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Nitrite (NO,") and nitrate (NO3z7) are frequently used in cured meat products as
preservatives, as they give a better taste and work well in color fixation. As a key
possible carcinogen, excessive dietary consumption of NO,™ in cured meat
products would be bad for health. Herein, copper oxide nanoparticles (CuO
NPs) were synthesized using the drug Augmentin as a reducing and capping
agent. The desired synthesis of CuO NPs was confirmed by various
characterization techniques, including UV-visible spectroscopy, Fourier
transform infrared spectroscopy, energy-dispersive X-ray spectroscopy,
thermal gravimetric analysis, X-ray diffraction, and scanning electron
microscopy. The new approach of drug-mediated acetic acid-capped CuO
NPs was developed for simple colorimetric detection of nitrite ions in a mimic
solution of processed food. The color of the detection system changes from
brown to yellow with the increase in the concentration of NO,™ and has been
observed with the naked eye. The selectivity of the NO,™ detection system by the
UV-visible spectrum and the naked eye is compared to other ions, such as Br~, I,
Clt, PO473, CO3%, and SO4%". The platform was successfully employed for the
determination of nitrite in real samples. Moreover, this probe can be used for the
sensitive detection of NO,~ with a linear range of 1 X 1078 to 240 x 10°M, a
detection limit of 2.69 x 107" M, a limit of quantification 8.9 x 10’ M, and a
regression coefficient (R?) of 0.997. Our results suggest that this sensor can be
used for on-site analysis and quantification as well as in the fields of disease
diagnosis, environmental monitoring, and food safety.
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1 Introduction

Among nitrogen-containing inorganic ions, three ions,
i.e.,, NH,*, NO,, and NO37, in the environment are essential
nutrients for the growth of plants and in the food industry (Flores
and Toldrd, 2021). Sodium and potassium salts of nitrite and
nitrate have long been used in the meat industry as food
preservatives. They work by prolonging the shelf life of
processed meat, giving it a better taste, and fixing its color
(Majou and Christieans, 2018). Nitrite is more frequently
detected in groundwater than in surface water. Livestock waste,
artificial fertilizers, and erosion of natural deposits are its main
sources (Greer et al, 2005). The Environmental Protection
Agency (EPA) of the United States has defined the maximum
contamination level (MCL) of nitrite in drinking water and food
products to be 21.7mM (Ozdestan and Uren, 2010) and
125 mg/kg, respectively (Singh et al., 2019). The excess intake
of NO,™ reported different medical issues, such as birth defects
and methemoglobinemia, commonly known as blue baby
syndrome (Brender, 2020), affecting the nervous system (Wang
et al., 2016), spleen, and kidneys, and also causing esophageal
cancer (Ozdestan and Uren, 2010). Due to the strong reactivity of
nitrite, rapid and accurate analytical techniques are required to
reduce human health risks. It is vital to identify and monitor the
NO,™ concentration of food products and environmental, organic,
and inorganic samples.

Carboxylic acids are the most common organic compounds
and belong to the class of green solvents, possessing no or low
toxicity and being relatively inexpensive (Teles et al., 2017). They
have significant applications in the petrochemical, food, dye, and
stabilizer industries, as well as in nanotechnology (Odedairo et al.,
2013). In addition to stabilizing nanoparticles, they can also affect
the solubility, reactivity, size, and shape of nanoparticles, as well as
the surface modification of nanostructures (Sarkar et al., 2005).
Carboxylic acids are used as stabilizers because they can easily
coordinate with the surface of nanoparticles (Hosseini-Monfared
et al., 2015). Moreover, the functionalization of nanoparticles with
the carboxylic group produces more active sites for sensing (Saenz-
Galindo et al., 2018).

