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Moatr, 53k Hl4 Fe;0,@BkERDIK &2 & 418l (Fe;0,4 carbon sphere nanocomposites, Fe;0,@Cs), 32 &
Nafion H [l 41 % I (hemoglobin, Hb), DL 3% §& B # (glassy carbon electrode, GCE) fy I {F B #% il &
Nafion/Hb/Fe;0,@Cs/GCE 1 ¢, 1t %t 48 Jr 0. Hb [k o s i 3 A SO B st e 4 O £k 6 5
Nafion/Hb/Fe;04,@Cs/GCE X N e 47 1 A i i AEAG I 25 fF 0 GBIR Fes0,@Cs HITERAT, AEME
#2755 Nafion/Hb/Fe;0,@Cs/GCE 158 #8 1Y RHUE . AM 5 Hb BN 5 Hye BE 5 W BU7E 1x107°~1x107° mol/L
JOFRI N2 AP IR PR R, RE A Y=—5.254X+60.01 (X 4 AM W G640, r’=0.9973, # RN
2.134x107"" mol/L, JbRIFICHRTE 95.6%~98.4% 2 0], AHXIFRUEMmZ/NT 1.45%. 453 ik, il
FE, BT MAER SR AM 9 E T
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Detection of acrylamide in fried food based on Nafion/Hb/Fe;0,@Cs/GCE
sensor

ZHAO Rong-Min®

(Department of Food and Drug Engineering, Shijiazhuang University of Applied Technology, Shijiazhuang 050081, China)

ABSTRACT: Objective To prepare Nafion/Hb/Fe;0,4@Cs/GCE sensor, and apply to the detection and analysis of
acrylamide (AM) in fried food. Methods Fe;0, carbon sphere nanocomposites (Fe;O04@Cs) was synthesized, and
Nafion/Hb/Fe;04@Cs/GCE sensor was prepared with Fe;04@Cs combined with Nafion and hemoglobin (Hb) by
using glassy carbon electrode (GCE) as working electrode, the optimum conditions that Nafion/Hb/Fe;04@Cs/GCE
detected acrylamide were determined by optimizing the loading method, Hb loading capacity, addition temperature
and addition time. Results Fe;04@Cs had a good conductivity and could significantly improve the sensitivity of the
Nafion/Hb/Fe;04@C/GCE sensor. There was a good linear relationship between the addition rate of AM and Hb and
the negative logarithm of AM concentration in the range of 1x107°-1x10"° mol/L, the linear equation was

Y=-5.254X+60.01 (X was the negative logarithm of AM concentration), r’=0.9973, the limit of detection was

EEWB: Aty = F R A S BHE a5 H (82201073)

Fund: Supported by the Research Project of Humanities and Social Sciences in Colleges and Universities of Hebei Province (SZ201073)

BIEEE: ok, mit, B, EEVFR T AEMNMIT . E-mail: zhaorongmin457@163.com

*Corresponding author: ZHAO Rong-Min, Master, Associate Professor, Department of Food and Drug Engineering, Shijiazhuang University of
Applied Technology, No.12, Changxing Street, Zhongshan West Road, Qiaoxi District, Shijiazhuang 050081, China. E-mail:
zhaorongmin457@163.com



%519 4]

B oEH: BT Nafion/Hb/Fes04@Cs/GCE 1% B A M e £ 5 v P4 Tk iz 7601

2.134x107'% mol/L, and the recovery rates were between 95.6% and 98.4%, and the relative standard deviation was

less than 1.45%. Conclusion This method is simple and rapid, which is suitable for the quantitative analysis of

acrylamide in fried food.
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Fe;0,@Cs KA FHAE B 5 K 7 1 A9 1 FH B O i,
{AXT Fe;0,@Cs DKL AR & H A A5 B R A
W AM RGBSR EEA B BRI, ABFFE LA Fe;0,@Cs
PIRE SR ELR, &4 Nafion 14T 25 H (hemoglobin,
Hb), LABYRR L (glassy carbon electrode, GCE) A LA Hi i
H45 Nafion/Hb/Fe;0,@Cs/GCE &8s, SCHRHMAER M
W AM BYE AT, S PREAIH A B S i AM 243t
FARHE

