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ARTICLE INFO ABSTRACT

Keywords: Bisphenols (BPs) are worldwide used organic compounds in plastics, belonging to the group of endocrine dis-
BiSPhePOIS rupting chemicals (EDCs) which exhibits endocrine disruption to beings. Migration of BPs from food contact
Detection materials like plastic containers, epoxy coatings in metal cans and thermal papers, would results in bio-
Egzcémc}lemlcal sensors accumulation of BPs in human beings, causing adverse health effects. Therefore, sensitive and selective deter-

mination of BPs in food is needed. Among different strategies have been explored for the detection of BPs,
electrochemical sensors with relatively high sensitivity and fast response are promising. This paper is devoted to
comprehensively review the developed electrochemical methods for BPs sensing in food, so that to find a di-
rection for developing low cost, high accuracy and compatibility sensors toward the sensitive and selective
detection of BPs. Different electrochemical technologies categorized by recognition agents, aptamers, enzymes,
molecularly imprinted polymers and nanomaterials are discussed and summarized in their mechanisms, usages,
merits and limitations. The challenges and further perspectives in the development of electrochemical sensors is

Endocrine disrupting chemicals

also discussed.

1. Introduction

Endocrine disrupting chemicals (EDCs) are exogenous substances
that interfere with the endocrine system, blocking the metabolism of
steroid hormones and causing various disorders related to diabetes,
obesity, cardiovascular diseases, carcinogenicity and neurotoxicity
(Sofen & Furst, 2020). Bisphenols (BPs), containing two hydroxyphenyl
groups, are popular members of EDCs. BPs, especially the bisphenol A
(BPA), possess potent endocrine disrupting activities and are widely
applied as component of plastics and resins used in food packaging
materials, bottle tops, tableware, water pipes and epoxy coatings in
metal cans (Dhanjai et al., 2018; Yin et al., 2011). Migration of BPs from
food contact materials would result in the exposure of BPs to human
bodies, raising concerns for food safety. It should be noted that BPA as
the most common used BPs has been detected in many food samples
(drinking water (Razavipanah et al., 2019), milk (Ensafi, Amini, &
Rezaei, 2018), canned food et al. (El Moussawi et al., 2019) in the range
of 14.0 to 521.0 ng-ml .

A lot of studies have been focused on effects of BPs on human health,
of which BPA is identified with reproductive damage, neural disorders

and behavioral dysfunction (Chen et al., 2017). U.S. Food and Drug
Administration (FDA) has banned the usage of BPA in baby bottles and
sippy cups. In 2016, The European Union issued regulations to reduce
the specific migration limit of food exposure to BPA from 0.6 mg-kg ™ to
0.05 mg-kg . In Japan, the dissolution limit of BPA in polycarbonate
food containers is set as 2.5 rng-kg’1 (Peyre et al., 2014).

After onset of the strict regulations on production and usage of BPA,
bisphenol B (BPB) (Sui et al., 2012), bisphenol S (BPS) (Peng, Wang, &
Wu, 2019), bisphenol AF (BPAF) (Yang et al., 2014) and bisphenol F
(BPF) (Wang et al., 2014) have emerged as alternatives of BPA. Their
chemical structures are shown in Fig. 1. Otherwise, those BPA analogues
are proved to have same even stronger estrogenic effect than BPA due to
their similar chemical structure with BPA (Liang et al., 2020; Thoene
et al., 2020). Researches have shown that exposure to BPA analogues
may result in adverse effects on reproduction (Kim et al., 2019; Thoene
etal., 2020), neurology (Santoro et al., 2019), oxidative stress (Liu et al.,
2017; Thoene et al., 2020), metaboly and bone (Chin, Pang, & Mark-Lee,
2018). In food samples, BPs have been detected in concentrations of 1.6
to 26.2 ng-ml ™! for BPF and 16.0 to 67.0 ng-ml ! for BPB (Dhanjai et al.,
2018; Grumetto et al., 2013). Therefore, it has become an urgent issue to
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establish a reliable analytical method for the detection of BPs in food
samples.

To date, the major analytical approaches for the detection of BPs are
based on chromatographic or hyphenated methods, such as high per-
formance liquid chromatography (HPLC) (Watabe et al., 2004), high
performance liquid chromatography-tandem mass spectrometry (HPLC-
MS) (Alnaimat, Barciela-Alonso, & Bermejo-Barrera, 2019), gas chro-
matography (GC) (Sun et al., 2016), gas chromatography-mass spec-
trometry (GC-MS) (Cunha et al., 2020) and so on. These techniques have
high sensitivity and good stability to BPs, yet are limited to facile in situ
detection due to the used large instruments as well as tedious pretreat-
ment procedures. Some rapid sensing strategies like spectrophotometry
(Dhanjai et al., 2018), immunoassay (Sheng et al., 2018), capillary
electrophoresis (Gugoasa, 2019), fluorimetry (Varmira, Saed-Mocheshi,
& Jalalvand, 2017), and electrochemical detection methods have thus
caught great attention in recent years. Among them, electrochemical
sensors possessing low-cost, rapidity, extremely high-sensitivity,
simplicity, ease of miniaturization and in situ analysis is very prom-
ising (Karimian et al., 2019; Khanmohammadi et al., 2020; Ragavan,
Rastogi, & Thakur, 2013). A sensor is a device which provides a usable
output in response to a specified measurand. The electrochemical sen-
sors can convert the BPs concentrations into electrochemical signals. A
summary about the electrochemical detection of BPs in food will help to
deeply understand the detection mechanism and development trend of
BPs sensing, and thus to find a clear direction for low cost, high accuracy
and compatibility BPs sensors. This paper present and evaluate recent
electrochemical works on the detection of BPs in food, aiming to guide
the detection of BPs, and also provide a reference for the development
and advancement in the relevant fields of research, like the monitoring
of pesticides and antibiotics.

2. Electrochemical detection of BPs

BPs are electrochemically-active molecules with two phenolic groups
that can be directly electrooxidized to corresponding o-quinine at pos-
itive potentials. The oxidation of BPs is an irreversible two-electron and
two-proton process (Li et al., 2012), which can be illustrated as eq. (1)
for BPA and (2) for BPS:
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Fig. 1. Chemical structures of BPs.

weak response of BPs in conventional electrochemical sensors (Ragavan,
Rastogi, & Thakur, 2013). Researchers have developed diverse types
of electrode materials to increase the effective electrode surface area or
electron transfer kinetics between the electrode surface and the redox
centers of analytes (Zhang et al., 2020). In real food samples, a wide
range of interference species may exist, hence recognition agents with
selective BPs recognition capability are necessary. In this review, the
developed electrochemical sensors have been categorized according to
their recognition elements such as aptamers, enzymes, molecularly
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Although all the BPs have similar electrooxidation mechanism, their
voltammograms are very different, for example the oxidation peak of
BPA is at potential of 0.4 V-0.7 V (vs. Ag/AgCl), while the BPS is at a
more positive potential of 0.7 V-1.0 V (Pang et al., 2020; Rao et al.,
2018; Wang et al., 2014; Zhu et al., 2016), making the identification of
various BPs much easier.

However, the direct determination of BPs is still difficult due to the

imprinted polymers and nanomaterials with selective catalytic abilities
for BPs.

2.1. Electrochemical aptasensors

Aptamers are selected oligonucleotides that can specifically bind to
target molecules from specific oligonucleotide libraries by the expo-
nential enrichment of ligand evolution technique (Razavipanah et al.,
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Table 1
Different electrochemical sensors for BPs
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Electrochemical sensors BPs

LOD/Linear range (NM) Recovery %  Sample

Ref.

Electrochemical aptasensors:High specificity and selectivity.

