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Abstract A simple, rapid, and environmentally friendly
microextraction termed COU-2-D-u-SPE has been developed
for the analysis of three penicillins (i.e., oxacillin, cloxacillin,
and dicloxacillin) in milk samples. An ordered mesoporous
carbon, COU-2, was synthesized and used as the sorbent in
dispersive micro-solid phase for the extraction of selected
penicillins prior to high-performance liquid chromatography-
ultraviolet detection (HPLC-UV). Several important parame-
ters, namely, pH value, salt addition, desorption solvent, ex-
traction time, desorption time, and amount of COU-2, were
investigated and optimized. Under the optimum extraction
conditions, the method showed good linearity in the range of
10-5,000 pg L' (*>0.9994), low limits of detection (2.0—
3.3 ug L"), acceptable reproducibility (relative standard de-
viation (RSD) 6.2-8.8 %, n=9), and satisfactory relative
recoveries (80.3-99.5 %) for studied penicillins in milk. The
proposed COU-2-D-u-SPE method has been successfully
applied to six commercial milk samples, and the extraction
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of blank samples indicated that all samples were free from
selected penicillin contamination.
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Introduction

[3-Lactam antibiotics have been widely used for more than
80 years and still constitute the most important group of
antibiotics as antimicrobial drugs (Benito-Pefia et al. 20006).
[3-Lactams, including penicillins and cephalosporins, are fre-
quently used to treat mastitis, a disease which produces sig-
nificant economic losses that very often occur in animal with
high milk production (Bailon-Pérez et al. 2009; Karageorgou
etal. 2012). However, drug residues from the excessive use of
antibiotics may cause allergic reactions in hypersensitive in-
dividuals or they may lead to drug-resistant bacteria
(Karageorgou and Samanidou 2011). European Commission
has established the maximum residue limits (MRLs) for three
penicillins in this study, namely, oxacillin (OXA), cloxacillin
(CLOX), and dicloxacillin (DICLOX), in milk product that is
30 ug L' (Commission Regulation (EU) No 37/2010 of 22 De-
cember 2009). Therefore, it is important to develop a sensitive,
rapid, and reliable sample preparation method to satisfy the need
for the determination of the selected penicillin residues in milk
samples. The chemical structures, pK,, molecular weight, and
MRLs of selected penicillins are shown in Table 1.

Penicillins have been mostly determined by liquid chroma-
tography with mass spectrometry or tandem mass spectrome-
try (HPLC-MS/HPLC-MS/MS) (Pozo et al. 2006; Turnipseed
et al. 2008; Zhang et al. 2010; Freitas et al. 2012), high-
performance liquid chromatography with photodiode array
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Table 1 Chemical structures and pK,, values of selected penicillins
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Source: ‘The Drugbank Database’ http://www.drugbank.ca (Accessed on 16th May 2013) and

Commission Regulation (2010).

Source: “The Drugbank Database” http://www.drugbank.ca (accessed on 16th May 2013) and Commission Regulation (EU) no. 37/2010 of 22

December (2009)