Numerous methods have been employed to detect nitrite, such
as chromatographic (Lim et al,, 2022), chemiluminescence (Basu
2022), (Gao et al, 2020), and
spectrophotometric methods (Karrat et al., 2022). However, the

et al, electroanalytical
aforementioned analytical techniques have some limitations when
used on a daily basis for nitrite detection. Due to complicated sample
preparation procedures, expensive and complicated instruments,
and highly trained operators, these techniques have become
undesirable in laboratories, especially with limited financial
resources. Therefore, it is desirable to develop such techniques,
which could be more efficient, more fruitful, and less expensive.
Usually, scientists try to translate the analyte signals into colors,
which can be easily detected with the naked eye. A very simple and
cheap colorimetric sensor is particularly attractive for nitrite
detection in food and water samples (Zhang et al., 2012). Simple,
cost-effective design, and quick response are the cornerstones of
colorimetric sensors (Nishan et al., 2021a). Prior to becoming a
bulky and complicated device, a sensor’s various functional
components, such as the transducer, recycling unit, and discovery
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unit, were crucial to a delayed detector response (Cheng et al., 2014).
Recently, electrocatalyst materials have played important roles in
colorimetric sensors due to their desirable characteristics, including
strong surface plasmon resonance and distance-dependent optical
properties, as well as the fact that their performance events may be
seen with the naked eye (Nishan et al., 2021b). Currently, a number
of electrocatalytic materials, including metallic oxides, carbon
nanomaterials, and metal nanomaterials, have been employed to
create nitrite sensors (Lin et al., 2011; Wang et al., 2014).

For the colorimetric detection of nitrite, various nanomaterials
have been reported, such as Au NPs-rGO (Amanulla et al., 2017),
Ag/Au NPs (Li et al., 2015), MTT-G NPs (Nam et al,, 2014), Au
NPs (Ye et al, 2015), Er,0; NPs@RGO (Rajaji et al., 2019),
Fe;0,@Si0,/Au magnetic nanoparticles (Chen et al, 2016),
shell-isolated nanoparticles (Zhang et al, 2013), Pd NPs
(Pourreza and Abdollahzadeh, 2019), Ag NPs (Kumar and
Anthony, 2014), Fe;0,/MWCNTs (Qu et al, 2015),
AuNP-CeO, NP@GO (Adegoke et al., 2021), and MnO, NPs
(Nishan et al., 2022). Compared to different inorganic oxides,
such as V,0s, NiO, and Co30,, copper oxide nanoparticles (CuO
NPs) have gained much attention because of their low cost,
availability, and lack of toxicity (Jaiswal et al., 2017). CuO NPs
are exceptional materials for the optical detection of nitrite due to
their surface plasmon properties.

The current research reports the drug-mediated production of CuO
nanostructures via using the Augmentin drug as a reducing and
stabilizing agent. It is the first study on the production of CuO NPs
via drug-mediated means without the need for any additional reduction
agents. Furthermore, to overcome the problem of agglomeration of the
nanoparticles and the availability of surface area for reactions, acetic
acid has been employed as a deagglomerating and capping agent. The
platform of acetic acid-capped CuO NPs has been successfully used as a
colorimetric sensor for the detection of nitrite. Comprehensive
optimization of various parameters, such as loading of nanoparticles,
pH, reaction time, and concentration of nitrite, was carried out. The
sensing platform was also successfully applied to real samples.

2 Experimental
2.1 Reagents

All the required chemicals, including acetic acid (CH;COOH,
98.4%), copper sulfate (CuSOy4, 99.4%), and sodium nitrite (NaNO,,
98.2%), were analytical-grade reagents and were purchased from
Sigma-Aldrich, and 1g of Augmentin drug tablets (GSK) were
purchased from a local medical store.

2.2 Instrumentation

An FTIR spectrometer (Agilent Technologies, Danbury,
Connecticut, United States) was used to observe the characteristic
peaks of CuO NPs. Samples were analyzed for their thermal stability
by simultaneous thermal analysis (STA) (PerkinElmer, Waltham,
United States) and
analysis (TGA) at temperatures ranging from 30°C-800°C. An
energy-dispersive X-ray spectrometer (EDX) (Model JSM 6390)

Massachusetts, thermal  gravimetric
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FIGURE 1
UV-visible spectrum of the synthesized CuO NPs.
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FIGURE 2
FTIR spectrum of the CuO NPs.

was used for the confirmation of the chemical composition of the
synthesized CuO NPs (SEM-EDS) with a TESCAN VEGA (LMU)
SEM with INCAx-act (Brno, Czech Republic). X-ray diffraction was
used for the analysis and phase identification of CuO NPs
(Shimadzu, Kyoto, Japan, LabX XRD-6100) with Cu-Ka radiation
at a scan range of 10°C-80°C. Absorption spectra were measured
through UV-visible spectroscopy (Agilent Shimadzu, UV-1800,
Kyoto, Japan).

