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ARERAR, X AAm MR R E N 10 pg - mLTHY L K
R T & ) — 5 7 480 A A5 09 1 43040 0K 4 0 39 0 ik
JiE s SEBUM AL KE B M R AAm [ P o B, R I R 9.5
min « £ RIGEETK 2 pg « kg UYL EIRPRAE R 180 d,
FIFH SERS 52 3% 52 Br b it 3 2 v B AR 90 18 i RS A T
ANEBER R — A S 5B B AT R G B, BRR Y
FOEMEDE T A r s S I s R A R E 2. T
BT 2 o St L B R R S T AL BB R, e R AR R AR
1Y i R R S 7 R 1 B/ SN I e o GRS T 5 N |
5 SERS Jik Bk AT, S2 3 SERS 43 47 B AE i fb . X 3
s BRAE [l i AR G B BF 5 R I QUECHERS (Quick,
Easy, Cheap, Effective, Rugged and Safe)3% &, 454 AgNR
@AuNPs B AHJK, 5 min PISEB RIER S H AAm 95
REIIHT

1SR

L1 UE5HH

LB FEIEAL CEHATHRED « 785 nm M6 E%. 10X ¥4,
FHF Y & 5 (DE 500, DE Technology) s % % 4t B 8% (SU
8010, Hitachi, Tokyo, Japan), PNkl (=99% ., Sigma-
Aldrich) ; WEFH 3 (£ 4.0 g MgSO, #1 0.5 g NaCl, Agilent
Technologies) ; QuUEChERS 43 # # BUE 2 (150 mg MgSO, ,
50 mg PSA, P/N: 5982—5022); 4 5%k (99.9% ., Kurt J.
Lesker) s B4 MR (4 =>99. 0%, i EZG4RD 5 10 4 Hi4E
FERCRET S, B4 3 1hiids.
1.2 EEH&5RE

AuNPs (1§ £ R FH 2 0 147 6 R 4 3 Do S 4 R 1 7 1
HRKESR W%, 50 mL) N E Wb, FIE 25 A
FPEEmR =40 (1 W%, 35 mL), IR A 448 2046 ()G 4k 4%
fngk 20 min, EREB R E S E . AgNR #H & B H A
FIUTFE (oblique angle deposition) 7E ML F H 28 9 R 48 I il
o WK BB A EYE 5 min, N, T4, 5X10°7
Torr, TS 0°, MKW 4EK (20 nm, 0.2 nm » s '), 4 (100
nm, 0.3 nm « s ') MM GERR . B IS U R K G A 867, B AR
2 000 nm, 5 )5 38 1 544 B 1A (28 W) S PR AR 30
so VRGBT RS M RAE . L AAm AR (c=10 pg
LY RF#EEr, Mk AuNPs (70 nm), AgNPs (70 nm). Ag-
NR, AgNR@ AuNPs (1) SERS jF 4 ,
1.3 HRALES SERS 447

1O gREMAFIMA 4 mL IEC ke, FEFIZEH TR FIRS 1
min, KKMA 8 mLIBGHEHOK/ZHE, V/V=1: 1)K
FfE5) . B4 1 min, 12 000 r » min™ ' &.0 10 s, B FJZE 1
mL, HI A QuEChERS 438 & A1 ZE BORHE, ., #§3% 20 s, 12 000
remin ' B0 10 s, WE EREWRAEN, BB 10 uL
AuNPs 5 10 pL FEIRIE A . 408 10 pL F AgNR R, i
AThr S H . R 4 s, HH# 5 RO, ok
% & F1“ Savitzky-Golay” — fir S 8B 5 AL L

2 #iR5TNHE

2.1 Z5MIRAE

AgNR@ AuNPs 1 AgNR ¥ L=(990+50) nm; E#% D
=(1004+8) nm; Ag [ E S=(1054+10) nm, AgNR 7K
B f=74°+2°, AuNPs Kifg 70 nm. AuNPs 73 51 8 T
AgNR FR M M AgNR 94K 2 (8], 77 A4 5 % B s o sl”

1 AgNR SEM (a){if#LE; (b) HEE;
SE&EK SEM (c) HHE; (d) FEE

(a) Top view and (b) cross-sectional SEM images of the

Fig. 1
AgNR substrate; (C) Top view and (D) cross-sectional

SEM images of the composite substrate

2.2 ERMHE SERS Fik

B 2Ca) HL A T DU SIS X AAm 18838 E 2, AAm 76
Av=0906, 963, 1 016, 1138, 1 275 Fl 1 482 cm ™' kb7 W i
FrE g, I 1016 F1 1 138 em ' ELE &, 906 cm I
JB C—C%4idesy; 963 cm™' 0/ H—C—C—H &2k ;
1275 1 1 482 em ' 43 A8 C—C—C—0 & 31 3h #
&—CH 24 i §& 3h fn—CH, 2 it 9 3, 5 SCHk 40 38 1 —
™, £ AgNR@AuNPs 858/ I F . AAm $RAE RS Bk
e . AgNR@ AuNPs () SERS & #E B g T 45740 A H
o AuNPs AR HE S — AN REF R, BT IEERNS
AARQ Wilo) i il £ R R AR 9 AuNPs, i J5 1 2%
F AgNR L. BT HfbENRAE, DL Aav=1 482 cm ' &b
AAm FL G FEAE I 58 BE (1 i) AR BR . B K Lo
At ki 42 AuNPs, 41l 2(b), [ E @4 (1 W% i
500 pL, MR 350 pL B, Iy a5 B KMH . I
BF . AuNPs (K12 2928 70 nm,

