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Abstract Magnetic solid phase extraction (MSPE) is a valu-
able tool for the extraction and preconcentration of analytes
from environmental, food, and biological samples because of
its convenience, promptness, and simplicity. In this study, a
graphene oxide-based magnetic nanocomposite (MGO) was
synthesized and characterized by various instrumental
methods. An effective MSPE procedure coupled with high-
performance liquid chromatography (MSPE-HPLC) was de-
veloped for the preconcentration and determination of the
patulin (PAT) in apple juice samples. Critical experimental
parameters of MSPE that could affect the extraction efficien-
cies, such as the amount of MGO, the pH, and ionic strength
of the sample solution; the extraction time; and the desorption
conditions, were investigated. After optimizing the condi-
tions, the detection limit of this method provided was
2.3 ug/kg; the recoveries were in the range of 68.7-83.6 %,
with relative standard deviations (RSDs) ranging between
1.8-8.7 %. It was confirmed that the graphene-based magnetic
nanocomposite was a kind of effective MSPE material used
for the PAT analyses in apple juice samples.

Keywords Patulin - Magnetic solid phase extraction -
Graphene oxide - Magnetic nanocomposites - Apple juice

>4 Yutang Wang
wyt991023 @nwsuaf.edu.cn

< Yong-Chien Ling
ycling@mx.nthu.edu.tw

College of Food Science and Engineering, Northwest A&F
University, Yangling, Shaanxi 712100, People’s Republic of China

Department of Chemistry, National Tsing Hua University,
Hsinchu 30013, Taiwan

@ Springer

Introduction

Mycotoxins are secondary metabolites produced by certain fungi
on growing plants and are toxic to humans and animals. Their
occurrence, toxicology, and impact on stakeholders have been a
subject of continuous concern (Berthiller et al. 2013; Marin et al.
2013). Among commonly known mycotoxins, patulin (4-hy-
droxy-4H-furo[3,2-c]pyran-2[6H]-one) (PAT) is produced by
Aspergillus, Penicillium, and Byssochlamys mold species that
are commonly found on apples. Apple products made from par-
tially damaged or bruised apples prior to processing are more
susceptible to PAT contamination. Infants and young children
who consume higher amounts of apple products than adults do
are at higher risk of PAT intoxication (Beretta et al. 2000;
Brandon et al. 2012).

The International Agency for Research on Cancer has clas-
sified PAT as Group 3 (not carcinogenic). The occurrence of
PAT as toxic contaminant in apple products is prevalent and
warrants regular monitoring of PAT in apple products.
Regulatory levels of PAT were established in China, India,
Japan, and USA. The maximum limit for PAT for apple juice
is 50 pg/kg. In the Europe, additional limits for solid apple
products (25 pg/kg) and products designed for infants and
young children (10 pg/kg) have been applied (Commission
Regulation 20006).

Analytical methods involving various sample pretreatment
and instrumental detection techniques employed for PAT de-
termination are mostly based on chromatography (Turner et al.
2009; Li et al. 2013). High-performance liquid chromatogra-
phy (HPLC) coupled with ultraviolet detection (HPLC-UV) is
extensively used, presumably due to the natural polarity of
PAT and its strong absorption of UV light (van Egmond
et al. 2007), in regulatory control (Marin et al. 2011; Pique
et al. 2013) and risk assessment (Murillo-Arbizu et al. 2009)
purpose. Recently, HPLC coupled with tandem mass
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spectrometry (HPLC-MS/MS) has gained increasing use
(Vaclavikova et al. 2015; Zhang et al. 2014; Beltran et al.
2014). Additional techniques such as fluorescence competi-
tive immunoassay (de Champdore et al. 2007), micellar elec-
trokinetic capillary chromatography (Victor-Ortega et al.
2013), and gas chromatography—mass spectrometry (GC-
MS) have also being developed and employed for determining
PAT in apple juice (Rodriguez-Carrasco et al. 2012; Kharandi
etal. 2013).