2.3 Synthesis of CuO NPs

Two 1 g Augmentin tablets were mechanically ground into a
fine powder, and 50 mM of Augmentin solution was prepared
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FIGURE 3
XRD pattern of the synthesized CuO NPs

(50 mL) in distilled water followed by filtration. The clear filtrate
was added to the 50 mM copper nitrate solution dropwise for 5 h
under stirring, and the solution was centrifuged for 15 min at
4,000 rpm at 4°C. The prepared nanoparticles were kept in an oven
for drying at 50°C for 4 h. The dried nanoparticles were kept in an
Eppendorf tube at room temperature for further use (Nishan et al.,
2020; Asad et al., 2022).

2.4 Deagglomeration of CuO
nanostructures with acetic acid

Copper oxide nanoparticles were coated with acetic acid. Acetic
acid has been used as a dispersion medium and stabilizing agent to
avoid the agglomeration of the nanoparticles. In this process, 1 mL
of acetic acid and 6 mg of copper oxide nanoparticles were
combined and stirred for 30 min with a glass rod for uniform
dispersion. The acquired mixture of copper oxide nanoparticles
coated with acetic acid was stored and used for the colorimetric
detection of nitrite. One of the methods used is to cover colloids with
a protective agent that may be bound to the surface of the particles in
order to keep the nanoparticles suspended and, thus, prevent
aggregation (Deng et al., 2013).

2.5 Colorimetric detection of nitrite

For the colorimetric detection of nitrite ions, the reaction was
conducted at ambient temperature and in acidic media. For the
proposed assay, 100 uL of nitrite solution (2.4 x 10° M) and 100 pL
of CH;COOH-capped copper oxide nanoparticles were taken in an
Eppendorf tube at room temperature. After the addition of nitrite
solution, the brown color of the acetic acid-coated copper oxide
nanoparticles changed into a light yellow color. The proposed assay
response was observed with the naked eye and also assessed using a
UV-Vis spectrophotometer.
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FIGURE 4
EDX analysis of the synthesized CuO NPs.

TABLE 1 EDX analysis.

Element Line type Weight %
Cu K series 88.67

(6] K series 11.33

Total 100.00

3 Results and discussion

3.1 Characterization of CuO NPs

Prior to the investigation of the potential sensing application of
the proposed CuO NPs, it was characterized by the following
techniques.

3.1.1 UV-Vis spectrophotometry

The UV-visible spectrum of the synthesized CuO NPs is shown
in Figure 1. The recorded main peak at 350 nm is consistent with the
literature-reported values of corresponding CuO NPs (Fernandez-
Arias et al.,, 2020).

3.1.2 The synthesized nanostructures’ FTIR analysis

The produced nanoparticles’ FTIR spectrum is depicted in
Figure 2. FTIR confirms the existence of various functional
groups. The broad band in the region of 3,238-2,500 cm™
indicated the presence of the OH group of the carboxylic
group. The band at 1,592 cm™ is assigned to the C-O stretching
vibrations of the carboxylic group. The 1,242 cm™ and 1,373 cm™
absorption band regions were assigned to C-N bending vibration
and S = O stretching, respectively. The absorption band in the
655 cm™' region indicated a Cu-O stretching vibration, confirming
the formation of CuO NPs (Ethiraj and Kang, 2012).

