A \

A4
This article is licensed under CC-BY-NC-ND 4.0 @ @ @ @

http://pubs.acs.org/journal/acsodf

Individual and Simultaneous Electrochemical Detection of Allura
Red and Acid Blue 9 in Food Samples Using a Novel La,YCrOg
Double Perovskite Decorated on HLNTs as an Electrocatalyst

Published as part of ACS Omega virtual special issue “At the Speed of Light: Recent Advances in
Optoelectronics”.

Srujan Basavapura Ravikumar, Sanjay Ballur Prasanna, Santhosh Arehalli Shivamurthy,*
Sandeep Shadakshari,* Bhari Mallanna Nagaraja, Jothi Ramalingam Rajabathar, Hamad A. Al-lohedan,
and Selvaraj Arokiyaraj

Cite This: ACS Omega 2024, 9, 25682577 I: I Read Online

ACCESS | [l Metrics & More ’ Article Recommendations | @ Supporting Information

ABSTRACT: The present study involved the synthesis of
La,YCrOg4 double perovskites using a sol—gel approach. Addition-
ally, a sonicatio.n method was implemegted to prepare La,YCrOg La,YCrO, HUNTs
double perovskites decorated on halloysites (La,YCrO4/HLNTS). IR0OCoponte

The La,YCrO4/HLNTSs exhibited remarkable conductivity, elec-
trocatalytic activity, and rapid electron transfer. It is imperative to
possess these characteristics when overseeing the concurrent
identification of Allura red (AR) and acid blue 9 (AB) in food
samples. The development of the La,YCrOg/HLNTSs was verified
through the utilization of diverse approaches for structural and
morphological characterization. The electrochemical techniques
were employed to evaluate the analytical techniques of La,YCrOg4/
HLNTSs. Impressively, the La,YCrOz/HLNTs demonstrated
exceptional sensitivity, yielding the lowest detection limit for AR at 8.99 nM and AB at 5.14 nM. Additionally, the linear
concentration range was 10—120 nM (AR and AB). The sensor that was developed exhibited remarkable selectivity, and the
feasibility of AR and AB in the food sample was effectively monitored, resulting in satisfactory recoveries.

Simultaneous

electrochemical detection
of AR and AB
- - e e e - — — -

1. INTRODUCTION demonstrated that the molecular composition of azo dyes can
lead to unwanted effects, including headaches and possible
neurotoxic, genotoxic, and carcinogenic consequences.5 AR
and AB are among the most employed food dyes, and they are
frequently utilized together in culinary preparations. Never-
theless, their high occurrence in environmental sources and
food items poses a significant threat of exposure.’

In this regard, it is required to develop reliable analytical
methods that allow the detection of AR and AB in different
biological fluids at broad therapeutic concentrations. Several
methods were employed for AR and AB analysis in different
media based on different techniques such as spectrophoto-
metric methods, HPLC, electrochemical methods, chemilumi-

Food colorants, also known as dyes, are utilized in the food
industry to add color, maintain freshness, and improve the
visual appeal of various food products. These additives serve
both commercial and aesthetic purposes. Colorants are being
used in the food sector to grab customers’ attention through
bright and appealing designs. Food colorants occur in a variety
of characteristics, including synthetic, soluble, and so on.
Producers choose the least priced and most stable options.
The application of these dyes continuously raises concerns
about the welfare of human and environmental health. The
licensing of food colorants is strictly regulated by the European
Food Safety Authority (EFSA) and the US Food and Drug
Administration (FDA) to guarantee the safety of food

products, as these regulatory bodies acknowledge the potential Received: September 22, 2023
long-term detrimental effects that such additives may have on Revised:  December 1, 2023
consumers.” Specific critical values indicate amounts of Accepted:  December 12, 2023

additive exposure that are safe.” The most popular food dyes Published: December 29, 2023

are azo-dyes [tartrazine, carmoisine, sunset yellow, Allura red
(AR), acid blue 9 (AB), and so on].* Previous studies have
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Figure 1. (a) XRD, (b) FTIR spectra of La,YCrO4 double perovskites, HLNTs, and La,YCrOs/HLNT nanocomposite.

nescence, etc.’ ° Electrochemical sensing is a potential
technology for detecting small quantities of chemicals that
has a few advantages. As a result, developing novel sensor
materials with electrocatalyst capabilities that can enhance
existing electrodes is essential.'® As a result, we created an
accurate and low-cost monitoring method for AB and AR.

