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Abstract

potential to be applied in CIP residue analysis.

The monitoring of antibiotic residues in foodstuffs by using rapid detection method is essential for food safety. In this
work, the electrochemical sensor was developed by modification of screen-printed carbon electrode with graphene
oxide, and then the ciprofloxacin (CIP) was detected based on the complexation of CIP with Mn?*. On modified
electrode, the anodic stripping peak current response of Mn?* was prohibited in the presence of CIP. and a peak cur-
rent response of the complex was occurred. Thus, the peak current response of the complexation peak was employed
as the indicating signal for CIP determination, which was more sensitive than the direct electrochemical oxidation
response of CIP. Parameters that affect the signal response have been investigated in method. Under the optimum
conditions, the peak current of the complexation peak was linearly correlated with the CIP content in the milk sample
solution at 1.0 to 8.0 uM, and the linear correlation coefficients (R?) was 0.994. The limits of detection (LOD) was

0.30 uM. Recoveries of CIP in milk sample were ranged from 81.0 to 95.4% with relative standard deviations (RSDs)
below 4.6%. The method showed high selectivity and sensitive, good reproducibility, indicated that this method has
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Introduction

The widespread use and abuse of antibiotics contribute
to the production of multidrug-resistant microorgan-
isms and unhealthy animal derived foods, which has
become a growing threat to public health and a global
problem announced by WHO (Zhang et al. 2018, 2020;
Zheng et al. 2019). Ciprofloxacin (CIP), a synthetic third-
generation quinolone antibacterial drug, is widely used in
in the treatment of diseases in human life and livestock
industry because of its remarkable sterilization effect
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(Van Doorslaer et al. 2014; Cheng et al. 2020; Wang et al.
2016). However, for high water solubility, easy migration
and poor biodegradability under different pH, the use of
CIP has a series of negative effects such as contaminating
environment and agricultural products (Aminov 2009).
Therefore, it is necessary to use improved analytical
methods to monitor CIP in environmental and food sam-
ples, so as to provide support for environmental protec-
tion, food health risk assessment and antibiotic residues
control (Bitew and Amare 2020).

Common techniques for determining antibiotics in
environmental and food samples include high perfor-
mance liquid chromatography (HPLC) coupled with vari-
ous types of detector (Bekoe et al. 2014; Liu et al. 2005),
spectroscopy (Abdulghani et al. 2013), and microbiologi-
cal assays (Mendez et al. 2005). Problems associated with
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these technologies include the need for derivatization or
time-consuming extraction procedures, a large number
of organic solvents commonly used for extraction, expen-
sive instruments and skilled personnel (Bitew and Amare
2020). Due to the advantages of easy miniaturization,
high sensitivity, simplicity and relatively low cost, electro-
chemical detection has became an attractive alternative
method for detecting electroactive substances (such as
CIP) in food matrix (Ambaye et al. 2021). However, the
direct electro-analysis of substances was still faced with
complicated issues such as slow electron transfer dynam-
ics, scaling on the electrode surface and high over poten-
tials in the application of this kind of traditional electrode
(Zhang et al. 2012). In view of this, many improved elec-
trodes have been proposed to improve the selectivity and
sensitivity of CIP determination (Ghanbari and Hajian
2017; Zhao et al. 2019).

Printing electrode technologies, as the most advanced
technologies for the manufacturing of versatile elec-
tronic equipment, are developing rapidly in recent years
(Ankireddy et al. 2016). The printed electrodes are widely
used in energy storage and conversion, electronic dis-
plays and smart electronic applications (Acuautla et al.
2014; Wei et al. 2021). In particular, the recently devel-
oped technology based on printed electrodes makes it
possible to manufacture integrated electrodes which can
be easily applied to electrochemical sensing applications
(Hayat et al. 2013). Researchers have developed many
technologies for manufacturing printed electrode mate-
rials including inkjet-printing, 3D printing and screen
printing (Tortorich et al. 2018; Li et al. 2017). Based on
the latest development of printed electrode technol-
ogy, it is possible to replace the traditional non compact
solid electrode with printed electrode sensor, which has
the advantages of fast detection speed, low cost and easy
transformation (Trojanowicz 2016).