Frontiers in Materials

Weight % sigma Atomic %
1.65 66.33
1.65 33.67

100.00

3.1.3 XRD analysis

The XRD pattern shows the high crystalline nature of the drug-
induced CuO NPs with prominent sharp peaks, as shown in
Figure 3. The diffraction peaks ascribed to the Miller indices 110,
111, 200, 220, 311, and 222.68 at 2O are 29.86°C, 36.58°C, 42.60°C,
61.84°C, 73.85°C, and 77.68°C. The XRD analysis shows the peculiar
purity of CuO NPs with no additional peaks. By using the
Debye-Scherrer equation, the average crystalline size of CuO
NPs is 22 nm. The findings were intimately associated with the
results for nanoparticles of cuprous oxide (Shi et al., 2019).

3.1.4 EDX analysis

Figure 4 displays the produced nanoparticles’ EDX spectrum.
The EDX of the copper oxide nanoparticles spectrum indicates that
the weight composition of copper and oxygen is 87.2% and 12.72%,
respectively. The EDX spectrum with no other peak reflects the high
purity of the synthesized copper oxide nanoparticles. The elemental
analysis is shown in Table 1. The EDX results are in good conformity
with the available literature for CuO nanoparticles (Hosseini-
Koupaei et al., 2019).

3.1.5 TGA analysis

The thermal stability of the copper oxide nanoparticles was
confirmed by TGA, as shown in Figure 5. The first TGA curve
between 100°C-150°C curve shows a 0.7 percent loss in weight,
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TGA investigation of the prepared CuO nanostructures. FIGURE 7
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FIGURE 6
SEM photographs of the produced CuO NPs.

indicating the loss of water, while the loss of organic moieties is in
the range of 170°C-250°C, with a weight loss of 2.7 percent. Owing to
the surface oxidation reactions taking place in the reacting
atmosphere, the curve also shows weight gain in the sample
(Loganathan et al., 2017).
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UV-Vis spectra of (A) 100 pL of CHzCOOH-capped CuO
nanoparticles without nitrite (B) in the presence of 100 pL of nitrite
solution (2.4 x 1076 M).
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FIGURE 8

Optimization of acetic acid-capped CuO NPs in (uL). The best
response was observed at point E, with reaction conditions [100 pL of
capped CuO NPs and 100 pL of nitrite solution (2.40 x 10- M)]. Points
(A-F) represents the absorbance changes in response to different
amounts of capped CuO NPs.

3.1.6 SEM analysis

Figure 6 shows the SEM images of the cross-section of the
prepared CuO NPs. SEM images confirm the morphology of the
prepared nanoparticles. The SEM images clearly show that due to
the agglomeration propensity, the nanoparticles are formed in
cubical, crystalline, and clustered forms and are compatible with
the cited literature (Lanje et al., 2010).

3.2 Colorimetric detection of nitrite
Acetic acid-coated CuO NPs have been used as a sensing

platform for the colorimetric detection of nitrite. For the sensing
of nitrite, 100 pL of CH;COOH-capped CuO nanoparticles were
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Time optimization. Point D (4 min) shows a good response with
[CH3COOH-coated CuO nanoparticles = 100 pL] [nitrite = 2.40 X
107® M (100 pL) ] reaction mixture conditions. The inset figure displays
the colorimetric changes with time. Points (A-F) represents the
absorbance changes in response to change in time.

FIGURE 9

Optimization of pH. Point C (pH 5) shows a good response with
[CH3zCOOH-coated CuO nanoparticles = 100 pL] [nitrite = 2.40 x
107° M (100 pL)] reaction conditions. Points (A-1) represents the
absorbance changes in response to change in pH.

mixed with an equal volume (100 pL; 2.4 x 107 M) of sodium nitrite  nitrite solution, as shown in Figure 7. The absorption spectra of the

solution. The process was carried out at an ambient temperature,  proposed assay were recorded using a UV-Vis spectrophotometer,

resulting in the color changing from brown to yellow after adding  as shown in Figure 7.
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3.3 Potential method of CuO NP-based
nitrite detection

The suggested mechanism for nitrite sensing by the well-
characterized acetic acid-coated CuO NPs is shown in Scheme 1.
In brief, the acetic acid-coated CuO NPs reduce the sodium nitrite salt
into sodium acetate and nitrite acid (as shown in reaction 1). Then, the
nitrite acid is oxidized into NO and NO, in the presence of CuO (as
shown in reaction 2), resulting in the color changing to yellow.