(HPLC-PDA) or ultraviolet detectors (HPLC-UV) (Oliveira
et al. 2007; De Baere and De Backer 2007; Bovee and
Pikkemaat 2009; Bailon-Pérez et al. 2009), and capillary
electrophoresis with ultraviolet detector (CE-UV) (Santos
et al. 2007). Beside the classical liquid-liquid extraction
(LLE) (Gramse and Jacobson 2005; Dousa and Hosmanova
2005; Kantiani et al. 2009; Jank et al. 2012) and solid phase
extraction (SPE) (Bruno et al. 2001; Marchetti et al. 2001;
Riediker and Stadler 2001; Benito-Pena et al. 2006; Bailon-
Pérez et al. 2009; Stolker et al. 2008; Maggi et al. 2012),
several other popular strategies of sample preparation for
penicillins have been reported including pressurized liquid
extraction (PLE) (Carretero et al. 2008), mixed micelle cloud
point extraction (MM-CPE) (Kukusamude et al. 2010), mag-
netic molecularly imprinted polymer (MMIP) (Zhang et al.
2010), dispersive SPE (DSPE) (Karageorgou et al. 2012;
Rezende et al. 2012), ion pair extraction (IPE) (Kukusamude
et al. 2012), and stir bar sorptive extraction (SBSE) (Huang
et al. 2013). However, to the best of our knowledge, the
development of microextraction methods to extract penicillins
from milk is still limited. Recently, another attractive sorbent-
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based microextraction technique termed dispersive micro-
SPE (D-u-SPE) has been successfully applied to a range of
analytes including polycyclic aromatic hydrocarbons (PAHs)
(Galan-Cano et al. 2011; Jiménez-Soto et al. 2012), nitrosa-
mines (Fu etal. 2012), and synthetic polycyclic musks (Chung
et al. 2013) from water samples. D-p-SPE was another mode
of DSPE performed by trapping the analytes of interest into
the dispersive sorbent before transferring the analytes to a
smaller volume of desorption solvent after discarding most
of liquid and drying (Tsai et al. 2009). D-u-SPE allows the
analytes in aqueous sample to interact equally with all the
sorbent particles to achieve greater capacity per mass of
sorbent used and thus avoiding channeling or blocking which
easily occur in conventional SPE column or disks. The ad-
vantages of D-u-SPE procedure over traditional SPE are
simple, use of smaller quantity of sorbent and organic solvent,
and less time-consuming (Fu et al. 2012).

Porous carbon materials are used extensively as sorbent for
separation processes and gas storage, electrode material for
batteries, fuel cells and as support for many important catalytic
processes. The applications of porous carbon as promising
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materials have gained increasing research interest that is di-
rectly related not only to their superior physical and chemical
properties such as electric conductivity, thermal conductivity,
chemical stability, and low density, but also to their wide
availability (Liang et al. 2008). Due to their distinct properties,
there has been growing interest in the application of porous
carbon as sorbent in sample preparation techniques. They
have been successfully employed as sorbent in SPE of lead
ion from water samples (Moradi and Baniamerian 2011); solid
phase microextraction (SPME) coatings for benzene, toluene,
ethylbenzene, o-xylene (BTEX), and phenols from water
samples (Zhu et al. 2010); and SPME coatings for phthalate
esters (PAEs) and PAHs from PVC food wrap samples (Sun
et al. 2013). A mesoporous carbon designated as COU-2 was
synthesized by a direct synthesis using soft-templating meth-
od using a triblock copolymer, Pluronic F127 as a soft tem-
plate for organic—organic self-assembly of RF-F127 compos-
ites. COU-2 exhibits a worm-like mesostructures with highly
ordered mesopore structure (Jin et al. 2009). In addition, the
starting material to synthesize COU-2, Pluronic F127, has a
low toxic characteristic which is environmentally friendly
(Jung et al. 2010). More recently, a newly developed D-p-
SPE with mesoporous carbon COU-2 was employed in our
laboratory to extract CLOX from water samples (Yahaya et al.
2013). Nevertheless, the application of COU-2-D-pu-SPE in
complex matrix such as milk sample remains unexplored.

In the present work, COU-2 mesoporous carbon was uti-
lized as dispersive sorbent in D-p-SPE for the analysis of three
penicillins in milk samples prior to their determination by
HPLC-UV. Several important experimental parameters affect-
ing the extraction efficiency of COU-2-D-u-SPE, namely,
sample pH, salt addition, desorption solvent, extraction time,
desorption time, and amount of COU-2 sorbent, were inves-
tigated and optimized. The results revealed that the proposed
method can be applied to the determination of studied peni-
cillin residue in milk samples.

