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Abstract The authors describe a screen-printed electrode
(SPE) modified with a composite consisting of Mn3O4

microcubes and thin sheets of graphene oxide for use in am-
perometric determination of nitrite. The composite was pre-
pared by a hydrothermal method, and its morphology, elemen-
tal composition, diffraction, impedance and electrochemical
properties were studied. The modified SPE displays excellent
electrocatalytic activity towards nitrite, and the oxidation peak
current (measured typically at 0.70 V vs. Ag/AgCl) is related
to the concentration of nitrite in the range between 0.1 and
1300 μM, with a 20 nM detection limit. The method was
successfully applied to the determination of nitrite in spiked
samples of beef and water.
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Introduction

Nitrite is the source of non-enzymatic nitric oxide production
in mammalian cells [1] and also it is a signalling molecule in
mammalian tissues [2]. Nitrite has been widely used as food
preservative owing to its good antibacterial property [3].
However, nitrite can react with amines to form carcinogenic
N-nitrosamines either inside the body or during the meat cur-
ing process [4]. The International Agency for Research on
Cancer (IARC) had listed nitrite as Group 2A type carcino-
genic, i.e., ‘there is strong evidence that nitrite can cause can-
cer in humans, but at present it is not conclusive’ [5]. In the
circulatory system, nitrite irreversibly oxidizes hemoglobin
into methemoglobin which causes methemoglobinemia [6].
Continuous uptake of meat with high content of nitrite has
the possibility to increase the risk of cancer. On the other hand,
nitrite is an inorganic pollutant to the environment and its
increasing distribution and accumulation in water bodies is
huge threats to environmental safety [6]. As per the
Environmental Protection Agency (EPA) regulation, the al-
lowable amount of nitrite in drinking water is 1 mg L−1 [7].
Thus, the development of portable, cheaper and reliable sensor
devices is necessary for rapid and accurate detection of nitrite
in food and water samples. In comparison with other bulky
analytical methods, electroanalytical methods are more reli-
able as they are low-cost, portable, easy-to-use, and offer
quick responses. Compton et al. reported a nitrite sensor using
bare electrode, however, sonoelectrochemical cleaning is re-
quired in order to maintain the activity of electrode surface.
Nevertheless, fabricating suitable modified electrodes have
considerably minimized the fouling effect and reduced the
overpotential as well [8]. Most of the previous reports are
focused on the detection of nitrite in drinking water; herein a
robust modified electrode was described for the nitrite detec-
tion in meat samples and water samples as well.
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Graphene and graphene oxide (GO) based composites
are likely to remain one of the leading subjects in elec-
trochemistry for many years owing to their interesting
catalytic properties [9, 10]. GO, an oxygenated deriva-
tive of graphene is an amphiphilic molecule possessing
aliphatic and aromatic regions. It contains abundant ox-
ygen functionalities; epoxy and hydroxyl groups on the
plane, while carboxyl, carbonyl, ester, ether, diol, ke-
tone, phenol, quinone and lactone groups present at
the edges. Graphene supported manganese oxide
(MnOx) composites have been reported to exhibit prom-
inent electrochemical properties. MnOx materials are
low cost, abundant on earth crust and highly stable,
while various shaped MnOx (needles, tubes, particles,
plates and wires) in a multi-valent states have been re-
ported [11]. Mn3O4 incorporated graphene or GO based
composites can be prepared by many methods [12–14].
Virtually, all reports had been focused on energy appli-
cations; nonetheless, GO/Mn3O4 microcubes (MC) com-
posite has never been explored in electrochemical sensing
applications. By tuning the synthetic protocol, nanocubes
structured materials with six surfaces can be prepared. These
cube structured materials encompassed with sharp edges and
corners and they have shown excellent catalytic activity over
nanoparticles [15].

