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Lateral flow immunoassay (LFIA) biosensor is a paper-based tool and widely utilized in various fields. Here, we
developed a novel LFIA biosensor by introducing Cos04 nanoparticles (NPs) as signal labels for highly sensitive
detection of 3-amino-2-oxazolidinone (AOZ), a metabolite of furazolidone. The characteristic brown color of
Co304 NPs enabled AOZ to be visually detected by the LFIA. Significantly, the size of Co304 NPs is relatively
small compared with most of other signal labels, which could remarkably reduce steric hindrance, increase
immunoreaction probability and shorten the analysis time. Under optimal conditions, the novel Co304 NPs-LFIA
could possess high sensitivity for the detection of AOZ with a detection limit of 0.4 ng mL™' by naked eyes,
which was at least 3-fold improved than that of the conventional gold nanoparticles (GNPs) based LFIA.
Moreover, the detection could be achieved within 6 min and without cross-reactions with other analogue small
molecules. Taking merits of convenience, rapid and sensitivity, the proposed Co304 NPs-LFIA may be readily

adapted for the detection of other small molecules.

1. Introduction

The Lateral flow immunoassay (LFIA) biosensor has received wide-
ranging interest in environmental monitoring and food analysis, as it
provides the unique advantages of portability, simplicity and rapidity as
well as low-cost equipment [1,2]. LFIA is mainly based on a specific
reaction between probe (signal labeled antibody) and analytes, after
analysis colored single or double lines could be formed by the accu-
mulation of signal labels. As a signal provider, signal labels can directly
affect the expression and sensitivity of LFIA biosensors. Conventionally,
GNPs are used in LFIAs as signal labels owing to their good bioaffinity,
easy synthesis and unique plasmon absorption [3]. Nevertheless, GNPs
are often greatly limited by low sensitivity, chemical instability and
high material consumption, which are not conducive to their further
applications [4]. To overcome these situations, some novel nanoma-
terials were developed in LFIAs. Fluorescent nanomaterials, such as up-
conversion nanomaterials (UCNPs) [5], quantum dots (QDs) [6] and
semiconducting polymer dots [7] were applied due to their excellent
fluorescence signal. But these fluorescent nanomaterials require com-
plicated operations, advanced equipment and an extra excitation light,
which greatly restrict the development of rapid detection. The ex-
ploitation of carbon-based nanomaterials for LFIA is a good adhibition
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of signal labels [8]. However, the large particle size of these carbon-
based materials like carbon nanotube [9] and graphene [10] not only
decreases the flow rate but also hinder the contaction and reaction
between antibody and antigen, leading to a low sensitivity [11]. For
instance, reduced graphene oxide at above 1000 nm was used as a
signal label to detect Escherichia coli 0157:H7, in this report, the im-
munoassay flow time arrived at 20 min, which dramatically extended
the detecting time [12]. In addition, such large particles often make
against smooth flow through nitrocellulose membrane pores and result
in higher background signals due to nonspecific blockages.

Co304 nanoparticles (NPs), as a kind of promising transition metal
oxide, have aroused a dramatic interest owing to its simple synthesis,
low cost, good chemical stability and biocompatibility, which makes it
remarkably be applied in various fields [13,14]. Meanwhile, benefiting
from the unique control structure of rich morphology and different
particle sizes ranging from tens to hundreds of nanometers [15,16],
Co304 NPs have advantages in reducing steric hindrance and increasing
the probability of immunological recognition. Additionally, Co304 NP is
a classical cobalt-based black pigment with an intense brown color
which can meet the requirement of signal labels in immunoassays [17].
To the best of our knowledge, the introduction of Co30,4 NPs as signal
labels in the LFIA has not been investigated. Based on these above
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superior characteristics, we can envisage Co304 NPs as an excellent
signal label, which enables the LFIA platform to come out high sensi-
tive, convenient and on-site detection in food safety mornitoring.