HPLC-UV determination of PAT in apple juice usually
encountered typical matrix interferences such as 5-
hydroxymethylfurfural and phenolic compounds (Mochizuki
et al. 2009). The presence of extra interfering peaks renders
the determination more difficult. Additional pretreatments of
sample are warranted include liquid-liquid extraction (LLE)
(Beltran et al. 2014), dispersive liquid—liquid microextraction
(DLLME) (Mohammadi et al. 2013; Victor-Ortega et al.
2013), matrix solid-phase dispersion (MSPD) (Wu et al.
2008), solid-phase extraction (SPE) (Gokmen et al. 2005; Li
et al. 2007), and liquid-liquid extraction tandem solid-phase
extraction (LLE-SPE) (Valle-Algarra et al. 2009). The selec-
tion of appropriate adsorbent is an important factor to obtain
good recovery in SPE. Typical use of C18 cartridges (Valle-
Algarra et al. 2009), Oasis HLB cartridges (Desmarchelier
et al. 2011), silica gel cartridges (Barreira et al. 2010), and
inorganic salt adsorbent cartridges (for elimination of interfer-
ences) (Iha et al. 2009) have been reported for the determina-
tion of PAT.

Magnetic solid-phase extraction (MSPE) is a new tech-
nique for the sorption of analytes from a large volume of
sample solution using magnetic or magnetizable adsorbents.
By taking advantages of the excellent magnetic responsibility
and high dispersibility of the adsorbents, MSPE has been
demonstrated as a simple, rapid, reliable, and green sample
pretreatment technique for a variety of inorganic and organic
compounds from various matrices (Zhao et al. 2011;
Wierucka and Biziuk 2014; Yan et al. 2014). Nanomaterials
(NMs) possessing unique physical and chemical properties
play a critical role in sample preparation (Zhang et al. 2013).
Toward this end, we have explored various types of NMs for
chemical analysis (Lee et al. 2010; Gonavelli et al. 2013; Wu
et al. 2013). Graphene and its derivatives such as graphene
oxide (GO), a two-dimensional few-layer carbon nanosheet
with hexagonal packed lattice structure, serves as a potential
building platform for chemical functionalization. GO pos-
sesses high surface-to-volume ratio, tunable surface functional
groups (such as abundant hydrophilic groups including hy-
droxyl, epoxide, and carboxylic groups making it highly dis-
persed in aqueous solution; large amounts of benzene-ring
substructure offering 7—7t interaction and cation—7t interac-
tions with analytes containing ring and unsaturated bonds),
and free of leachable impurities, making it an attractive sor-
bent for SPE. However, its small size would cause high

pressure and adsorbent loss during elution, making it less
practical to be directly used as SPE adsorbent (Sitko et al.
2013). The introduction of magnetic property into GO, termed
magnetic GO (MGO), simultaneously offers high sorption
capacity, and convenient magnetic controllable separation
could overcome this problem. MGO have been used for pre-
treatment of trace amounts of polycyclic aromatic hydrocar-
bons (Han et al. 2012) and chlorophenols (Pan et al. 2014) in
environmental water as well as heavy metals in biological
samples (Sun et al. 2015). However, to the best of our knowl-
edge, there is no report on pretreatment of PAT in apple juice
by MSPE. We therefore conducted this research to study the
use of MSPE with MGO adsorbents followed by HPLC de-
tection for the determination of PAT in apple juice.

Experimental
Chemicals and Materials

Patulin standard was purchased from Sigma-Aldrich (USA).
Graphite flakes (99 %) were purchased from Alfa Aesar
(USA). Sodium nitrate (98.5 %) was purchased from Showa
chemicals (Japan), potassium permanganate (99 %) from
BDH Ltd (USA), hydrogen peroxide (30 %) from Sigma
Aldrich, and H,SO4 (98 %) from Fluka (USA). Iron (IIT) chlo-
ride hexahydrate (FeCly-6H,O, 99 %) was purchased from
Riedel-de Haén AG (USA). Iron (II) sulfate heptahydrate
(FeSO47H,0, 99 %) was purchased from Sigma-Aldrich
(USA). The C18-SPE cartridges (500 mg, 6 mL) were pur-
chased from Applied Separations (USA). HPLC-grade aceto-
nitrile and methanol were purchased from Tedia Co. (USA).
Ethyl acetate was purchased from Avantor Performance
Materials Inc. (USA). Deionized (DI) water was obtained
from a Milli-Q waters system (USA). All the other reagents
were of analytical grade and purchased from Jing Ming
Chemical Factory (Taiwan).