Herein, the preparation of Mn3O4 MC networks embedded
in thin sheets of GO as a composite is described and applied in
nitrite sensing (Fig. 1). The preparation of GO/Mn3O4 MC
composite does not require any hazardous reducing agents.
Screen-printed carbon electrode (SPCE) was adopted as work-
ing electrode because of its low-cost, easy fabrication, flexi-
bility, and reproducibility [16]. The GO/Mn3O4 MC film
modified SPCE exhibited large electrochemical active area,
excellent electrocatalytic ability and outstanding nitrite sens-
ing characteristics.

Experimental

Materials and instrumentation

Graphite (powder, <20 μm), sodium acetate, manganese(II)
sulfate mono hydrate (MnSO4·H2O) and urea were purchased
from Sigma-Aldrich (http://www.sigmaaldrich.com/taiwan.
html) and used as received. The SPCEs were purchased
from Zensor R&D Co., Ltd., Taipei, Taiwan (http://www.
zensor.com.tw/index_en.html). All the reagents used were of
analytical grade and usedwithout any further purification. The
supporting electrolyte used for the electrochemical studies
was 0.1 M phosphate buffer (PB), prepared using Na2HPO4

and NaH2PO4 and the pH was adjusted either using H2SO4 or
NaOH. All assays were performed in triplicate, and the results

reported are the average of at least three experiments. The error
is calculated from standard deviation of these three readings.

Field Emission Scanning electron microscopy (FESEM)
studies were performed with Hitachi S-3000 H scanning elec-
tron microscope. Energy-dispersive X-ray (EDX) spectra and
mapping were recorded using HORIBA EMAX X-ACT
(Sensor +24 V = 16 W, resolution at 5.9 keV).
Powder X-ray diffraction (XRD) studies were performed
in a XPERT-PRO (PANalytical B.V., The Netherlands)
diffractometer using Cu Kα radiation (k = 1.54 Å).
FTIR spectra were carried out using a Perkin-Elmer IR
spectrometer. X-ray photoelectron spectra (XPS) were
obtained by PerkinElmer PHI-5702. Raman spectra were
acquired using Micro-Raman spectrometer (RENISHAW
in via system, U.K) by a 514.4 nm He/Ne laser.
EIM6ex Zahner (Kronach, Germany) was used for elec-
trochemical impedance spectroscopy (EIS) studies.

Synthesis of GO/Mn3O4 micro cubes

GO was prepared through modified Hummers method
[17]. Mn3O4 microcubes (MCs) were synthesized via hy-
drothermal method followed by calcination (Fig. 1).
Briefly, solutions of urea (3 g) and MnSO4·H2O (0.01 M)
were prepared separately in 40 mL water via magnetic
stirring followed by ultrasonication for 15 min. Next, the
MnSO4 solution was slowly added dropwise into urea so-
lution. The mixture was stirred for 30 min to acquire a
homogeneous solution and the resulting solution was
transferred to a Teflon–lined stainless steel autoclave and
heated at 180 °C for 10 h. After hydrothermal treatment,
the resulting reddish product was collected and washed
with ethanol (2 × 50 mL), and then dried at 40 °C for
overnight. Then the solid was transferred to a tube furnace
and heated to 400 °C for 2 h at a heating rate of 2 °C min−1.
Finally, the product Mn3O4 MC was collected. In order to
prepare, GO/Mn3O4 MC, 2 mg of Mn3O4 MC was added
into 2 mL GO aqueous dispersion (1 mg mL−1) and stirred
for 15 min. The resulting mixture was ultrasonicated for
another 15 min to ensure sufficient interfacial self-
assembly of negatively charged GO sheets on the positive-
ly charged Mn3O4 MC through electrostatic interaction,
thus yielding stable GO/Mn3O4 MC network [18, 19].
The GO/Mn3O4 MC aqueous dispersion is stable for about
1 h without any sediment formation. The dispersion is
ultrasonicated for 10 min prior to its usage in order to
obtain homogenous dispersion.

Preparation of modified electrode

The surface of SPCE was pre-cleaned by cycling between
−1.0 V and 1.2 V (vs. Ag/AgCl), in 0.1 M PB (pH 7) for
10 cycles. Next, 5 μL of GO/Mn3O4 MC was dropped at
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SPCE and dried at room temperature for 30 min. As control,
GO and Mn3O4 MC modified SPCEs were prepared.