Furazolidone (FZD) is one of the broad spectrum antibiotics, which
has been generally used to treat intestinal infection caused by
Escherichia coli and Salmonella spp [18]. FZD is rapidly metabolized in
animals and has a short half-life, but its metabolite AOZ can bind to cell
membrane proteins in the body and remain for weeks [19]. Hence, the
residual level of FZD is usually determined by using its metabolite AOZ
as a target analyte. In this work, we synthesized dimercaptosuccinic
acid (DMSA) modified Co304 NPs with high water solubility as signal
labels to construct a novel LFIA biosensor for simple and rapid detec-
tion of AOZ. In order to verify the performance of this biosensor, tra-
ditional GNPs based LFIA was used for a comparison. In addition, this
biosensor was applied in different real samples including honey,
chicken, pork and milk powder to validate its feasibility. The estab-
lished novel Co304 NPs-LFIA displayed high anti-interference ability,
accuracy and sensitivity. This work proves that the small size Co304
NPs have great application potential as signal material in the lateral
flow immunoassay for small molecule analytes.

2. Experimental
2.1. Materials and instrument

Co(CH5C00),4H,0 (Cobaltous acetate tetrahydrate) and ammo-
nium hydroxide were purchased from Sinopharm Chemical Reagent
Co,. Ltd (Beijing, China). AOZ, 3-[(4-carboxyphenyl) monomethyl]
amino-2-oxazolidinone (CPAOZ), 1l-aminohydantoin (CPAHD) semi-
carbazide (CPSEM), 3-amino-5-morpholinomethyl-2-oxazolidinone
(CPAMOZ), penicillin and chloramphenicol were purchased from Anti
Biotechnology (Wuhan, China). Hydrogen tetrachloroaurate (III) hy-
drate (HAuCl43H,0) was purchased from Sigma-Aldrich (St. Louis,
USA). Dimercaptosuccinic acid (DMSA) and dimethylsulfoxide (DMSO)
were purchased form Aladdin chemistry Co. Ltd. (Shanghai, China).
Anti-CPAOZ monoclonal antibody (mAb) was prepared in our lab
(College of Food Science and Engineering, Northwest A & F University,
Rapid monitoring laboratory for food safety). Goat anti-mouse im-
munoglobulin (IgG) was purchased from Luoyang Baiaotong
Experimental Materials Center (Luoyang, China). Nitrocellulose (NC)
membranes were purchased from Millipore Corp (Shanghai, China).
Glass fibers, absorbent pads and polyvinyl chloride plate were received
from Shanghai Kingdiag-biotech Co,. Ltd (Shanghai, China). Honey,
milk powder, pork and chicken were obtained from a supermarket in
Yangling, China. Other reagents include ethanol, hydrochloric acid,
nitric acid, and sodium hydroxide were purchased from Aladdin
chemistry Co. Ltd. (Shanghai, China). All other chemicals in this work
were of analytical grade or higher.

Guillotine cutter (HGS-201) and Dispensing Platform (HGS510-2D)
were received from Hangzhou Autokun Technology Co., Ltd (Hangzhou,
China). Transmission electron microscopy (TEM) image was recorded by
a JEOL JEM-1230 (Tokyo, Japan). The X-ray diffraction (XRD) pattern of
Co304 NPs was performed on a Bruker D8 Advanced X-ray
Diffractometer, equipped with Cu Ka radiation (Karlsruhe, Germany). An
X-ray photoelectron spectroscopy (XPS) spectrum was conducted by Axis
Ultra DLD X-ray photoelectron spectrometer (Shimadzu, England). The
fourier-transform infrared (FT-IR) spectra were performed with a Vetex
70 (Bruker Corp, Germany). The zeta potentials of Co304 NPs and Co304
NPs-mAb solutions were measured using Zetasizer Nano-ZS instrument
(Malvern, UK). All pH measurements were displayed with a PB-10 digital
pH-meter (Sartorius, Germany).