In recent years, considerable research efforts have been
directed toward the study of double perovskite oxides, which
possess the chemical formula A,B'B"Oy."" The A site of the
perovskite structure can accommodate either a rare-earth or an
alkaline earth element, while the B site allows for the presence
of two distinct transition metal (TM) elements. This unique
arrangement provides a remarkable level of flexibility and
freedom, surpassing that of a simple ABOj; perovskite
structure.'””'® The electrical behavior of oxides that contain
transition metals is predominantly determined by the interplay
between the cations of the transition metals and the anions of
oxygen.'” Layered double perovskites, namely, ReCuM,Os,;
(Re = La, Pr, Sm, Nd, Gd, Y; M = Zr), have garnered
significant scientific interest in recent times due to their
efficient oxygen-ion transport and surface exchange capabil-
ities.'"~*" Rare-earth-based double perovskites have garnered
significant attention across various domains, including
spintronics, catalysis, magnetic materials, photodetectors,
supercapacitors, and electrode materials.”*~>” Sr,NiMoOg
double perovskites were synthesized by Liu et al. through
the sol—gel method and subsequently employed as gas
sensors.”® Durai and Badhulika published the first solid-state
synthesis of AL,NiCoOg nanoflakes for atrazine electrochemical
detection.” La,MMnOg double perovskites have been
synthesized by Bhardwaj et al. as an electrode material to
sense nitric oxide.’® To date, no information has been
published regarding the presence of La,YCrOg-based double
perovskites.

The distinctive structure and improved conductivity of
materials possessing one-dimensional (1D) structures offer
significant advantages in facilitating electrocatalytic processes
for electrochemical sensors.”’ Halloysite nanotubes (HLNTSs)
are made up of several sheets of aluminosilicate clay.”’ HLNTs
have an external siloxane (Si—O—Si) group and an internal
aluminol (AleOH) group.’” Bharathi and Wang investigated
the potential of a bismuth sulfide/functionalized HLNT
composite as an electrochemical device for diethofencarb
analysis.”> Radha and Wang have published work on
developing hybrid 4-(methylamino)phenol (metol) electrodes
made of functionalized HLNTs and lanthanum stannate for
environmental sample analysis.”* A sonochemical method was
employed to synthesize a nanocomposite of La,YCrOg/
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HLNTSs, which was utilized for the concurrent detection of
AR and AB in food samples.

In the present study, a highly effective electrochemical
sensor can detect AR and AB individually and simultaneously.
This was achieved by utilizing a modified glassy carbon
electrode (GCE) with La,YCrO4/HLNTs. The La,YCrOg4
double perovskites were synthesized through a sol—gel
method, while the La,YCrO4/HLNTs were fabricated by
using a sonication technique. Based on the electrochemical
experiments conducted, it has been observed that the
La,YCrO4/HLNTs/GCE exhibits enhanced conductivity,
greater stability, the most minimal detection limit, and
remarkable selectivity for detecting AR and AB. Additionally,
the feasibility of the La,YCrO4/HLNTs sensor was developed
to evaluate the food samples.

2. EXPERIMENTAL SECTION

Chemicals and reagents, instruments, and synthesis of the
La,YCrO4 double perovskite details are provided in the
Supporting Information (Sections S1—S3).