Experimental parameters

The cyclic voltammograms (CVs) were carried out in 0.1 M
PB (pH 7.0). The potential range was = −0.10 to 0.90 V and
scan rate = 50 mV s−1 unless otherwise specified. EIS exper-
iments were performed in 0.1 M KCl containing 5 mM
Fe(CN)6

3−/4− and the optimized parameters: amplitude 5 mV
and Frequency 0.1 Hz to 100 kHz. Each measurement above
was conducted in triplicate.

The electrochemical measurements were performed using
CHI 1205A workstation. The electrochemical studies were
carried out in a conventional three-electrode cell using BAS
SPCE as a working electrode (area 0.20 cm2), saturated Ag/
AgCl as a reference electrode and Pt wire as a counter elec-
trode. Amperometric measurements were performed with an-
alytical rotator AFMSRX (PINE instruments, USA) with a
rotating disc electrode (RDE, glassy carbon) having working
area of 0.20 cm2.

Assay procedure

The supporting electrolyte is 5 mL aliquots of 0.1 M PB
(pH 7.0). Prior to each experiment, the electrolyte solutions
were deoxygenated with pre-purified nitrogen gas for 10 min
unless otherwise specified. Appropriate amounts of nitrite was
injected and stirred for 2 min before electrochemical experi-
ments were performed. In the case of interference study,
other compounds were added along with nitrite in the
detection mixture. Each measurement above was con-
ducted in triplicate.

Results and discussions

Choice of materials

Literature studies revealed that graphene/metal oxide compos-
ites have excellent sensing ability towards nitrite. Graphene
oxide (GO) possess large surface area, abundant oxygen func-
tionalities, ample sites for nitrite adsorption, high edge density
and rich edge defects and hence GO is the choice of
supporting material. Mn3O4 is well known for its excellent
electrocatalytic property to many important reactions and it
is low-cost, earth abundant and highly stable. Therefore, we
have designed and prepared GO/Mn3O4 MC. The important
sensor parameters such as, sensitivity, detection limit, selec-
tivity and reproducibility are significantly improved with GO/
Mn3O4 MC over existing modifiers.

Surface morphological and elemental characterization

The FESEM image of Mn3O4 MC is given in Fig. 2a that
clearly revealed the observation of numerous microcubes
structured particles. The magnified image displays high crys-
talline single cube and the size was in micrometer range (Fig.
2b). With the help of XRD, we identified these cubes as
Mn3O4 MC. The EDX profile of Mn3O4 MC displays the
expected elements Mn and O (Fig. 2e) and corresponding
mapping analysis presents the distribution of O and Mn in
the cubes with weight percentages of 58.47 and 41.53, respec-
tively (Fig. S1). The FESEM image, EDX profile, and map-
ping of GO are given in supporting information and the results
are consistent with previous reports [20] (Fig. S2). The image
of GO/Mn3O4 MC shows 3D structure, which composed of
thin GO sheets and Mn3O4 MC (Fig. 2c, d). The microcubes

Fig. 1 Synthesis of GO/Mn3O4 MC for the determination of nitrite in beef and water samples. EtOH = ethanol
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are wrapped and covered by ultrathin sheets of GO and each
cubes and bricks were interconnected under the bed of GO
sheets. EDX profile of GO/Mn3O4 MC shows signals corre-
sponding to C, O, and Mn with weight percentages of 41.72,
23.61 and 34.67, respectively (Fig. 2f). The mapping of GO/
Mn3O4MC reveals the distribution of expected elements C, O
and Mn (Fig. S3).