2.2. Synthesis of the Co304 NPs and GNPs

Co304 NPs were synthesized using a hydrothermal method with
minor modifications [16,20]. Briefly, 0.5 g of Co(CH3CO0)»-4H,0 was
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dissolved into the mixed solvent containing 10 mL of deionized water
and 15 mL of ethanol. Then, 2.5 mL of 25% ammonia was added to the
above solution under vigorous stirring for 20 min. Afterward, the
mixture was sealed into a Teflon-lined autoclave and heated at 150 °C
for 3 h. The black products were collected by centrifugation and washed
with water several times, followed by drying under vacuum at 60 °C.
The dried Co304 NPs (20 mg) was dissolved into 50 mL water and
adjusted pH to 2-3 by HCl (0.1 M). Following that, 1 mg DMSA was
dissolved in 1 mL DMSO, and then quickly injected into the Co304 NPs
solution under stirring. After the mixture was ultrasonic for 2 h and
stirred for another 5 h, the product was collected with centrifugation
and washed with water several times. The final product was stored at
4 °C for subsequent measurement.

GNPs were prepared by the citrate reduction process [21]. Briefly,
all glassware was soaked in aqua royal (HCL: HNO3 = 3: 1) for 2 h and
rinsed with water. 1 mL 1% (w/v) HAuCl,3H-0 solution was injected
into 96 mL deionized water and heated until boiling under vigorous
stirring. Then, 3 mL 1% (w/v) trisodium citrate was quickly added to
the mixed solution, which gave rise to the solution changes from yel-
lowish green to red. The solution was stirred for 15 min after the color
change, cooled to ambient temperature and stored in refrigerator at
4 °C.

2.3. Preparation of the Co304 NPs-mAb and GNPs-mAb probes

Co304 NPs (1 mg) was dissolved into 1 mL borate buffer (2 mM, pH
7.4), soon afterward 3 pg (1 mg mL~1) anti-CPAOZ mAb was added
into the mixture with stirring for 2 h. Then, the mixture was blocked by
100 pL 10% BSA under stirring for another 30 min and washed three
times to remove excess reagent. The final precipitate Co304 NPs-mAb
probes were suspended in 200 pL borate buffer.

Initially, 1.0 mL of GNPs solution was adjusted pH to 8.0-9.0 by
addition of 0.1 M K,COj3. The 4 pg anti-CPAOZ mAb was introduced to
pH adjusted GNPs solution and incubated for 30 min at room tem-
perature. Then, 10% BSA was injected into the mixture to obtain final
1% BSA concentration and incubated for another 30 min to block the
residual active sites of GNPs. After incubation for 2 h at 4 °C, the so-
lution was centrifuged at 1500 rpm for 15 min to remove unreactive
anti-CPAOZ mAb and BSA. The precipitate was washed two times with
2 mM borax buffer (pH 9.0) containing 0.02% sodium azide (NaN3) and
0.1% (w/v) PEG-20000 and separated by centrifugation at 12,000 rpm
for 35 min. Finally, the GNPs-mAb probes were suspended in 100 pL
borate buffer and stored at 4 °C for following use.

2.4. Fabrication of the Co304 NPs-LFIA

As shown in Scheme 1, the lateral flow strip was composed of 5
parts: absorbent pad, NC membrane, sample pad, conjugate pad and
substrate plate. Both conjugate pad and sample pad were pretreated
with blocking buffer and dried at 37 °C. The test line (T line) and
control line (C line) were separately prepared by dispensing
0.3 mg mL ™! antigen (CPAOZ-BSA) and 0.5 mg mL ™' goat anti-mouse
IgG solutions on the NC membrane. The distance between T and C lines
was 3 mm. After drying at 37 °C for 30 min, the NC membrane, sample
pad, conjugate pad and absorbent pad were assembled on the substrate
plate with a 1-2 mm overlap. The assembled plate was cut into in-
dividual 3 mm strips and stored at 4 °C.