Materials and Methods
Chemicals and Reagents

A triblock copolymer, Pluronic F127, was purchased from
BASF (Ludwigshafen, Germany). Resorcinol, ethanol, form-
aldehyde, and hydrochloric acid were obtained from Wako
Pure Chemical Industries (Osaka, Japan). Sodium hydroxide
(NaOH) and potassium dihydrogen phosphate (KH,PO,)
were obtained from Merck (Darmstadt, Germany). OXA,
CLOX sodium salt monohydrate, and DICLOX standards
were all purchased from Sigma (St. Louis, MO, USA). Sodi-
um chloride (NaCl) was obtained from Bendosen (Selangor,
Malaysia). All chemicals were of analytical reagent grade.
HPLC grade acetonitrile and isopropanol were purchased

from J.T. Baker (Pennsylvania, USA). Methanol and acetone
were obtained from QREC Asia (Selangor, Malaysia). Milli-Q
water (resistance >18.2 MQ) was produced by Milli-Q system
(Millipore, Bedford, MA, USA). Stock solutions of OXA,
CLOX, and DICLOX (1,000 ug mL™") were prepared in
Milli-Q water and stored at 4 °C in amber vials. The stock
solutions prepared were stable for at least a month. Working
solutions of 3-lactam antibiotics were also prepared in Milli-Q
water.

Synthesis and Characterization of COU-2

For synthesis part, COU-2 was synthesized using molar com-
positions and synthesis conditions as described in the previous
report (Jin et al. 2009). The molar composition of the starting
solution was 0.00792, F127 14.5, EtOH 6.5, water 1, resor-
cinol 1.2, and formaldehyde 0.25 HCI. For COU-2 prepara-
tion, 8 g of Pluronic F127 was dissolved in 160 g of ethanol
solution, and then, 26.4 g of resorcinol (R) was added to the
solution. The mixture was then stirred for 30 min. After
complete dissolution of F127 and resorcinol, 24 g of formal-
dehyde (37 wt%) (F) was added to the solution, and the
solution was stirred for 30 min. Last, 12 mL of HCI solution
(5 N) was added to the solution as a catalyst for polymeriza-
tion. On stirring at room temperature for 72 h, the precursor
solution was separated into two phases where the transparent
upper phase was ethanol-water-rich and the yellow lower
phase was polymer-rich precipitate. The precipitate consisting
of RF-F127 self-assembly was separated from the solution by
filtration and then dried in an oven at 90 °C for 24 h. The RF-
F127 composite was carbonized under a nitrogen atmosphere
at 400 °C for 3 h at a heating rate of 1.3 °C min ", followed by
further carbonization at 800 °C for 3 h at a heating rate of
1.7 °C min~'. For characterization part, the nitrogen
adsorption/desorption isotherm of the mesoporous carbon
was measured at —196 °C using an AUTOSORB-1 instrument
(Quantachrome Co.). The total surface area was calculated
using the Brunauer—-Emmett-Teller (BET) method, while the
pore volume was calculated using the Barrett—Joyner—
Halenda (BJH) method based on previously reported methods
(Jin et al. 2009).

Sample Collection and Pretreatment

Milk samples from different sources were randomly pur-
chased from the local market (Johor Bahru, Malaysia). An
aliquot of milk sample (1 mL) was transferred into 15-mL
centrifuge tube and spiked with different concentration levels
of mixed standard solutions. The mixture was vortexed
(Heidolph, Germany) to ensure complete mixing of contents.
Then, the solution was added with 2 mL of acetone—acetoni-
trile (1:1, v/v) and subsequently centrifuged (Hettich, UK) at
3,641xg force for 10 min to remove proteins and fats from the
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milk sample. Finally, the supernatant (~3 mL) was transferred
to a 50-mL centrifuge tube and then diluted with 2 mL of 100-
mM phosphate buffer (pH 2) and 15-mL distilled water to a
total volume of 20 mL.

D-u-SPE Procedure

The extraction procedure consists of several simple steps. First
of all, diluted milk sample (20 mL) containing the analytes
was placed in a 50-mL centrifuge tube containing 75 mg of
COU-2 sorbent and 1 g of sodium chloride (NaCl). Then, the
mixture of sorbent, salt, and sample was agitated using a
vortex (2,500 rpm) for 1.5 min to facilitate the dispersion of
COU-2 in the sample with 5 % w/v salt addition. After
extraction, the mixture was then centrifuged at 1,790xg force
for 2 min to form a separate layers of aqueous (sample
solution) and solid (COU-2 sorbent) phases. The aqueous
phase was discarded, and only COU-2 sorbent remains in
the centrifuge tube. In order to desorb the analytes, methanol
(100 pL) was added to the centrifuge tube containing COU-2,
and the tube was ultrasonicated for 3 min. The solution was
filtered through 0.2-pm nylon syringe filter (Membrane So-
lutions, China) prior to analysis by HPLC system. Photo-
graphs of COU-2-D-u-SPE are shown in Fig. 1.

