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Abstract
A rapid, sensitive, and economical pipette tip solid phase extraction (PT-SPE) based on graphene oxide/polypyrrole (GO/PPy)
coupled with high performance liquid chromatography (HPLC) was developed for the extraction and determination of sulfon-
amides (SAs) in honey and milk samples. The PT-SPE procedure involved only 3.0 mg of adsorbent, 3 min adsorptive extraction
time, and less than 1.0 mL of solvent consumption (sample, washing, or eluent). Under the optimal conditions, good linearities
(0.01–10.00μgmL−1) were obtained with correlation coefficients (r) > 0.9996. The limits of detection (S/N = 3) were in the range
of 1.04–1.50 ngmL−1. Meanwhile, the proposed method was successfully applied for the analysis of SAs in honey and milk with
average recoveries within 62.3–109.0% and relative standard deviations less than 11.2%. The results demonstrated that the
developed PT-SPE-HPLCmethod was suitable for the analysis of SAs in complex matrix due to its high sensitivity and accuracy.

Keywords Pipette tip solid phase extraction . Graphene oxide/polypyrrole . Sulfonamide residues . High performance liquid
chromatography . Honey andmilk

Introduction

Sulfonamides (SAs), a group of synthetic antimicrobial drugs,
are widely applied in human therapy and used as animals’
growth promoters for preventing bacterial and protozoal dis-
eases (Huertas-Pérez et al. 2016). Their activity is based on the
competition of folic acid synthase with p-aminobenzoic acid,
which inhibits bacterial multiplication (Mistri et al. 2010).
However, the extensive use of SAs as prophylactic veterinary
resulted in the persistent presence of antibiotic traces in prod-
ucts of animal origin, which caused a potential threat to human
health, such as allergic reactions, carcinogenic potency, and
resistance to antibiotics (Dasenaki and Thomaidis 2010).
According to European Union (EU), the combined total resi-
dues of all substances within the sulfonamide group should

not exceed 100 μg kg−1 in milk, muscle, fat, liver, and kidney
(EU Regulation 37/2010, 2009). Although none of that has
been set for honey, a Bzero-tolerance^ policy has been imple-
mented recently. The EU regulations (Council Directive
2001/110/EC, 2002) mention that BIf possible, honey must,
as far as possible, be free from any organic or inorganic mat-
ters foreign to its composition.^ Therefore, it is of great ne-
cessity to develop rapid and sensitive methods for monitoring
SA presence in milk and honey.

Sample purification and pretreatment is an essential step
before instrumental analysis on account of the complex sam-
ple matrices and the low level of target analytes. Solid phase
extraction (SPE) has been one of the most widely used
methods for sample preparation, substituting the classic
liquid-liquid extraction (LLE), due to its merits of low solvent
consumption, simple operation, and high performance (Shi,
et al. 2014). However, the traditional SPE process still present
several disadvantages, such as tedious routine, vast consump-
tion of solvent, and high cartridge cost. Recently, a represen-
tative miniaturized SPE mode, based on the use of pipette tip
(PT) replacing SPE cartridge, named as pipette tip SPE (PT-
SPE) has received widespread attention owing to simplicity,
low cost, and remarkable reduction consumption of adsorbent,
time, and reagents (Yan et al. 2014b). In previous reports, the
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PT-SPE as a promising sample pretreatment technique has
successfully applied for drug residues analysis, including fla-
vonoids in biological samples (Wang et al. 2017),
fluoroquinolones in human urine (de Oliveira et al. 2016),
and sulfonamides in milk or water (Sun et al. 2014; Yan
et al. 2014a). Yan et al. (2014a) developed a miniaturized
graphene-based pipette tip extraction device packed with
3.0 mg graphene to handle 2.0 mL of milk samples for rapid
screening of SAs.

