 16.83 ± 0.97  0.84 
Apple puree-2 8.16 ± 0.75 8.64 ± 0.72  0.80 
Dried apple-1 <LOD <LOD  – 
Dried apple-2 3.51 ± 0.06 3.44 ± 0.06  1.43 
Dried apple-3 4.85 ± 0.09 4.76 ± 0.08  1.29 
Dried Apricot 1.09 ± 0.02 1.12 ± 0.03  1.47 
Dried pineapple <LOD <LOD  – 
Dried fig <LOD <LOD  – 
Dried prune 1.63 ± 0.03 1.59 ± 0.04  1.40 
Dried kiwi fruit <LOD <LOD  – 

Juice sample (ng mL− 1); dried fruit samples (µg kg− 1). *Mean ± SD, **The 
criterion t-value established by two paired ANOVA analysis for 6-degree of 
freedom at 95% confidence limit where texp= (ma–mb)/ Spooled × [(n1 + n2)/n1 
× n2]1/2 and Spooled = [(n1-1) Sm.1

2 
+ (n2-1) Sm.2

2 /(n1 + n2-2)]1/2. 
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in the determination of PAT in the real matrix lead to further im-
provements in application character and feasibility for column treat-
ment in separation and pre-concentration. All these results indicate that 
the synthesized block copolymer material exhibits good selectivity for 
PAT. 
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imprinted polymer solid phase extraction-capillary electrophoresis coupled with 
tandem mass spectrometry for the determination of patulin in apple-based food. 
Food Chemistry, 334, Article 127607. 

Table 5 
Comparison of VA-DSPME procedure with other reported methods for PAT extraction and determination.  

Extraction 
procedure 

Determination 
method 

LDR(ng mL− 1) LOD(ng mL− 1) RSD 
(%) 

Recovery 
(%) 

EF References 

VA-DSPME UV–VIS spectrophotometry 1–300  0.3  ≤2.7 93.5–97.3 193 Current method 
SD-LLLME LC-MS 2–2000  0.5  ≤3.6 83.6–96.3 3.1 (Li et al., 2018) 
MISPE CE–MS/MS 1–100  0.3  ≤14.9 94–98 93 (Moreno-González et al., 2021) 
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