2.5. Assay procedure of the Co304 NPs-LFIA

A series CPAOZ standard solution of different concentrations were
diluted with phosphate buffered saline (PBS). The 100 pL standard
solution containing 3 pL Co304 NPs-mAb probes or 4 uL. GNPs-mAb
probes was added onto the sample pad and migrated onward to the
whole strip under the force of capillary action (n = 3). After 6 min, the
result was observed by naked eyes as colorimetric and semi-



L. Su, et al.

/a329% 81
/@ gT 8
' |l L -
! L ’9 d S
\ e ; o
L9 o,/ -
\\. ® L) e
B Test line Control line
() \\I//
R
Sample pad Conjugate pad Aborbent pad

‘ Co,0,NPs &) CPAOZ-BSA 32 CPAOZ

Talanta 211 (2020) 120729

\/
\II/

»

Physical absorbing

o 5 }:‘3\

Negative

v ’f’.
7 VIRAA
Positive
\V/,

"/ anti-CPAOZ mAb \\"// Goat anti-mouse IgG

Scheme 1. (A) Coupling process of Co304 NPs with anti-CPAOZ mAbs; (B) Principle illustration of CPAOZ detection using the Co304 NPs-LFIA biosensor.

quantitative readouts. Afterward, the image was captured with a
camera and the color intensities of T and C lines were processed with
ImageJ software.

To evaluate the specificity of the Cos0, NPs-LFIA, 10 ng mL ™’
CPAOZ and 100 ng mL~ " of other structurally similar compounds
(CPAHD, CPAMOZ, CPSEM, chloramphenicol and penicillin) were
tested, respectively. PBS buffer solution was used as the control group.
Each experiment was performed at least three times under the same
operation.

2.6. AOZ detection in real samples by the Co30, NPs-LFIA

To verify the practicability of this Co304 NPs-LFIA, honey, milk
powder, pork and chicken were selected as practical samples. This four
food samples were previously confirmed to be nonexistent of AOZ by
high performance liquid chromatography (HPLC). A simple pre-treat-
ment of four samples was conducted using previously reported method
with slight modifications [22]. The samples (1.0 g each) were added
into disposable plastic centrifuge tubes and dissolved into water. Con-
cretely, four samples were spiked with AOZ of different concentrations
(0.2, 0.4, 0.8, 1, 2, 3 and 4 ng mL™~ ') and sonication for 10 min. Sub-
sequently, 200 pL of 0.05 M 4-nitrobenzaldehyde (4-CBA) in dimethyl
sulfoxide (DMSO) was added to the above solutions and incubated at
37 °C for 16 h. The supernatant was then collected by centrifugation at
10,000 rpm for 10 min and analyzed by the prepared test strip under
the optimal conditions.

3. Results and discussion
3.1. Principle of the Co304 NPs-LFIA

A novel Coz04 NPs-LFIA biosensor was proposed and its design
principle was displayed in Scheme 1. To greatly refrain from antibody
denaturation and inactivation, the Co30, NPs were conjugated with
anti-CPAOZ mAb by simple physical adsorption to form Coz0,4 NPs-
mAD probes (Scheme 1A). In the immunoassay, owing to the chroma-
tography function the sample solution rapidly migrates from sample
pad to absorbent pad along the strip forming colored bands on test
zone. The detection of CPAOZ is based on a competitive format and the
concentration of target CPAOZ is opposite to the color intensity of T
line. As illustrated in Scheme 1B, if there exists no CPAOZ in the sample
solution, the Co304 NPs-mAb probes would be captured by complete
antigen of CPAOZ-BSA to form a distinct brown band. However, if

CPAOZ is present, the competitive binding toward Co304 NPs-mAb
probes will generate between the immobilized CPAOZ-BSA and target
free CPAOZ, so that the color of T line will be shallower. When the
CPAOZ content of sample is high enough, the reaction of CPAOZ-BSA
and Co304 NPs-mAb probes will be completely blocked, and no color
can be seen on the T line. No matter whether target CPAOZ is present in
the sample solution, C line always shows color to ensure the validity of
the LFIA.