Chromatographic Conditions

Analysis was performed on an Agilent 1220 LC System VL
(CA, USA) equipped with multisolvent delivery system,
degasser, and ultraviolet detector. Chromatographic separa-
tion was performed on an Agilent Zorbax SB-C;g column
(100 mmx4.6 mm, 5.0-um particle size) (CA, USA). Isocratic
elution was used for chromatographic separation in which
mobile phase consisted of 5-mM phosphate buffer (pH 6.0)
and acetonitrile (75:25, v/v) at a flow rate of 1.0 mL min .
The UV detection was measured at 215 nm. A 20-uL aliquot

Fig 1 Photographs of COU-2-D-pu-SPE: a COU-2 in sample solution, b
extraction of analytes using vortex system, and ¢ desorption of analytes
from the COU-2 sorbent (horizontal lines indicate the levels of solutions)

@ Springer

of the clean extract was injected into the HPLC. Under the
optimum conditions, the studied penicillins were separated
within 10 min with the elution order of OXA, CLOX, and
DICLOX, respectively.

Results and Discussion
Characterization of COU-2

The quality of the mesoporous carbon, COU-2, prepared in
this study was examined by nitrogen adsorption/desorption
isotherm and total pore volume analyses. A transmission
electron microscope (TEM) and X-ray diffraction (XRD)
analyses of wormhole-like uniform mesopore structure with
a 3D interconnected structure of COU-2 have been reported
previously (Jin et al. 2009). Nitrogen adsorption/desorption
isotherm and total pore volume analyses were in fairly good
agreement with the previous work (Jin et al. 2009). N, ad-
sorption analysis showed that the BET surface area of COU-2
was 572 m* g ' and the total mesopore volume (2<d<10 nm)
was 0.49 cm® g .

Optimization of COU-2-D-u-SPE

In order to obtain the optimum extraction conditions, six
extraction parameters, namely, sample pH, salt addition, de-
sorption solvent, extraction time, desorption time, and amount
of COU-2 sorbent, were investigated. A blank milk sample
that was free from OXA, CLOX, and DICLOX was selected
for the optimization procedure. Optimization was carried out
in triplicate analyses using a 20.0-mL sample solution spiked
with 1 ug mL™" each of the three studied penicillins.

Effects of Sample pH and Salt Addition

The pH of sample solution is one of the important parameters
affecting the extraction efficiency of penicillins. The extrac-
tion of the analytes in their unionized forms is expected to be
easier than the extraction of the analytes in their ionized form
(Guo and Lee 2012). Three selected penicillins, namely,
OXA, CLOX, and DICLOX, are weak acid compounds which
exist in a dissociation form under neutral or alkaline environ-
ments. Therefore, the pH of the sample solution should be
adjusted to acidic in order to promote the extraction in their
unionized form. In this study, the sample pH was varied in the
range of 1.5 to 3.0. It was found that the peak areas of studied
penicillins increased with decreasing pH from 3.0 to 2.5 and
reached a maximum at pH 2.0 and then slightly decreased at
pH 1.5 (Fig. 2a). This was probably because the
microextraction system has reached its saturation at pH 2
and a further increase in pH resulted in a decrease in peak
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Fig 2 Effect of sample pH (a) __ 100 . 100.0-
and salt addition (b) on COU-2- 3 600 3 80.0-
D-u-SPE from spiked milk (n=3 E 50.0 < 6001
in each case). Error bars 8 400 -+OXA § 40'0 -+OXA
represent the standard deviations < ~+-CLOX < ’ ~+-CLOX

§ 30.0 -#-DICLOX § 20.0+ =DICLOX

20.0+ T T T ] o 0.0 T T |
1 1.5 2 25 3 3.5 0.0 2.5 5.0 7.5
pH Salt addition (%)
(a) (b) (

area as all analytes started to ionize and existed in their
conjugated form at sample pH higher than their pKa values.
Therefore, pH 2.0 was chosen and used in this study.