MCH!/aptamer/Au/CuFe;0,4-Pr-SH2/MWCNTs>/GCE. BPA
MWCNT/SiO,@Au/aptamer/GGE* BPA
Aptamer/ NP-Au®/GCE BPA
MB®-Aptamer/Au/MWCNTs/CT’ /Au/PET® BPA
aptamer/PCB°-based/GCE BPA

DNA/MCH/BPA-aptamer-ssDNA'°-B/PBIB'!/FMMA'%/ BPA
gold electrode
Enzyme-based sensors:High catalytic activity and selectivity,

Tyr'3-MWCNTs/GCE BPA 500/3000 - 10 94.3-105.5  Plastic bottles
rGO-Fes0,NPs'*/Chit95'%/TvL!6/GCE BPA 18.1/0.025 - 25 107.0 Bottled water
-124.0
CuMOFs'’-Tyr-Chit'®/GCE BPA 13/50 - 3000 - Water
Tyr-AuNPs'®/SPCE?° BPA 10/42 _ 35410 - Water
Tyr-Fe304/SPCE BPA  8.3/3y_ 410
Tyr-APS?'/Au-GN?2/GCE BPA 7.88/444.4x10 87.4-110.7  Olive oilChips
Tyr-NiNPs/SPCE BPA  7.1/31 _asxi0 - Water
Tyr/CFP® BPA 5/10 - 1000 - Tap water
BCNP?*/Tyr/Nafion/GCE BPA 3.18/40 _ 10 96.7-108.6  Water
XOD?*/GCE BPA 1/1-m 97.9-103.0  Mineral water
CuMOFs-Tyr-Chit/GCECUMOFs-Tyr-Chit/GCE BPF 16/50 - 3000 - Water
BPE 15/50 - 3000

Molecularly imprinted sensors:High stability, repeatability and selectivity. Poor conductivity and catalytic activity.
MIP26/GCE BPA 40/300 - 5x10 93.7 - 94.5 Tap water
MWCNT-MIP/GCE BPA 30/§00 _ 45x%10 92.7 - 96.0 Tap water
MIPN?”/GCE BPA 8/20 1000 71.2-97.3  Tap water

Drinking water
GO?/APTES*-MIP/GCE BPA 3/8 2010 96.8-106.2  Mineralised water

Milk
MIPs/AuNPs/GCE BPA 1.1/%5 - s.5¢10 97.6-106.5  Milk
MIP/GCE BPA 0.02/3.1 — 4x10 - Baby feeding bottles
GR®/MIPs/ABPE®! BPA 4.2 x 10 /13110 95.4-102.6  Packaging materials

1.23x10° Water

sMIP%2/GCE BPAF  60/300 - 10 93.0-103.0  Water
hNiNS$®3/GQDs>*/MIPs/GCE BPS 30/700 - 5x10 94.4-99.6  Plastic bottles
Nanomaterials-based sensors:Strong catalytic activity. High stability, repeatability and reproducibility. Poor selectivity.
GR%*>/GCE BPA 46/50 _ 1000 90 Plastic bottles
NiNPs/NCN>®/CS/GCE BPA  45/100_ 1.5x10 96 - 105 Milk
Cu-MOFs/ERGO* /GCE BPA  6.7/30 _ox10 98.5-105.4  Plastic products
Lac®®/Ag-ZnONPs/MWCNTs/C-SPE>® BPA 6/500 - 2990 89.3-109.3  Plastic bottles
MoS,-Chi**-AuNPs/GCE BPA 5/20 10 94.2-105.2  FoodWater
MWCNTs-COOH/GCE BPA 5/%0 - 10 98.4-102.8  Food packaging
CoFe504/GCE. BPA  3.6/200_10 955-102.0  Milk

Tap water
Mg-Al-SDS*! LDH*?/GCE BPA 2/5 _ 2800 96.4-102.6  Tap water
Arg-GR**/GCE BPA 1.1/5 _ 40 98.9-102.2  Plastic products
GR/ABPE BPA 0.6/0.8 - 10 97.6 -103.8 Infant nursing bottlesWater

bottles
rGO-rC¢¢/GCE BPS 500/30 10 84.2-91.7  Milk
ILs@HPS-Ni/CdFe,04°/GCE BPS 5.37/4 1.6 x10 91.5-106.9  Plastic bottles
ILs@HPS-Ni/CdFe,04/GCE BPAP  4.99/¢0 - {370 x10 - Plastic bottles
MWCNTs-COOH*®/GCE BPAF 1.7 x 10° /60 - 1.6)x10  97.5-102.5  Water
MWCNTs-COOH/GCE BPF 0.549/0.502- 30 93.8-105.3  Water

Relatively poor stability, repeatability and reproducibility.

0.025/0.05 - o 98.9-110.5  Water

Milk

Juice
0.01/01 - 100 96.0-108.0  Milk

Orange juice
4.4 % 10%/(p11 - 95.0-103.0  Red wine

8.76)%10
8 x 107%/75 1 88.0-106.2  Bottles
Water
Milk
75.1-106.1 Canned foods
95.23 -98.4 Water

1.52 x 1077/1§ _ 0.1
5.9 x 10 8/105, 100

. Relatively poor stability, repeatability and reproducibility.

Milk

(Baghayeri et al., 2018)

(Razavipanah et al., 2019)
(Shi et al., 2018)

(Li et al., 2019a, 2019b)

(Mirzajani et al., 2017)
(Li et al., 2019a, 2019b)

(Ren et al., 2011)

(Fernandes, Campina, & Silva,
2020)

(Lu et al., 2016)

(Alkasir et al., 2010)

(Wu et al., 2019)

(Alkasir et al., 2010)

(Yuan et al., 2011)

(Liu et al., 2019a)

(Ben Messaoud et al., 2018)
(Lu et al., 2016)

(Tan et al., 2016)

(Liu et al., 2019b)

(Ali, Mukhopadhyay, & Jana,
2019)

(Dadkhah et al., 2016)

(Zhao et al., 2017)
(Anirudhan, Athira, & Sekhar,
2018

(Xu et al., 2016)

(Zhang et al., 2017)
(Rao et al., 2018)

(Ntsendwana et al., 2012)
(Wang, Yin, & Zhuang, 2020)
(Li et al., 2018)

(Kunene et al., 2018)

(Huang et al., 2014)

(Li et al., 2010)

(Liu et al., 2020)

(Yin et al., 2011)
(Zhang et al., 2012)
(Deng, Xu, & Kuang, 2013)

(Zhu et al., 2016)

(Wang et al., 2017)
(Wang et al., 2017)
(Yang et al., 2014)
(Wang et al., 2014)

IMCH: 6-mercapto-1-hexanol; >CuFe,0,-Pr-SH: functional cupper magnetic nanoparticles; MWGNTs: multi-walled carbon nanotubes; *GCE: glassy carbon electrode;
SNP-Au: nanoporous gold; °MB: methylene blue; 7CT: carbon tape; PET: polyethylene terephthalate electrode; PCB: printed circuit board; ssDNA: single-stranded
DNA; 'PBIB: propargyl-2-bromoisobutyrate; '>FMMA: ferrocene methyl methacrylate; '>Tyr: tyrosinase; '*rGO-Fe30, NPs: reduced graphene oxide/ferrous-ferric
oxide nanoparticles; '°Chit95: chitosan DD = 95%; '°TvL: Trametes versicolor; ’MOFs: metal — organic frameworks; '8Chit: chitosan; '?AuNPs: gold nano-
particles; 2°SPCE: screen-printed graphite carbon electrode; 2'APS: Au-Pt@SiO,; *2Au-GN: Au-graphene; 2>CFP: carbon fiber paper; 2*BCNP: biochar nanoparticle;
25X0D: xanthine oxidase; 2°MIP: molecularly imprinted polymers; 2 MIPN: molecularly imprinted polymer nanocomposite; 2°GO: graphene oxide; 2?APTES: 3-amino-
propyltriethoxysilane; >°GR: graphene; 3! ABPE: acetylene black paste electrode; 3sMIP: soluble molecularly imprinted polymers; >*hNiNS: hollow nickel nanospheres;
34GQDs: graphene quantum dots; *°GR: graphene; **NiNPs/NCN: nickel nanoparticles/nitrogen-doped carbon nanosheet; ?ERGO: electrochemically reduced gra-
phene oxide; *®Lac: laccase; >°C-SPE: carbon-screen printed electrodes; “°Chi: chitosan; 4'SDS: sodium dodecyl sulfate; “>LDH: layered double hydroxide; “*Arg-GR:
arginine functionalized graphene; “*rGO-rC60: co-reduced graphene oxide-C60 nanocomposite; *°ILs@HPS-Ni/CdFe,0.: Ionic liquids@hollow porous spherical Ni-
loaded CdFe,04; “®MWCNTs-COOH: carboxyl functionalized multi-walled carbon nanotubes.
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Fig. 2. Schematic representation of the aptasensor (Li et al., 2019a, 2019b).