Graphene oxide (GO), a unique two-dimensional single-
atom layer carbon nanomaterial with extraordinary electronic
and mechanical properties, excellent thermal and chemical
stability, and ultrahigh theoretical surface area (2630 m2/g),
has been abundantly researched in recent years (Rao et al.
2009). As a wonderful adsorbent, GO shows strong affinity
to the aromatic compounds owing to its large delocalized π-
conjugated structure (Wang et al. 2011). Kazemi et al. used
iron oxide functionalized graphene oxide as sorbent for dis-
persive micro-solid phase extraction of sulfadiazine from
milk, honey, and water samples (Kazemi et al. 2016). It is
difficult to reach the theoretical surface area of GO because
GO sheets tend to stack and agglomerate duo to the strongVan
der Waals interaction between them, which is adverse for the
adsorption of contaminants (Wang et al. 2012). Besides, the
high dispersibility of GOmade it difficult to be separated from
the sample solution after extraction. Functionalization of GO
proved to be a good alternative scheme to resolve these issues
due to its plentiful reactive oxygen functional groups.
Polypyrrole (PPy) is one of the most widely investigated
conducting polymers. Recently, PPy has attracted great atten-
tion in separation science because they could adsorb benze-
noid compounds by π-π and hydrophobic interactions, hydro-
gen bonding, and anion-ion exchange characteristics
(Chullasat et al. 2017; Tahmasebi et al. 2013). Rahimi et al.
applied PPy as an efficient SPE sorbent for the determination
of chloramphenicol residue in chicken liver, kidney, and meat
with satisfactory results (Rahimi et al. 2017). Based on favor-
able adsorption properties of GO and PPy, Wang et al. fabri-
cated GO/PPy foam material and designed a syringe assistant
PT-SPE strategy for auxin extraction in papaya juice (Wang
et al. 2014). The results indicated that the GO/PPy possessed a
unique foam-like structure and PT-SPE showed significant
capacity for eliminating the interferences from the papaya
juice matrix. However, there are some shortcomings in
Wang’s work, for example, the synthesis process took about
80 h and manual pressurization with a syringe could cause
large error during the extraction process.

Therefore, the purpose of the present work was to im-
prove the synthesis method of GO/PPy and develop a min-
iaturization of pipette tip solid phase extraction (PT-SPE)
based on graphene oxide/polypyrrole (GO/PPy) foam ma-
terial for efficient extraction of seven SAs from honey and
milk. GO/PPy was synthesized through a facile in situ

polymerization method and characterized with X-ray dif-
fraction (XRD), Fourier transform infrared (FT-IR), and
scanning electron microscopy (SEM). Parameters that af-
fect extraction efficiency including amount of the GO/PPy,
sample pH, rotation speed, and the type and volume of
eluent solvent were optimized in detail. Finally, the pro-
posed PT-SPE method coupled with high performance liq-
uid chromatography (HPLC) was applied for the analysis
of SAs in honey and milk sample.

Experimental

Materials and Reagents

Graphite powder and pyrrole were purchased from the
Aladdin Industrial Corporation (Shanghai, China).
Hydrogen peroxide (H2O2, 30%), potassium permanganate
(KMnO4), concentrated sulfuric acid (H2SO4), and sodium
nitrate (NaNO3) were obtained from Sinopharm Chemical
Reagent Co., Ltd. (Shanghai, China). All the other reagents
were of analytical grade. The deionized water with a resis-
tivity of 18.2 MΩ cm−1 obtained from a Milli-Q apparatus
(Millipore, Bedford, MA, USA) was used throughout the
work.

Standards of SAs including sulfathiazole (STZ),
sulfapyridine (SPD), sulfamethizole (SMTZ), sulfadoxine
(SDX), sulfisoxazole (SIZ), sulfamethoxazole (SMZ), and
sulfadimethoxine (SDM) were purchased from the Aladdin
Industrial Corporation (Shanghai, China). The chemical
structures of seven SAs are shown in Fig. 1. Individual
stock solution of the seven SAs was prepared in methanol
at a concentration of 1000 μg mL−1. Working standard
solutions were freshly prepared by dilution of the stock
standard solution with deionized water to different concen-
tration. All of the solutions were stored at 4 °C in the dark.

Instruments and Conditions

XRD spectra (PANalytical B.V., Netherlands) were obtained
on an Empyrean diffractometer using Cu-Kα radiation source.
Infrared spectra were collected on a NEXUS 670 Fourier
transform infrared (FT-IR) spectrometer (Thermo Nicolet
Co. Ltd., USA) in the form of KBr pellets. The morphological
analysis of the adsorbent was performed using a JEOL JSM-
6360 LV scanning electronmicroscope (SEM; JEOL (Europe)
B.V., Belgium). The BSA224S analytical balance (max 220 g,
d = 0.1 mg) was made by Sartorius Industrial Weighing
Equipment (Beijing, China) Co., Ltd.