The addition of salt to the aqueous sample can reduce the
solubility of the polar analytes and improve extraction efficien-
cy due to the salting-out effect. The effect of salt addition was
examined by the addition of NaCl in the sample solution at 0.0,
2.5,5.0, and 7.5 % w/v. The results showed that the peak areas
of analytes increased when the concentration of NaCl was
increased from 0.0 to 5.0 % w/v and slightly dropped when
the concentration of NaCl was further increased (Fig. 2b). It is
probably due to the high salt concentration which increased the
solution viscosity, thus, led to the disruption of extraction
ability of COU-2-D-u-SPE (Saaid et al. 2009). Therefore,
5.0 % w/v salt addition was selected for further investigations.

Effects of Desorption Solvent and Extraction Time

In general, the selection of desorption solvent relies on its
compatibility with the liquid chromatographic system. In or-
der to investigate the effect of desorption solvent, three types
of solvents that are compatible with the HPLC-UV system
were employed, namely, methanol, acetonitrile, and
isopropanol. Methanol and acetonitrile are polar solvent,
while isopropanol is less polar. Since the studied penicillins
are relatively polar, a polar solvent should give better extrac-
tion efficiency than a less polar solvent. As a result, methanol
gave the highest peak areas for all analytes and therefore was
selected as desorption solvent for further experiments
(Fig. 3a).

Since mass transfer is a time-dependent process, it is im-
portant to establish the extraction time profiles of target

analytes. The effect of extraction time on the extraction effi-
ciency was investigated by agitating the sample solution using
maximum speed of vortex at 2,500 rpm for 30, 60, 90, and
120 s. It was found that the extraction efficiency increased to a
maximum as the extraction time was increased to 90 s, and
after that, the peak areas of analytes slightly decreased when
the extraction time was prolonged to 120 s (Fig. 3b). This
occurrence might probably be due to the back extraction of
analytes from sorbent into sample solution (See et al. 2010). In
addition, the standard deviation (SD) values obtained for
OXA, CLOX, and DICLOX at 90 s are better than those at
60 and 120 s. Hence, 90 s was selected as the optimum
extraction time throughout the experiments in this study.

Effects of Desorption Time and Amount of COU-2

The effect of desorption time was examined by ultrasonication
of COU-2 (after extraction) in methanol for a series of desorp-
tion times in the range of 1 to 7 min. It was found that
maximum desorption time of analytes was obtained within
3 min, and thereafter, the peak areas of analytes were constant
(Fig. 4a). Therefore, 3 min was chosen as the optimum de-
sorption time.

Finally, the effect of sorbent amount on the extraction
efficiency was evaluated at four different levels (25, 50, 75,
and 100 mg) of COU-2 sorbent. It was found that in general,
higher peak areas were obtained with increasing amount of
COU-2 up to 75 mg due to the availability of the active site in
COU-2. However, when higher amounts of COU-2 (100 mg)
was employed in the extraction, the peak areas for all analytes
remained nearly constant or decreased due to the dilution
factor which incurred during the desorption of high amount
of COU-2 (from 100 to 120 pL of desorption solvent that was

Fig 3 Effect of desorption 1007 138 1
solvent (a) and extraction time (b) @ 804 gi(éx = 804 P
on COU-2-D-u-SPE from spiked 2 @DICLOX <3(’ 704 ~+CLOX
milk (=3 in each case). Error E 604 E 604 =-DICLOX
bars represent the standard 3 7 § 507 M
deviations 2 40 < ‘3‘8

3 3

& 204 o 204

104
= = 0 T T T T )
Methanol  Acetonitrile Isopropanol 0 30 60 90 120 150

Desorption solvent

—
Q
S

Extraction time (s)
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required) (Fig. 4b). Based on the experimental data, 75 mg of
COU-2 was used for the subsequent experiments.

