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ABSTRACT: In this work, a highly sensitive electrochemical sensor based on Zn-doped copper gallium
oxide@ordered mesoporous carbon (Zn-CuGaO,@CMK-3) for signal amplification was successfully developed for
the simultaneous detection of sunset yellow (SY) and tartrazine (TZ) in foods. Compared with CuGaO,@CMK-3,
Zn-CuGaO,@CMK-3 offered enhanced conductivity and catalytic properties owing to the improved carrier density,
which was beneficial to the electrooxidation of SY and TZ. Under the optimal testing conditions, the constructed
Zn-CuGaO,@CMK-3/GCE sensor offered a wide linear concentration range (0.25 to 100.00 umol/L) for the detection
of both SY and TZ. The limits of detection for SY and TZ were 0.044 umol/L and 0.059 pmol/L, respectively.
Recovery experiments were performed in milk, white vinegar and biscuit samples, yielding satisfactory recoveries
(82.70%-114.80%). Furthermore, the sensor was successfully applied to the determination of the SY and TZ residues
in two kinds of carbonated drinks, and the results were nearly consistent with those detected by the high performance
liquid chromatography (HPLC) method (P>0.05).

Keywords: Zn-doped copper gallium oxide; Ordered mesoporous carbon; Electrochemical sensor; Sunset yellow;
Tartrazine

1. Introduction

Sunset yellow (SY) and tartrazine (TZ) are widely used in the manufacture of cakes, candies, jams and
beverages due to their bright colors, good water solubility, high stability and low cost!!*]. However, due to the
presence of azo functional groups (-N=N-) in these synthetic dyes, excessive consumption of SY and TZ can
have negative effects on human health (including anxiety, allergies, eczema and migraines)*l. Rrecently,
various methods have been used for the detection of SY and TZ, including high performance liquid
chromatography (HPLC)P!, liquid chromatography/tandem mass spectrometry!® and capillary
electrophoresis!’l. These methods offer accuracy, though require skilled operators, long analysis times and

expensive instruments'®!3). Electrochemical sensors offer many advantages over these traditional detection

#Rui Gao and Yongfeng Chen contributed equally to this work. Received 28 October 2023
*Corresponding author Received in revised from 29 December 2023
zhixiangxu@sina.com (Zhixiang Xu) Accepted 16 February 2024



Y.F. Chen et al. / Food Science and Human Wellness 14 (2025)

techniques for the detection of target analytes in foods, including a fast response time, low capital costs and

14151 To date, a series of nanomaterials-based electrochemical sensors have been reported for the

simplicity!
detection of SY and TZ, such as Auw/PEDOT/MWCNT-CONH-UIO-66/GCE!],
MIG-CuS@COOH-MWCNTs/GCE!”, PDA/NiS@HCS/GCEP], However, they are unable to achieve the
simultaneous detection of SY and TZ. Though the ePAD!"®! and Cu-BTC/CPE sensors can realize the
simultaneous detection of SY and TZ, their limits of detection (LOD) are higher and their linear ranges are
narrower. Since SY and TZ are commonly present together in foods, establishing a sensitive electrochemical
sensing platform for the simultaneous detection of SY and TZ is of practical importance.

Delafossite copper gallium oxide (CuGaOz), a p-type transparent semiconductor with a wide band gap
(~3.6 eV), attracts great interest in the fields of solar cells!'], photocatalyst!?’! and electrocatalyst!?!! due to its
simple preparation, low cost and high chemical stability. Numerous studies have shown that divalent cation
doping is an effective strategy for improving the electrical conductivity of CuGaO2!**. Doping with Zn**,
which has a similar ionic radius to the host cations, enhances the electrical conductivity whilst minimizing

23, 241 - Accordingly, Zn**-doped CuGaO: (Zn-CuGaQ:) is a promising material for

lattice distortions!
electrochemical sensor development. However, Zn-CuGaO:z nanoparticles show a tendency to aggregate. This
problem can be overcome by compositing Zn-CuGaO2 with ordered mesoporous carbons possessing high
conductivity and large specific surface area, such as CMK-3123-27],. CMK-3 is a suitable substrate for the in-situ
growth of Zn-CuGaOz. Moreover, the large pore structure of CMK-3 can effectively shorten the distance

between the analyte to the electrode surface, thus improving the detection efficiency?®.