3.2. Characterization of the Co304 NPs and Co304 NPs-mAb probes

The morphology and size of synthesized Co3;04 NPs were char-
acterized by TEM. As shown in Fig. 1A, the resultant Co30,4 NPs ex-
hibited a cubic shape and relatively homogeneous size distribution with
an average diameter of 13.4 nm (determined by the measurement of 50
particles). The crystal structure and purity of Co304 NPs were also
supported by XRD record. In Fig. 1B, the XRD pattern of Co304 NPs
revealed peaks at 31.08°, 36.92°, 44.84°, 59.45° and 65.35° attributed to
the (220), (311), (400), (511) and (440) reflection [23], which was
coincided well with the standard XRD patterns of cubic spinel type
Co304 NPs (JCPDS PDF 76-1802). As displayed in Fig. 1C, the FTIR
spectrum of Co304 NPs had two distinctive absorption bands at 657 and
575 cm ™! assigned to Co-O stretching vibrations. The peak centered at
3429 and 1639 cm ™! separately corresponded to the ~OH and O-H
stretching vibrations of water molecules [24]. XPS was further mea-
sured to get the surface chemical composition and chemical states of
Co304 NPs. As shown in Fig. S1A, the full survey scan spectrum of
Co304 NPs can be indexed to Co 2p, O 1s and C 1s regions, which
indicated that no other metallic elements or inorganic materials were
involved in the results. Fig. S1B showed two major binding energies at
780.14 and 790.05 eV corresponding to Co 2ps,» and Co 2p; ., re-
spectively. The two peaks of Co 2ps,, located at 781.34 and 779.99 eV
were characteristic of Co?>" and Co>™, respectively [25]. These results
indicated the successful synthesis of Co304 NPs in this work. Zeta po-
tentials of the Co304 NPs and Co30, NPs-mAb were analyzed by dis-
persing them into deionized water. The change of zeta potential from
—45.8 to —26.3 mV verified that the anti-CPAOZ mADb was successfully
immobilized on the surface of Co304 NPs (Fig. 1D) [26].

3.3. Optimization of the Co304 NPs-LFIA

To obtain better immunoassay performances, the amount of anti-
CPAOZ mAb, the volume of Co304 NPs-mAb and detection time were
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Fig. 1. (A) TEM image of Co304 NPs. The inset represents the corresponding nanoparticles size distribution histogram; (B) XRD pattern of Co304 NPs (red line) and
standard Co3;04 NPs (JCPDS PDF 76-1802); (C) FTIR spectra of Cos04 NPs; (D) Zeta potentials of Co304 NPs and Co3z04 NPs-mAb. (For interpretation of the
references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Optimization results of experimental parameters of the Co304 NPs-LFIA. (A) Amount of anti-CPAOZ mAb (ug); (B) Volume of Co304 NPs-mAb probe; (C)
Detection time. “T” stands for test line, “C” stands for control line and “” stands for the selected optimum condition.

optimized. The amount of anti-CPAOZ mAb was a crucial parameter
that could affect the assay sensitivity for competitive immunoassay. To
obtain the optimal amount of antibody binding on Co304 NPs, different
amounts (1 ug, 2 ug, 3 ug, 4 ug and 5 pg) of anti-CPAOZ mAb were
added into 1 mg mL ™! Co304 NPs solution, respectively. As displayed
in Fig. 2A, the color intensities of T line and C line enhanced with in-
creasing amount of anti-CPAOZ mAD at the range of 1-3 ug. An excess
of antibodies might affect the competitive reaction and result in lower
sensitivity. Considering from this aspect, 3 pug was sufficient and se-
lected as the optimal amount of anti-CPAOZ mAbD.