An Agilent 1260 HPLC (Agilent Technologies Co. Ltd.,
USA) system equipped with a quaternary pump, a degasser, a
temperature regulator, and a variable wavelength detector was
employed for all separations and detections. Separations were
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performed in a ZORBAX SB-C18 column (150 × 4.6 mm i.d.,
5 μm) supplied by Agilent, USA. An injection volume of
sample was fixed at 20.0 μL. Optimization of the separation
conditions was evaluated based on our previous reports (Li
et al. 2015). The mobile phase was a mixture of acetonitrile
and acetic acid (0.5%, v/v) in a volume ratio of 25:75, flow
rate of 1.0 mL min−1, and column temperature of 25 °C. The
SAs were detected at 270 nm in less than 12 min.

The PT-SPE device was self-assembled in laboratory with
common components. Pipette tip possesses a special conical
shape with different diameters in two ends, which is similar to
a SPE cartridge. The pipette tip cartridge was constructed with
1000- and 200-μL polypropylene pipette tips, as shown in
Fig. 2. After washed with acetonitrile and water, then dried,
the 200-μL polypropylene pipette tip was loaded with 3.0 mg
GO/PPy and degreased cotton was packed as spacers at both
ends of the adsorbent. Then, the tip of 1000μL pipette was cut
and the top was inserted into the packed one. The narrowness
of the pipette tip and the expansion of the loose GO/PPy
material made the adsorbent adequately packed in the column
(the height of adsorbent bed was about 0.8 cm), which benefits
better extraction performance. Meanwhile, the 2.0-mL centri-
fuge tube was employed as a container for extracts. Thus, the
PT-SPE device was assembled.

Synthesis of GO and GO/PPy Nanocomposite

Themodified Hummersmethodwas applied to synthesize GO
(Marcano et al. 2010). In the typical synthesis, 1.0 g graphite

powder and 1.0 g NaNO3 were dispersed into 33.0 mLH2SO4

(98%) in an ice bath, then 6.0 g KMnO4 was added slowly
below 10 °C over 1 h. Then, the ice bath was removed and the
solution was heated to 35 °C for 90 min in a water bath.
Successively, 40.0 mL of deionized water was slowly added
within 15min and the solution was heated to 95 °C for 35min.
Afterwards, the suspension was further diluted with 100.0 mL
of deionized water and then 6.0 mL of H2O2 (30%) was added
with another 30 min agitation. Graphite oxide particles were
separated by centrifugation before being washed with deion-
ized water to eliminate acid. After that, the gel-like particles
were vacuum-dried at 60 °C for 24 h. A dark brown substance
of the flaky GO was obtained.

According to Wang’s work with several modifications
(Wang et al. 2014), GO/PPy composite was synthesized by
in situ polymerization of pyrrole monomer on GO sheets
with FeCl3 as an oxidant and water as a solvent. In the
procedure, 0.2 g GO was dispersed in 50.0 mL H2O and
then 0.80 mL pyrrole was dissolved in 25.0 mL H2O by
ultrasound. Then, the GO dispersion was added dropwise
to pyrrole solution in an ice bath with vigorous stirring for
2 h. After that, 10.0 g FeCl3·6H2O was dissolved with
deionized water (25.0 mL) and then added into the mixture
under stirring. In situ polymerization was carried out in an
ice bath under N2 for 12 h.

The obtained GO/PPy precipitate was filtered and washed
by deionized water and ethanol, respectively. Finally, the
black foam-like power was obtained after dried in a vacuum
oven at 60 °C for overnight.

Fig. 1 The molecular structures
of seven sulfonamide antibiotics
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Sample Preparation

Honey and milk samples were purchased from a local mar-
ket. In the present work, the samples were firstly pretreated
by acetonitrile for protein precipitation, and then the pro-
posed PT-SPE procedure was employed to extract the
analytes and eliminate or reduce matrix effects. The spe-
cific operations were as follows:

Six milliliters of acetonitrile was used to treat 1.0 mL (near-
ly 1.0 g) honey and milk samples. After extracted by vortex
and sonication, the sample was centrifuged and the superna-
tant was collected. Moreover, the fat in the supernatant was
removed by 6.0 mL of n-hexane. After that, the obtained ex-
tracts were filtrated and evaporated, and the residues were
dissolved again with 100 μL methanol and diluted to
1.0 mL with deionized water for further extraction.