3.4 Optimization of various factors affecting
the parameters

3.4.1 Effect of copper oxide nanoparticle loading
Normally, colloids of nanoparticles appear to aggregate in a
solution. In order to keep the nanoparticles suspended and prevent
them from aggregating, one of the strategies is to cover colloids with a
protective agent that can be associated with the surface of the particle
(Sun and Luo, 2005). Acetic acid serves as a stabilizing agent in the
present work. Visual color change was observed in the colorimetric
approach using copper oxide nanoparticles. To obtain the best
colorimetric response of the proposed sensor, different amounts of
acetic acid-capped nanoparticles (50-300 pL) were used. The color of
the solution does not improve at a higher concentration of nanoparticle
dispersion with 100 uL of nitrite ions (2.4 x 10~° M); it remains brown
because the analyte cannot completely bind to the surface of the
nanoparticles. As the amount of dispersion decreases, the color
slowly changes from brown to yellow. In nanoparticle dispersion at
100 pL, the colorimetric detection of nitrite was clearly seen by the
naked eye, where the dark brown color changed to a yellow color along
with the bubbles of nitric oxide gas formation. The solution of nitrite
ions in 100 pL interacts promptly with the dispersion of CH;COOH-
coated copper oxide nanoparticles in 100 L, as shown in Figure 8.

3.4.2 Effect of PH

The sensor’s response was also evaluated at different pH ranges
(3-11) using standard HCl and NaOH solutions for pH calibration in
the fabrication of the proposed sensor, as shown in Figure 9. The
proposed sensor’s best response was observed at pH 5, which resulted

TABLE 2 Comparative analysis of the proposed assay with the previously reported studies.

S. no. Analytical method Linear range (uM) LOD (uM) References

1 Hydrogel 10-5,000 pM 10 uM Nam et al. (2018)

2 Gold nanoparticles 0-200 10 Ye et al. (2015)

3 Aza-BODIPY 0-20 0.5 Adarsh et al. (2013)

4 Ag@Au nanoparticles 1-20 4 Li et al. (2015)

5 Gold nanoparticles 0-174 10.8 Xiong et al. (2017)

6 Ag NPs 0-460 0.1 Kumar and Anthony (2014)
7 Au NPs-rGO nanocomposite 1-20 0.1 Amanulla et al. (2017)

8 Acetic acid-capped CuO NPs 0.01-2.40 0.2 This work
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Biosensor selectivity of CHzCOOH-coated CuO nanoparticles

for NO,~ and the fabricated sensor with other co-existing ions at the
same concentration (2.40 x 107° M), such as SO4>~ (A), COz>" (B),
PO,* (C), CI (D), I (E), Br (F), tar (G), Ca®* (H), and NO,~ (I),
under optimum experimental conditions.
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FIGURE 13

UV-Vis spectra of the real samples. Absorbance changes for (A, B
and C) can be seen in the spectra.

in a complete color change of the mixture from brown to yellow.
Therefore, pH 5 was considered optimal for the proposed sensor for
further experiments. When compared to the literature, the pH value is
1.3 for the colorimetric detection of nitrite (Li et al., 2015).

3.4.3 Effect of time

The optimization of time is a key factor in biosensors. To find
the optimum time for the proposed sensor, the response was
examined at various time intervals ranging from 1-6min, as
shown in Figure 10. The excellent response of the proposed
sensor was observed at 4 min because all the available Cuo NPs
were used for the sensing of nitrite at this time. After 4 min, the color
completely changed from brown to yellow. So, 4 min is the optimum
time for the proposed sensor for further experiments. According to

Frontiers in Materials

10.3389/fmats.2023.1169945

the literature, the incubation time for the sensing of nitrite is 5 min
(Daniel et al., 2009).