XRD, Raman, XPS and FT-IR spectral studies

Figure 3a displays the XRD patterns of GO, Mn3O4 MC, and
GO/Mn3O4 MC. The pattern of GO featured with character-
istic sharp peak at 11.02 Å (001). The curve of Mn3O4 MC
displayed peaks at 18.6° (101), 29.5o (112), 31.8o (200), 32.9o

(103), 35.8o (211), 39.1o (004), 43.5o (220), 50.7o (105), 53.6o

(513), 57.1o (303), 59.3o (321), 61.4o (224), and 65.7o (440)
consistent with standard pattern of Mn3O4 (JCPDS no. 24–
0734). The XRD pattern of GO/Mn3O4 MC contains all the
aforementioned peaks of Mn3O4 MC (star symbol) and GO
(square symbol). The peak positions were not altered in the
composite which indicating that the crystal structures of indi-
vidual components were not damaged during composite
formation.

Figure 3b shows the Raman spectra of GO, Mn3O4 MC
andGO/Mn3O4MC. The spectrum of GO displayedD band at
1407 cm−1 (related to defects) and G band at 1594 cm−1 (orig-
inates from stretching of in-plane sp2 atoms) which are char-
acteristic bands expected for GO [8, 21]. The spectrum of
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Mn3O4 MC exhibited a well-defined peak at 643.2 cm−1,
which can be assigned to the Raman active mode of Mn3O4

NC. The spectrum of GO/Mn3O4 MC displays active modes
corresponding to both Mn3O4 NC and GO. The level of dis-
order can be elucidated by analyzing the D/G band intensity,
ID/IG. The ID/IG of GO/Mn3O4 MC (0.98) which is compara-
tively higher than that of GO (0.85) revealing that the level of
disorder was considerably increased. In addition, the D band is
slightly red shifted which indicating the alteration in defect
sites of GO.

In order to track the changes in functional groups, FT-IR
spectra of GO, Mn3O4 MC and GO/Mn3O4 MC were studied
(Fig. 3c). The FT-IR spectra were performed using ethanol as
solvent; as a result, the characteristic vibration modes of eth-
anol were observed in all the FT-IR curves. For clarity, we
have ignored the modes of ethanol solvent. The spectrum of
GO displays peaks at wavenumbers of 3417, 1763, 1682,
1391, 1254, and 1087 cm−1 which are correlated to stretching
vibrations of O − H, C = O, C = C, O − H, C − O − C and
C − O, respectively. However, the spectrum of GO/Mn3O4

MC displays additional peaks at 624 cm−1 and 563 cm−1 that
were originated from the incorporated Mn3O4.

Next, the surface chemical compositions of GO/Mn3O4

MC composite were examined by XPS (Fig. 3d). The XPS

curve of GO/Mn3O4MC shows characteristic signals of C 1 s,
O 1 s, 2p1/2 and 2p3/2 at binding energies of 286.5, 532.5,
642.6 and 641.0 eV, respectively which are consistent with
previous reports [19]. The higher-resolution deconvoluted
spectra corresponding to C 1 s, O 1 s, 2p1/2 and 2p3/2 were
given in supporting information (Fig. S4) which added
additional evidence for the successful formation of composite.

Impedance and electrochemical properties
of the composite

Fig. 4a displays the EIS curves of GO/SPCE (a), Mn3O4/
SPCE (b), and GO/Mn3O4 MC/SPCE (c) in 0.1 M KCl con-
taining 5 mM Fe(CN)6

3−/4−. Randles equivalent circuit model
has been used to fit the experimental data (inset to Fig. 4a), in
which, Rct, Rs, Cdl andW were depicting charge transfer resis-
tance, electrolyte resistance, double layer capacitance and
Warburg element, respectively. The diameter of semicircles
(i.e., Rc t) were in the following order; GO/SPCE
(96.23 ± 1.52 Ω) > Mn3O4 MC (17.51 Ω ± 0.92)/SPCE >
GO/Mn3O4 MC/SPCE (28.35 ± 0.41 Ω). The results indicate
that the resistance at GO/Mn3O4 MC/SPCE was smallest over
other electrodes.