For PT-SPE procedure, prior to extraction, the PT-SPE
cartridge was pre-conditioned with 1.0 mL methanol and
1.0 mL water, successively. After that, one aliquot of
1.0 mL sample was loaded into the cartridge and the ex-
traction was carried out at 1000 rpm in 3 min. After washed
with 1.0 mL of water, the cartridge was dried by centrifu-
gation at high speed. Finally, the analytes were eluted with
0.6 mL methanol and the elution was filtered through a
0.22-μm nylon syringe filter.

Results and Discussion

Characterization of Materials

The surface morphologies of GO/PPy were visualized by
SEM. It can be seen from Fig. 3a that GO has scaly wrinkled
lamellar structure with large surface area. Figure 3b shows that
GO/PPy present three-dimensional, loose, and foam-like
structure, which markedly increases the surface area of the
prepared material, thus improving the adsorptive performance
of GO/PPy. When the magnification was raised, as shown in
Fig. 3c, the wrinkled extent was greatly improved after in situ
intercalative polymerization due to electron donor and accep-
tor interactions between the π-electron system in GO and PPy
(Shan et al. 2015). The curly, consecutive, and uniform sheet
structure indicated that GO was dispersed homogeneously in
the PPy without stack and aggregation.

Figure 3d exhibits the FT-IR spectra of GO and the as-
prepared GO/PPy composite. The FT-IR spectrum of the
GO shows that a broad absorption at 3407 cm−1 corre-
sponds to the O-H stretching vibration. The peak that
appear at 1729 cm−1 is assigned to the C=O stretching
vibration of the -COOH groups and the band at
1624 cm−1 C=C is due to stretching vibration of the sp2

carbon skeleton. The other two peaks located at 1220 and

Fig. 2 Schematic of the PT-SPE
device and procedure
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1057 cm−1 may be ascribed to C-O-C stretching vibration
of epoxy and alkoxy functionalities (Li et al. 2016). For
GO/PPy, the presence of the O-H stretching vibration
peak at 3410 cm−1 suggests GO was successfully pre-
served in hybrid GO/PPy material. The peaks at 1543
and 1455 cm−1 belong to antisymmetric and symmetric
pyrrole-ring fundamental vibration of PPy, respectively
(Li et al. 2012), and the bands located at 1298 and
1168 cm−1 are related to C-N and C-C stretching vibra-
tion, respectively. The peaks at 1031 and 901 cm−1 are
assigned to C-H in-plane bending mode and C-H out-of-
plane vibrations (Yao et al. 2014). These characteristic
FT-IR features demonstrate the formation of PPy and suc-
cessful synthesis of GO/PPy composite.

Figure 3e shows the powder XRD patterns of as-
synthesized GO and GO/PPy. It can be seen that a sharp and
strong diffraction peak at 2θ = 10.01° is observed in GO, which
is corresponding to the (002) reflection of GO nanosheets (Li
et al. 2016). For GO/PPy, a broad peak at 2θ = 24.98° is ob-
served, which is well consistent with the XRD pattern of pure
polypyrrole, indicating that no additional crystalline phase has
been introduced into the composite (Zhang, Zhang et al.,
2014a). The (001) diffraction peak of GO/PPy shifted to a
lower angle (2θ = 7.13°) compared with pristine GO because
the monolayer of water molecules in GO is displaced by the
incoming polymer via intercalation (Gu et al. 2010). These
results reflect that GO sheets are uniformly dispersed in PPy
matrix with negligible π-stacking between themselves.