Method Validation

Under the optimum conditions, the analytical characteristics
of the proposed COU-2-D-u-SPE method were validated in
terms of linearity, limits of detection (LODs) and limits of
quantification (LOQs), precisions, and recovery study.

Linearity, Limits of Detection, and Limits of Quantification

Prior to method validation, the developed method was applied
to the milk samples for the analysis of selected penicillins. As
aresults, no OXA, CLOX, and DICLOX were detected in the
milk samples. Matrix-matched calibration curves were plotted
for all analytes in the concentration range of 105,000 pg L'
using six spiked concentrations in the studied penicillin-free
milk samples. Good linearity was observed for OXA, CLOX,
and DICLOX with coefficients of determination, * of 0.9994,
0.9999, and 0.9998, respectively. LOD and LOQ were mea-
sured from the equation: LOD=3.3 xS, )/m and LOQ=10x% S,/
m, where Sy, is the standard deviation of ten blank determina-
tions and m is the slope of calibration obtained from the
matrix-matched calibration curve of analyte. The LODs and
LOQs for OXA, CLOX, and DICLOX obtained in milk were
in the range of 2.0-3.3 and 6.0-10.0 pg L', respectively. It is
revealed that the proposed method provided lower detection

Desorption time (min)

100 125

Amount of COU-2 (mg)

7 8 0 2% 50 75

(b)

limits than the MRLs established by the European
Commission Regulation (EU) at 30 ug L' (Commission
Regulation (EU) No 37/2010 of 22 December 2009). The
method has been demonstrated to serve as a useful tool for
identification and quantification of the selected penicillins in
milk samples. The summarized analytical characteristics of
COU-2-D-u-SPE are tabulated and shown in Table 2.

Intraday and Interday Precisions

Intraday and interday precisions of the method were ex-
amined at three different concentration levels, i.e., low
(10 ug L™, medium (100 pug L™"), and high
(1,000 pug L") spiked in the selected penicillin-free milk
samples. Intraday and interday precision studies were car-
ried out with triplicate analyses on the same day (n=3)
and over three different days (n=9), respectively. The
values for intraday and interday precisions were expressed
as percentage of relative standard deviations (RSDs). The
results for precision tests are shown in Table 2. Good
intraday and interday precisions were obtained for OXA,
CLOX, and DICLOX in milk samples, with RSD values in
the range of 1.7-7.4 and 6.2-8.8 %, respectively.

Recovery Study

In order to investigate the accuracy of the method, recovery
study was accomplished by spiking three different

Table 2 Validation data for target

analytes in milk samples Penicillin LOD LOQ Spiked level (ug L") Precision, RSD % Relative recovery, %
_— (RSD, %) (n=3)
Intraday Interday
(n=3) (n=9)
OXA 33 10.0 10 7.4 8.8 85.0 (7.4)
100 22 8.5 80.3(2.2)
1000 5.0 6.2 98.8(2.7)
CLOX 2.8 8.4 10 22 8.3 82.7 (8.8)
100 2.6 8.8 98.5 (8.7)
1000 44 79 89.9 (7.0)
DICLOX 2.0 6.0 10 2.7 73 979 (6.4)
100 1.7 7.6 99.5(7.2)
1000 5.7 6.5 91.7 (6.3)
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Fig 5 HPLC-UV mAY (a)
chromatograms of spiked milk 7 OXA
samples with OXA, CLOX, and g
-1 CLOX
DICLO)E]at 1,000 ug L (2}), 4 i
10 ug L™ (b), and blank milk 3
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concentrations (10, 100, and 1,000 pg Lfl) of studied peni-
cillins in milk samples. The relative recoveries of the method
were calculated based on the percentage ratio between the
concentration found in the sample and concentration spiked
in the same sample of each analyte. The results (Table 2)
showed good relative recoveries in the range of 80.3-99.5 %
with RSDs <8.8 %. Therefore, the proposed COU-2-D-pu-SPE
method has been proven to be of highly efficient method for
the determination of selected penicillins in milk samples.