Mn-O
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C=CC=O
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O-H
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Fig. 3 a XRD, b Raman, and c
FT-IR spectra of GO, Mn3O4 MC
and GO/Mn3O4 MC. d XPS
profile of GO/Mn3O4 MC
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Electrochemical Activity of the prepared composite was
investigated. The cyclic voltammograms (CVs) of GO/SPCE
(a), Mn3O4 MC/SPCE (b), and GO/Mn3O4 MC/SPCE (c)
over a potential range of – 0.4 to 0.5 V (vs. Ag/AgCl) at a
scan rate of 2 mV.s−1 is illustrated in Fig. 4b. The CVof GO/
Mn3O4 MC/SPCE exhibited enhanced background current
over controls. Two redox couples, − 0.25 V/− 0.3 V (I/II)
and – 0.05 V/− 0.14 V (III/IV) corresponding to reversible

reactions of Mn3O4/MnOOH and MnOOH/MnO2 were ob-
served and those are characteristic voltammetric behaviour
of electrochemically active Mn3O4 MC [22]. The peak cur-
rents were linearly increased as the scan rate increased, and
their corresponding plot exhibited good linearity which indi-
cating surface-confined redox process (Fig. S5).

The electrochemically effective surface areas of the GO/
Mn3O4 MC/SPCE and control electrodes have been calculated

f

R² = 0.9926

0

50

100

150

3 6 9 12 15

R² = 0.9944
0

50

100

150

200

250

0 150 300 450
Nitrite/[µM]

30

40

50

60

70

2 4 6 8 10 12

(Scan rate)1/2/[Vs-1]1/2

Aµ/t
nerr

u
C

C
u

rr
en

t/
µ

A

pH

I
p

a/
µ

A
]

Rct

a b

d

e

a

k

I

III

II IV

W

c
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(c) films modified SPCEs in 0.1 M NaOH at scan rate of 2 mV s−1. (c)
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GO/Mn3O4 MC (d) films modified SPCEs in 0.1 M PB buffer (pH 7)
]containing 50 μM nitrite, scan rate = 50 mV s−1. (d) Cyclic

]voltammograms of GO/Mn3O4 MC/SPCE in 0.1 M PB (pH 7)
]containing nitrite (a to j; 50 to 500 μM), scan rate = 50 mV s−1. Inset
[nitrite]/μM vs. current/μA. (e) Cyclic voltammograms obtained at GO/
Mn3O4 MC/SPCE in 0.1 M PB (pH 7) containing 50 μM nitrite at
]different scan rates (a to k; 20 to 200 mVs−1). Insert: (scan rate)1/2

(V.s−1)1/2 vs. peak currents (μA). (f) Cyclic voltammograms performed
in 0.1 M PB (pH 7) containing 50 μM nitrite at different pH (a = 3.0,
b = 5.0, c = 7.0 and d = 11.0), scan rate = 50 mV s−1. Inset: Plot between
peak current (μA) vs. pH
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using K3[Fe(CN)6] as a model complex (Fig. S6) and by follow-
ing Randles–Sevcik equation; ip = (2.69 × 105)n3/2AcD1/2ν1/2.
Here, ip, n, A, c, D and n are representing the peak current, the
number of electrons involved in the reaction (n = 1), the effective
surface area (cm2), the concentration of the reactant (M), the
diffusion coefficient (7.6 × 10−6 cm2 s−1) and the scan rate (in
V s−1), respectively [23]. Using this formula, the effective surface
areas of Mn3O4/SPCE, GO/SPCE and GO/Mn3O4 MC/SPCE
were estimated to be 0.083 (± 0.008) cm2, 0.107 (± 0.016)
cm2, and 0.138 (± 0.01) cm2.