Synthesis of GO

The GO was synthesized according to our previous work
(Gonavelli et al. 2013) with slight modifications. A beaker
(500 mL) equipped with a magnetic stirring bar was charged
with H,SO,4 (72 mL) and cooled at 0-5 °C. Graphite flakes
(1.5 g) were added slowly with vigorous stirring, followed by
adding slowly NaNOj; (1.5 g) and KMnO, (4.5 g). The tem-
perature of the reaction mixture was maintained below 10 °C
during the adding process. The mixture was allowed to warm
to room temperature (RT) and stirred for 1 h. The RT mixture
was charged with DI water (120 mL) and stirred for 30 min
while the temperature was increased to 95 °C. The mixture
was poured into the DI water (300 mL), followed by slow
addition of H,O, (10 mL). The solution was filtered and the
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residual material was subjected to wash with 5 % HCI and DI
water as well as repeated centrifugation. The resultant GO
material was dried in a freeze-dryer overnight.

Synthesis of MGO

The GO (0.1 g) was exfoliated in DI water (10 mL) by soni-
cation for 40 min. Iron (III) chloride hexahydrate (FeCls:
6H,0, 0.54 g) and iron (II) sulfate heptahydrate (FeSOy,:
7H,0, 0.28g) were dissolved in DI water (40 mL) and added
slowly into the GO suspension. An ammonia solution
(0.5 mL) was quickly added to the solution and stirred for
1 h at 60 °C. The MGO product was collected by an external
magnetic field and washed with DI water three times, and then
dried in a freeze-dryer overnight. The dry MGO was ground to
powder using a mortar before use.

Characterization of MGO

The physical and chemical properties of MGO were charac-
terized by transmission electron microscopy (TEM), Fourier
transform infrared (FT-IR), and superconducting quantum in-
terference device (SQUID). The morphology and size were
investigated using a JEM-2100 TEM (JEOL, Japan) at an
accelerating voltage of 200 kV. Infrared analyses were con-
ducted with a Vertex 80v FTIR (Bruker, German) spectrome-
ter where KBr was used to prepare the sample tablets.
Magnetic properties were measured using an MPMSS5
SQUID (Quantum Design, USA) at 300 K over a range of
applied fields from —10,000 to 10,000 Oe.

Sample Treatment and Clean-Up

The apple juice samples were purchased from local retail mar-
kets and stored at 4 °C. A schematic of the MSPE procedure
for PAT determination using MGO is shown in Fig. 1. The
procedure consists of seven steps. (1) The apple juice sample

SmLethyl acetate 3mL upper layer 2 mL pH=6 water
-hexane (96:4.v/v) +20pL acetic acid 30 mg MGO
1g NaH,PO,
5g Na,SO,4
5g sample Centrifugalization Drying the organic phase Vonexmg for 4 min

5000 rpm, 5 min with stream of N,

Eluent
SOOpL mobile phase +‘70pL acetic acid

To HPL C analysis Drying the eluent
with stream of N,

1 mL acetonitrile
vortex 1 0 min

Magnet

Aassemble of MGO
by amagnet

Separatlon of eluent
by a magnet

Fig.1 Schematic of MSPE procedure for the determination of PAT using
MGO
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(5 g) was placed into a centrifuge tube (15 mL) followed by
addition of ethyl acetate-hexane (96:4, v/v) (5 mL), NaH,PO,
(1 g), and anhydrous Na,SOy4 (5 g). (2) The tube was shaken in
an orbital shaker for 10 min, followed by centrifugation at
5000 rpm for 5 min. The upper layer organic phase (3 mL)
was transferred to a centrifuge tube followed by addition of
acetic acid (20 pL). (3) The solvent was evaporated to near
dryness under a gentle N, stream at 45 °C. The residue was
dissolved in acidic water solution (pH = 6, 2 mL) followed by
addition of MGO (30 mg). (4) The mixture solution was
vortexed for 4 min on a slow-moving platform shaker. (5)
The solvent was pipetted out when the PAT-adsorbed MGO
adsorbents were magnetically assembled and immobilized by
an external magnet. An aliquot of acetonitrile (1.0 mL) was
added and vortexed for 1 min for PAT desorption. (6) The
PAT-containing eluent was pipetted into another centrifuge
tube when the PAT-free MGO adsorbents were magnetically
assembled and immobilized by an external magnet. Addition
of acetic acid (20 puL) was conducted. (7) The acidic eluent
was evaporated to near dryness under a gentle N, stream at
45 °C. The residue was dissolved in HPLC mobile phase
(500 puL) and ready for HPLC analysis.