1 AFEHEE

1.1 EEMR 5
PIIEIERE (AT ali, 58 FR R A BRA ), 12
EHE G4, 32E Sigma 23 F]); Nafion[-#74l, BRI

il

B A RA T, 2 B (e, KRR
) R | BRI (B, ¥ BH T Ak 2R
J7); NHy OH(Z-Hr 4, KRB B Ab 270 b A PR D, BEIR
AN R AT al, SRR A AR AT B D),
FE (oA 2li, SRR T RefEAk LA BRA |,

R T
1.2 FENEE

CHI-660E Hi fk 2% T 1E 3l ( 1 R AL A FR2);
FID-1030 7 P i Ve (BRYI T & 5 i P PR A AT IR
Al); TG16 20 0L F i R & & A B A | );
QZ-ZNCL-BS-2 {H i #E 1P L (iR AR 2= 25 R
NGB
1.3 SKWHE
1.3.1 Fe;0,@C 14

Bt 5 g FeCly-6H,0 F1 1.83 g i) FeCl,-4H,0 F 250 mL
FIFETER R, A 100 mL 40K RS, AR5 A
JIA 25%HK9 NH,-OH, ##17 pH = 10, #H3545], AR A
DUVED), H RV JE 143 B0 T 80 °C A1 T 4k S 4
25 min, FRJ5 VA 2 G BRI ACORL 43 25,
T AR W 3 e T 60 °CA&M4F N E=S
HE RIS Fe;0,4 440 ik

B 1 mg/mL 1) Fe;0, 43R0 200 mL, #4345,
SRJE T EHIIA 300 mL 25%0) NH,-OH T 160 mg (1)
(2K "B T 30 °CH#RFS 20 HE 30 min, ARG RSB+
JIA 240 mg () FE, 875 73 HL 20 min, FHRG W
& 80 °CAMFHiHE 2 h, BEHMIKIBEWE LT, &
BT, B EAEUR T 500 °CTHRE % 1 °C/min), {f
55 h, SAFRHFEE, IS Fe;0,@Cs. BB
H, ¥ I 73 5% (scanning electron microscope, SEM)F1i% 5 H,
F 5. 73%8% (transmission electron microscope, TEM)X Hfk 17
TEIRAL .
1.3.2  Nafion/Hb/Fe;0,@Cs/GCE #4 4| %-

BB A S B SR 2 A 235K 3 ol 0y X
il #4584

()R RARAERAZEL 5 uL 1 mg/mL Y Fe;0,@Cs 957
WAL TR AT GCE Rif, =AM T, SREH 3 uL
10 mg/mL 4 Hb % i FHARRE, T 4 CCHELSM T T,
A1 pL 1% Nafion N T4 & f, T 4 °CHBEL
4 T4l £ Nafion/Hb/Fe;0,@Cs/GCE 14 %%;
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Q)RR BRI 5 uL 1 mg/mL (¥ Fe;0,@Cs
3 uL10 mg/mL B9 Hb, BT 100 pL 2504 AR A 43 B2 2 min
HHIR A5, BB IR A W N T GCE X1E T 4 °C
FREE AT 4, JF 1 ul 1% Nafion jfin FA& 82
I, T 4 CIELSAMF T T % Nafion/Hb/Fe;04@Cs/GCE
RS

GYHBBACHERK I 3 uL 10 mg/mL & Hb i in+
GCE KT 4 CIHBEM N T8, 585 FIRS WA v i
5 uL 1 mg/mL ) Fe;0,@Cs ¥ 5 Ik AR T @ as R m, F
4 CIRBE N T4, HJ5H 1 uL 1% Nafion i il F 14 2%
MERE, T 4 CHAHELSMT THH % Nafion/Hb/
Fe;04@Cs/GCE & J%A o Wi il £ 4 1 A% I3 B T 4 °CIRIR
T .
14 HEmALE

D24 i 8 T S8 1 S Bk i, R A T T S22,
fia) &b B (R i R 0 S A — 2 B B P S T I, R %o
PEATHEIRAR & (cyclic voltammetry, CV)FI3, M4 AR
P b o ol 2T R R B

2 HR55%

2.1 Fe;0,@Cs B9 SEM #1 TEM R1E

435 SEM F1 TEM Xt ifil £ #4) Fe;0,@Cs 44K A1kt
AT SERAE, HEERILIE 1, BIE 1A A%, Frifil & )
Fe;0,@Cs 2 ¥I51ERIE 451, FIEGH, K/AMEXT 5],
HE 1B A8, Fe;0,@Cs MIZFesiM, HEBRI/NAN
100 nm,