Fig. 3 SEM images of GO (a)
and GO/PPy (b, c). FT-IR spectra
of GO andGO/PPy (d). The XRD
pattern of GO and GO/PPy (e)
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Fig. 4 a The effect of the GO/PPy amount on extraction efficiency (con-
ditions: pH 4.0, 3.0 mg GO/PPy, 1000 rpm, 1.00 mL eluent). b The effect
of sample pH on extraction efficiency (conditions = 3.0 mg GO/PPy,
2000 rpm, 1.00 mL methanol as eluent). c The effect of elution solvent
on extraction efficiency (conditions: pH = 4, 3.0 mg GO/PPy, 2000 rpm,

1.00 mL methanol as eluent). d The effect of the rotation speed on ex-
traction efficiency (conditions: pH 4.0, 3.0 mg). e The effect of the elution
volume on extraction efficiency (conditions: pH 4.0, 3.0 mg GO/PPy,
1000 rpm, methanol as eluent)
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Optimization of PT-SPE Procedures

For complicated samples, the matrix effect should be evaluat-
ed and eliminated carefully when developing an assay. The
common pretreatment procedure involved the extraction of
analytes and precipitating protein by utilizing an organic sol-
vent for preliminarily purifying the matrix before HPLC (Li
et al. 2016), rather than direct MSPE-LC-MS/MS analysis
(Gao et al. 2011). However, it was not enough clean to obtain
good sensitivity while analyzing the compounds from com-
plex matrix. The extracts after the treatment of SPE were
relatively cleaner and could obtain higher extraction efficiency
(Van Eeckhaut et al. 2009).

In order to improve the extraction performance of PT-SPE
procedures, several factors including the amount of sorbent,
sample pH, rotation speed, and the type and volume of elution
solvent were optimized in detail. The spiked standard solu-
tions of SAs (2.0 μg mL−1) were employed for the optimiza-
tion experiments and each test was conducted in triplicates.

The Amount of GO/PPy

The packed amount of GO/PPy is a key parameter affecting
extraction efficiency for SAs. Different amounts of the sorbent
ranging from 1.0 to 5.0 mg were examined. As shown in
Fig. 4a, the extraction recoveries of SAs increased gradually
with the increase of the adsorbent amount as expected. When
the amount of adsorbent was higher than 3.0 mg, the recovery
appeared slightly decline. The reason for the decrease of ex-
traction recovery might lie in that excess adsorbent could ag-
grandize column pressure and affect the separation, which also
could accrete experiment error and result in the waste of ad-
sorbent. Therefore, 3.0 mg GO/PPy was selected as a packing
material in the subsequent work. The small dosage of adsor-
bent is far below the reported PT-SPE technique (Sun et al.

2014; Luo et al. 2016), which is one of the advantages of the
present method.

Sample pH

The sample pH was crucial for the retention of SAs due to
its strong effect on the existing forms of SAs and thus the
interaction between analytes and sorbent. The effect of
sample pH on the extraction efficiency was studied with
pH varying from 2.0 to 12.0. The pH of the solution was
adjusted using 0.1 and 1.0 M HCl or NaOH. As shown in
Fig. 4b, the extraction recovery increased significantly
when the sample pH increased from 2.0 to 4.0 and then
decreased gradually with further increasing of that. The
maximum extraction efficiency for SAs was obtained at
the pH value of 4.0. The seven SA molecules contain car-
boxylic groups and amino groups (pKa1 = 1.3~2.3; pKa2 =
5.0~8.4). At pH 4.0, SA molecules were primarily in pro-
tonated and intermediate forms, so the high extraction ef-
ficiency might be ascribed to the strong π-π and hydropho-
bic interactions between SAs and GO/PPy (Marcano et al.
2010). However, with the increase of pH, the deproton-
ation of SAs would dramatically decrease the π-
withdrawing ability and then suppress the π-π electron-
donor-acceptor interaction with the π-donor of GO/PPy,
so the extraction efficiency was reduced (Ji et al. 2009).
When sample pH value was continuously increased to
10.0, the extraction recovery recovered slightly. The pos-
sible reason was that the analytes had converted into neu-
tral and anionic forms; therefore, the π-π interaction was
significantly diminished and hydrophobic interaction
played a dominant role. However, the strong alkaline con-
dition is unbeneficial for extraction, so the extraction effi-
ciency dramatically dropped when pH further increased.