HPLC-UYV Analysis

The samples were analyzed using a liquid chromatographic
system consisted of a quaternary pump P4000, autosampler
AS3000, detector UV 6000LP (Thermo Fisher Scientific,
USA). Separation was carried out on a reverse phase Agilent
(USA) ODS column (I.D. 4.6 mm x 250 mm, 5.0 um). The
flow rate of the mobile phase was 1.0 mL/min with an injec-
tion volume of 20 uL. Eluent A was acetonitrile and eluent B
was water containing 0.5 % acetic acid. A gradient elution was
performed by changing the mobile phase composition as fol-
lows: 0-2 min, 1 % A; 2-25 min, 1-10 % A; 25-26 min, 10—
99 % A; 26-35 min, 99 % A; 35-36 min, 99-100 % A; 36—
45 min, 100 % A. The detection was performed at 275 nm
during the 20-min run.

Results and Discussion

The MSPE method used in this study differs from traditional
SPE method in that the MGO adsorbents is well dispersed in
the sample solution and rapidly contact the analytes by
vortexing. The non-polar PAT is associated with MGO surface
via 7—t and cation—7t interactions. The hydrophilic and more
polar components are left in the sample solution. The PAT-
adsorbed MGO adsorbents could be easily isolated from the
sample solution using an external magnet. Subsequent elution
using solvent of high analyte solubility could effectively de-
sorb the weakly bound PAT from MGO. The combined effects
facilitate the sorption probability and selectivity of PAT by
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MGO. As the MGO adsorbents involved in this study is dif-
ferent from the SPE in previous studies (Gokmen et al. 2005;
Li et al. 2007; Wu et al. 2008), we characterized the as-
prepared MGO first to ensure its physiochemical property,
followed by an optimization study of sorption/desorption pa-
rameters to gain insight into the MSPE process as well as
analytical performance, and finally, a comparison of the pro-
posed MSPE method with reported methods was carried out
for reference.

Characterization of MGO

The morphology of the GO and MGO were characterized by
transmission electron microscopy (TEM). The GO nanosheets
exhibited irregular shapes and contained some wrinkles,
which maintained a large surface area (Fig. 2a). The magnetic
nanoparticles (NPs) uniformly distributed on GO nanosheets
and were spherical in shape with a mean diameter of approx-
imately 10—15 nm (Fig. 2b). A superconducting quantum in-
terference device (SQUID) was used to investigate the mag-
netic properties of MGO, which exhibited good
superparamagnetic property with a saturation magnetization
value (Ms) ca.32 emu g ' at 300 K and very low coercivity
(Hc) ca. 7 Oe (Fig. 2c). The inset illustrated that MGO aggre-
gated (within 1 min) onto the vial inner wall by an external
magnetic field. The superparamagnetic behavior of as-
prepared MGO was realized based on the S-like appearance
of magnetization hysteresis curve and nearly zero magnetic
remanence. Furthermore, the saturation magnetization value
of 32 emu g ! clearly indicated that the MGO can be quickly

Fig. 2 TEM images of a GO and
b MGO. ¢ Magnetization
hysteresis curve of MGO at 300
K. d FT-IR spectra of GO and
MGO
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separated from the solution just by using an external magnet.
The Fourier transform infrared (FT-IR) spectrum of GO
(Fig. 2d upper curve) showed O—H stretching around
3350 cm !, surface carboxylic groups C=0-O (1720 cm ™),
aromatic C=C (1620 cm '), carboxyl O=C-O (1360 cm ™),
and alkoxy C—O (1050 cm™"). The FT-IR spectrum of MGO
(Fig. 2d lower curve) revealed that aromatic alkene C=C
(1570 cm™ '), carboxyl O=C-O (1360 cm '), and C-O
(1200 cm ') are the remaining functional groups, demonstrat-
ing that a number of oxygen functionalities were successfully
reduced. The Fe-O bond (575 cm™ ') and amine N—H broad
band (3000-3300 cm ' centered at 3200 cm™ ') confirmed the
magnetic functionalities of GO.