2.1. Preparation of the La,YCrO4/HLNT Nanocompo-
site. An aluminosilicate clay mineral generally called halloysite
was used to enhance the physicochemical properties of the
La,YCrOg4 double perovskite. For the synthesis of the product
with enhanced properties, 0.917 g of the product was
combined with 0.915 g of halloysite in 20 mL of ethanol.
The mixture was subsequently subjected to a sonication
technique for 20 min to ensure thorough blending. Following
this, the blend underwent thermal heating in a hot air oven set
at a temperature of 57 °C. The nanocomposite formed by
combining La,YCrOg4 with HLNTSs is commonly referred to as
the La,YCrO4/HLNT nanocomposite.

2.2. Electrochemical Procedure. The electrode polishing
kit PK-3 was utilized to thoroughly polish the GCE before
proceeding with electrode modification. To eliminate particles
and contaminants that were weakly bonded, the polished
electrode underwent a series of sonication cycles with
deionized water. Following this, the sample was carefully
dried in a nitrogen environment to ensure thorough removal of
any residual moisture and impurities. The modified electrode
was formed by depositing a 6 pL solution of the synthesized
nanocomposite onto the exposed surface of the bare GCE and
allowing it to solidify at ambient temperature. The label on the
electrode denoted its modification and identified it as
La,YCrOy¢/HLNTs/GCE. The voltammetry measurements
were conducted using a set of three electrodes. In this three-
electrode configuration, a GCE was utilized as the working
electrode, a platinum wire was utilized as the counter
electrode, and a saturated calomel electrode was utilized as

https://doi.org/10.1021/acsomega.3c07330
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Figure 2. SEM images of the (a) La,YCrOg4 double perovskite, (b) HLNTS, and (c) La,YCrOs/HLNT nanocomposite. (d—f) TEM images of the
La,YCrO¢/HLNT nanocomposite and elemental mapping of (d) O, (e) Al (f) Si, (g) La, (h) Cr, and (i) Y of the La,YCrOz/HLNT

nanocomposite.

the reference electrode. For the electrochemical investigations,
10 mL of 0.1 M PBS was employed. The CV analysis was
conducted by scanning a voltage range from —0.8 to +1.0 V at
a scan rate of S mV s™'. To attain significant redox peaks,
electrochemical impedance spectroscopy (EIS) was carried out
while [Fe(CN)¢]*~/#~ was present. The linear sweep
voltammetry (LSV)was conducted using a pulse height of
200 mV and a pulse width of 0.0S s, covering a voltage range of
0to 12 V.

3. RESULTS AND DISCUSSION

3.1. Characterizations. X-ray diffraction (XRD) is a
formidable technique that can be employed to determine the
purity of the crystal structures. It ensures the disclosure of the
texture and orientation of the crystallites, thereby verifying the
size and formation of the product. Figure la depicts the XRD
examination conducted on double perovskite La,YCrOy,
HLNTSs, and the nanocomposite of La,YCrOs/HLNTs.
LaCrO; with a perovskite crystal structure belongs to the
cubic LaCrO; (PDF card no. 75-0441), and the characteristic
diffraction peaks at 22.95, 32.7, 40.05, 45,12, 52.42, and 59.64°
are in good agreement with the (100), (110), (111), (200),
(210), and (211) planes, respectively.’* The peaks at 23.3,
29.7,33.4,47.67, and 57.1° correspond to (211), (222), (400),
(440), and (622) planes of Y,0;, respectively.”” The (001),
(020), (002), (130), (131), and (003) planes of HLNTS are
attributed to the 26 values of the diffraction peaks at 11.9, 20.1,
24.7, 34.3, 35.13, and 45.6° (JCPDS card 29-1487),
respectively.’® Additionally, the XRD patterns of the
La,YCrO4/HLNT nanocomposite exhibit the presence of

regenerated La,YCrOg4 and HLNTS, providing evidence for the
successful synthesis of the La,YCrOs/HLNT nanocomposite.