Hence,
Zn-CuGaO2@CMK-3 composites were expected to offer good performance in the construction of an
electrochemical sensing platform for the simultaneous detection of SY and TZ.

Herein, a one-pot hydrothermal method was applied to synthesize Zn-CuGaO2@CMK-3 composites
with good catalytic properties and excellent electron transfer capability. Deposition of Zn-CuGaO2@CMK-3
onto a glassy carbon electrode (GCE) delivered a Zn-CuGaO2@CMK-3/GCE electrochemical sensing
platform for the simultaneous detection of SY and TZ. The electrochemical performance of
Zn-CuGaO2@CMK-3-GCE sensor was then systematically evaluated through cyclic voltammetry (CV) and
square wave voltammetry (SWV) measurements. Furthermore, experiments established that the
anti-interference, reproducibility, repeatability and stability of the constructed sensor were all satisfactory for

SY and TZ quantification. This study demonstrates a simple and sensitive strategy for the simultaneous

quantification of SY and TZ in foods.
2. Experimental section

2.1 Materials and reagents

Milk, white vinegar, biscuit and two kinds of carbonated drinks were purchased from a local supermarket
in Tai’an (Shandong, China).

Sunset yellow (SY), Ga(NOs3)3-xH20 and polyamide were supplied by Macklin Biochemical Tech. Co.,
Ltd. (Shanghai, China). Tartrazine (TZ) was supplied by Aladdin Industrial Corporation (Shanghai, China).
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Cu(NO3)2:3H20 and Zn(NOs3)2:6H20 were purchased from Tianjin Kemio Chemical Reagent Co., Ltd.
(Tianjin, China). CMK-3 was obtained from Nanjing XFNANO Materials Tech. Co., Ltd. (Nanjing, China).
L-lysine was obtained from Solarbio Biotechnology Co., Ltd. (Beijing, China). Glucose, CaCl2, MgSOs4,
(CH3COO)2Zn and NaxCOs were purchased from Tianjin Kaitong Chemical Reagent Co., Ltd. (Tianjin,
China). Double-distilled water (DDW, 18.2 MQ cm™) was used in all experiments and obtained from an Aike

ultrapure water instrument (Chengdu, China).
2.2 Instruments and apparatus

A CHI650E electrochemical workstation connected to a standard three-electrode system (Shanghai,
China) was employed for all electrochemical experiments. A glassy carbon electrode with different surface
modifications served as the working electrode, a platinum electrode was used as the auxiliary electrode and a
saturated calomel electrode used as the reference electrode. Scanning electron microscopy (SEM) images
were acquired on a ZEISS Crossbeam 540 microscope (Carl Zeiss Microscopy GmbH, Germany). X-ray
diffraction (XRD) patterns were collected on a Bruker D8 Advance. Energy dispersive spectroscopy (EDS)
images were determined using a Zeiss Gemini (Sigma 500 VP) instrument. Fourier transform infrared (FT-IR)
spectra were recorded on a NICOLET iS10 Spectrometer (Thermo Fisher, USA).

A HPLC system, comprising a Cis reversed-phase column (4.6 mm x 250 mm, 5 pm), two LC-10ATVP
pumps and a SPD-10AVP UV detector, was applied for the detection of SY and TZ (254 nm, Shimadzu,
Kyoto, Japan). The mobile phase was ammonium acetate aqueous solution (0.02 mol L)/methanol with a

gradient elution.
2.3 Synthesis of CuGaQ:, Zn-CuGaO: and Zn-CuGaO@CMK-3

The Zn-CuGaO:@CMK-3 composite was synthesized according to a literature method with a minor
modification®®!. Briefly, 0.50 mmol Ga(NO3)3'xH20, 0.50 mmol Cu(NO3)2-:3H20, 0.20 mmol
Zn(NOs3)2-6H20 and 30.00 mg of CMK-3 were added to a solvent mixture containing 12.00 mL of DDW, 8.00
mL of ethylene glycol and 6.00 mL of an KOH aqueous solution (1.00 M). After stirring in an ice bath for 1 h,
the resulting dispersion was transferred to a 100.0 mL autoclave and heated at 200 °C for 24 h. Finally, the
product was collected by centrifugation (3996xg, 10 min), then washed successively with 10.0 wt.%
ammonia, 10.0 wt.% HNO3 solution and repeatedly with DDW.

