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Abstract: Nitrite (NOZ_) was detected by a glassy carbon electrode (GCE) modified by hemoglobin (Hb) with gold nanoparticle-reduced
graphene oxide (AuNPs-rGO) composite. The qualitative and quantitative detection of nitrite were conducted using the signal of a direct electron
transfer generated from methemoglobin and NO, that were produced-by the redox reaction between hemoglobin and nitrite. The GCE surface
was modified by AuNPs-rGO composites to /produce AuNPs-rGO/GCE, which was modified by Hb after drying to form an
Hb/AUNPs-rGO/GCE biosensor. “After the modified electrode was coated with 80 L of 0.5% Nafion to form a Nafion film, the
Nafion/Hb/AuNPs-rGO/GCE biosensor was finally obtained. The results showed that the biosensor had good selectivity and sensitivity when
cyclic voltammetry method was used to detect nitrites; with a relative wide linear range from 0.5 to 100 M. The relationship between peak
current and the nitrite concentration could be described by the linear equation of I, = 0.0369C(NO, ) + 0.2245 (R = 0.9918), and the limit of
detection was 0.1 M. This methad is simple, rapid, sensitive and can be used for nitrite detection in food and environmental samples.
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Fig.1 Cyclic voltammetric responses of different modified
electrodes in the presence of 10 M nitrite
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Fig.4 AC impedance spectra of different electrodes

JE: a#y#RGCE, b AuNPsTGO/GCEA: B %, ¢ #
Nafion/AUNPs-rGO/GCE 4% & % . d 2 Nafion/Hb/AuNPs-rGO/
GCEAE R EE ., MR A S 10 M AHBR 44 69 BE BR 3L IR

I HAL 2 BB VAR AEA FHE R AR R FE A7
PR E 4 pros, Hrihiz a V8 GCE, b N
AuUNPs-rGO/GCE, ¢ & Nafion/AuNPs-rGO/GCE, d
Nafion/Hb/AUNPs-rGO/GCE. HiZk b F1{RF4% Hatl i
AL L . Rer R SREME AR R T 12k a (BR GCED

321



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

WIS RP%, ViU F7E AuNPs-rGO &1 AL L i
FERTHE R, MR Re g Firig in;  Nafion 217
J&, Mgk ¢ ) Rer AATHGIN: [ Hb J5, M4k d &
Rer t—51a0n, v LR LR BH Hi 4% [ e &1 Fa ik
ko FABERRI FAL A TS S G AR 22t e mT LA
TR G A B —— % Mo

BB Nafion/Hb/AUNPs-rGO/GCE  Hitlz
TAEEM, 44937E 20-500 mv/s G AR, i
SR LN SRR T e R DN iip N | AN
e FELJAE 5 4 R TR (V) SRR y =
0.06359x + 0.19665, HHKZRE R =0.9993, 25 F %K
NO, 7t Nafion/Hb/AuNPs-rGO/GCE | FfiEAkIA JF 2
N T A BGOSR SRR E FRi% ] 100 mV/s
(RT3 i NO, VRS

2.5 NO, # Nafion/Hb/AuNPs-rGO/GCE I &,

A 52 v RL B AR e 2%
12 ' *
3
i x
T 8,
= 1
B o
5 4 0 20 40 60 80 100
[ &) CN[)EH'LJ.M
[)_
-4

0.0 02 04 06 08 10
Potential / V (vs.Ag / AgCl)
& 5 FEIRE T HEREHBIMARE
Fig.5 Cyclic voltammogram of Nafion/Hb/AuNPs:rGO/GCE
for different concentrations of nitrite

Note: Insert: the standard curve of NOZ_.