Figure 1b illustrates the FTIR analysis, which elucidates the
spectrum of peaks corresponding to our samples, namely,
La,YCrO4 HLNTSs, and La,YCrOg/HLNT nanocomposite.
The absorption bands observed in the FTIR spectra
correspond to the stretching vibrations of La—O and Cr—0O,
with strong signals at 586 and 690 cm™', respectively. The
range between 1200 and 1500 cm™' is commonly associated
with distortion of water molecules. The H-O—H stretch
observed at 2800—3000 cm™' corresponds to the peak
perceived in the spectrum, indicating the presence of an
adsorbed water molecule.”” The peaks observed at approx-
imately 860 cm™" were assigned to the vibrations originating
from Y—O bonds.** The HLNTSs are made up of Si—O—Si
groups with AlI-OH groups presented. Peaks at 3770 and 3618
cm™ in the pristine HLNTS spectra correlate to the Al-OH
group’s stretching vibration on HLNTSs. The 1024 and 912
cm™ peaks correspond to Al-OH Si—O stretching and
bending vibrations, respectively.”” The successful formation of
the La,YCrO4/HLNT nanocomposite is confirmed by the
regenerated La,YCrOg and HLNT bands observed in the
FTIR spectra.

The morphological characteristics of the La,YCrO4 double
perovskite, HLNTSs, and La,YCrOg/HLNT nanocomposites
were thoroughly investigated using SEM and TEM techniques.
The SEM images of La,YCrOg4 double perovskite, HLNTSs, and
La,YCrO4/HLNT nanocomposite are depicted in Figure 2a—
c. In Figure 2a, the even arrangement of the La,YCrOg4 double
perovskite is depicted, with each particle displaying a distinct
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Figure 3. (a) EIS, (b) CV spectra of bare GCE, La,YCrO4/GCE, HLNTs/GCE, and La,YCrOs/HLNTSs/GCE and (a-inset) Randle’s equivalent
circuit image, (c) different v (25—400 mV s™') at La,YCrO4/HLNTs/GCE and (d) v'/? vs I and I,

flake-like morphology. The tubelike structure of HLNTSs is
depicted in Figure 2b. Additionally, the formation of the
La,YCrO4 /HLNT nanocomposite is confirmed by the
random decoration of the La,YCrOg double perovskites on
the HLNTSs, as depicted in Figure 2c. Figure 2d—f shows
various magnification TEM images of the La,YCrO4/HLNT
nanocomposite. The elemental mapping (O, Al, Si, La, Cr, and
Y) images of the La,YCrOg/HLNT nanocomposite are shown
in Figure 2g—l. The EDS spectra of the La,YCrOs/HLNT
nanocomposite (Figure S1) indicate the presence of various
elements and their respective mass fractions (Figure S1, inset).
The oxygen, aluminum, silicon, lanthanum, chromium, and
yttrium elements account for $8.21, 16.33, 19.32, 2.09, 1.35,
and 2.69% of the composition, respectively. Consequently, the
morphological observations authenticate the progress made in
the development of a nanocomposite consisting of La,YCrOg4/
HLNTSs.

3.2. Electrochemical Performance. The CV and EIS
techniques were employed to investigate the electron transport
parameters of the electrode contact, with a scan rate of 50 mV
s™' and 5.0 mM of [Fe(CN)¢]*/*". The EIS spectra of four
different materials, namely, bare GCE, La,YCrO4 double
perovskite, HLNTs, and La,YCrOgs/HLNT nanocomposite,
are presented in Figure 3a, and Randle’s circuit picture is given
in Figure 3a (inset). The Nyquist plot displayed R, values of
38.85 kQ for the bare GCE, 47.77 kQ for La,YCrO4/GCE, and
33.73 kQ for HLNTs/GCE. The La,YCrO4/GCE exhibited a
higher R, compared to the bare GCE, indicating the presence
of repulsion between the metal oxides and the redox probe
[Fe(CN)4]3~/#"."" A substantial decrease in R (6.54 Qk) was
observed for La,YCrOs/HLNTs/GCE. La,YCrOy,/HLNTs/
GCE exhibits remarkable charge-transfer properties and
conductivity, making it highly advantageous for electro-
chemical sensing applications.