Optimization of adsorption and desorption conditions

The criteria for the optimization study are based on recovery
from fortified samples by measuring the PAT amount eluted
from the sorbent and comparing it to the fortified amount. The
recovery value depends on both sorption efficiency and de-
sorption efficiency, which reflects the retention and elution
behavior, respectively. In order to gain insight into the
MSPE process, we conducted the optimization study by either
optimizing sorption while controlling desorption or vice versa.
The experimental factors influencing sorption (PAT retention)
include sorbent amount, sorption time, sample pH, and sample
ionic strength; whereas eluent solvent and volume are the
factors influencing desorption (PAT elution). Furthermore,
the extent of reduced interference represented by elution pro-
files was also taken into consideration in the optimization
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c=C” [ 0=C-0C-0
c=0

O-H

Magnectization (emu/g)

=304

Transmittance (a.u.)

-40 -
-10000 -5000

Magnetic Field (Oe)

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

0 5000 10000

@ Springer



214

Food Anal. Methods (2017) 10:210-218

study. The evaluation of optimal conditions is based on the
triplicate analysis of matrix-matched blanks fortified with
50 pg/kg of PAT.

Effect of MGO Amount on Sorption Efficiency

The effect of MGO amount ranging from 5 to 50 mg on PAT
sorption efficiency was investigated. Figure 3a shows that as
the MGO amount increases, the PAT recovery gradually in-
creases and levels off at 30 mg, indicating that 30-mg MGO is
sufficient to sorb ~0.25-g PAT in apple juice. The PAT recov-
ery shows minor decrease at 40 mg, presumably due to insuf-
ficient eluent volume (1 mL) for complete PAT elution when
using excess amount of sorbent. Optimal recovery is obtained
by using 30 mg of MGO amount.

Effect of Sorption Time on Sorption Efficiency

The effect of sorption time ranging from 1 to 10 min on PAT
sorption efficiency was investigated. Figure 3b shows that as
the sorption time increases, the PAT recovery gradually

a 100

80 1 P
e

o 7
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20 A

Recovery (%)

0 . : . : :
0 10 20 30 40 50

Amount MGO

(o3
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-
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T T T T
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Extraction time (min)

Fig. 3 a Effect of MGO amount on MSPE sorption of PAT (sorption
time =5 min, sample pH =6, eluting solvent = acetonitrile, solvent
volume = 1.0 mL). b Effect of sorption time on MSPE sorption of PAT
(MGO amount =30 mg, sample pH =6, eluting solvent = acetonitrile,
solvent volume = 1.0 mL). The error bars represent the standard
deviation of three independent measurements.
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increases, levels off at 4 min, and remains constant thereafter.
Optimal recovery is obtained by using 4 min of sorption time.

Effect of Sample pH and lonic Strength on Sorption Efficiency

The sample pH is known to affect the stability of ionizable
compounds. For example, the practice of keeping sample pH
slightly acidic was used to avoid PAT degradation (Valle-
Algarra et al. 2009). By adding appropriate volumes of
1.0 % HCI or 1.0 % ammonium hydroxide into the sample
solution, the effect of sample pH ranging from 2 to 8 on PAT
sorption efficiency was investigated. Figure 4a shows that as
the pH increases, the PAT recovery slightly decreases until
pH =4, followed by apparent increase until pH =7, and de-
creases again until pH = 8. The appearance of the data is pre-
sumably due to the difference in formation and solubility of
PAT in samples with different pH. PAT is preferably soluble in
the pH =4 sample, rendering lowest sorption efficiency by
MGO. The downward PAT recovery after sample pH=7 is
presumably due to PAT becoming unstable in alkaline condi-
tion. Moreover, the acidic environment generally tends to

100 -
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Recovery (%)

60

50

pH

T

100
90

801

70 4

Recovery (%)

60

50

T

0 50 100 150 200
Concentration of NaCl (mM)

Fig. 4 a Effect of sample pH on MSPE sorption of PAT (MGO
amount = 30 mg, sorption time =5 min, eluting solvent = acetonitrile,
solvent volume = 1.0 mL). b Effect of ionic strength on MSPE sorption
of PAT (MGO amount =30 mg, sorption time =5 min, sample pH=6,
eluting solvent = acetonitrile, solvent volume = 1.0 mL). The error bars
represent the standard deviation of three independent measurements.
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enhance sorption of acidic interfering species, which is ob-
served in the elution profiles of samples with low pH. A com-
promise of optimal PAT recovery and reduced interference is
obtained by using sample pH = 6.