Table 1 Features of the PT-SPE method

Analytes Calibration curves Linear range
(μg mL−1)

r LODs
(×10−3 μg mL−1)

LOQs
(×10−3 μg mL−1)

RSDs (%)
(n = 5)

Intra-day Inter-day

STZ y = 25.76x − 0.60 0.01–10.00 0.9998 1.50 5.05 1.3 2.1

SPD y = 31.65x − 0.53 0.01–10.00 0.9997 1.04 3.48 1.1 1.9

SMTZ y = 27.42x − 0.82 0.01–10.00 0.9998 1.42 4.74 1.3 2.0

SDX y = 31.60x − 0.71 0.01–10.00 0.9997 1.04 3.48 1.1 2.5

SMZ y = 29.50x − 0.79 0.01–10.00 0.9997 1.12 3.73 1.1 2.3

SIZ y = 30.24x − 0.95 0.01–10.00 0.9996 1.19 3.97 1.2 2.0

SDM y = 29.78x − 0.81 0.01–10.00 0.9996 1.21 4.03 1.2 1.9
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According to the result, the pH of 4.0 was employed in the
following experiment.

Type of Elution Solvent

The type of eluent also plays a unique role for high extraction
efficiency in the PT-SPE process. In this study, several com-
monly used organic solvents including methanol, acetonitrile,
acetone, and ethyl acetate were selected to investigate the effect
of eluent on the extraction efficiency of SAs (shown in Fig. 4c).
The results indicated that the best desorption yield for the SAs
was obtained with methanol as an elution solvent, while the
lowest desorption yield was observed when using ethyl acetate
as the solvent. SAs are polar substances (Karageorgou et al.
2016), so the polar methanol is beneficial to destroy the inter-
action between SAs and adsorbent based on Like Dissolves
Like Theory. Hence, methanol was selected as the eluent.

Rotation Speed

In the PT-SPE procedure, the rotation speed of centrifuge was
a significant factor for evaluating the efficiency of the assay
since adsorption-desorption process was carried out by
centrifuging. The effect of rotation speed 1000, 2000, 3000,
4000, and 5000 rpm (the corresponding centripetal forces are
70, 280, 630, 1120, and 1740 g) on the extraction efficiency
was shown in Fig. 4d. It can be seen that when the rotation
speed was 1000 rpm, the extraction recovery of all compo-
nents could achieve maximum because it is effortless for sam-
ple solution to pass through the loose GO/PPy adsorbent ef-
fectively. However, the extraction recovery dropped when the
rotation speed increased to 2000 rpm for the reduced interac-
tion time is unfavorable for extraction. It is worth noting that
the adsorptive extraction procedure could be accomplished in
3 min despite the very low speed, which suggest the high
efficiency of interaction between adsorbent and analytes.
Based on all these factors, the rotation speed of 1000 rpm
was adopted for further studies.

Volume of Elution Solvent

The effect of the eluent volume on extraction efficiency was
also investigated in the range of 0.2–1.0 mL (Fig. 4e). The
results revealed that most of the analytes could be desorbed
from the sorbent with 0.6 mL of methanol.

Method Validation

Under the optimal conditions, the quantitative performance of
the suggested GO/PPy-based PT-SPE-HPLC method for the
determination of the SAs was validated and the parameters
including linearities, limits of detection (LODs), limits of quan-
tification (LOQs), and reproducibility were listed in Table 1. As
summarized in Table 1, regression equations with the peak
areas against the concentration (0.01–10.00μgmL−1) for seven
SAs exhibited good linearities (r ≥ 0.9996). The obtained

Fig. 5 The typical chromatograms of a standard solution (2.0 mg L−1), b
blank honey sample (1) and spiked with 2.00 mg L−1 of SAs (2) and c
blank milk sample (1) and spiked with 2.00 mg L−1 of SAs (2)
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LODs (S/N = 3) and LOQs (S/N = 10) were 1.04–1.50 and
3.48–5.05 ng mL−1, respectively.

Precision and accuracy were evaluated by analyzing five
repeated extractions of solutions at a concentration of
5.0 μg mL−1 of the analytest. Five parallel analytes over a
day gave the intra-day RSDs, and the inter-day RSDs were
determined on five consecutive days. The results showed that
the RSDs for intra-day and inter-day were less than 1.1 and
1.9%, respectively.