The screen-printing carbon electrode (SPCE) tech-
nology uses a variety of mechanisms to coat materials
materials, so as to achieve high sensitivity, selectivity
and better compatibility (Wu et al. 2020). Adding nano-
structures, such as conductive nano-polymers, carbon
materials, metal nano-particles and redox mediators,
is helpful to improve the excellent performance of elec-
trodes and sensors (Ambaye et al. 2021). As a new two-
dimensional carbon material with selective molecular
recognition, graphene oxide has many applications, such
as solid-phase extraction, catalysis, and electrochemical
sensors (Pumera et al. 2010). For electrochemical pro-
spective, graphene oxide can enhance the selective accu-
mulation of target substances, which in turn provides
lower detection limit and good selectivity due to its high
porosity, two dimensional amphiphilicity and interface
surface area (Gan and Hu 2011).
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Herein, graphene oxide with negative charges and large
specific surface area was used to modify the screen-
printed electrode to enhance the voltammetric response
and simplify the procedure of application. A novel
method for CIP determination was developed based on
monitoring the peak current response of the complexa-
tion of CIP with Mn?" by modified electrode. The effects
of various experimental parameters in determination
were investigated including Mn?*, interferents and KCI.
This study shows that the peak current response of the
complexation of CIP with Mn*" can be used as indicating
signal for sensitive and selective determination of CIP,
which overcome drawbacks of the conventional method
such as low sensitivity and complicated electrode prepa-
ration process. Moreover, the recommended methods
were successfully applied for the determination CIP in
milk.

Materials and methods
Reagents and materials
Ciprofloxacin reference materials, graphene oxide and
nafion solution (5%) were obtained from Aladdin (Shang-
hai, China). Analytical reagents including phosphoric
acid (H;PO,), acetic acid (HAc) and boric acid (H;BO,)
were purchased from Guangzhou Chemical Reagent Fac-
tory. Triple-distilled water was used in experiment, and
all other chemicals used in investigation were of analyti-
cal grade. The milk sample was obtained from a market
in Tianhe, Guangzhou.

Individual CIP stock solution of 1000 mg L~! was pre-
pared by dissolving 0.010 g of CIP in 10 mL distilled
water, stored at 4 °C.

Preparation of graphene oxide modified SPCE

Graphene oxide powder (1.5 mg) was mixed into 1.0 mL
of 0.01% nafion solution in isopropanol to obtain a
1.5 mg mL ™! graphene oxide suspension under ultrasonic
treatment for 20 min. Nafion act as a binding agent in
this step, which helps the better adherence of graphene
oxide on SPCE, thus improving the stability of the pre-
pared electrode surface (Zhang et al. 2012). Prior to mod-
ification, bare SPCE was immersed in ultra-pure water
for 5 min of ultrasonic cleaning. After being dried with
nitrogen gas, the working area of SPCE was coated with
6.0 uL of prepared graphene oxide suspension by using a
micro-syringe. Then, the constructed electrode was incu-
bated at 40 °C for 5 h to obtain the graphene oxide modi-
fied SPCE (GO-SPCE).

Determination procedure

The electrochemical experiments were carried out on
a CHI760E electrochemical work station (Chenhua,
Shanghai) in a conventional three-electrode system.
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GO-SPCE, Ag/AgCl electrode and platinum electrode
were used as working, reference and auxiliary elec-
trodes, respectively. Britton—Robinson (B—R) solution
(pH 8.0) was used as a supporting electrolyte for all
the electrochemical experiments. The electrochemi-
cal behavior of GO-SPCE in B-R solution (0.05 M, pH
8.0) was studied by using cyclic voltammetry (CV) and
electrochemical impedance spectroscopy (EIS). The dif-
ferential pulse anodic stripping voltammetry (DPSV)
was used for electrochemical sensing of CIP under
optimized conditions. The DPSV experiments were
performed in potential range of — 0.1 V to 0.1 V. The
working solution of CIP with different concentrations
were prepared by diluting stock solution with electro-
lyte solution.
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Results and discussion

Effect of Mn?* on electrochemical determination of CIP

It has been reported that a variety of metal ions can be
used as complexing and sensitizing agent to enhance the
peak current detection signal of CIP (Shan et al. 2015). In
this experiment, the electrochemical performance of the
GO modified SPCE (GO/SPCE) has been investigated by
collecting CVs in B-R solution (pH 8.0) in presence and
in absence of Mn?*. It can be seen that direct detection
method is not feasible under this condition, CIP has no
response without Mn?* addition (Fig. 1A). After Mn>"
was added in the system, the peak current response
at 0.4 V, which contributed to the complexation of CIP
with Mn?", was remarkably enhanced (Fig. 1B). Moreo-
ver, the peak current response under different concentra-
tions of CIP were investigated to ascertain that the peak
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Fig. 1 Effect of Mn?* on CIP determination. A Determination of CIP in the absence of Mn?*; B before and after adding 10 uM Mn”*; C differential
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current response at 0.4 V was caused by the formation
of CIP and Mn?* complex, and the results were shown
in Fig. 1C and Fig. 1D. As can be seen in the figures, the
peak current at 0.4 V increases with the increase of CIP
concentration from 0 to 13 uM, indicating that there is
a correlation between CIP concentration and the peak
current response. However, the increase of peak current
is gradually reduced while the concentration of CIP is
increased from 13 to 20 uM, which might be due to the
fact that adsorption shedding and the excessively adsorp-
tion of complex compounds on the electrode surface. The
prepared electrode. has good analytical behavior at low
concentration, which demonstrates its potential applica-
tion prospect.