Zn-CuGa02, CuGaO2@CMK-3, and CuGaO2 were prepared in the same way as Zn-CuGaO2@CMK-3,
except that CMK-3, Zn(NO3)2:6H20, or CMK-3 and Zn(NO3)2-6H20, respectively, were not added during the
syntheses.

2.4 Construction of the Zn-CuGaO2@CMK-3/GCE sensor

Prior to modification, the bare GCE was firstly polished with an Al2O3 slurry and washed with DDW and

ethanol under ultrasonication to achieve a mirror finish (potential difference was no more than 90 mV). Next,

1.50 mg of the Zn-CuGaO2@CMK-3 nanocomposite was dispersed to 1.00 mL of a chitosan acetic acid
solution (0.01 wt.%). Then, 9.00 uL. Zn-CuGaO2@CMK-3 suspension was dripped onto the surface of the
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GCE followed by natural drying of the modified electrode at room temperature (to produce the
Zn-CuGa02@CMK-3/GCE). The fabrication procedure of the Zn-CuGaO2@CMK-3/GCE is depicted in

Scheme 1.
2.5 Sample pretreatment

SY and TZ recovery experiments were performed in milk, biscuit and white vinegar samples to evaluate
the accuracy of the Zn-CuGaO2@CMK-3/GCE sensor. Briefly, 10.00 mL of the milk or vinegar samples or
1.00 g of the biscuit sample dispersed in 10.00 mL DDW and 1.00 mL of mixed SY and TZ standard solution
(containing SY and TZ at concentrations of 5.00 umol/L, 25.00 pmol/L, 50.00 pmol/L or 100.00 wmol/L)
were transferred to a 100 mL beaker and the resulting mixtures ultrasonicated for 20 min to remove any
dissolved COz. The sample solutions were then incubated for 5 h, after which their pH was adjusted to 6.0 by
adding a citric acid solution (200.00 g L"). After heating to 60 °C, 1.00 g of a polyamide slurry was poured
into the samples under stirring for a short time. The obtained mixtures were then filtered through a G3 vertical
melting funnel and the collected solid was washed with DDW (60 °C, pH 4.0) and methanol-formic acid
mixed solution for 3 to 5 times. Then the collected mixture was washed to neutral with DDW, after which the
SY and TZ desorbed with an ethanol-ammonium-DDW mixed solution until all the pigment was completely
desorbed. The elution solution was collected, neutralized with acetic acid and then evaporated to near dryness.
Finally, the SY and TZ residues were re-dissolved in 5.00 mL PBS and analyzed using the fabricated sensor.

The two kinds of carbonated drinks were pretreated in accordance with the above procedure, but without
the addition of the mixed SY and TZ standard solution. The SY and TZ contents in the extracts were
determined using the Zn-CuGaO2@CMK-3 sensor and a HPLC method.