B R A U R e A BT R . B 3 X E T P RR A
W BB CO MRS 565 AuNPs 1B 4. RIEFHHBE Ag-
NR ;5 (2)% AuNPs 5% % AgNR [, FIIAFEF X SERS
ST . FEED O BFEEEGMW L, HEREP AAm
S AuNPs tHEAER . B HHBE S, L1 AAm
% AuNPs #4520, ¥ 8 % AgNR R 5., #0 K &K EE
AR AAm 76 AgNR R G A/EFF . W IR B ™= 4 SERS {55,
M4 AuNPs B4 & AgNR R, FEMEMA, AAm £
I ST A AR N A3 AL TGOS X AAm R IR, &
I 1ase o
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Fig. 3 The SERS spectra of AAM with different

operation sequences
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R EM, S 0. 1. 3, 7, 14, 30, 60, 120 1 180
d BEAT SR PRI . MR 4 poal DUA B LR AE 0~ 180 d
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Table 1 The optimization of extraction solvents (n=6)

Recovery/ %
Extraction Volumn
. X bread  potato fried instant
solvents /mL . A
sticks chips noodle
8 67.6 40. 2 63.1
water 1:7 70. 2 34.8 20. 5
26 63.1 68. 2 56. 1
35 65. 8 70.2 58.3
44 82.1 89. 2 80.5
water - 5:3 80.1  56.8 52.1
acetonitrile
6:2 80. 9 72.6 68. 2
71 58.6 58.4 33.9
acetonitrile 8 67.3 77.5 75.3
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5540 &

. FIHK : 2R/ V=1 DAERBERER . BCRE T
KNG o HE— LA T K5 NG & L, B 32 B0 77
A8 mL, RALAE 12 7~7 + 1 Z 484k, BIBCRILE 1,
Mok s ZIEV/ V=1 D, FRgLE,
2.4.3 QuECHERS ##Hk it

Ho & T WA G A MR (MgSO, 4. 0 g+ NaCl 0.5 g fil Mg-
SO, 4.0 g+CH;COONa 2. 0 @) [ % AL 3R . ¥ 3 MgSO, +
NaCl A Jy e (b AR S 205000 . 3 mT REJ& i T NaCl A A B
1EFLARI T fE M2 RS ok E — 80 .

3 2 QuECHERS #f #4 3% | ¥ 2 #) & 1
Table 2 Comparisons between two different

QuECHERS compositions

Recovery/ %
QuECHERS
hes bread  potato fried instant
pouches ) A
sticks chips noodle
MgSO, + NaCl 82.1 89. 2 80.5
MgSO, +CH; COONa 73.5 72.1 61.9

2.5 Fikikee

S 1 7 {8 TR 1 R L BT (GC-MS 4341 AAm B IRt
ERE SR B 43 R =5, 10, 30, 50, 100 pg « kg ' &l 6 JiF
R LS c BRFEMEXERR =0.985) ., REFE (1 pg -+
kg DR ARG Lo A5 AR R 22 7H RIS, 45 RE
TSI ORI, R BUEE R T EU BEE Y B &R I (300~ 800
pg - kg 1), AR SCPRIHT R . WX &L AT

AT TR R GO, BT R A S A A R 22
M, SERS e ity SR B ASTE] . {H I s b5 c MR
U, 5 RARML

500 -
450
4 — Control
_ 400 = Foniro
] 350+ _[ngg-i
Lg) 300 —3Og‘kg'I
4 —50gkg
= 230 —lOOEg-ﬁg"
> 200+
g 150
= 1001
504
0
-50 4

800 1000 1200 1400 1600 1800
Raman shift Av/em™

6 BEFURMEES&K ML
Fig. 6 SERS spectra of AAm standard solution spiked

into samples and the linearity curve (n=6)

D5k A RS B B R RG E M B TR I AR (R 3D
it 2 4% Ry {6 ThE 3R T, I i B8 R A A e i BE T 0 R A
BT UK & AT AAm Sy BT A AR LT — 80, X
WEM T BRI AT SE . A8 5 AU K R IR R 77.1% ~
93.6% ., RSD ¥J/NTF 4. 0% . (8] il R F A 45 1 5 )5 A 4R 38 A1
OB BT . H S H AR % RSD MJFDE 6. 8% F R &
5.5% ., XAl BEJE M T 5 A B A . AgNR B ZIEM A
JP SR e T AT AR E