By adding appropriate NaCl to adjust sample ionic
strength, the effect of sample ionic strength ranging from 0
to 200 mM on PAT sorption efficiency was investigated.
Figure 4b shows that as the ionic strength increases, the PAT
recovery does not show apparent variation. The sample ionic
strength is therefore not adjusted in the follow studies.

Effect of Eluting Solvent Strength and Volume of Desorption
Efficiency

The strength and volume of the eluting solvent is known to
influence the desorption efficiency in SPE. The effect of the
eluting solvent strength (ethanol, ethyl acetate, methanol, eth-
yl acetate/acetonitrile 1:1, and acetonitrile) volume (0.5 to
3.0 mL) on PAT desorption efficiency was investigated.

Figure 5a shows that as the eluting solvent strength in-
creases, the PAT recovery increases proportionally with the
polarity index of the solvent (from ethanol to acetonitrile,
4.3,4.4,5.1, 5.6, and 5.8), demonstrating that acetonitrile is
the most appropriate solvent.

a
100
80 *
g o
5 0]
= 40
20 T T T T T
1 2 3 4 5
1=ethanol, 2=ethyl acetate, 3=methanol, 4=acetonitrile+ethyl acetate, 5=acetonitrile
b 100 4
90 A
S 80 ;
- i I N
: N
IR —
o 704
Q
~
60 A
50

05 10 15 20 25 30

Volume of eluent (mL)
Fig. 5 a Effect of eluting solvent strength on MSPE desorption of PAT
(MGO amount =30 mg, sorption time =5 min, sample pH =6, eluting
solvent volume = 1.0 mL). b Effect of eluting solvent volume on MSPE

desorption of PAT (MGO amount = 30 mg, sorption time = 5 min, sample
pH = 6, eluting solvent = acetonitrile).

The effect of the eluting solvent volume ranging from 0.5
to 3.0 mL on PAT desorption efficiency was investigated.
Figure 5b shows that as the solvent volume increases, the
PAT recovery rapidly increases and levels off at 1.0 mL, re-
mains constant until 2.0 mL, and apparently decreases until
3.0 mL. A compromise of optimal PAT recovery and minimal
eluting solvent volume is obtained by using 1.0 mL of eluting
solvent volume.

Reusability of MGO

The regeneration and reusability potential of the MGO adsor-
bent was also investigated. The MGO could be reused for
MSPE of PAT after eluting the adsorbed PAT. The MGO is
stable and reused at least ten adsorption-elution cycles without
significant loss of sorption capacity. The results indicate that
the MGO adsorbent is stable and free of carryover of analytes
during MSPE procedure, demonstrating good reusability.

Analytical Performance and Applications

After establishing the optical experimental conditions, a series
of experiments were carried out to evaluate the interferences
removal capability of the MSPE technique first. The evalua-
tion was conducted by pretreating a pair of PAT-free (Fig. 6a,
c, e) and PAT-fortified (0.1 mg/L, Fig. 6b, d, f) apple juice
samples by MSPE as well as by popular LLE and C18 CPE.
The presence of many peaks in the HPLC-UV chromatograms
of PAT-free (Fig. 6a) and PAT-fortified (Fig. 6b) apple juice
samples indicates the presence of a complex matrix effect. The
matrix effect is significantly improved as shown by the chro-
matograms subjected to C18 SPE pretreatment (Fig. 6¢, d).
Further improvement in reducing matrix effect by MSPE pre-
treatment is apparent as smaller number of interfering peaks is
observed (Fig. 6e, f). It can be concluded that well-separated
and symmetric PAT peak could be obtained by using the op-
timized experimental conditions.