Applications to Milk Samples

The developed method was applied to the analysis of
OXA, CLOX, and DICLOX in milk samples. Six

Table 3 Comparison of COU-2-u-SPE with previously reported works

3 4 5 6 7 8 9 min
commercial milk samples (Johor Bahru, Malaysia) were
analyzed and showed negative results for all studied pen-
icillins. Figure 5 shows the typical HPLC-UV chromato-
grams of spiked milk samples with OXA, CLOX, and
DICLOX at 1,000 pug L™ (a), 10 ug L' (b), and blank
milk sample (c).

Comparison with Other Reported Methods

The analytical characteristics of the optimized COU-2-D-p1-
SPE were compared with other previously reported methods
for the extraction of OXA, CLOX, and DICLOX in milk
samples, as summarized in Table 3. It can be observed that
COU-2-D-u-SPE gave comparable LODs and allows the

Instrument Sample LOD (ug LY LOQ (ug L")  Precision (% RSD)  Recovery (%)  References

preparation (ng kg™ (ng kg
HPLC-UV COU-2-D-u-SPE 2.0-3.3 6.2-8.8 (n=9) 80.3-99.5 This work
HPLC-DAD  SPE (HLB 1.0-1.2 33-4.0 3.9-5.5 (n=15) 82.9-93.2 Bailon-Pérez et al. (2009)

Alumina N)

HPLC-PDA MM-CPE 2,3 7,10 1.1-4.4 (n=15) 91.3-98.0 Kukusamude et al. (2010)
HPLC-UV IPE 1,2 3,7 1.03-4.02 (n=15) 85.3-87.7 Kukusamude et al. (2012)
LC-MS/MS SPE (Cg) - 0.1-0.32 5.8,6.7 (n=12) 83-102 Riediker and Stadler (2001)
LC-MS/MS MMIP 1.9 - 8.6-9.8 (n=06) 72.1-90.7 Zhang et al. (2010)
LC-MS/MS LLE 3.0 7.5 6.3-21.8 (n=15) 73.8-81.3 Jank et al., (2012)
LC-MS SBSE 0.00030-0.00084  0.001-0.003 0.3-9.1 (n=3) 41.2-108.1 Huang et al. (2013)
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quantification of trace levels in comparison with SPE (HLB
and Alumina N) (Bailon-Pérez et al. 2009), MM-CPE
(Kukusamude et al. 2010), IPE (Kukusamude et al. 2012),
MMIP (Zhang et al. 2010), and LLE (Jank et al. 2012). SPE
(C1g) (Riediker and Stadler 2001) and SBSE (Huang et al.
2013) provided excellent sensitivity for the studied penicillin
detection compared to other methods. However, SPE con-
sumes higher amount of organic solvent, while SBSE required
longer extraction time of 60 min. In addition, LC combined
with MS detectors is generally costly, complicated, and re-
quire skilled personnel to operate the system. COU-2-D-p1-
SPE uses minimum amount of COU-2 sorbent, and only
100 pL of methanol was employed for each extraction. In
addition, COU-2-D-u-SPE required simple analytical extrac-
tion apparatus and ultrasonication system. Thus, COU-2-D-p-
SPE can be a useful alternative approach for “green”
microextraction of the three penicillins in milk samples.

Conclusions

A mesoporous carbon COU-2 was successfully synthesized
and utilized as dispersive sorbent in D-u-SPE for the
microextraction of OXA, CLOX, and DICLOX in milk sam-
ples, prior to HPLC-UV detection. Six commercial milk sam-
ples analyzed showed negative results, indicating that the
selected commercial milk products are free from the selected
penicillin contamination. The proposed COU-2-D-p-SPE of-
fers advantages such as simple and fast extraction, good
linearity, low LODs, acceptable RSD together with minimum
consumption of organic solvent and sorbent. The method can
be considered as a promising green analytical method for the
analysis of OXA, CLOX, and DICLOX in milk samples.
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