The CV curves of the bare GCE, La,YCrO4/GCE, HLNTs/
GCE, and La,YCrO¢/HLNTs/GCE are shown in Figure 3b.

The peak currents and electron-transfer efficiency were greater
in La,YCrO4/HLNTSs/GCE than in the bare GCE, La,YCrOg/
GCE, and HLNTs/GCE, suggesting faster electron transfer.
The behavior of La,YCrOs/HLNTs/GCE was analyzed under
varying scan rates (v) to determine the electrode kinetics.
Figure 3c illustrates the electrochemical characteristics of the
La,YCrO4/HLNTSs/GCE over a range of 25 to 400 mV/s. The
values of I, and I,. showed a noticeable rise as v increased.
Figure 3d depicts a plot of 0"/ (V/s)"/2 vs I, and I,,,, with the
related equations (eqs 1 and 2) as follows

L,(uA) = 7812907 (V/s)'? + 1802 (R® = 0.998)
(1)

L(uA) = —59.3230"% (V/s)'/? — 5231
(R* = 0.999) (2)

The surface areas of bare GCE and La,YCrO4s/HLNTSs/
GCE were also calculated using the Randles—Sevcik equation

(eq 3)*
I, = (2.69 x 10°)n**A,Dy/*v'*C, (3)

where I, = oxidation peak current, A = surface area, D =
diffusion coefficient (6 X 107 cm s™'), n = number of
electrons, and C = electrolyte concentration (0.005 mol L™).
The surface areas of bare GCE, La,YCrO4/GCE, HLNTSs/
GCE, and La,YCrO4,/HLNTs/GCE were calculated using eq 3
to be 0.225, 0.256, 0.254, and 0.296 cm?, respectively. In this
regard, La,YCrO4/HLNTs/GCE exhibits a significant reactive
site due to its extensive surface area.

To analyze the kinetics of the oxidation process and
electrode reaction, the influence of the scan rate on the
sensing of 50 yuM AR and AB in 0.1 M PB (pH 7) was
investigated using La,YCrO4/HLNTs/GCE. Figure 4a displays
the CV findings for AR and AB, obtained by varying the v from
20 to 375 mV/s. Notably, the redox peak current demonstrates

2571 https://doi.org/10.1021/acsomega.3c07330
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Figure 4. (a) CV graphs for v (20—375 mV s™") in 50 4M AR and (b) o' (V/s)2 vs L (AR and AB) and (c) log v vs log I (AR and AB). (d)
CV response of La,YCrO4/HLNTs/GCE with different pH values, (e) pH vs E,,,, and (f) pH vs I, of La,YCrO4/HLNTs/GCE.

a consistent linear rise with the increase in v. Using regression
(eqs 4 and 5), a significant linear relationship between
oxidation peak current and square root of scan rates was
established, as illustrated in Figure 4b.

L,(uA) = 95.1190"> (V/5)"/* — 8783

(R* = 0.954: AR) (4)
1,(uA) = 102.0080" (V/s)'> — 0.015

(R* = 0.950: AB) (s)

The electro-oxidation of AR and AB occurred in diffusion-
controlled processes within the La,YCrO4/HLNTs/GCE
system. The log vs log I, (Figure 4c) was obtained, and eqs
6 and 7 were derived accordingly

Log I,,(uA) = 0.602log v(V) + 0.1314

(R* = 0.971: AR) (6)
Log I,(uA) = 0.43%log v(V) + 0.644
(R* = 0.945: AB) (7)
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The slopes of AR and AB were determined to be around
0.602 and 0.439, respectively, based on eqs 6 and 7. These
values are near the expected theoretical value of 0.5.*' The
findings provide support for the notion that the diffusion-
controlled process underlies the electro-oxidation of AR and
AB.