Moreover, as a recognition probe, Co304 NPs-mAb would selectively
capture CPAOZ, and accumulate on the T line and C line to form brown
bands for quantitative analysis. So, the volume of immunoassay probes

could directly influence the color intensity and assay sensitivity. Fig. 2B
shows the dependence of color intensity on volumes of probes in this
assay system. When the volume of immunoassay probes increased to
3 L, the test zone showed two distinct brown bands with a maximum
color intensity. To avoid the inhibition of excessive probes toward the
competitive reaction between immobilized antigens and target free
molecules, 3 pL. was chosen as the best volume of probes for the fol-
lowing measurement.

In order to realize rapid detection on spot, different detection time
of the Co304 NPs-LFIA was investigated. As presented in Fig. 2C, the
intensity of brown bands on both T line and C line gradually increased
from 2 to 6 min and maintained a balance after 6 min. As shown in Fig.
S3, between 3 repetitions, the optical density of T line demonstrates a
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Fig. 3. (A) Results of CPAOZ detection by the Co304 NPs-LFIA; (B) Results of CPAOZ detection by the GNPs-LFIA; (C) The variation rule in the whole detection range
of CPAOZ by the Co30,4 NPs-LFIA (inset image: calibration curve of CPAOZ). The error bars show the standard deviation of three replicates.

minimal error bar under the detection time of 6 min compared to other
detection times, indicating the best repeatability for the observation of
results at this time. While, the detection time is 8 min for the GNP-LFIA
under best repeatability. Thus, in the following experiments 6 min was
selected as the final detection time which was much faster than that of
the conventional GNPs-LFIA. In addition, to achieve higher sensitivity
of the Co30,4 NPs-LFIA as well as bright visual color bands on the strip,
concentrations and dispensing rates of the CPAOZ-BSA and goat anti-
mouse IgG in T and C lines, blocking buffers for sample and conjugate
pads were also optimized. The optimal results were showed in Table S1.

3.4. Analytical performance of the Co30,4 NPs-LFIA

Under the optimized conditions, the sensitivity of the Coz04 NPs-
LFIA was evaluated with a range of CPAOZ standard solutions. The
minimum target CPAOZ concentration of color vanishing on T line was
set as the visual detection limit (VDL). As shown in Fig. 3A, with the
gradually increasing of CPAOZ concentration, the color intensity of T
line was reduced by degrees since a competitive inhibition effect of
CPAOZ and complete antigen toward immune probes. When the con-
centration of CPAOZ reached 0.4 ng mL ™", the color intensity of T line
was significantly weaker than that on the negative strip by visual in-
spection, and the color intensity of T line almost completely dis-
appeared at 1 ng mL™' of CPAOZ. Thus, 1 ng mL~' of CPAOZ was
regarded as the VDL of the Co304 NPs-LFIA. Furthermore, quantitative
analysis was realized by processing the gray value of color band on T
line using ImageJ software. As shown in the inset of Fig. 3C, the cor-
responding calibration plots of optical density on T line had a great
linear correlation (R = 0.98,063) with the CPAOZ concentration in the
range of 0.2-1 ng mL™'. According to the following formula, the con-
centration of AOZ was converted from CPAOZ concentration.

Moz

Caoz = X Ccpaoz

Mcraoz
Where Ccpaoz is concentration of CPAOZ detected in the LFIA. Maoz
and Mcpaoz represent relative molecular mass of AOZ and CPAOZ. Cyoz
is concentration of AOZ and can be calculated according to the formula.
Therefore, after calculation the VDL of AOZ was 0.4 ng mL™ . For a
comparison, GNPs were used as signal tags to detect CPAOZ under the
optimized conditions (Fig. S4), and as can be seen in Fig. 3B, the VDL
value of the GNPs-LFIA reached 3 ng mL ™" for CPAOZ (1.3 ng mL ™" for
AQZ). So, the sensitivity of the Co304 NPs-LFIA is 3-fold better than that
of the conventional GNPs-LFIA. Compared with methods reported in
previous literatures for FZD detection (Table 1), the Co304 NPs-LFIA
also displayed greater superiority, which could be mainly ascribed to