2019). Aptamers have similar properties to antibodies and are superior
to them, they have stronger specificity to targets, and can distinguish the
fine structure of target molecules which means they only bind specif-
ically to target molecules but their structural analogues (Mirzajani et al.,
2017). Aptamers can be synthesized in large quantities in vitro, and have
the characteristics of simple preparation, easy acquisition, low cost and
easy storage (Yu et al., 2019). With the combination of aptamers and
sensing technologies, different electrochemical aptasensors are devel-
oped to achieve accurate detection of BPs molecules, as shown in
Table 1.

Haiyu Li et al. (Li et al., 2019a) designed an electrochemical apta-
sensor for the detection of BPA using methylene blue (MB) and gold-
coated multiwalled carbon nanotubes, that is (Au/MWCNTSs)-MB-
aptamer, to realize double signal amplification (Fig. 2). When BPA was
present, the competitive binding of BPA and MB to aptamer could cause
the conformational change of MB-aptamer and the release of MB, the
electrochemical signal from MB reduction would decreases corre-
spondingly. Under optimal experimental conditions, the current drops
linearly with the logarithm of BPA concentrations over a range from 10
fM to 1 nM, the limit of detection (LOD) is 8 fM and the recoveries of
spiked BPA is 88.0-106.2%, revealing the applicability of this method in
detection of real food samples. Manman Li et al. (Li et al., 2019b) con-
structed a novel BPA aptasensor based on an electrochemically mediated
atom transfer radical polymerization (eATRP) signal amplification. The
hairpin DNA with 5-end modified with sulfhydryl group and 3’ -end
modified with azide group were immobilized on a gold electrode
through Au-S bond. A double-stranded DNA consists of BPA-binding
aptamer is added to open the hairpin structure, making the azide
groups at the 3’ end be exposed. A propargyl-2-bromoisobutyrate was
used as an initiator of eATRP, and linked to the 3’ -end azide group by
click chemistry reaction. The eATRP then occurred for polymerization of
ferrocene methyl methacrylate. Benefit by the unique signal amplifica-
tion design, this aptasensor shows a low LOD of 59 aM as well as a good
selectivity versus 100-fold structural analogs. A high recovery of
95.23-98.40% is obtained by this aptasensor in the detection of BPA
spiked food samples.

Electrochemical aptasensors have also shown reliably quantification
ability for BPA detection in unspiked samples. Baghayeri’s group
(Baghayeri et al., 2018) developed a label-free BPA aptasensor using
gold nanoparticles (AuNPs), cupper magnetic nanoparticles and multi-
wall carbon nanotubes (MWCNTs), with which the BPs in real samples
(mineral water, milk and juice) were directly detected with or without
simple preliminary treatments, indicating a valuable application in food

safety. Similarly, Rezaei’s group (Ensafi, Amini, & Rezaei, 2018) re-
ported a molecularly imprinted electrochemical aptasensor that was
applied in the quantitation of BPA in spiked and unspiked food samples
including water, milk and milk powder.

Aptasensors have high specificity to BPs and can easily realize signal
amplification, making the sensitive and selective determination of BPA
in real food samples possible. But in most of the electrochemical BPs
aptasensors, modification of aptamers is needed, which is complicated,
time-consuming and relatively expensive. On the other hand, the as-
used aptamers are easily inactivated to temperature, pH or self-
inhibition, making the detection weak stability and repeatability.
Further, not every BPs has its binding aptamer, until now, only the BPA
and BPS have been monitored using aptasensors (Zhang, Yao, Wang,
Liang, & Qin, 2018).

\ .

° Oxidation Tyr
O\Q (Cu**=0y) 0,0
H'
Q H;0,
Oxidation Tyr APE NPs
(Cu2*=0H) Tyr (Cu?")
Qe O
&

B @ e
Au-GN  Au-Pt@SiO: Tyrosinase  Nafion

Fig. 3. (A) Illustration for the construction of tyrosinase (Try) biosensor based
on Try/APS/Au-GN. (B) Possible oxidation process of BPA on the developed
electrochemical sensor. (C) differential pulse voltammetry (DPV) of the nafion/
Tyr/APS/Au-GN/GCE in PBS (pH = 6.0, 0.1 M KCl) with different BPA con-
centrations from down to up: 0.01, 0.1, 0.3, 0.5, 1.0, 3.0, 5.0, 8.0 mg'L’l. (D)
Linear calibration plot of DPV response to different concentrations of BPA (Wu
et al., 2019).
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2.2. Enzyme-based electrochemical sensors

Biorecognition elements like enzymes and receptors have been used
to improve the performance of sensors (Karimian et al., 2020; Mah-
moudi et al., 2019a). Enzymes have intrinsic selectivity and high cata-
lytic activity for target molecules and are extensively used for the
detection of BPs (Dhanjai et al., 2018). Tyrosinase is the most common
used enzyme in BPs determination, comparing with the other oxida-
tion-reduction enzyme like superoxide dismutase (SOD) and horse-
radish peroxidase (HRP). Tyrosinase is an ortho-hydroxylation oxidase
that possesses catalytic activity for o-diphenol and monophenol (Lu
et al, 2016). As shown in Table 1, different enzyme-based

¥ N,H,  AAm, MBAA,
~~ TEMEDA, APS
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electrochemical BPs sensors are listed.

Xianbo Lu et al. developed a MOFs-based tyrosinase nanosensor to
clearly investigate the electrochemical behavior and detection mecha-
nisms of nine commonly used BPs (Lu et al., 2016). This nanosensor
shows a selective response to bisphenol Z (BPZ), BPB, BPF, bisphenol E
(BPE) and BPA, but no response to BPS, bisphenol AP (BPAP), BPAF
etal., implying the electrochemical detection performance is affected not
only by the BPs molecular structure, but also by the properties of sub-
stituent group on BPs framework. Xie’s group developed a sensitive BPA
sensor based on tyrosinase/Au-Pt@SiO,/Au-graphene (Try/APS/Au-
GN) (Wu et al., 2019). The reaction mechanism is proposed in Fig. 3. A
high electrochemical performance of this biosensor is achieved with a

AAmM, MBAA,
TEMEDA, APS

53
T c
30
O.C
£Ea
9
g
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HO

B-cyclodextrin acrylate
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_—
GCE
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Fig. 4. (A) Representation for the synthesis of a MIPN for BPA and a non-imprinted nanocomposite (NIPN) and modification of electrodes for electrochemical
measurement. Transmission electron microscopy (TEM) image of the MIPN (B) along with the corresponding inverted image (C) (Ali, Mukhopadhyay, & Jana, 2019).
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wide linear response ranging from 0.01 mg-L™! to 10 mg-L ™!, low LOD
of 1.80 pg-L™! and good reproducibility. This research suggested a
promising approach for food analysis and safety verification (Wu et al.,
2019). Yang Liu et al. introduced a highly conductive sugarcane derived
biochar nanoparticle into a tyrosinase nanosensor to act as a transducer
and signal enhancer for the sensitive sensing of BPA. This nanosensor
was successfully used in the on-site detection of BPA spiked ground
water, and received a high recovery comparable to HPLC (Liu et al.,
2019a, 2019b).

Tyrosinase is sensitive to its detection conditions including the
temperature and pH. Therefore, Lingxia Wu et al. (Wu et al., 2020)
prepared a tyrosinase nanocapsule to improve the stability of tyrosinase
and therefor to establish a stable ultrasensitive BPA sensor. A low LOD of
12 nM and a wide linear range of 0.05-2 pM are obtained. In the
detection of real samples, the BPA content in water bottles was detected
to be 7.8 pg-g~ !, while no BPA was fund in coffee spoon. Those results
together with the high recoveries in spiked samples detection indicated
that this biosensor is a reliable tool for rapid detection of BPA in real
food contact materials.