The pH level of the PBS solution has a substantial impact on
the current response of AR and AB toward La,YCrOg4/
HLNTs/GCE. Consequently, the study aimed to analyze the
effects of different pH values on CV, employing 50 #M AR and
AB. Figure 4d illustrates that the I, values of AR and AB
exhibit a consistent increase as the pH level rises from 3 to 7.
This observation implies that sensitivity can potentially be
enhanced by this pH elevation. At pH 7, the I, levels of AR
and AB are the highest, while the current responses decrease as
the pH rises to 9. Consequently, pH 7 was chosen as the most
suitable electrolyte to facilitate further investigations. Fur-
thermore, as the pH changed from 3 to 9, the E;, of analytes
(AR and AB) shifted slightly to the negative side, suggesting
that H" are engaged in the electrochemical response of AR and
AB at La,YCrO,/HLNTs/GCE sensor.*” Figure 4e shows the
linear plots of pH vs E,, for AR and AB, as well as the
corresponding (egs 8 and 9).
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Figure S. (a) CV responses with simultaneously increasing AR and AB concentrations (10—120 M) on the La,YCrO4/HLNTs/GCE and (b)
[AR and AB]/uM vs Loa (c) LSVs of individual detection of AR and (d) AB at the different concentrations on La,YCrOs/HLNTs/GCE, and (c:
inset) [AR]/nM vs I, with various additions from 10 to 140 nM and (d: inset) [AB]/nM vs I,, with various additions from 10 to 120 nM. (e) LSV
graph of simultaneous detection of 10 to 120 nM AR and AB in pH 7 (0.1 M PBS). (f) [AR/AB]/nM vs Lo

(R* = 0.978: AR)
(8)

E,, (V) = —0.0308[pH] + 0.937

E,,(V) = —0.0230[pH] + 1.039  (R* = 0.980: AB)

)

The graphs of pH vs I, for AR and AB are shown in Figure
4f. Consequently, pH 7 was selected as the optimal supportive
electrolyte for further investigations into the individual and
simulated detection of AR and AB.

The electroanalytical properties of La,YCrO4/HLNTs/GCE
were investigated at increasing concentrations (10—120 uM)
of AR and AB. The I,,, values steadily increased with increasing
AR and AB concentrations (Figure Sa). The calibration graph
(Figure Sb) is drawn between the AR and AB concentrations
and the corresponding I,,. Resulting, the equations (eqs 10 and
11) are as follows

L, (4A) = 0.1509 Cyp (uM) + 13.744

(R* = 0.977: AR) (10)
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L,(uA) = 02932 Cyy(uM) + 18.621

(R* = 0.981: AB) (11)

The La,YCrO4/HLNTs/GCE showed higher electrochem-
ical activity toward the simultaneous detection of AR and AB
due to their improved conductivity and electrocatalytic activity.

3.3. Individual and Simultaneous Detection. The LSV
approach is exceptionally sensitive and well-selected compared
to other electroanalytical processes. By incrementing one
analyte at a time, AR and AB were examined independently,
and subsequently, both were simultaneously detected in 0.1 M
PBS (pH 7) using the LSV technique. In Figure Sc,d, the LSV
curves exhibit the detection of individual analytes of AR and
AB concentration range of 10 to 140 and 10 to 120 nM,
respectively. The concentration of AR and AB in Figure Sc,d
(inset) shows a linear increase in response to the increasing Ia
This relationship is described by linear equations (eqs 12 and
13)