3. Results and discussion
3.1 Characterization of Zn-CuGaO: and Zn-CuGaO@CMK-3

Scanning electron microscopy was used to investigate the surface morphologies of Zn-CuGaO:2 and
Zn-CuGaO2@CMK-3. Zn-CuGaO:2 consisted of loose aggregates of small spherical particles (Fig. 1a), with
individual particle sizes being approximately 20-30 nm. For Zn-CuGaO2@CMK-3, as illustrated in Fig. 1b,
small Zn-CuGaO2 nanoparticles could be seen uniformly distributed over the mesh-like CMK-3 support.
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Fig. 1 SEM images of (a) Zn-CuGaO, and (b) Zn-CuGaO,@CMK-3.
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Powder XRD was used to examine the crystallinity and phases present in CuGaO2, Zn-CuGaO2, CMK-3
and Zn-CuGaOx@CMK-3 (Fig. 2a). The XRD pattern for CuGaO:2 showed peaks at 15.40°, 31.20°, 36.18°,
44.62°, 55.60° and 62.26°, which were readily indexed to the (003), (006), (012), (015), (018) and (110)
reflections, respectively, of CuGa02P%. The diffraction pattern for Zn-CuGaO: showed similar peaks to
CuGaOs, indicating that Zn doping did not alter the bulk crystal structure. However, the intensities of the (006)
and (110) peaks for Zn-CuGaO:2 were much weaker compared to CuGaOz, suggesting a possible change in
exposed crystal faces with Zn doping. CMK-3 showed a broad XRD peaks at 24.80°, corresponding to the
(002) plane of graphitel*'). The XRD pattern for Zn-CuGaO2@CMK-3 contained contributions from both
Zn-CuGa0:2 and CMK-3, confirming the successful synthesis of a Zn-CuGaO2@CMK-3 composite. Next, the
particle sizes and zeta potentials of CuGaO2 and Zn-CuGaO2 were measured to investigate the effect of the
doping of Zn on CuGaOz. As shown in Fig. 2b and Fig. 2c, the average particle size of Zn-CuGaO2 (712.31 nm
+ 1.12 nm) was smaller than that of CuGaO: (1280 nm =+ 1.78 nm), indicating the addition of Zn made
CuGaO; smaller and more uniform. The result demonstrated that Zn-CuGaO:2 possessed a larger specific
surface area compared to CuGaOz, thus providing more binding sites for the analytes. Compared with CuGaO2
(+26.03 mV), the zeta potential of Zn-CuGaO2 was more positive (+34.34 mV), which was conducive to the
adsorption of negatively charged targets. The EDS spectrum of Zn-CuGaO2@CMK-3 showed the presence of
Zn, Cu, Ga, O and C (with the carbon being from the CMK-3 support) (Fig. 3a-f), further confirming the

successful formation of a Zn-CuGaO2@CMK-3 nanocomposite.
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Fig. 2 (a) XRD patterns of CuGaO,, Zn-CuGaO,, CMK-3 and Zn-CuGaO>@CMK-3. Size distributions of the (b) CuGaO, and
(c) Zn-CuGaO:,.
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Fig. 3 EDS elemental mapping images of (a) all elements (combined), (b) Zn, (c) Ga, (d) Cu, (e) O and (f) C for
Zn-CuGaO,@CMK-3.

3.2 Electrochemical characterization studies on different modified electrodes

Electrochemical impedance spectroscopy (EIS) data were collected for the GCE and modified GCEs to
evaluate their interfacial properties. Experiments were performed in a 5.00 mmol/L [Fe(CN)s]** solution
(Fig. 4a). The charge transfer resistance (Rct), double layer capacitance (Cai), solution resistance (Rs) and
Warburg impedance (Zw) were calculated from the Randles equivalent-circuit model (inset in Fig. 4a).
Zn-CuGa02/GCE possessed a higher Ret (763.12 Q) than the bare GCE (124.58 Q), which is explained by the
low electrical conductivity of Zn-CuGaOz. Conversely, CuGaO2@CMK-3/GCE exhibited a low Ret (14.80
Q), which can be attributed to the excellent electrical conductivity and electron transfer ability of the CMK-3
support. The Ret of Zn-CuGaO2@CMK-3/GCE (10.33 Q) was the lowest amongst the electrodes tested,
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confirming the Zn**-doping of CuGaO: boosted the electron transfer rate. Results validate the use of

Zn-CuGa0z and CMK-3 in the design of an electrochemical sensor for SY and TZ.
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Fig. 4 (a) EIS plots for GCE, Zn-CuGaO,/GCE, CuGaO,@CMK-3/GCE and Zn-CuGaO,@CMK-3/GCE in 5.00 mmol/L
[Fe(CN)s]¥* solution containing 0.10 M KCI. (b) SWV curves of Zn-CuGaO,@CMK-3/GCE in the presence of 100.00
pmol/L SY or/and 100.00 umol/L TZ solution in PBS (pH 7.0). (¢) SWV responses of bare GCE, Zn-CuGaO,/GCE,
CuGaO,@CMK-3/GCE and Zn-CuGaO,@CMK-3/GCE in a 100.00 umol/L SY and 100.00 pmol/L TZ solution. (d) CV
plots for Zn-CuGaO,@CMK-3/GCE in a 100.00 umol/L SY and 100.00 umol/L TZ solution at different scan rates from 50 to
120 mV s™.