From the above studies, we can find that materials like MOFs, metal
and carbon nanomaterials are usually utilized for the design of enzyme
sensors to provide enzyme loading or enable it higher electro-
conductibility and catalytic activity. However, the enzyme-based BPs
sensors often suffer from poor reproducibility, short shelf time and
require well-trained personal to operate. Synthetic biomimetic enzyme
sensors could overcome the shortcomings and have been widely used in
the detection of many other molecules like O3~ and glucose. Therefore,
searching and developing BPs biomimetic enzymes for in situ determi-
nation of BPs in food is of great significant.

2.3. Molecularly imprinted electrochemical sensors

In molecularly imprinted polymers (MIP), functional monomers
along with target molecules and cross linkers are polymerized together,
and target molecules are later eluted, leaving imprinted cavities on the
polymer matrix (Dhanjai et al., 2018). The size and 3D structure-match
enables selective recognition to target molecules (Zhang, Zhu, Wang,
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Xue, & Wang, 2017). In the last few years, MIP has caught more and
more attentions of researchers because of its superior advantages, large
surface area, high thermal stability and strong anti-interference ability
(Ali, Mukhopadhyay, & Jana, 2019; Dhanjai et al., 2018), leading a wide
usage of MIP in BPs electrochemical sensors (Table 1).

Although high selectivity, the catalytic ability of MIP is limited.
Nanomaterials like graphene, carbon nanotubes (CNTs) and AuNPs are
usually combined with MIP in order to improve the sensitivity and
specificity of MIP-based electrochemical sensors (Rao et al., 2018). For
example, Benzhi Liu et al. fabricated a MIP-based electrochemical sensor
of BPA. Multiwalled carbon nanotubes (MWCNTs) were acrylamide-
functionalized to work as a carrier to synthesize MIP (Liu et al.,
2019). The acrylamide can induce the polymerization reaction on the
surface of MWCNTSs, increasing the number and density of the imprinted
cavities. The sensor was successfully employed to determine BPA in
plastic food contact materials.

Similarly, Haydar Ali et al. reported a molecularly imprinted nano-
composite (MIPN) that composed by polyacrylate, f-cyclodextrin and
reduced graphene oxide (rGO) with a structure of 3D network toward
the detection of BPA in water bottles and drinking water (Ali, Mukho-
padhyay, & Jana, 2019) (Fig. 4). BPA can be selectively captured via a
host-guest complexation by p-cyclodextrin and rGO. Under optimized
conditions, the prepared electrode displayed a linear range from 0.02
uM to 10 pM and a LOD of 8 nM (Ali, Mukhopadhyay, & Jana, 2019).
Yang’s group fabricated a BPA electrochemical sensor using a molecu-
larly imprinted chitosan-acetylene black composite film. It was suc-
cessfully employed to detect BPA in unspiked and spiked drinking water
samples (Tan et al., 2016).

2.4. Nanomaterials-based electrochemical sensors

The recognition elements aptamer, enzyme or MIP were mainly
worked for selective and specific detection, while most of the above
electrochemical sensors of BPs are tend to combined with various
nanomaterials aim to acquire higher detection performance, because of
the strong catalytic activity, large surface areas, fast electronic transfer
or stability of nanomaterials (Yang et al., 2014). In recent years, the

Fig. 5. Schematic diagram of the preparation process of the rGO-rCeo nanocomposite (Zhu et al., 2016).
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aptamer, enzyme or MIP-free sensors with simple steps but high detec-
tion abilities are booming (Hashemi et al., 2019).

BPs are electroactive molecules, but their direct sensing is limited by
high overpotential. Functional nanomaterials (graphene, CNTs and
AuNPs et al.) can significantly enhance the electrocatalytic activity,
lower the overpotential, increase the conductivity and response signals
(Zheng et al., 2016). Carbon nanomaterials, metal nanomaterials and
metal oxide nanomaterials which are well known catalysts with unique
structures or components are summarized as follows.

2.4.1. Carbon nanomaterials based electrochemical sensors

Graphene as a superior carbon material with large contact surface
area, high electric conductivity, single-atom thickness and wide elec-
trochemical window has shown great promising applications in BPs
detection. In 2016, we exploited an electrochemically co-reduced 3D
GO-Cgp (rGO-rCgp) based BPS sensing platform (Fig. 5), with which the
rapid in site determination of BPS in milk samples was realized (Zhu
et al., 2016).

CNTs are also extensively studied carbon materials. For example,
carboxylated MWCNTs were succesfully applied to detect BPA in food
package (Li et al., 2010). A carboxylic acid functionalized carbon black-
MWCNTs (CB/f-MWCNTs) (Thamilselvan, Rajagopal, & Suryanar-
ayanan, 2019) were adopted to enable the electrode with extraordinary
properties like enhanced adsorption capacity, high electrocatalytic ac-
tivity except enormous surface area and high conductivity. Peihong
Deng et al. (Deng et al., 2013) presented a graphene modified acetylene
black paste electrode to carry out sensitive direct determination of BPA.
Thanks to the unique structure and extraordinary properties of graphene
and acetylene black, the fabricated sensor displayed a low LOD of 0.6
nM and a wide range from 0.8 nM to 0.1 mM. Its practical analytical
ability was proved by the successful usage in the measurement of BPA
contained in unspiked food contact materials. The carbon
nanomaterials-based BPs sensors are shown in Table 1.

2.4.2. Metal nanomaterials based electrochemical sensors

Metal nanomaterials, especially noble metal nanoparticles like
platinum nanoparticles (PtNPs) (Zheng, Du, Wang, Feng, & Wang,
2013), palladium nanoparticles (PdNPs) (Su et al., 2017) and AuNPs
(Yan et al., 2015) have been considered as ideal materials for the
preparation of effective electrochemical sensors for their fascinating
chemical and electronic properties (Mahmoudi et al., 2019b; Dhanjai
et al., 2018). Recently, researchers have attempted to use cost-effective
non-precious metals as alternative of noble metals to get more perfect
electrochemical sensors.

Wang’s group reported a nickel nanoparticles/nitrogen-doped car-
bon nanosheet (NiNPs/NCN) synthesized by one-step pyrolysis of nickel-
1,3,5-benzenetricarboxylic acid MOFs (Wang et al., 2020). The nano-
composite was demonstrated to have large specific surface area, good
electrical conductivity, strong electrocatalytic activity, and high anti-
fouling ability, which lead to high sensitivity and improved reproduc-
ibility in BPA detection. Two linear pulse voltammetry (DPV) responses
can be obtained in the concentration ranges of 0.1-2.5 uM and 2.5-15.0
uM, the electrochemical sensor was finally utilized to determine BPA in
milk.

Besides, this group fabricated a copper-based Cu-MOFs that exhibi-
ted extraordinarily high surface areas, tunable structure, ultra-high
porosity and naked active sites (Huang et al., 2020; Li et al., 2018).
The Cu-MOFs based electrochemical sensor was utilized to determine
BPA in plastic food contact materials. Xiaozhou Huang et al. designed a
BPA electrochemical sensor based on bimetallic Ce-Ni-MOFs to measure
the content of BPA in different brands of drinking water, and a satisfying
recovery from 97.4 to 102.4% is acquired (Huang et al., 2020).

Mohammad Malakootian et al. prepared a FeNi3/CuS/BiOCl nano-
composite that was used to modified on carbon paste electrode for BPA
sensing (Malakootian, Hamzeh, & Mahmoudi-Moghaddam, 2020). The
FeNi3/CuS/BiOCl-based BPA sensor shows an excellent performance
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including high selectivity and sensitivity, good repeatability and sta-
bility, low LOD, which enable it to be used for the determination of BPA
in unspiked food samples like tuna fish, tomato paste, apple and corn.