Electrocatalysis of nitrite

Fig. 4c displays the cyclic voltammograms (CVs) obtained at
bare SPCE (a), GO/SPCE (b), Mn3O4MC/SPEC (c), and GO/
Mn3O4 MC/SPCE (d) in PB (pH 7) containing 50 μM nitrite.
The scan rate was applied as 50 mV s−1. The electrocatalytic
ability of these modified was GO/Mn3O4 MC > Mn3O4

MC > GO/SPCE > GO/Mn3O4 MC > bare SPCE. The GO/
Mn3O4 MC exhibited highly enhanced electrocatalytic ability
and fast electron transfer as revealed by highly enhanced an-
odic peak current at minimized overpotential (0.70 V, Ag/
AgCl). The net faradic current obtained at GO/Mn3O4 MC/
SPCE was 1.5, 3.3, and 6.2 fold higher than those obtained at
Mn3O4 MC/SPCE, GO/SPCE and unmodified SPCE, respec-
tively. The improved electrocatalytic ability can bemanifested to
the great synergetic effect between GO andMn3O4MC in terms

of increasing surface area and conductivity. Thus, the electrocat-
alytic properties of GO can be upgraded by tailoring it with
Mn3O4 MC as composite. The residual functional groups locat-
ed at the edges of GO can provide additional sites for nitrite
adsorption. Fig. 4d presents the CVs obtained at GO/Mn3O4

MC/SPCE in PB (pH 7.0) towards different concentrations of
nitrite. The anodic peak current increased as the concentration of
nitrite increased (inset to Fig. 4d). The plot between oxidation
peak current and square root of scan rate exhibits good linearity
which indicating diffusion controlled electrocatalytic process
(Fig. 4e). The influence of buffer pH on the electrocatalytic
response of nitrite was investigated (Fig. 4f). CVs were per-
formed in supporting electrolyte of different pH containing
50 μM nitrite and the changes in oxidation peak current with
respect to pH were given as plot (inset to Fig. 4f). The current
increased as the pH increased, reached maxima at pH 7 and
followed decreased trend at basic pH.

Amperometric determination of nitrite

Figure 5a shows the amperometric i-t curve obtained at GO/
Mn3O4 MC composite modified electrode (Rotation speed at
1200 RPM) upon following additions of 0.1, 0.5, 0.3, 1, 10, 50
and 75 μM nitrite into PB (pH 7) at regular intervals of 50 s
(applied potential, Eapp = + 0.70 V, vs. Ag/AgCl). Well-defined
and stable responses were observed for each addition and the
response currents were increased linearly as the concentrations
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Table 1 Comparison of
analytical parameters for the
determination of nitrite at GO/
Mn3O4 MC film modified
electrode with reported works

Electrode Linear range
(μM)

LOD
(μM)

Ref.

aAg/Carbon nanocomposite/graphene 4.0–2000 0.48 [24]

poly(3,4-ethylenedioxythiophene)/Au nanoparticles 0.2–1400 μM 0.06 [25]

N doped reduced graphene oxide 0.5–5000 0.2 [26]

Graphene nanoribbon 0.5–105 0.22 [27]

Au/Pt nanoparticles 0.5–1621 0.19 [28]

Pd nanocubes/N-doped graphene 0.5–1510 0.11 [29]

poly(3,4-ethylenedioxythiophene)/polyacenic
semiconductor composite

0.3–6600 0.098 [30]

poly(3,4-ethylenedioxythiophene)/nano-sized hydroxyapatite 0.25–1050 0.083 [31]

Au nanoparticles/sulfonated graphene 10–3960 0.2 [32]

cobalt oxide nanoparticles/carbon nanotubes 0.5–250 μM 0.3 [33]

Co3O4/Reduced graphene oxide 1–380 0.14 [34]

Fe2O3/ Reduced graphene oxide 0.05–780 0.015 [35]

Flower-like ZnO/reduced functionalized graphene oxide composite 10–8000 33 [36]

Cobalt nanoparticles/poly(3,4-ethylenedioxythiophene)
(PEDOT)/graphene

0.5–240 μM 0.15 [37]

Au-Cu nanochain networks 0.01–4.0 mM 0.2 [38]

multi-walled carbon nanotubes/poly(toluidine blue) 0.039–1100 0.019 [30]

Tempo oxidized straw cellulose/MoS2 6–3140 2.0 [39]