3.4.4 Analytical characteristics with the fabricated
sensor

The analytical performance of the fabricated sensor is shown in
Figure 11. The absorption peak of the proposed sensor gradually decreased
with the increase in NO,~ concentration. Under optimum conditions, with
the increase in the concentration of nitrite solution, the color changes from
brown to yellow, and the UV-Vis spectra are shown in Figure 11A. Using
nitrite solution with a linear concentration ranging from 1 x 107 to 2.4 x
10°M at 350nm, a drop in absorbance spectra was observed.
Additionally, this probe may be utilized to accurately detect nitrate
ions with a linear range of 1 x 107 to 240 x 10°M, with a limit of
detection (LOD) of 2.69 x 1077 M, limit of quantitation (LOQ) of 8.9 x
107 M, and regression coefficient (R*) of 0.997, as shown in Figure 11B.
The outcomes of the suggested assay were also evaluated using previously
reported colorimetric sensors for the detection of nitrite based on various
nanomaterials, as shown in Table 2. For the proposed sensor, the response
time was 4 min. Furthermore, the practical performance of the proposed
assay was tested on meat samples. In comparison with the previously
reported sensors, the analytical results obtained from our sensor were
correlated and comparable to the reported nitrite sensors (Hu et al., 2019).

3.5 Selectivity study analysis

The selectivity of the proposed biosensor was checked with other
co-existing ions, such as SO,*, CO3>, PO,>, Cl', T, Br , tar, Ca®* and
NO,, at the same concentration of 240 x 10°M (100 uL). No
colorimetric response has been observed with other ions, and only
the addition of nitrite can lead to a substantial reduction in absorption at
350 nm, as shown in Figure 12. It is clearly shown that the fabricated
sensor is only specific for NO,~ determination, with an obvious color
change from brown to yellow when other ions are present at an
equivalent concentration, as shown in Figure 12. The sensitivity of
acetic acid-coated copper oxide nanoparticles for nitrite detection is
significantly higher. From the results, it is clear that the fabricated test
can be used to detect nitrite specifically, both using UV-Visible spectra
and the naked eye. The outcomes of the suggested assay were consistent
with the published literature (Ye et al., 2015).

3.6 Real sample assay analyses

In real samples, no direct NO,™ was detected. The proposed
sensor was alternatively tested by the recovery of spiked NO,~
solution, and standard additions, such as 0.54, 0.97, and 2.7 uM,
are spiked into real samples of meat solution, as can be seen in
Figure 13. It indicates that in aqueous solutions, such a method is
applicable for the quantification of NO,™. By employing various
concentrations of NO,~ solution utilizing the optimal conditions,
the actual concentration of NO, ™ in real samples is calculated using a
calibrated graph that has already been produced. The obtained
results with the help of percentage recovery formula are
summarized in Table 3 (Nishan et al., 2021c).

Recovery % = nitrite found/nitrite added x 100 (Nishan et al.,
2022).
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TABLE 3 Detection of NO,™ in real samples.

10.3389/fmats.2023.1169945

Samples Detected (uM) Nitrite added (uM) Nitrite found (uM) Recovery (%) RSD (%)
I 0.05 0.54 0.59 109.25 0307
11 0.04 0.97 1.01 104.12 0503
I 0.8 2.7 29 107.40 0.362

4 Conclusion

In the present work, a simple and inexpensive colorimetric
sensor was developed for the sensing and monitoring of nitrite
employing acetic acid-coated CuO nanoparticles. The fabricated
sensor could selectively detect nitrite ions by a distinct color change
from brown to yellow, with a limit of detection of 2.69 x 10”7 M. In
the present work, no sophisticated instrumentation is required for
the colorimetric response. The proposed sensor gives the best
colorimetric response under optimized conditions of 100 uL of
capped CuO NPs, 100 puL of nitrite solution (2.40 x 107°M),
4min, and pH 5 at room temperature. We believe that the
proposed sensor, under optimized conditions, will be utilized to
detect and measure the nitrite and nitrate ions on the spot.
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