= ;’

B 1 Fe;0,@Cs i SEM (A)FI TEM (B)FAL
Fig.l1 Fe;04@Cs characterized by SEM (A) and TEM (B)

2.2 [EFEIRAIE L RIE
i 10 mmol/L H[Fe(CN)e* VA (% 0.1 mol/L KCI)%>
A% GCE. Fe;0,@Cs/GCE I Nafion/Hb/Fe;0,@Cs/GCE

#4722 it BT (electrochemical impedance spectroscopy, EIS)
AL, Z5AULIE 2. GCE HIFHDY 944.59 Q, ZEHi 5 uL

1 mg/mL ) Fe;0,@Cs AR M EHG, HBHBT A 42138 Q, 5

GCE tHELFEMR T 55.39%, X8 Fe;0,@Cs HA HIFHI S
MM, BEAEAT SRR A AR R E A FE AT . [515E 3 pL 10 mg/mL
i) Hb J5, Nafion/Hb/Fe;04@Cs/GCE HIBHHT N 1394.7 Q, 5
Fe;0,@Cs/GCE #tt, MHPTIR& T 2.31 f%, XZFN Hb
RV ARSTF, FE B R A BT, FRE
ATLAUEEA Hb & S AR I 1 B A 5 8 o

1

~Zohm
-888388388828

1 1 L 1 1 1 L 1 1 1 L 1 1 1 L ]
0 300 600 900 1200 1500 1800 2100 2400
Z/ohm

7: a: GCE; b: Fe;04@C/GCE; c: Nafion/Hb/Fe;04@C/GCE,
P2 AR EIS fhk

Fig.2 EIS curves of different sensors

2.3 LIEMNIE

W4 4547 (1 Nafion/Hb/Fe;0,@Cs/GCE & T pH 7.0
W2 £ 22 v (phosphate buffer saline, PBS)H, XJ HikfT
CV #4l, RIFmMHFIMA AM, fHMEE N 1x107 mol/L,
& 10 min i AM 5 Hb #4700k, BESS X HiFTHIR CV
i, HaE 5w 3 fios.

10 +

-08 06 04 02 00 02
HLAL/V

H:ar A AM AT CV I b: Il AM J& CV HiZk
3 Nafion/Hb/Fe;0,@Cs/GCE 5 AM HUEHT)E #) CV #h4k.

Fig.3 CV curves before and after addition of
Nafion/Hb/Fe;04@Cs/GCE with AM

mi & 3 AT, Hb 7E pH 7.0 1Y PBS 25 i P (138 Jrlig
BN 13.92 pA, ZL5WE N 1x107 mol/L AM il AL
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10 min J5, HIRFWEBRT N 10.81 A, SHUSHETH L, ©
JUE FL R A T 22.34% 0 XS Hb 5 AM BB K T
HIMNEAY, HixE A% m Hb Hilnsr = 8 if s,
PRI PR T EMT . AM 35 HA SR A — 2 12k
PECFR, PRILATXS AM 7 4022,
24 [E#FHARAIEE

1 1.3.2 Hl 510 3 ML IRER 4 B B F pH 7.0 1 PBS 4%
IR T OV O, B ) [ S R

15

S, AR 4 FR

—40 [ 1 . I . I . 1 . I . 1
—0.8 0.6 04 02 0.0 0.2

Hfsi/ v

1 a~c 300 1.3.2 (D)~Q)lil & 1 3 AL RS .
P4 AN TR I 485 20 e IR RO 2 )
Fig.4 Effect of different loading methods on sensors

ASTA] 4 18 2% 77 2% Nafion/Hb/Fe;0,@Cs/GCE TEAE%:
R S R, SR O ) A 04 £ SR T AR AT 14 340 D0
HLIR R 13.92 pA, Jr0Q) IS 1L B T R A5 13 T U

Wk 1152 pA, H5H(OMEL, BIRERRFEKT 17.75%,

D2 3) A5 ) A5 TR AR AT 38 S L 3 R 10.22 pA, 507
AL, BRI TR T 26.58% . 3 & PR kA [ 14 [
AR H SRR, SE0S 50
RN Hb AR 22 5, i R SO i i1 34
B0 N[ . PR B, 2E B (1) i 4 Nafion/Hb/
Fe;0,@Cs/GCE,

2.5 Hb EHEAIEE

Iy BIRFAS [F]  2 1) Hb il &AL R, SRR RS
ML S 2 BB T pH 7.0 1Y PBS ZE i o) ik 7 cv H
i, HEERE 5 Fs .