2.4.3. Metal oxide nanomaterials based electrochemical sensors

Apart from the above metal nanomaterials, metal compound like
metal sulphide, metal carbides, metal nitrides, metal oxide and metal
phosphides are developed. Among them, metal oxide with low toxicity
and simple preparation are the most used metal compounds in sensors
(Ghazizadeh, Afkhami, & Bagheri, 2018). Qin Liu et al. designed a
electrochemical BPA sensors based on the glassy carbon electrode (GCE)
decorated with CoFepO4 nanoparticles which were synthesized by a
sol-gel combustion method (Liu et al., 2020). A linear calibration curves
range from 0.05 pM to 10 uM, and a LOD of 3.6 nM are obtained. The
sensor was successfully utilized to determine BPA in milk, tap water and
plastic food contact materials.

It is worth noting that the combination of different electrocatalytic
nanomaterials will exhibit their respective advantages, improving the
sensitivity and selectivity of electrochemical sensors, making the assay
results more satisfactory. Kwanele Kunene et al. Modified MWCNTSs with
laccase enzyme immobilized by silver doped zinc oxide nanoparticles
(Kunene, Sabela, Kanchi, & Bisetty, 2018). This nanocomposite was
combined with screen printed electrodes for the detection of BPA. The
unique composite of this nanocomposites helped to reduce the charge
transfer resistance and thereby improved the sensitivity of BPA detec-
tion. This proposed biosensor was able to adequately quantify BPA in
plastic bottles.

Qiong Wang et al. designed an ionic liquids@hollow porous spher-
ical Ni-loaded CdFe;04 (ILs@HPS-Ni/CdFe;04) with high catalytic ac-
tivity to realize the oxidation of BPS and BPAP (Wang et al., 2017). The
ILs@HPS-Ni/CdFe304 sensor shows a good anti-fouling ability, fast
electron transfer and large electrochemically active surface. The detec-
tion limits (S/N = 3) for BPS and BPAP are 5.37 x 10~° M and 4.55 x
107° M, respectively.

Even most of the reported nanomaterial-based BPs electrochemical
sensors have exhibited promising potential in real samples detection.
The development of acceptable reference nanomaterial-based methods
is still challenging, because of the two reasons: (I) Many interferent
compounds that easier to oxidize than bisphenols might existed in real
food samples. (II) Most of the nanomaterials have general electro-
catalytic abilities for many molecules, which might decrease the selec-
tivity of BPs determination. Aiming at these problems, preliminary
treatments of samples or searching novel nanomaterials with high
selectivity for BPs should be necessary, moreover, combining the
recognize elements like aptamer, MIP and enzyme with nanomaterials
would also be a useful way for the real sample detection. Hanbing Rao
et al. proposed a MIP electrochemical sensor based on graphene quan-
tum dots (GQDs) coated hollow nickel nanospheres. In the determina-
tion of BPS in mineral water and extraction solution of plastic samples,
this sensor shows accurate results comparable to HPLC, providing a
reliable method to monitor BPs in real food samples.

3. Conclusion and perspective

BPs pose enormous threats to human beings, it is necessary to
develop methods for rapid and sensitive detection of BPs in food or food
contact materials. Among all the developed BPs detection technologies,
electrochemical sensors can be considered as the most promising
method. Different types of BPs electrochemical sensors categorized ac-
cording to recognition elements are discussed in this paper: aptamers,
enzymes, MIP and nanomaterials based electrochemical sensors, of
which the aptamer and enzyme are of great selectivity, but limited to
relatively weak stability and repeatability since they are easily inacti-
vated to temperature, pH or self-inhibition. The MIP inherits the inac-
tivity characteristic of polymers, rending it high stability, selectivity and
good repeatability and reproducibility. But the poor conductivity of MIP
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restricts its use in sensitive determination of analytes. Nanomaterials
have shown great potentials in the sensitive detection of BPs, expressing
good repeatability and reproducibility, but their general catalytic ability
to various molecules limited their selectivity. Therefore, composite
materials of nanomaterials and aptamer, enzyme or MIP have emerged
and are becoming a reliable method for the sensitive and selective
detection of BPs in real food samples.

Even though the progress in developing BPs sensors is convincing,
improvements in real samples analysis is still need to be focused.
Designing and developing detection platform with better stability,
sensitivity and selectivity are one useful way. Further, novel sensing
system might simplify the operations steps and help to realize real time
on-site detection and motivate the commercial viability of the electro-
chemical sensors. For example, developing portable and flexible sensing
devices using functional materials, flexible electrodes or portable elec-
trochemical system might make the real time on-site detection possible.
Finally, for different food systems, applicable sensors should be picked
to acquire accurate and precise testing. For baby bottles and sippy cups,
in which the usage of BPA has been banned, electrochemical sensors
with high sensitivity and low detection limit are needed, while for
canned food or beverages, methods with detection limit lower than the
banned limitation, 0.05 mg-kg ! or 2.5 mg-kg ™, is enough.

This study presents a guideline for precise detection of BPs in food
samples, the summarized fabrication methods and perspective of elec-
trochemical sensors also provide a reference for the development and
advancement in the relevant fields of research, like the monitoring of
pesticides and antibiotics. However, the review is mainly focused on the
electrochemical detection of bisphenols content in food, there is still
extensive researches spaces in the detection of BPs existing in other
systems. Additionally, except the electrode materials, the electro-
chemical sensing form and electrode types like microelectrodes, fiber
electrodes are also should be summarized in the future work.

CRediT authorship contribution statement

Yuhuan Zhang: Project administration, Conceptualization, Writing -
review & editing, Formal analysis. Yanan Lei: Writing - original draft,
Software. Hao Lu: Software, Funding acquisition. Lin Shi: Writing -
review & editing. Peng Wang: Funding acquisition, Writing - review &
editing. Zeshan Ali: Funding acquisition, Formal analysis. Jianke Li:
Conceptualization, Funding acquisition, Formal analysis.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

This work was financially supported by the National Key Research
and Development Program of China (2019YFD1002400 and
2019YFD1002403) and the Fundamental Research Funds for the Central
Universities (GK202003086 and GK202003085).

References

Ali, H., Mukhopadhyay, S., & Jana, N. R. (2019). Selective electrochemical detection of
bisphenol A using a molecularly imprinted polymer nanocomposite. New Journal of
Chemistry, 43(3), 1536-1543.

Alkasir, R. S. J., Ganesana, M., Won, Y.-H., Stanciu, L., & Andreescu, S. (2010). Enzyme
functionalized nanoparticles for electrochemical biosensors: A comparative study
with applications for the detection of bisphenol A. Biosensors & Bioelectronics, 26(1),
43-49.

Alnaimat, A. S., Barciela-Alonso, M. C., & Bermejo-Barrera, P. (2019). Determination of
bisphenol A in tea samples by solid phase extraction and liquid chromatography
coupled to mass spectrometry. Microchemical Journal, 147, 598-604.

Food Chemistry 346 (2021) 128895

Anirudhan, T. S., Athira, V. S., & Sekhar, V. C. (2018). Electrochemical sensing and nano
molar level detection of bisphenol A with molecularly imprinted polymer tailored on
multiwalled carbon nanotubes. Polymer, 146, 312-320.

Baghayeri, M., Ansari, R., Nodehi, M., Razavipanah, 1., & Veisi, H. (2018). Label-free
electrochemical bisphenol A aptasensor based on designing and fabrication of a
magnetic gold nanocomposite. Electroanalysis, 30(9), 2160-2166.

Ben Messaoud, N., Ghica, M. E., Dridi, C., Ben Ali, M., & Brett, C. M. A. (2018). A novel
amperometric enzyme inhibition biosensor based on xanthine oxidase immobilised
onto glassy carbon electrodes for bisphenol A determination. Talanta, 184, 388-393.

Chen, S., Chang, Q., Yin, K., He, Q., Deng, Y., Chen, B.o., ... Wang, L. (2017). Rapid
analysis of bisphenol A and its analogues in food packaging products by paper spray
ionization mass spectrometry. Journal of Agricultural and Food Chemistry, 65(23),
4859-4865.

Chin, K.-Y., Pang, K.-L., & Mark-Lee, W. F. (2018). A review on the effects of bisphenol A
and its derivatives on skeletal health. International Journal of Medical Sciences, 15
(10), 1043-1050.

Cunha, S. C., Indcio, T., Almada, M., Ferreira, R., & Fernandes, J. O. (2020). Gas
chromatography-mass spectrometry analysis of nine bisphenols in canned meat
products and human risk estimation. Food Research International, 135, 109293.
https://doi.org/10.1016/j.foodres.2020.109293.