L, (uA) = 0.0882 Cyp (uM) + 3.804
(R* = 0.992: AR) (12)
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Table 1. Comparison of the Electrochemical Oxidation of AR Using La,YCrO4/HLNTs/GCE with Other Materials

electrode material method pH
TiO,/ErGO DPV 7
F-nanodiamond@SiO,@TiO, DPV 3
SHU/PCFE LSV 4
LaOX-TiOX/CPE SwWv 2.5
Mn,0,@C/SPM DPV
La,YCrO,/HLNTSs/GCE LSV 7

linear range (4M) LOD (NM) references
0.3—800 50 43
0.01-8.65 1.22 44
0.01-2 0.36 45
90 46
0.1-1748.4 0.3 47
10-120 8.99 present work

Table 2. Comparison of the Electrochemical Oxidation of AB and Food Additives Using La,YCrO4,/HLNTs/GCE with Other

Materials
electrode material method pH linear range (M) LOD (nM) references
IL/Cu-BTC MOF//CPE DPV 7 0.08—900 70 48
IL/AuTiO,/GO/CPE DpPV 2 1-1000 330 49
MIPMet/CFP DpPV 4 0.0006—0.16 0.027 S0
Co;0, NRs/FCB DpPV 7 0.12—62.2 1 S1
PASPMGN/CPE DpPvV 7 1.0-15.0 4850 52
La,YCrO4/HLNTs/GCE LSV 7 10—-120 5.14 present work
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Figure 6. LSV responses of the AR and AB in (a) strawberry juice, (c) wine juice, and (b,d) corresponding correlation graphs of fruit samples.

L, (uA) = 0.1319 Gy (uM) + 11.535
(R* = 0.988: AB) (13)

Furthermore, the LSV profiles of La,YCrOs/HLNTs/GCE
for the simultaneous determination of AR and AB, ranging
from 10 to 120 nM, are depicted in Figure Se. The catalytic
activity of the La,YCrO4/HLNTs/GCE sensor was demon-
strated by the considerable increase in the I, of AR and AB
with the simultaneous increase in their concentrations. These
results provide strong evidence of the sensor’s high sensitivity
in detecting AR and AB. Linear plots (Figure Sf) were
employed to visualize the concentrations of [AR/AB]/nM and
I, and their linear equations (eqs 14 and 15)

L,(uA) = 0.0634 Cy (UM) + 5.343

(R* = 0.978: AR) (14)
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L,(uA) = 0.1137 Cy5(uM) + 8.082

(R* = 0.952: AB) (15)

The limit of detection (LOD) for AR and AB when
measured simultaneously (10—120 nM) was found to be 8.99
and 5.14 nM, respectively. On the other hand, the estimated
LOD for AR alone (10—140 nM) was determined to be 5.78,
while for AB it was 4.3 nM. The LOD values closely mirrored
those obtained methods. The estimated sensitivity of the
individual was found to be 0.905 uA uM™" cm™ for AR (10—
140 nM) and 1.62 puA uM™ cm™ for AB (10—120 nM),
indicating a significant difference between the individual and
simultaneous methods. As a result, the developed La,YCrO,/
HLNTs/GCE platform provides a better determination
platform for either simultaneous or individual detection of
selective dyes (AR and AB). This study revealed that the
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modified La,YCrO4/HLNTs/GCE exhibited enhanced sensi-
tivity and low LOD for the detection of AR and AB. The
La,YCrO4/HLNTs/GCE results showed exceptional perform-
ance in comparison to other available detection materials when
compared with earlier AR (Table 1) and AB (Table 2) results.

3.4. Selectivity, Repeatability, and Storage Stability.
For the simultaneous detection of biological, dye, and metal
compounds, a high degree of selectivity is required. The
sensitivity of AR and AB detection was investigated by
analyzing their responses in the presence of various competing
species. LSV curves were obtained by adding 200 M of citric
acid (CA), glucose (Glu), sunset yellow (SY), tartrazine
(TTZ), calcium chloride (Ca®*), zinc chloride (Zn**), copper
chloride (Cu®*), and sodium chloride (CI™) to a solution (50
UM of AR and AB) (Figure S2a). The suggested analytes in all
I, responses exhibit no noticeable differences, with their
signals fluctuating by less than 6%. The results indicate that
La,YCrO4/HLNTs/GCE is an appropriate sensor for accu-
rately detecting AR and AB in the presence of biological, dye,
and metal interferences.