®3 EkE
Table 3 Recovery of AAm from three spiked fried food (n=6)

bread sticks

potato chips

fried instant noodle

Concentration Recovery RSD Concentration Recovery RSD Concentration Recovery RSD
/(pg - kg™ /% /% /(pg - kg™ /% /% /(pg+ kg™ /% /%
5 79.2 3.8 5 77.1 3.8 5 79.7 3.9
10 82.1 3.2 10 89. 2 3.6 10 80. 5 4.0
20 77.8 3.1 20 90. 3 3.9 20 93.6 3.8
50 81.9 2.2 50 88.1 2.2 50 88.1 3.9
100 81.7 2.6 100 89. 2 3.5 100 89.9 3.8
%4 BESEHARBEE
Table 4 Intra- and inter-day accuracies of the detection(n=6)
Analysis Measurements RSD/ % Overall RSD/ % Analysis Measurements RSD/ % Overall RSD/ %
Intra-day Day 1 4.1 3.4 Inter-day Day 1 4.2 4.9
Day 1 3.0 Day 2 3.8
Day 1 2.8 Day 3 4.7
Day 1 4.0 Day 4 4.9
Day 1 3.4 Day 5 5.5

2.6 HFmaom
RIS SERS J7 i %0 10 £ BUKE AR i 2E 45 20 A7 . JF
5 GC-MS A5t 3 5 ] % 8. SERS ¥4 i 8L “&

B B8 3 B PR, HL5 S 5m bt GC-MS 25 L5, X rl A
AR S NEN I PRA LR, BIRSHFE Av=1 482
em !4 B R TG TR A B AN
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Table 5 The detection results of fried

food samples (pg * kg™")

e 2% 5 501 4 b 1091
34

Sample No.

GC-MS SERS

Sample No.

GC-MS SERS

C-B-01
C-B-02
C-B-03
C-B-04
C-B-05

ND*
ND
ND

32.1
ND

ND
ND
ND
35.2
ND

PC-GD-01
PC-GD-02
PC-GD-03
PC-GD-04
PC-GD-05

19.
17.
13.
39.
20.

2

w

_ W O

27.
22.
15.
40.
23.

[e]

oo = oo wl

CUWRPEEAR T AR (1 pg » kg™ )
“below the detection limit (1 pg -« kg™
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Abstract

100048, China

Acrylamide (AAm) is classified as a potential carcinogen and neurotoxin because of its neurotoxicity, reproductive

toxicity, genotoxicity and immunotoxicity. The cooking of some carbohydrates-rich food at high temperature increases the high

risk for exposure to AAm. It is of great significance and practical value to establish a rapid analytical method for acrylamide.

Surface-enhanced Raman scattering (SERS) technique has been developed rapidly in recent years. Based on the highly active

SERS substrate, the identification of the fingerprint of compound can be realized. To achieve the rapid SERS analysis of the tar-

get substance in the complex substrate, a highly active enhanced substrate and an efficient sample pretreatment technique were

required. A rapid, reliable, and quantitative method to determine acrylamide content in fried food based on Ag nanorod/Au nan-

oparticle composites (AgNR@ AuNPs) SERS has been proposed. Based on the enhanced effect of double “hot spots” between

AgNR nanorods and AuNPs nanoparticles, the substrate has a high SERS enhanced activity for acrylamide. Besides, AgNR was



1092 S 5 6 M %40 &

a solid phase substrate. Before each operation, the oxide on the surface was removed by dilute nitric acid, which greatly im-
proved the stability of SERS analysis. The size of AuNPs and the testing sequence which influence the sensitivity of SERS detec-
tion have also been investigated. The fried food was complicated with lots of interferences. The dispersive solid-phase extraction
was used for decreasing the serious interference of complex matrix. The defatting and extraction solvent, the kind and ratio of
cleanup material have been optimized. The results have shown that the optimized defatting solvent, the extraction solvent and the
cleanup materials were hexane, the mixture of water and acetonitrile (1 : 1, V/V), and MgSO, + NaClrespectively. The total
detection time approximately costed was within 5 min with the limits of detection as low as 1 pg + kg ' based on the quick pre-
treatment and SERS enhancement. The peak at Ay=1 482 cm ' was selected as the characteristic peak of acrylamide for quanti-
tation in the concentration range of 5~100 pg * kg ' (r=0. 985). The recovery rates for acrylamide were 77. 1% ~93. 6% with
coefficients of variation less than 4. 0% at five different fortified concentrations. The developed method can potentially be used

for acrylamide detection in the field.
Keywords Surface-enhanced Raman spectroscopy; Composite nano-substrate; Fried food; Acrylamide
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