Fig. 4b shows SWYV plots for Zn-CuGaO2@CMK-3/GCE in PBS (pH 7.0) containing 100.00 umol/L SY
and/or 100.00 pmol/L TZ. In a 100.00 pmol/L SY solution, an oxidation peak was observed at +0.620 V,
associated with the oxidation of the -OH group in the SY molecule. For TZ (100.00 pmol/L), an oxidation
peak was seen at +0.852 V due to oxidation of the -OH group in TZ. In a PBS solution containing both SY and
TZ (each 100.00 umol/L), two distinct oxidation peaks were observed at +0.620 V and +0.852 V, consistent
with the oxidation of SY and TZ, respectively. The result confirmed that the Zn-CuGaO2@CMK-3/GCE was
appropriate for the individual or simultaneous detection of SY and TZ. SWV was next applied to study the
electrochemical  behaviors of the GCE, Zn-CuGaO2/GCE, CuGaO:@CMK-3/GCE and
Zn-CuGaO2@CMK-3/GCE in a solution containing 100.00 umol/L SY and 100.00 umol/L TZ (Fig. 4c). The
oxidation peaks of SY and TZ appeared at +0.564 V and +0.816 V on the bare GCE, with the peak currents of
4.728 pA and 1.592 pA, respectively. For Zn-CuGaO2/GCE, the SWV responses towards SY and TZ were
lower than that on the bare GCE due to the poor electron transfer properties of Zn-CuGaOz. After the GCE was
modified with CuGaO2@CMK-3, the SWV currents for both SY and TZ increased whilst the peak potentials
shifted negatively, which is explained by CuGaO@CMK-3 catalyzing the oxidation of SY and TZ. For
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Zn-CuGa02@CMK-3/GCE, the electrooxidation currents of SY (88.06 pA) and TZ (13.18 pA) were 18.63
times and 8.28 higher, respectively, compared to the GCE. Further, the peak potentials for both SY and TZ
oxidation were shifted in more negative direction compared with CuGaO2@CMK-3/GCE (and also GCE),
indicating that Zn-doping enhanced the electrocatalytic properties of Zn-CuGaO2@CMK-3 for SY and TZ

oxidation.
3.3 Electrochemical mechanism of SY and TZ oxidation on Zn-CuGaO2@CMK-3/GCE
To study the electrochemical oxidation mechanism of SY and TZ on the Zn-CuGaO2@CMK-3/GCE, CV

responses were measured at different scan rates from 50 to 120 mV s in PBS containing 100.00 umol/L SY
and 100.00 umol/L TZ (Fig. 4d). As shown in Fig. Sla and Fig. S1b, good linear relationships were
established between the peak current of SY and TZ and the scanning rate, with Ipsy =0.6097 v - 12.9280 (R? =
0.9974) and Iprz = 1.8896 v!’2 — 9.6593 (R% = 0.9960), respectively, where v represents the scanning rate. The
results illustrated the electrochemical reaction kinetics of SY and TZ were controlled by adsorption and

31,321 Fig. S1c shows the SWV curves for SY and TZ in solutions of pH ranging from

diffusion, respectively
5.0 t0 9.0. The peak potential (Ep) for both SY and TZ shifted to more negative values as the pH increased. In
Fig. S1d and Fig. Sle, linear relationships were established between the Ep for SY and TZ with pH, with Ep =
-0.03210pH + 0.8457 (R* = 0.9930) for SY and Ep = -0.0281pH + 1.0729 (R? = 0.9996) for TZ. Results
suggest that the ratio of electrons and protons involved in the electrooxidation processes of SY and TZ were

both 2:1, consistent with previous literature reportst>3 341,

3.4 Optimization of testing conditions

The influence of Zn-CuGaO2@CMK-3 dispersion concentration and volume on the SWV current of SY
and TZ was investigated to improve the sensitivity of the Zn-CuGaO2@CMK-3/GCE sensor for SY and TZ
determination (Fig. S2a and Fig. S2b). The SWV peak current towards SY and TZ first increased and then
decreased with increases in Zn-CuGaO2@CMK-3 dispersion concentration and volume, with the highest peak
currents recorded at 1.50 mg L' and 9.00 pL, respectively. Therefore, 9.00 uL of a 1.50 mg L'
Zn-CuGaO2@CMK-3 dispersion was used for sensor fabrication.