Dadkhah, S., Ziaei, E., Mehdinia, A., Baradaran Kayyal, T., & Jabbari, A. (2016). A glassy
carbon electrode modified with amino-functionalized graphene oxide and
molecularly imprinted polymer for electrochemical sensing of bisphenol A.
Microchimica Acta, 183(6), 1933-1941.

Deng, P., Xu, Z., & Kuang, Y. (2013). Electrochemically reduced graphene oxide modified
acetylene black paste electrode for the sensitive determination of bisphenol A.
Journal of Electroanalytical Chemistry, 707, 7-14.

Dhanjai, Sinha, A., Wu, L., Lu, X., Chen, J., & Jain, R. (2018). Advances in sensing and
biosensing of bisphenols: A review. Analytica Chimica Acta, 998, 1-27.

Ensafi, A. A., Amini, M., & Rezaei, B. (2018). Molecularly imprinted electrochemical
aptasensor for the attomolar detection of bisphenol A. Microchimica Acta, 185(5),
265.

Fernandes, P. M. V., Campina, J. M., & Silva, A. F. (2020). A layered nanocomposite of
laccase, chitosan, and Fe304 nanoparticles-reduced graphene oxide for the
nanomolar electrochemical detection of bisphenol A. Microchimica Acta, 187(5), 262.

Ghazizadeh, A. J., Afkhami, A., & Bagheri, H. (2018). Voltammetric determination of 4-
nitrophenol using a glassy carbon electrode modified with a gold-ZnO-SiO2
nanostructure. Microchimica Acta, 185(6), 296.

Grumetto, L., Gennari, O., Montesano, D., Ferracane, R., Ritieni, A., Albrizio, S., &
Barbato, F. (2013). Determination of five bisphenols in commercial milk samples by
liquid chromatography coupled to fluorescence detection. Journal of Food Protection,
76(9), 1590-1596.

Gugoasa, L. A. (2019). Review-Electrochemical sensors for determination of the
endocrine disruptor, bisphenol A. Journal of The Electrochemical Society, 167(1),
Article 037506.

Hashemi, P., Karimian, N., Khoshsafar, H., Arduini, F., Mesri, M., Afkhami, A., &
Bagheri, H. (2019). Reduced graphene oxide decorated on Cu/CuO-Ag
nanocomposite as a high-performance material for the construction of a non-
enzymatic sensor: Application to the determination of carbaryl and fenamiphos
pesticides. Materials Science & Engineering C-Materials for Biological Applications, 102,
764-772.

Huang, K., Liu, Y., Liu, Y., & Wang, L. (2014). Molybdenum disulfide nanoflower-
chitosan-Au nanoparticles composites based electrochemical sensing platform for
bisphenol A determination. Journal of Hazardous Materials, 276(15), 207-215.

Huang, X., Huang, D., Chen, JinYang, Ye, R., Lin, Q., & Chen, S. (2020). Fabrication of
novel electrochemical sensor based on bimetallic Ce-Ni-MOF for sensitive detection
of bisphenol A. Analytical and Bioanalytical Chemistry, 412(4), 849-860.

Karimian, N., Hashemi, P., Afkhami, A., & Bagheri, H. (2019). The principles of bipolar
electrochemistry and its electroanalysis applications. Current Opinion in
Electrochemistry, 17, 30-37.

Karimian, N., Hashemi, P., Khanmohammadi, A., Afkhami, A., & Bagheri, H. (2020). The
principles and recent applications of bioelectrocatalysis. Analytical and Bioanalytical
Chemistry Research, 7(3), 281-301.

Khanmohammadi, A., Jalili Ghazizadeh, A., Hashemi, P., Afkhami, A., Arduini, F., &
Bagheri, H. (2020). An overview to electrochemical biosensors and sensors for the
detection of environmental contaminants. Journal of the Iranian Chemical Society, 17
(10), 2429-2447.

Kim, J. J., Kumar, S., Kumar, V., Lee, Y. M., Kim, Y. S., & Kumar, V. (2019). Bisphenols as
a legacy pollutant, and their effects on organ vulnerability. International Journal of
Environmental Research and Public Health, 17(1), 112.

Kunene, K., Sabela, M., Kanchi, S., & Bisetty, K. (2018). High performance
electrochemical biosensor for bisphenol A using screen printed electrodes modified
with multiwalled carbon nanotubes functionalized with silver-doped zinc oxide.
Waste and Biomass Valorization, 11(3), 1085-1096.

Li, C., Zhou, W., Zhu, X., Ye, B., & Xu, M. (2018). Construction of a sensitive bisphenol A
electrochemical sensor based on metal-organic framework/graphene composites.
International Journal of Electrochemical Science, 4855-4867.

Li, H., Ding, S., Wang, W., Lv, Q., Wang, Z., Bai, H., & Zhang, Q. (2019a). Voltammetric
aptasensor for bisphenol A based on double signal amplification via gold-coated
multiwalled carbon nanotubes and an ssDNA-dye complex. Microchimica Acta, 186
(12), 860.

Li, J., Kuang, D., Feng, Y., Zhang, F., & Liu, M. (2010). Voltammetric determination of
bisphenol A in food package by a glassy carbon electrode modified with
carboxylated multi-walled carbon nanotubes. Microchimica Acta, 172(3-4), 379-386.


http://refhub.elsevier.com/S0308-8146(20)32770-9/h0005
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0005
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0005
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0010
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0010
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0010
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0010
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0015
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0015
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0015
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0020
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0020
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0020
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0025
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0025
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0025
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0030
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0030
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0030
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0035
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0035
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0035
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0035
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0040
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0040
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0040
https://doi.org/10.1016/j.foodres.2020.109293
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0050
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0050
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0050
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0050
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0055
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0055
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0055
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0060
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0060
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0065
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0065
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0065
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0070
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0070
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0070
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0075
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0075
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0075
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0080
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0080
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0080
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0080
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0085
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0085
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0085
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0090
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0095
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0095
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0095
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0100
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0100
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0100
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0105
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0105
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0105
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0110
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0110
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0110
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0115
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0115
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0115
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0115
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0120
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0120
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0120
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0125
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0125
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0125
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0125
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0130
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0130
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0130
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0135
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0135
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0135
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0135
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0140
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0140
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0140

Y. Zhang et al.

Li, M., Guo, Z., Zheng, X., Yang, H., Feng, W., & Kong, J. (2019b). An electrochemical
aptasensor based on eATRP amplification for the detection of bisphenol A. Analyst,
144(19), 5691-5699.

Li, Y., Gao, Y., Cao, Y.u., & Li, H. (2012). Electrochemical sensor for bisphenol A
determination based on MWCNT/melamine complex modified GCE. Sensors and
Actuators B-Chemical, 171-172, 726-733.

Liang, X., Yin, N., Liang, S., Yang, R., Liu, S., Lu, Y., ... Faiola, F. (2020). Bisphenol A and
several derivatives exert neural toxicity in human neuron-like cells by decreasing
neurite length. Food and Chemical Toxicology, 135, 111015. https://doi.org/
10.1016/j.fct.2019.111015.

Liu, B., Yan, J., Wang, M., & Wu, X. (2019a). Molecularly imprinted electrochemical
sensor for the detection of bisphenol A. International Journal of Electrochemical
Science, 14(4), 3610-3617.

Liu, B., Lehmler, H.-J., Sun, Y., Xu, G., Liu, Y., Zong, G., ... Bao, W. (2017). Bisphenol A
substitutes and obesity in US adults: Analysis of a population-based, cross-sectional
study. The Lancet Planetary Health, 1(3), e114-e122.

Liu, Q., Kang, X., Xing, L., Ye, Z., & Yang, Y. (2020). A facile synthesis of nanostructured
CoFey04 for the electrochemical sensing of bisphenol A. Rsc Advances, 10(11),
6156-6162.

Liu, Y., Yao, L., He, L., Liu, N., & Piao, Y. (2019b). Electrochemical enzyme biosensor
bearing biochar nanoparticle as signal enhancer for bisphenol A detection in water.
Sensors, 19(7), 1617.