Furthermore, an examination was conducted to assess the
reproducibility by employing a La,YCrO4/HLNTs/GCE
(Figure S2b). The obtained RSD values for AR (2.24%) and
AB (2.9%) indicate that La,YCrO4/HLNTs/GCE demon-
strated excellent repeatability. Figure S2c illustrates the LSV
curves, which were used to evaluate the stability of the system
from 1 to 15 days. It demonstrates that after 15 days of storage,
67.05% (AR) and 73.69% (AB) of the initial value is retained.
Figure S2d shows a bar depiction of the number of days vs the
current date. The simultaneous detection of AR and AB was
achieved with exceptional stability by the La,YCrO4/HLNTSs/
GCE system, as indicated by these findings.

3.5. Real Sample Analysis of AR and AB. Strawberry
and wine grape juice were purchased from street vendors in
Bangalore, Karnataka, India. Following a centrifugation period
of 10 min at 6000 rpm, the mixture was subjected to
separation. The resulting supernatant, collected post-centrifu-
gation, was then stored at a temperature of 4 °C to facilitate
future analysis. By utilizing the La,YCrO4/HLNTSs/GCE, the
practical feasibility of the juice samples was evaluated. To
assess the juice samples, a dilution was carried out using PBS
(pH 7), and then, AR and AB were added at the specified
concentrations using the standard addition method. Figure 6a
illustrates the responses of the AR and AB-spiked strawberry
juice samples, while Figure 6b showcases the corresponding
linear plot. The linear regression equations are represented by
eqs 16 and 17, as mentioned below

(R* = 0.961: AR)
(16)

(R* = 0.928: AB)
(17)
Figure 6¢ illustrates the responses of the wine grape samples
spiked with AR and AB, while Figure 6d shows the

corresponding linear plot. The equations are represented by
eqs 18 and 19, as shown below

I, (uA) = 0.0562 C (uA) + 3.88

L, (uA) = 0.0925 C (uA) + 7.39

(R* = 0.961: AR)
(18)

(R* = 0.961: AB)
(19)

I, (uA) = 0.0562 C (4A) + 3.88

I, (uA) = 0.0562 C(uA) + 3.88
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Table S1 summarizes the recovery findings. The results
indicated that La,YCrO4/HLNTs/GCE exhibited satisfactory
recoveries when detecting both AR and AB simultaneously in

fruit samples.
4. CONCLUSIONS

In this work, we introduced a highly effective electrochemical
sensor that utilizes a La,YCrOs/HLNT-modified GCE to
detect both AR and AB individually and simultaneously. The
La,YCrO4/HLNTs/GCE demonstrated the electro-oxidation
of AR and AB in two fruit samples. Moreover, the LSV
response of the sensor exhibited robust linearity in the 10 to
120 nM (AR) range, with a LOD of 1.26 nM. Additionally, the
sensor displayed strong linearity in the 10 to 120 nM (AB)
range, with a LOD of 1.98 nM (AB). The proposed sensor,
La,YCrO4/HLNTs/GCE, exhibits remarkable sensitivity with
an AR value of 0.905 and an AB value of 1.62 yA uM™' cm™.
Moreover, La,YCrO4/HLNTs/GCE exhibited remarkable
stability, selectivity, and reproducibility. By employing LSV,
La,YCrO4/HLNTSs/GCE was utilized to measure AR and AB
in fruit samples, such as strawberry juice and wine grape juice,
to evaluate its applicability. The results indicated excellent
recoveries and the potential of this novel sensor for the
determination of AR and AB in food samples.
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