Fig. S2¢ shows the effect of the incubation time on the SWV current in PBS (pH 7.0) containing 100.00
umol/L SY and 100.00 umol/L TZ. The peak current of both SY and TZ increased continuously as the
incubation time increased from 1 min to 4 min. After incubation for 4 min, the peak currents for SY and TZ
plateaued, demonstrating the binding sites on Zn-CuGaO2@CMK-3 to SY and TZ were close to saturation
after 4 min. Accordingly, 4 min was selected as the optimal incubation time.

The pH of the electrolyte is a key factor affecting the analytical performance of the constructed sensor
towards SY and TZ. In Fig. S2d, the SWV responses towards SY and TZ (100.00 umol/L) first increased and
then decreased as the pH range was increased from 5.0 to 9.0, reaching the maximum values at pH 7.0. These
results can be explained by the fact that SY and TZ are both protic aromatic molecules, which are prone to
deprotonation to form anions at high pH (pH > 7.0), thus resulting in electrostatic repulsion**!. Consequently,

PBS with a pH of 7.0 was used in subsequent experiments.
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3.5 Simultaneous determination of SY and TZ with the Zn-CuGaO2@CMK-3/GCE sensor

Under the optimal testing conditions, SWV curves were collected for the Zn-CuGaO2@CMK-3/GCE
sensor in PBS (pH 7.0) containing different concentrations of SY and TZ. Fig. 5a shows that the peak currents
for both SY and TZ increased with concentration from 0.25 pmol/L to 100.00 umol/L. Fig. 5b reveals a good
linear relationship between the SWV response and SY concentration (Ip (-pA) = 0.9586C (umol/L) + 0.3405,
with R? = 0.9992). For TZ (Fig. 5c), a linear concentration dependence was also found, described by the
equation Ip (-pA) =0.1316C (umol/L) + 0.3860 (R?> =0.9972). The LODs for SY and TZ were calculated to be
0.044 pmol/L and 0.059 pmol/L, respectively.
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Fig. 5 (a) SWV responses of the Zn-CuGaO@CMK-3/GCE sensor in PBS (pH 7.0) containing various concentrations of SY
and TZ in the range of 0.25-100.00 pmol/L (0.25 pmol/L, 1.00 pmol/L, 5.00 pmol/L, 10.00 umol/L, 25.00 pmol/L, 50.00
pmol/L and 100.00 pumol/L under optimal conditions. (b) Corresponding linear relationship between the SWV peak current
and the SY concentration from 0.25 to 100.00 umol/L. (¢) Corresponding linear relationship between the SWV peak current
and the TZ concentration from 0.25 to 100.00 pmol/L. (d) Interference study data obtained by measuring the SWV current
towards SY and TZ (100.00 umol/L) in (A) absence, and presence of possible interferents. Possible interferents included a
100-fold higher concentration of (B) Ca**, (C) Mg**, (D) Zn**, (E) Na*, (F) CI', (G) SO4*, (H) CH;COO", (I) CO;*, or a
10-fold higher concentration of (J) L-lysine or (K) glucose. (e) Interference study data obtained by measuring the SWV
current towards SY and TZ (100.00 umol/L) in (A) absence, and presence of common analogues. Common analogues
included (B) Sudan I, (C) Ponceau 4R or (D) Allura Red at the same concentration.
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Table S1 compares the analytical performance between the Zn-CuGaO2@CMK-3/GCE sensor with
previously reported analytical methods for the detection of SY and TZ. The LODs for SY and TZ determined
using the Zn-CuGaO2@CMK-3/GCE sensor were lower than most previously reported methods*%4%,
Although the LODs of the developed sensor towards SY and TZ detection were slightly higher than those of
the ERGO-AuNRs/GCE sensor, P(6-CD/Arg)/CysA-AuNPs/AuE sensor and ZnO@Ag SERS sensor!*43],
the fabrication process of the Zn-CuGaO2@CMK-3/GCE sensor was much simpler and cost-effective
compared with those sensors. Moreover, the detection time of the proposed sensor was shorter and the linear
range of the Zn-CuGaO2@CMK-3/GCE sensor was wider than those of most methods!*¢#**» thus providing a
promising strategy for the quantification of SY and TZ.