Table 1

Performance comparison of the LFIAs for determination of FZD.
Labels Detection limit Readout Detection time Reference

(ng mL™Y) mode

Quantum dot 10 Naked eye 10 min [27]
GNPs 10 Naked eye 10 min [28]
Crystal violet 7 Naked eye 10 min [29]
Co304 NPs 1 Naked eye 6 min This work

the better biocompatibility and higher color depth of Co304 NPs. What's
more, as signal labels, the small size of Co304 NPs obviously reduced
the steric hindrance and accelerated the immune responses of antigen
and antibody. Therefore, the Co304 NPs-LFIA can be applied as a pro-
mising platform for highly sensitive and rapid detection of FZD.

In addition, the specificity of the Co30, NPs-LFIA was investigated
via testing several structural analogues including CPAHD, CPAMOZ,
CPSEM, chloramphenicol and penicillin respectively at the same con-
centration of 100 ng mL ™. As revealed in Fig. 4A, positive results were
only seen in the presence of CPAOZ (10 ng mL ™), while the color in-
tensities of T line were almost the same as that of the negative control
strip even at a high concentration for other structurally similar com-
pounds. Meantime, the corresponding gray values of T line for all
analytes were presented in Fig. 4B. As a result, the developed LFIA had
no cross-reactivity with these similar-structure small molecules and
could be used as a highly selective platform to detect CPAOZ.

In order to evaluate the precision of the Co304 NPs-LFIA, standar-
dized recovery tests of AOZ toward blank milk powder have been car-
ried out. Each addtion concentration was detected every 4 h for three
times during the same day, and measured within seven days (1, 3, 7
day) to evaluate the within-day and between-days repeatability. As
shown in Table S2, based on the method of Co304 NPs-LFIA, the relative
standard deviation (RSD) values were all below 9.4%, and the recovery
rates ranged from 98% to 105%, indicating good precision of this
method.

3.5. Application in food samples of the Co30, NPs-LFIA

For a further evaluation of reliability and practicability of the Co304
NPs-LFIA, honey, chicken, pork, milk powder were selected as actual
samples to detect AOZ via the standard addition method. After deriving
the AOZ to CPAOZ (Fig. S2), the obtained sample solutions were tested
by Co304 NPs-LFIA. As displayed in Fig. 5, the VDL of AOZ in honey,
chicken and pork samples were all 3 ng mL ™%, and 1 ng mL ™" in milk
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Fig. 5. Detection results of AOZ in honey (A), chicken (B), pork (C), milk powder (D) samples based on the Co304 NPs-LFIA.

powder. The analytical performance of this Co304 NPs-LFIA in the ac-
tual samples was decreased slightly compared with standard tests due
to the food matrix interference. Even so, this biosensor provided great
potential for its application in the real samples.

4. Conclusion

In summary, a highly efficient and sensitive Co304 NPs-LFIA bio-
sensor was successfully developed to detect AOZ. Co304 NPs were
proved to be able to applied as desired immunoassay signal labels
owing to their simple synthesis and intense color. Compared with some
other signal labels, the small size of Co304 NPs in this work possessed a
great possible advantage in the aspects of distinctly reducing the steric
hindrance and promoting the probability of immune recognition, which
was beneficial for high assay sensitivity. Under optimal conditions, the
developed Co304 NPs-LFIA displayed great selectivity and high sensi-
tivity to AOZ with a detection limit of 0.4 ng mL~' by naked eyes,
which was 3-fold improvement than that of the conventional LFIA.
Furthermore, this Co304 NPs-LFIA had great potential for detection of
AOZ in different real samples. Owing to these superior advantages such
as short detection time, simple equipment and high sensitivity, the
proposed Co304 NPs-LFIA is expected to be widely applied in food
safety and environmental monitoring.
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