Hb [ [ #8585t Nafion/Hb/ Fe;0,@Cs/GCE ik JFI%
HLEAATE B s, ORI, 75— R N, B
& Hb (360, (A3 Hb th 2 5 e A0 S5O0 (19 121 2 1) 3
n, P RN, H Hb M E A KRS T, HASHE
gk, HY Hb il — i ki FRBE & 3 S
AL, HET B RS, DRIk, Hb [ 20 % 30 pg.
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Fig.5 Effects of Hb loading capacity on Nafion/Hb/
Fe;0,@Cs/GCE (n=3)

2.6 Hb 5 AM fNALEERIEE

3 IFE 26, 28, 30, 32, 34, 36. 38 °C, pH 7.0 ff§
PBS N2 i, Xt Nafion/Hb/Fe;0,@Cs/GCE #EAT CV $94
TCEIEHLT 1p w, SRJE 2090 AR R BE 4519 PBS 28 il
FHIA AM, ffiHHEEJy 1x107 mol/L, #E 10 min i Hb
5 AM A7k, S5 FXIEEET OV ARSI 1p
#, MR (%)=(Ip w-1p +)/p wit B HA R #m
M, HARE 6 i,

23 r
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Fig.6 Effects of temperature on addition rates (N=3)

A& 6 AT, WREEXT Hb 5 AM (AR AA T R
WERI, 1E 26~34 °CYEMIN, Bl I AT s
BHSEAN, SIRE A 34 °CIR MM R BT XN
Hb BTG, HEO TS Z R 5 m AR,
R BT A S E Hb RIS, SRR RN ALRCR, B,
25 LTI, R EEREE 34 °C,
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2.7 Hb 5 AM kA8 A%

L pH 7.0 i) PBS “HZE 0Pk, 34 °ChNSIRE &0, 2
B Hb 5 1x107 mol/L B AM il 2. 4. 6. 8. 10, 12
A1 14 min HMEER 5 B[R] Z A 956 R AE 7 iR
26
ul
»nl
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4l
2
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gl

JINRER /%

1 " 1 " 1 L 1 " 1 " 1 L 1
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8
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P 7 Jan s e 5 0 A% ) ) 6 2R 2 (n=3)
Fig.7 Relationship curve between addition time and addition rates
(n=3)

HiIE1 7 RIJ1 Hb 55 AM A0 it I 18] F 1 o i
i, HLAE 2~10 min AANBESCREA MR, 10 min Z 50
RORB TS, XIEHh, BEE S A E K Hb 5 AM
(63 ) 8 0 T Sl 2 A, T A BRI B i i s T
V2. P, L EFTIR, AR ERC 10 min,
2.8 #FrERIZAVLR

FEFAEIIR Z5AF T, 2306 AN IRV B 1 AML ALY
fRIEGR AT CV 4, A RN 8 Frs. Ldirfh
Y=-5.254X+60.01 (X Ky AM &R FUEL, Y AR, %),
r’=0.9973, #H K 2.134x107'° mol/L, AM ¥ i x5 5
H 5 Hb fIBCRLE 1x107°~1x107 mol/L JE [ P 5 R AT
AMERR, HIERBIER .
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P8 TR L e O 2545 R R 570 B ) O R i 2%
Fig.8 Correlation curves between acrylamide addition rates and
negative logarithm of concentrations
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FIH Nafion/Hb/Fe;0,@Cs/GCE 14 #s%F 3 oK
F(1x1070, 5107, 5x107 g/L)HIE LM PR AM 47
B 4 B, AR s TR S L Rk A R
9.68x107 . 4.78x107° . 4.92x1077 g/L, k5 & W % 7
95.6%~98.4% = [a] , #f XI #r ¥ f 2= (relative standard
deviations, RSDs) A 1.45%~, A8 FEAw,, HiZmss
5 HPLC Frili5HY 96.82%~99.01%H Jinbx [l il 45 5 —%,
R R, FPASRIRER, ATHTEbRFEs R AM 5E
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3 HFie51ie

ARG T Fe;0,@Cs DA EL, FHAE Fe;04 HEfil
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e 50 A B B CE R MER, B R ok L
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ARG B AR S A A8 5 58
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