Lu, X., Wang, X., Wu, L., Wu, L., Dhanjai, Fu, L., ... Chen, J. (2016). Response
characteristics of bisphenols on a metal-organic framework-based tyrosinase
nanosensor. Acs Applied Materials & Interfaces, 8(25), 16533-16539.

Mahmoudi, E., Fakhri, H., Hajian, A., Afkhami, A., & Bagheri, H. (2019). High-
performance electrochemical enzyme sensor for organophosphate pesticide
detection using modified metal-organic framework sensing platforms.
Bioelectrochemistry, 130, 107348. https://doi.org/10.1016/j.
bioelechem.2019.107348.

Mahmoudi, E., Hajian, A., Rezaei, M., Afkhami, A., Amine, A., & Bagheri, H. (2019).

A novel platform based on graphene nanoribbons/protein capped Au-Cu bimetallic
nanoclusters: Application to the sensitive electrochemical determination of
bisphenol A. Microchemical Journal, 145, 242-251.

Malakootian, M., Hamzeh, S., & Mahmoudi-Moghaddam, H. (2020). A novel
electrochemical sensor based on FeNi3/CuS/ BiOCl modified carbon paste electrode
for determination of bisphenol A. Electroanalysis. https://doi.org/10.1002/
elan.202060205.

Mirzajani, H., Cheng, C., Wu, J., Chen, J., Eda, S., Aghdam, E. N., & Ghavifekr, H. B.
(2017). A highly sensitive and specific capacitive aptasensor for rapid and label-free
trace analysis of bisphenol A in canned foods. Biosensors and Bioelectronics, 89(2),
1059-1067.

El Moussawi, S. N., Ouaini, R., Matta, J., Chébib, H., Cladiére, M., & Camel, V. (2019).
Simultaneous migration of bisphenol compounds and trace metals in canned
vegetable food. Food Chemistry, 288, 228-238.

Ntsendwana, B., Mamba, B. B., Sampath, S., & Arotiba, O. A. (2012). Electrochemical
detection of bisphenol a using graphene-modified glassy carbon electrode.
International Journal of Electrochemical Science, 7(4), 3501-3512.

Pang, Y.-H., Huang, Y.-Y., Wang, L.i., Shen, X.-F., & Wang, Y.-Y. (2020). Determination of
bisphenol A and bisphenol S by a covalent organic framework electrochemical
sensor. Environmental Pollution, 263, 114616. https://doi.org/10.1016/j.
envpol.2020.114616.

Peng, Y., Wang, J., & Wu, C. (2019). Determination of endocrine disruption potential of
bisphenol A alternatives in food contact materials using in vitro assays: State of the
art and future challenges. Journal of Agricultural and Food Chemistry, 67(46),
12613-12625.

Peyre, L., Rouimi, P., de Sousa, G., Hélies-Toussaint, C., Carré, B., Barcellini, S., ...
Rahmani, R. (2014). Comparative study of bisphenol A and its analogue bisphenol S
on human hepatic cells: A focus on their potential involvement in nonalcoholic fatty
liver disease. Food and Chemical Toxicology, 70, 9-18.

Ragavan, K. V., Rastogi, N. K., & Thakur, M. S. (2013). Sensors and biosensors for
analysis of bisphenol A. Trends in Analytical Chemistry, 52, 248-260.

Rao, H., Zhao, X., Liu, X., Zhong, J.i., Zhang, Z., Zou, P., ... Wang, Y. (2018). A novel
molecularly imprinted electrochemical sensor based on graphene quantum dots
coated on hollow nickel nanospheres with high sensitivity and selectivity for the
rapid determination of bisphenol S. Biosensors and Bioelectronics, 100, 341-347.

Razavipanah, I., Rounaghi, G. H., Deiminiat, B., Damirchi, S., Abnous, K., Izadyar, M., &
Khavani, M. (2019). A new electrochemical aptasensor based on MWCNT-SiO;@Au
core-shell nanocomposite for ultrasensitive detection of bisphenol A. Microchemical
Journal, 146, 1054-1063.

Ren, J., Kang, T.-F., Xue, R., Ge, C.-N., & Cheng, S.-Y. (2011). Biosensor based on a glassy
carbon electrode modified with tyrosinase immmobilized on multiwalled carbon
nanotubes. Microchimica Acta, 174(3-4), 303-309.

Santoro, A., Chianese, R., Troisi, J., Richards, S., Nori, S. L., Fasano, S., & Meccariello, R.
(2019). Neuro-toxic and reproductive effects of bisphenol A. Current
Neuropharmacology, 17(12), 1109-1132.

Sheng, W., Duan, W., Shi, Y., Chang, Q., Zhang, Y., Lu, Y., & Wang, S. (2018). Sensitive
detection of bisphenol A in drinking water and river water using an upconversion
nanoparticles-based fluorescence immunoassay in combination with magnetic
separation. Analytical Methods, 10(44), 5313-5320.

Shi, L., Rong, X., Wang, Y., Ding, S., & Tang, W. (2018). High-performance and versatile
electrochemical aptasensor based on self-supported nanoporous gold microelectrode
and enzyme-induced signal amplification. Biosensors and Bioelectronics, 102, 41-48.

Sofen, L. E., & Furst, A. L. (2019). Perspective—Electrochemical sensors to monitor
endocrine disrupting pollutants. Journal of The Electrochemical Society, 167(3),
037524.

Food Chemistry 346 (2021) 128895

Su, B., Shao, H., Li, N.a., Chen, X., Cai, Z., & Chen, X.i. (2017). A sensitive bisphenol A
voltammetric sensor relying on AuPd nanoparticles/graphene composites modified
glassy carbon electrode. Talanta, 166, 126-132.

Sui, Y., Ai, N.i., Park, S.-H., Rios-Pilier, J., Perkins, J. T., Welsh, W. J., & Zhou, C. (2012).
Bisphenol A and its analogues activate human pregnane X receptor. Environmental
Health Perspectives, 120(3), 399-405.

Sun, F., Kang, L., Xiang, X., Li, H., Luo, X., Luo, R, ... Peng, X. (2016). Recent advances
and progress in the detection of bisphenol A. Analytical and Bioanalytical Chemistry,
408(25), 6913-6927.

Tan, F., Cong, L., Li, X., Zhao, Q., Zhao, H., Quan, X., & Chen, J. (2016). An
electrochemical sensor based on molecularly imprinted polypyrrole/graphene
quantum dots composite for detection of bisphenol A in water samples. Sensors and
Actuators B-Chemical, 233, 599-606.

Thamilselvan, A., Rajagopal, V., & Suryanarayanan, V. (2019). Highly sensitive and
selective amperometric determination of bisphenol A on carbon black/f-MWCNT
composite modified glassy carbon electrodes. Journal of Alloys and Compounds, 786,
698-706.

Thoene, M., Dzika, E., Gonkowski, S., & Wojtkiewicz, J. (2020). Bisphenol S in food
causes hormonal and obesogenic effects comparable to or worse than bisphenol A: A
literature review. Nutrients, 12(2), 532.

Varmira, K., Saed-Mocheshi, M., & Jalalvand, A. R. (2017). Electrochemical sensing and
bio-sensing of bisphenol A and detection of its damage to DNA: A comprehensive
review. Sensing and Bio-Sensing Research, 15, 17-33.

Wang, Q., Zhang, D., Yang, L., & Zhang, L. (2017). Constructed ILs@ hollow porous
spherical Ni-loaded CdFe;04 modified electrode for highly sensitive simultaneous
electrochemical analysis of bisphenols. Sensors and Actuators B-Chemical, 246,
800-808.

Wang, X., Yang, L., Jin, X., & Zhang, L. (2014). Electrochemical determination of
estrogenic compound bisphenol F in food packaging using carboxyl functionalized
multi-walled carbon nanotubes modified glassy carbon electrode. Food Chemistry,
157, 464-469.

Wang, Y., Yin, C., & Zhuang, Q. (2020). An electrochemical sensor modified with nickel
nanoparticle/nitrogen-doped carbon nanosheet nanocomposite for bisphenol A
detection. Journal of Alloys and Compounds, 827, 154335. https://doi.org/10.1016/j.
jallcom.2020.154335.