Several important parameters including linearity, correla-
tion coefficient (R?), limit of detection (LOD), and limit of
quantification (LOQ) were detected to validate the method.
Standard curve based on series standards from 40 to
2000 png/L was constructed and used to determine the sam-
ples. The linear equation was (Y = 1421X + 7870), and the
correlation coefficient (R%) was 0.9998. Under the optimized
conditions, the LOD and LOQ were calculated using a signal-
to-noise ratio of 3 and 10, respectively. The LOD and LOQ of
PAT for apple juice were 2.3 and 7.7 ug/kg, respectively. The
recovery and repeatability were determined at three fortifica-
tion levels: 50, 100, and 200 pg/kg. As listed in Table 1, the
recoveries of PAT were between 68.7 and 76.9 % for clear
apple juice and cloudy apple juice, and the RSDs were be-
tween 3.2 and 8.7 %.
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sample by LLE, b PAT-fortified (0.1 mg/L) apple juice sample by LLE;
¢ PAT-free apple juice sample by C18 SPE, d PAT-fortified (0.1 mg/L)

The performance of the developed MSPE method was
compared with other reported methods such as SPE, MSPD,
and dispersive liquid-liquid microextraction (DLLME) from
the viewpoint of adsorbent, linearity, LOD, recovery, and
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apple juice sample by C18 SPE; e PAT-free apple juice sample by MSPE,
f PAT-fortified (0.1 mg/L) apple juice sample by MSPE

RSD. As listed in Table 2, The LOD of this method was
slightly less sensitive than that of the HPLC and mass spec-
trometry reported in the previous literatures. The detection
limit is below the current legal standard of the European

Table 1 Determination of PAT in

different apple product samples Apple products Fortified level (ug/kg) Found (pg/kg) Recovery (%) RSD (%)
fortified (n =3)
Clear apple juice 50 36.1 72.2 6.4
100 76.9 76.9 5.2
200 152.4 76.2 5.8
Cloudy apple juice 50 344 68.7 8.7
100 70.9 70.9 32
200 149.2 74.6 44
Apple puree 50 41.8 83.6 1.8
100 81.1 81.1 6.1
200 161.3 80.7 34

@ Springer



Food Anal. Methods (2017) 10:210-218

Table 2 Comparison of the proposed method with other developed methods to determine PAT in apple juice samples

Methods Extractant/adsorbent Linearity LOD (ng/ Recovery RSD Ref.
(ug/h) kg) (%) (%)
DLME-MEKC- Chloroform 5-500 0.6 75 9 Victor-Ortega et al. (2013)
DAD
IL-DLLME- 1-hexyl-3-methylimidazolium 1-200 0.15 89 7.5 Mohammadi et al. (2013)
HPLC-DAD hexafluorophosphate
QuEChERS-GC- PSA and MgSO, 40-2500 0.4 80-88 9.5 Kharandi et al. (2013)
MS
MSPD-HPLC-UV C18-bonded silica material 50-100 6.0 90-103 3.0- Rodriguez-Carrasco et al.
55 (2012)
SPE-HPLC-UV PVPP-C18 or HLB cartridges 10-100 3.0 90 - Funes and Resnik (2009)
LLE-SPE-HPLC- Ethyl acetate-hexane combine C18 cartridges 10-5000 14 69-74 5.7- Wu et al. (2008)
uv 8.9
UHPLC-MS/MS Dilute the sample without purification steps 2.5-250 15.0 71-75 9.0 Beltran et al. (2014)
QuEChERS-dSPE- PSA, MgSO, and C18 12.5-100 0.5 94-104 13 Desmarchelier et al. (2011)
HPLC-MS/MS
SPE-HPLC-MS/ Oasis HLB cartridges 10-250 5.0 104-117 22 Malysheva et al. (2012)
MS
LLE-SPE-HPLC- Ethyl acetate combine silica gel column 2.0-100 1.2 53-74 11 Barreira et al. (2010)
uv
LLE-SPE-HPLC- Ethyl acetate combine homemade cartridges 25-533 4.0 82 5.7 Tha et al. (2009)
uv
LLE-MSPE- Magnetic graphene oxide 40-2000 2.3 68.7-76.9 8.7 This method
HPLC-UV

Commission (EC). Hence, this developed method is practical
for the detection of PAT in apple juice samples. In summary,
the developed analytical procedure reported in their work was
proved to be effective, convenient, and accurate for routine
analyses.
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