Reduced graphene oxide functionalized ferrocene 2.5–1450 0.35 [40]

Ni7S6/multiwalled carbon nanotubes 1.0–4200 0.30 [41]

GO/Mn3O4 MC 0.1–1300 0.02 This work
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increased. Two linear ranges were obtained; (1) 0.1 μM to
420 μM with sensitivity of 2.37 μAμM−1 cm−2, (inset to Fig.
5a) and (2) 490 μM to 1318 μM with sensitivity of 1.23
μAμM−1 cm−2 (Fig. 5b). Notably, Sensitivity at higher concen-
tration range is lower than that at higher concentration range,
which is due to the occurrence of substrate inhibition effects at
higher concentration of H2O2.

The limit of detection (LOD) was calculated to be 20 nM (±
1.15) using the formula, LOD = 3 sb/S, where, sb = standard
deviation of blank signal and S = sensitivity [8]. The low
detection limit at nanomolar level illustrated the outstanding
performance of the electrode and the sensor parameters were
compared with previous reports. As can be seen from Table 1,
our electrode presented better performance over existing ni-
trite sensors. Interestingly, the performance of our sensor was
superior over previously reported sensors.

Selectivity, stability and reproducibility

The selectivity was evaluated by performing analysis in pres-
ence of likely interfering agents. Figure 5c shows the amper-
ometric responses of GO/Mn3O4 MC/SPCE towards 5 μM
nitrite (a) and 0.5 mM of uric acid (b), dopamine (c), ascorbic
acid (d), NADH (e), cysteine (f), folic acid (g), epinephrine
(h), guanine (i) and pyridoxine (j). The electrode quickly
responded to nitrite, but it was insensitive to other species;
thus, the electrode capable to recognize nitrite specifically in
the pool of many species.

The sensor response had beenmonitored every day to find out
the storage stability. The electrode retained 97.8% of its initial
response still after 30 days of its continuous use (Fig. 5d), vali-
dated the good storage stability of the sensor. For the reproduc-
ibility studies, CVs at five individual electrodes were recorded in
0.1 M PB (pH 7.0) containing10 μM nitrite; R.S.D. of 4.82%
was obtained.

Real sample analysis

The practical feasibility of the method was demonstrated in
beef and water samples. In order to perform analysis in beef,
first nitrite free beef sample was immersed in PB and stirred
for 30 min. Then, the beef pieces were removed and the solu-
tion was spiked with known amounts of nitrite and
amperometry was performed (Fig. 6a). The sensor was deliv-
ered quick signals as lab samples. The linear range was 0.15 to
532 μM and LOD was 62 (± 1.32) nM (Fig. 6c). Government
agencies and food manufacturers need analytical device to
provide appropriate information about the amount of nitrite
used for food preservation. Meeting the demand for cost-ef-
fective, robust and portable analytical device, the electro-
chemical sensor fabricated herein has enormous potential as
useful sensing tool for real-time online monitoring of nitrite in
meat samples (Fig. 6b). Similarly, our method showed good

practical applicability in spiked drinking water sample. The
linear range was 0.12 μM to 775.44 μM and LOD was 50 (±
1.59) nM (Fig. 6d), thus the sensor is also applicable in water
analysis.

Conclusions

A highly sensitive, selective, stable, and durable nitrite sensor
was demonstrated using a robust composite, GO/Mn3O4

MCs. The successful formation of the composite was revealed
by FESEM, EDX, mapping, XRD, Raman, XPS, EIS and
electrochemical methods. The electrochemical studies re-
vealed that the modified electrode possesses outstanding elec-
trocatalytic ability towards nitrite oxidation. At optimized
working condition, the sensor performance was either superior
or comparable to the previous works. The assay procedure
was simple, fast, reproducible and suitable for real-time appli-
cations. Although, the preparation method was unable to pro-
duce nanocubes, the material still showed good sensing attri-
butes. The method was successful in the determination of
nitrite spiked in beef and water samples, thus holds great po-
tential in food safety and water analysis.
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