Real Sample Analysis

The established PT-SPE method was applied for the determi-
nation of SAs in honey and milk samples to further assess the
practicability and reliability of the method. The results showed
that honey and milk samples were free of SA residues. To
evaluate the trueness of the proposed method, all of the sam-
ples were spiked at three concentrations levels (0.1, 0.5, and
2.0 μg mL−1) and then analyzed under optimal conditions.
Three replicates were conducted for each concentration level.
Figure 5 shows the typical chromatograms of honey and milk
samples without and with spiked standards at 2.0 μg mL−1,
and no interfering peaks were observed at the retention time of

the analytes. As summarized in Table 2, the obtained recov-
eries of SAs in the spiked honey and milk samples were in the
range of 62.3–109.0 and 66.6–106.9% with RSDs less than
11.2 and 10.8%, respectively. The results revealed that the
proposed PT-SPEmethodwas sensitive, effective, and reliable
for pretreating and screening of SAs at low concentration
levels in honey and milk samples.

Comparison of Proposed PT-SPE with Other Methods
for Analyzing SAs

The performance of the developed PT-SPE coupled to HPLC
method was compared with other analytical techniques for
determination of SAs in animal derived food, and the results
are summarized in Table 3. It can be seen that the proposed
method demonstrated the merits of fewer amount of adsor-
bent, shorter analysis time, wider linear range, lower LODs,
and comparable recoveries. Meanwhile, the modified tip is
easily assembled and the extraction process is accessible,
cost-efficient, and environmentally friendly with minimum
consumption of sample and solvent. Therefore, the proposed
PT-SPE-HPLC method showed great potential in extracting
and detecting SAs from complex food samples.

Table 2 Analytical results of SAs in honey and milk

Analytes Spiked
(μg mL−1)

Honey Milk

Found
(μg mL−1)

R (%) RSD (%) Found
(μg mL−1)

R (%) RSD (%)

STZ 0.1 0.084 83.9 9.1 0.079 79.2 3.3

0.5 0.35 70.1 8.9 0.37 74.5 10.8

2.0 1.54 77.0 8.2 1.46 72.9 5.8

SPD 0.1 0.094 93.5 9.4 0.092 91.6 9.4

0.5 0.31 62.3 8.0 0.38 75.6 10.0

2.0 1.38 68.8 10.7 1.33 66.6 5.4

SMTZ 0.1 0.099 99.0 10.4 0.088 88.1 1.6

0.5 0.32 63.6 0.3 0.36 71.9 8.8

2.0 1.79 74.5 2.9 1.35 67.5 3.6

SDX 0.1 0.10 102.8 9.0 0.10 101.0 10.7

0.5 0.46 91.9 2.7 0.52 104.7 4.4

2.0 2.04 102.2 9.3 1.95 97.7 7.7

SMZ 0.1 0.091 91.4 10.5 0.10 101 5.8

0.5 0.42 84.6 9.8 0.49 97.5 7.8

2.0 1.82 91.0 6.8 1.72 86.2 6.3

SIZ 0.1 0.10 102.2 11.2 0.081 81.2 4.1

0.5 0.40 80.2 2.1 0.48 96.2 5.7

2.0 1.82 91.2 5.0 1.68 84.0 5.1

SDM 0.1 0.11 109.0 7.1 0.081 81.2 10.0

0.5 0.51 102.8 10.8 0.53 106.9 9.8

2.0 2.08 103.8 4.7 2.09 104.6 7.1
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Conclusions

The present study demonstrated that GO/PPy as an adsorbent
loaded in the pipette tip coupled to HPLCwas effective for the
extraction and determination of SAs in honey and milk sam-
ples. The self-assembled PT-SPE device was freely accessed
in laboratory and considerably low cost compared with con-
ventional SPE cartridge, and the procedure was simple and
easy-to-handle with the aid of centrifugation. The extraction
was performed by repeated aspiration and dispensation of so-
lution, which is beneficial to the sufficient adsorption of
analytes onto a sorbent (especially for small amount of sor-
bent). Compared with the commonly used format, the
highlighted advantages of PT-SPE were that the amount of
adsorbent used in extraction was only 3.0 mg and adsorptive
extraction time was 3 min, which is far lower than that in other
methods. In summary, the proposed PT-SPE technique is con-
venient, fast, and has low consumption of material and solvent
for sample pretreatment. Moreover, the proposed method
showed good linearities, low LODs, and comparable recover-
ies for screening SAs in honey and milk samples. However,
the minimum sample consumption limited the enrichment fac-
tor of the proposed method. To broaden the applications of
miniaturized SPE procedure in sample pretreatment, more ad-
vanced technology needs to be designed and utilized.
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