181 FH Nafion/Hb/AuNPs-rGO/GCE i & Fl bRtk
JEH) NOL VAR TR, K FaAE T pH oy 4 RN
0.2 M FIBEER Fh gz, JB%R% 5 min J&, #HTH:
Mo FENCANER RN 0.5~100 LM FISEREIPY,  0AH
R ER MR 50 SR R RAE B, FF 2RI R IP =
0.0369C(NO,) + 0.2245, R=0.9918, HAEAIMIFR N
0.1 M. AT LASEIIUCRE it e s il B rT DL ST

26 T#xw

N T SN AR IR I R
] NaNO3z. Na;SO4. NapS. bk il 544, i
TR R X SR TR NOg {434 S50 L 1T
SRR, R 1 Ho s TP J5oed DU e 1) SR 78
%LU T, BEITIZHN R I R ieert.
# 1 Nafion/Hb/AuNPs—rG0/GOE £ REEEA0 M T FRER AT L E B

T
Table 1 Interference from other ions during nitrite detection
using Nafion/Hb/AuNPs-rGO/GCE

e F TFIRBFREARS  ERERLRTEY
NaNO3 20 +4.562
Na,SO, 50 +5.571

NasS 50 +3.245

PR BR 50 -4.592

2.7 H il

F pH 2 4 FBSTR S22 iR e A FIRE Y (A
) 1 - BOE S ST 478 N #4407 7) Nafiion/
Hb/AUNPs-rGO/GCE, B4 5 min J&, MHATIEHfR %
R, FEREATIFREICRES, 4R WK 2, BENHE.

2 s AR R & B RIS R

Table 2 Nitrite content in pickled products and the standard addition recovery results

Bdn AR AR M AR ENM M ZAA/ M LA /UM I FERY%
b 0.72 10 11.0640.55 10.72 103.245.1
e 0.93 10 10.62+40.76 10.93 97.246.9

28 EIIERMER o

%} Nafion/Hb/AuNPs-rGO/GCE 1%/&a 14T B
PERVE A IR TT,  [Rl—SCFERESEIE 10 XS,
AR ARUEZE A 3.12%, Tt RH B AR EAT R A S
Mo BB 1) AR T 4 C R R 7d )5,
FOOT AR ER M NAS 52 N 35— K11 93.2%, 3R
A% B2 PT DAZERFRCKC (1 3 FH .

3 g

322

ATHERM M Hb MR ER IS 5 7, it 2
Wift79%, K Hb R Rbk b, Nafion 247 Rui
ALPRJE T R Nafion/Hb/AuNPs-rGO/GCE f&/8#s, 1%4%
SRR T DLSEIUN AR SR R PO AR I, 257 1 2
[y 0.5~100 pM HIbRHERNZL,  FF H O SEBabe fhiE AT
TSI, SR bR ORI ST I T SE,
R 7 SEBRE e, BRI BSR4 kA BE
05 0 v AR S AT PR L AR PRI -

Bt I AR



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.11

(1]

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

Mirvish S S. Role of N-nitroso compounds (NOC) and

N-nitrosation in  etiology of gastric, esophageal,
nasopharyngeal and bladder cancer and contribution to cancer
of known exposures to NOC [J]. Cancer Letters. 1995, 93(1):
17-48

Lijinsky W, Epstein S S. Nitrosamines as environmental
carcinogens [J]. Nature, 1970, 225(5227): 21-23

R, 2 [ AR PO P AR R S B i SR 0 A
25 T11,2014,398(6):32-35

ZHENG Shi-chao, HUANG Guo-hua. Analysis and thinking
on nitrite content in meat products [J]. Meat Industry, 2014,
398(6): 32-35

C E L, Hemando P F Alegrk J S D.

Spectrophotometric simultaneous determination of nitrite,

Pasquali

nitrate and ammonium in soils by flow injection analysis [J].
Analytica Chimica Acta, 2007, 600(1-2): 177-182

BAR R 240 X R8T, A B 1 s ) 7L B L) o o A
TR 3 R0 VR TR 35 77 V2 I 9 [3]. 6 o 22 4 o ke ) A
1#,2014,5(7):2235-2240

HU Cai-xia, LI Hong, LIU Mei-xia, et al. Determination of
nitrate and nitrite content in milk and dairy products using ion
chromatography [J]. Journal of Food Safety and Quality,
2014, 5(7): 2235-2240

Niedzielski P, Kurzyca |, Siepak J. A new tool for inorganic
nitrogen speciation study: Simultaneous determination” of
ammonium ion, nitrite and nitrate by ion chromatography
with post-column ammonium.derivatization by Nessler.
reagent and diode-array detection in rain water samples [J].
Analytica Chimica Acta, 2006, 577:.220-224