3.6 Anti-interference, reproducibility, repeatability and stability of the constructed sensor

The possible influence of matrix interference on the SWV responses of the Zn-CuGaO2@CMK-3/GCE
sensor towards SY and TZ were tested in presence of some small organic molecules (e.g. 10-fold higher
concentration of L-lysine or glucose), inorganic ions (100-fold higher concentration of Ca**, Mg?*, Zn**, Na*,
CI, SO4%, CH3COO" or CO3*) and analogues (the same concentration of Sudan I, Ponceau 4R or Allura Red).
As shown in Fig. 5d and Fig. Se, the presence of the these molecules and ions had negligible effect on the peak
currents of SY and TZ (RSD < 6.52%), suggesting that the anti-interference performance of the
Zn-CuGaO2@CMK-3/GCE sensor was satisfactory.

Six Zn-CuGaO2@CMK-3/GCE electrodes were prepared to evaluate the reproducibility of the
constructed sensor for the simultaneous detection of SY and TZ under the optimal conditions (Fig. S3a). The
Zn-CuGa02@CMK-3/GCE sensor had excellent reproducibility for SY and TZ detection, with relative
standards deviations (RSDs) of 4.70% (SY) and 3.61% (TZ) for the 6 sensors. Furthermore, the repeatability
of measurements using the Zn-CuGaO2@CMK-3 sensors was explored by using a single modified electrode
for six measurements under the same conditions in a solution containing 100.00 pmol/L SY and 100.00
umol/L TZ (Fig. S3b). The RSDs were in the range of 1.89% to 2.83%, revealing that the repeatability of
measurements using the developed sensor was acceptable. The storage stability of the developed sensor was
examined over 30 days at 4°C (Fig. S3c). After 30 days, the SWV peak currents of SY and TZ determined
using the Zn-CuGaO2@CMK-3/GCE sensor were 91.33% and 85.32%, respectively, of the original values.

These results implied the fabricated sensor possessed good storage stability.
3.7 Trueness and applicability of the Zn-CuGaO2@CMK-3/GCE sensor

To evaluate the trueness of the Zn-CuGaO2@CMK-3/GCE sensor, recovery experiments using SY and
TZ spiked milk, biscuit and white vinegar samples were conducted. Table 1 summarizes the experimental
data. The recoveries of SY and TZ were in the range of 82.70%-114.80% with RSDs of 2.48%-6.56%,
demonstrating the high accuracy of the prepared sensor.

The practicability of the fabricated sensor was verified by quantifying SY and TZ in two kinds of
carbonated drinks using the Zn-CuGaO2@CMK-3/GCE sensor and a HPLC method. The SY levels in the two
kinds of carbonated drinks detected using the Zn-CuGaO2@CMK-3/GCE sensor were (0.76 £+ 1.21) mg kg™!



Y.F. Chen et al. / Food Science and Human Wellness 14 (2025)

and (7.07 + 4.29) mg kg™!, while the SY concentrations determined by the HPLC method were (0.69 + 1.58)
mg kg™ and (6.77 + 3.24) mg kg!, respectively. The TZ concentrations in the two kinds of carbonated drinks
determined using the Zn-CuGaO2@CMK-3/GCE sensor were (6.11 £2.05) mg kg and (5.87 £4.97) mg kg™,
while the levels determined by the HPLC method were (5.84 % 4.18) mg kg'! and (6.64 £ 2.58) mg kg™! (Fig.
S4), respectively. No significant difference was found between the SY and TZ contents measured using the
two methods (Table S2), indicating the feasibility and reliability of the developed sensor for the simultaneous

detection of SY and TZ in real samples.

4. Conclusion

A sensitive electrochemical sensor based on Zn-CuGaO2@CMK-3/GCE for signal amplification was
successfully constructed for the simultaneous quantification of SY and TZ in foods. The
Zn-CuGaO2@CMK-3 nanocomposite with excellent electron transfer capacity showed outstanding
electrocatalytic property attributed to the doping of Zn, which was beneficial for the electrooxidation of SY
and TZ. The Zn-CuGaO2@CMK-3/GCE sensor offered a wide linear range and a low LOD for both SY and
TZ. Furthermore, the constructed sensor possessed excellent sensitivity, repeatability, reproducibility and
stability, and could readily be applied for the SY and TZ detection in actual samples (e.g. carbonated drinks).
Results encourage the wider used of copper-based delafossite semiconductor materials, such as Zn-doped
CuGa0gz, in the construction of electrochemical sensing platforms for the monitoring and quantification of

toxic and hazardous organic compounds in foods.
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