Watabe, Y., Kondo, T., Imai, H., Morita, M., Tanaka, N., & Hosoya, K. (2004). Reducing
bisphenol A contamination from analytical procedures to determine ultralow levels
in environmental samples using automated HPLC microanalysis. Analytical chemistry,
76(1), 105-109.

Wu, L., Lu, X., Niu, K., Dhanjai, & Chen, J. (2020). Tyrosinase nanocapsule based nano-
biosensor for ultrasensitive and rapid detection of bisphenol A with excellent
stability in different application scenarios. Biosensors & Bioelectronics, 165, 112407.
https://doi.org/10.1016/j.bios.2020.112407.

Wu, L., Yan, H., Wang, J., Liu, G., & Xie, W. (2019). Tyrosinase incorporated with Au-
Pt@SiO2 nanospheres for electrochemical detection of bisphenol A. Journal of The
Electrochemical Society, 166(8), B562-B568.

Xu, W., Yuan, F., Li, C., Huang, W., Wu, X., Yin, Z., & Yang, W. (2016). Acetylene black
paste electrode modified with molecularly imprinted polymers/graphene for the
determination of bisphenol A. Journal of Separation Science, 39(24), 4851-4857.

Yan, X., Zhou, C., Yan, Y., & Zhu, Y.e. (2015). A simple and renewable nanoporous gold-
based electrochemical sensor for bisphenol A detection. Electroanalysis, 27(12),
2718-2724.

Zhang, Y., Wang, L., Lu, D., Shi, X., Wang, C., & Duan, X. (2012). Sensitive determination
of bisphenol A base on arginine functionalized nanocomposite graphene film.
Electrochimica Acta, 80, 77-83.

Yang, J., Wang, X., Zhang, D., Wang, L., Li, Q.i., & Zhang, L. (2014). Simultaneous
determination of endocrine disrupting compounds bisphenol F and bisphenol AF
using carboxyl functionalized multi-walled carbon nanotubes modified electrode.
Talanta, 130, 207-212.

Yin, H., Zhou, Y., Cui, L., Liu, X., Ai, S., & Zhu, L. (2011). Electrochemical oxidation
behavior of bisphenol A at surfactant/layered double hydroxide modified glassy
carbon electrode and its determination. Journal of Solid State Electrochemistry, 15(1),
167-173.

Yu, Z., Luan, Y., Li, H.,, Wang, W., Wang, X., & Zhang, Q. (2019). A disposable
electrochemical aptasensor using single-stranded DNA-methylene blue complex as
signal-amplification platform for sensitive sensing of bisphenol A. Sensors and
Actuators B-Chemical, 284, 73-80.

Yuan, C.-J., Wang, C.-L., Wu, T. Y., Hwang, K.-C., & Chao, W.-C. (2011). Fabrication of a
carbon fiber paper as the electrode and its application toward developing a sensitive
unmediated amperometric biosensor. Biosensors & Bioelectronics, 26(6), 2858-2863.

Zhang, H., Yao, R., Wang, N., Liang, R., & Qin, W. (2018). Soluble molecularly imprinted
polymer-based potentiometric sensor for determination of bisphenol AF. Analytical
Chemistry, 90(1), 657-662.

Zhang, S., Shi, Y., Wang, J., Xiao, L., Yang, X., Cui, R., & Han, Z. (2020). Nanocomposites
consisting of nanoporous platinum-silicon and graphene for electrochemical
determination of bisphenol A. Microchimica Acta, 187(4), 241.

Zhang, Y., Wang, Y., Zhu, W., Wang, J., Yue, X., Liu, W., ... Wang, J. (2017).
Simultaneous colorimetric determination of bisphenol A and bisphenol S via a multi-
level DNA circuit mediated by aptamers and gold nanoparticles. Microchimica acta,
184(3), 951-959.

Zhao, W.-R., Kang, T.-F., Lu, L.-P., Shen, F.-X., & Cheng, S.-Y. (2017). A novel
electrochemical sensor based on gold nanoparticles and molecularly imprinted
polymer with binary functional monomers for sensitive detection of bisphenol A.
Journal of Electroanalytical Chemistry, 786, 102-111.


http://refhub.elsevier.com/S0308-8146(20)32770-9/h0145
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0145
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0145
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0150
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0150
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0150
https://doi.org/10.1016/j.fct.2019.111015
https://doi.org/10.1016/j.fct.2019.111015
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0160
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0160
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0160
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0165
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0165
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0165
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0170
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0170
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0170
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0175
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0175
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0175
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0180
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0180
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0180
https://doi.org/10.1016/j.bioelechem.2019.107348
https://doi.org/10.1016/j.bioelechem.2019.107348
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0190
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0190
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0190
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0190
https://doi.org/10.1002/elan.202060205
https://doi.org/10.1002/elan.202060205
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0200
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0200
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0200
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0200
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0205
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0205
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0205
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0210
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0210
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0210
https://doi.org/10.1016/j.envpol.2020.114616
https://doi.org/10.1016/j.envpol.2020.114616
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0220
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0220
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0220
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0220
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0225
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0225
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0225
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0225
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0230
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0230
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0235
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0235
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0235
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0235
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0240
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0240
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0240
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0240
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0245
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0245
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0245
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0250
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0250
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0250
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0255
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0255
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0255
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0255
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0260
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0260
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0260
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0270
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0270
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0270
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0275
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0275
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0275
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0280
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0280
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0280
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0285
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0285
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0285
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0285
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0290
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0290
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0290
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0290
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0295
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0295
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0295
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0300
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0300
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0300
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0305
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0305
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0305
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0305
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0310
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0310
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0310
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0310
https://doi.org/10.1016/j.jallcom.2020.154335
https://doi.org/10.1016/j.jallcom.2020.154335
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0320
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0320
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0320
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0320
https://doi.org/10.1016/j.bios.2020.112407
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0330
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0330
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0330
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0335
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0335
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0335
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0340
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0340
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0340
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0345
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0345
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0345
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0350
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0350
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0350
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0350
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0355
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0355
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0355
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0355
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0360
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0360
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0360
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0360
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0365
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0365
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0365
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0370
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0370
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0370
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0375
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0375
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0375
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0380
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0380
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0380
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0380
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0385
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0385
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0385
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0385

Y. Zhang et al.

Zheng, Z., Du, Y., Wang, Z., Feng, Q., & Wang, C. (2013). Pt/graphene-CNTs
nanocomposite based electrochemical sensors for the determination of endocrine
disruptor bisphenol A in thermal printing papers. Analyst, 138(2), 693-701.

Zheng, Z., Liu, J., Wang, M., Cao, J., Li, L., Wang, C., & Feng, N. (2016). Selective sensing
of bisphenol A and bisphenol S on platinum/poly(diallyl dimethyl ammonium

10

Food Chemistry 346 (2021) 128895

chloride)-diamond powder hybrid modified glassy carbon electrode. Journal of The
Electrochemical Society, 163(6), B192-B199.

Zhu, W, Yue, X., Duan, J., Zhang, Y., Zhang, W., Yu, S., ... Wang, J. (2016).
Electrochemically co-reduced 3D GO-Cg( nanoassembly as an efficient nanocatalyst
for electrochemical detection of bisphenol S. Electrochimica Acta, 188, 85-90.


http://refhub.elsevier.com/S0308-8146(20)32770-9/h0390
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0390
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0390
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0395
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0395
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0395
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0395
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0400
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0400
http://refhub.elsevier.com/S0308-8146(20)32770-9/h0400

	Electrochemical detection of bisphenols in food: A review
	1 Introduction
	2 Electrochemical detection of BPs
	2.1 Electrochemical aptasensors
	2.2 Enzyme-based electrochemical sensors
	2.3 Molecularly imprinted electrochemical sensors
	2.4 Nanomaterials-based electrochemical sensors
	2.4.1 Carbon nanomaterials based electrochemical sensors
	2.4.2 Metal nanomaterials based electrochemical sensors
	2.4.3 Metal oxide nanomaterials based electrochemical sensors


	3 Conclusion and perspective
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgments
	References