Trushina E V, Oda R P, Landers J P. Determination of nitrite
and nitrate reduction by capillary ion electrophoresis [J].
Electrophoresis, 1997, 18(10): 1890-1898

MacArthur P H, Shiva S, Gladwin M T. Measurement of
circulating . nitrite” .and “S-nitrosothiols by reductive
chemiluminescence [J]. Journal of Chromatography B, 2007,
851(1-2): 93-105

Peng M, Min S, Limin N, et al. Functionalization of platinum
nanoparticles for electrochemical detection of nitrite [J].
Analytical and Bioanalytical Chemistry, 2011, 399(7): 2401-
2411

Santos W J R, Lima P R, Tanaka A A, et al. Determination of
nitrite in food samples by anodic voltammetry using a
modified electrode [J]. Analytical Methods, 2009, 113(4):
1206-1211

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Salimi A, Hallaj R, Mamkhezri H, et al. Electrochemical
properties and electrocatalytic activity of FAD immobilized
onto cobalt oxide nanoparticles: Application to nitrite
detection [J]. Journal of Electroanalytical Chemistry, 2008,
619-620(15): 31-38

Borgmann S, Machado S A S,

Electrochemical sensor for nitric oxide using layered films

Cancino J, et al.
composed of a polycationic dendrimer and nickel (lI)
phthalocyaninetetrasulfonate deposited on~a carbon fiber
electrode [J]. Microchim Acta, 2014, doi:10:1007/ s00604-
014-1425-0

Marlinda A R, Pandikumar. A", Yusoff ' N,
Electrochemical..sensing of nitrite .using a glassy carbon

et al.

electrode modified with reduced functionalized graphene
oxide decorated with flower-like zinc oxide [J]. Microchim
Acta, 2014, DOI 10.1007/s00604-014-1436-x

Meng Z C; ZhengJ B, Li Q D. A nitrite electrochemical
sensor based ‘on electrodeposition of zirconium dioxide
nanoparticles on carbon nanotubes modified electrode [J].
Journal “of the Iranian Chemical Society, 2014, DOI
10.1007/513738-014-0565-9

Ma H Y, Hu N F, Ruslin J F. Electroactive myoglobin films
grown  layer-by-layer
pyrolytic graphite electrodes [J]. Langmuir, 2000, 16(11):
4969-4975

Fan C H, Wang H Y, Sun S. Electron-transfer reactivity and

with  poly(styrenesulfonate) on

enzymatic activity of hemoglobin
membrane [J]. Analytical Chemistry. 2001, 73(13): 2850-
2854

Sun H, Hu N F, Ma H Y. Direct electrochemistry of

in a sp sephadex

hemoglobin in polyacrylamide hydrogel films on pyrolytic
graphite electrodes [J]. Electroanalysis, 2000, 12(13): 1064-
1070

Jain P K, El-Sayed | H, ElI-Sayed M A. Au nanoparticles
target cancer [J]. Nano Today, 2007, 2(1): 18-29

Gu H Y, Yu A M, Chen H Y. Direct electron transfer and
characterization of hemoglobin immobilized on a Au
colloid-cysteamine-modified gold electrode [J]. Journal of
Electroanalytical Chemistry, 2001, 516(1-2): 119-126
GB5009.33-2010 i % 4= | AR HE £ i AR R e A1 LA
R ER I ELS].

GB5009.33-2010 food
determination of nitrate and nitrite [S]

National safety  standard-

323


http://link.springer.com/search?facet-author=%22Peng+Miao%22
http://link.springer.com/search?facet-author=%22Min+Shen%22
http://link.springer.com/search?facet-author=%22Limin+Ning%22
http://www.sciencedirect.com/science/article/pii/S0308814608009722
http://www.sciencedirect.com/science/article/pii/S0308814608009722
http://www.sciencedirect.com/science/article/pii/S0022072808001162
http://www.sciencedirect.com/science/article/pii/S0022072808001162
http://www.sciencedirect.com/science/article/pii/S0022072808001162
http://www.sciencedirect.com/science/article/pii/S1748013207700166