Effect of interferents on determination of CIP

The proposed GO-SPCE based method was applied to
detect the CIP concentration when there are other inter-
ferents in sample solution for investigating the selectivity
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of this method. The peak current response in presence
of 12 pM of CIP was individually tested with different
concentration of other compounds including glycine,
glucose, sodium chloride (NaCl) and ascorbic acid (vita-
min C). The results shown in Fig. 2A—C showed that the
peak potential and intensity of CIP complex will not be
disturbed by glycine, glucose and NaCl at 120 uM or
1200 pM in the solution, indicating that the prepared
GO-SPCE based sensor offers good selectivity for the
determination of CIP. However, it was found that the
addition of ascorbic acid could lead to a positive shift of
the peak potential (Fig. 2D). These results indicated that
the ascorbic acid in real sample have an adverse effect on
the determination of CIP.

Effect of KCl on determination of CIP

Supporting electrolyte is a crucial factor influencing
the peak current response. The effects of different KCI
concentrations (0, 0.01, 0.05, 0.1 M) on peak current of
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CIP complex were investigated in B-R solution (pH8.0).
As shown in Fig. 3, the peak current decreased with the
increase of CIP concentration in the solution without
KCl, and the peak current background increased with
the increase of CIP concentration when 0.01 M KCI was
used. After that, 0.05 or 0.1 M KCI have better deter-
mination efficiency for CIP and selection of either con-
centration was reasonable. In this study, the KCl with
optimized concentration of 0.05 M created the best con-
ditions for determination.

Calibration procedure

Calibration curve of CIP in B-R solution (pH 8.0) has
been obtained for the GO-SPCE under optimized con-
ditions. The changes in the peak current response were
recorded in terms of the potential values of the CIP com-
plex to calculate the linear range of the proposed method
response to the concentration of CIP. As shown in Fig. 4,
the peak current value was linear with concentrations of
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Fig. 4 The calibration curves of CIP complexes under optimal

conditions (20 uM of Mn?*, pH8.0 B-R solution)
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CIP in the range of 1.0 to 8.0 uM. The linear regression
equation was expressed as I (pA)=0.516Cq;p+1.985
(linear coefficient R*=0.994). The limit of detection
(LOD) (3S/N) was estimated to be 0.30 uM, which was
lower than the maximum residue limit (MRL) of CIP in
milk in China (100 pg kg™).

Application of proposed method in real milk sample

The method was applied for the determination of CIP
residues in milk sample. The blank milk sample was accu-
rately weighed and dissolved in distilled water. After fil-
tering, the filtrate was collected and diluted to 50 mL with
0.05 M KCl in B-R solution (pH 8.0) to prepare a sam-
ple solution. The sample solution was spiked with CIP at
three concentration levels (1.0, 5.0, 10.0 pM) to evaluate
the accuracy of the method. Then 10 pM of Mn?** was
added, and the peak current response was recorded for
measuring the concentration of CIP. The results obtained
from these experiments were summarized in Table 1,
which shows the percentage of good recoveries, thus
indicating the feasibility of the present method.

Comparison with other methods

The comparisons between this GO-SPCE based method
and other electrochemical sensor techniques such as
multi-walled carbon nanotubes/glassy carbon electrode
(MWCNT/GCE), DNA biosensor, chitosan/Fe;O,/car-
bon paste electrode (Chitosan/Fe;O,/CPE) from the
viewpoint of LOD and linear range were listed in Table 2.
As can be seen, the GO-SPCE based electrochemical sen-
sor can detect CIP at a lower concentration and has a bet-
ter LOD than the previous methods, which was probably
credited with the high adsorption capacity, high poros-
ity, two dimensional amphiphilicity and interface surface

Table 1 The accuracy and precision results of CIP determination
in spiked milk as real sample

Spiked CIP (uM) Detected CIP  Recovery (%) RSD (%)
(uM)

1.0 0.81 81.0 46

50 443 88.6 26

10.0 9.54 954 3.7

Page 6 of 7

area of GO modified electrode. Moreover, the low toxic
organic solvent was used in electrode preparation instead
of hazardous organic solvent in other methods. The sim-
ple procedure of SPCE modification, better reliability and
stability of electrode and better repeatability of method
make the proposed GO-SPCE a feasible electrochemical
sensor for CIP detection in milk sample even if there is
possible interference in real sample.

Conclusions

In this study, graphene oxide with amphiphilicity, nega-
tive charges and large specific surface area was used to
modify the screen-printed electrode to enhance the sen-
sitivity of signal response and simplify the procedure
of application. A novel method for CIP determination
was developed based on monitoring the peak cur-
rent response of the complexation of CIP with Mn** by
modified GO-SPCE. Moreover, the developed method
was applied to detect CIP in real milk samples and each
evaluation parameters of method met the testing require-
ments. These results indicated that the proposed GO-
SPCE method is feasible and has potential to be applied
in CIP residue analysis in real sample.
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