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Use of Surface—enhanced Raman Spectroscopy for the Test of Residuals of
Prohibited and Restricted Drugs in Fish Muscle

Li, Chunying Lai, Keqiang Zhang, Yuanyuan Pei, Lu Huang, Yiqun*
(College of Food Science and Technology, Shanghai Ocean University, Shanghai 201306)

Abstract The objective of this study was to investigate the feasibility of applying surface-enhanced Raman spectroscopy
(SERS) coupled with partial least squares regression (PLSR) to detect and determine prohibited or restricted residual fish
drugs including malachite green, crystal violet, chloramphenicol and sulfamerazine. Standard solutions of malachite green
(0.5~50 pg/L), crystal violet (5~100 pg/L), chloramphenicol (50~5.0X10* pg/L) and sulfamerazine (500~5.0X 10°
ng/L) were used to determine the sensibility of the SERS method as well as the accuracy of the PLSR models for quantitative
analyses of the fish drugs. In addition, fish muscles artificially contaminated with malachite green (0.5~50 pg/kg) or crystal
violet (10~100 pg/kg) were used for the study. Two different types of commercial gold-coated SERS substrates were used to
acquire SERS spectra (400~2000 cm ") of standard solutions or fish extracts. Then, laser source (633 and 780 nm) and laser
power (5 and 10 mW) were varied for optimum results to collect spectra of different drugs. PLSR was applied for quantitative
analysis of the tested fish drugs. The results indicated that SERS technology is a sensitive method for analyzing industrial
dyes, which could detect malachite green and crystal violet at concentration levels as low as 0.8and 10 pg/L, respectively.
For chloramphenicol and sulfamerazine, the lowest concentrations could be detected were 50 and 500 pg/L, respectively. The
PLSR models for four standard solutions yielded R? of 0.865 to 0.954. For malachite green and crystal violet extracts from
fish, the lowest concentrations detected were 1.0 and 20 pg/kg, respectively, which indicated great potential of applying
SERS in determination of residual prohibited or restricted fish drugs in food system.

Keywords malachite green; crystal violet; chloramphenicol; sulfamerazine; surface-enhanced Raman spectroscopy; fish
muscle
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Figure 1 Chemical structures of four fish drugs
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Figure 2 SERS spectrum (top) and conventional Raman spectrum (bottom) of malachite green (a), crystal violet (b), chloramphenicol (c) and sulfam-
erazine (d)
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Figure 3 (a) SERS spectra of crystal violet acquired with Q-SERS (A 100 pg/L, C 10 ug/L) and Klarite™ (B 100 pg/L, D 10 pg/L), (b) SERS spectra of
sulfamerazine acquired with Klarite™ (A 5.0 mg/L, B 3.0 mg/L, C 1.0 mg/L, D 500 pg/L)
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BEWEE (R REAE RS T ] L, (H 232 H] Q-SERS s Y
BEWEE EAT AN, KR S & 10 £5 3] 5 mg/L I, 1))
SRANRERLIN 2% 259).

# 1 JyizHl SERS J7vA AT REAL I 21K e ICHk B2, LA
Sz ] PLSR HEAAE s S I 45 2R, Jerh L2 A 4 A
S5 AR IEH] Q-SERS A1 Ay ik 1t ik e S Wl 43 3] 1 45 2K,
S ZORIl fri PR S e 2 P Klarite A Db 36 P S e RS
FAR B 4558 XF 4 Fh 25 i) S GRS WA J 2 SARLK,
M 0.8~500 pg/L ANEE, DL LA AT SRAS I i 2R B0 fe
£, Tl g (1) RO B 22, I PLSR X 4 Mg
HEAT 32 S o AT, B (R TN 5 LSl (I Rl
0.865~0.954, F£WIZ] SERS iR AL RF Ty
VRN 2k B AT E A BT R AT AT
R 1 iz SERS X el it 24 b vHe 1 Se AR UV 5 & PLSR 43 Bt
ghR

Table 1 Minimum concentration of fish drugs detected with SERS
method and PLSR results

} T AL R JiE / PLSR 571 45 11
R . —— ———
(ngeL ) WREVEE (ngeL ™) FEA%ECRPD R?
LEaAsk 0.8 0.5~50 80  4.58 0.952
gl 10 10~100 80  2.72 0.865
AHEE 50 50~5X%10° 40  4.64 0.954
ftf flg PR s g 500 500~5X10° 35 4.46 0.950

RIMMMANZIRZ R ZE W 5gm, Hrhay14ii s
S R U PR AR (a4 S P S AR TR 254 ) s e Ay B2 1)
R 28 22—, ANE N 43 706 SR 2 SRAN ], 3& T
HRh oy A — G T e S, BRI
R R4S SERS IR FH Ay RAR K I R PR A, A8 454E 43
W 25 5 EER B AT 0 e, H AT AL IR A B
PEHG I 23 7 (0 S BV A S TR IR, Ak, R
A5 FH R RS M JECAR PR EE IR AN ARG, R — PR AR 1 AN [+
P LA RIHE R (e AR 2 8] AT e 23 A e X, ) 2
A P PR SR T 45 AN — IR IR (1 Q-SERS), %%
MESRAF T4 1) SERS 1S B, RIS & A G PR L IR 3R
T 453 — IR Klarite), PIBE I35 g 4 £
JIG ) R A R B SR AS [, A 5 e % ] (1 e R
P, AN 52 MRS 20 R A
23 FiBRAPILERENG R L08R

iz SERS FEAK D {E £ A rh fL A A 2 4 vt 25 0F
AT 04T, BeA I 20 1 S AR FE 430 R 1.0 #1120 pg/kg, =i
TF Al TR R B AR AR FE (43 A 0.8 F 10
pg/L) 25%% 50%. A RFFEIE AT T IS0 1%
F] AR A58 i 1R FLAE AT 0 R 45 il 28 11 TR 2%.(85.9% ~
93.9%)! 7[RI ) Fh1 AT H kel 2 1) e ARG DA 18 Ll
PREE R HFORT I 1D 245 0 P e R RS A 52 vy 1 gL I, AN
ASCRE DR A B E v gl U L R 25 I K, 3 PR A
VLA ZH 2R AR I ) e A H AR 4L 0 (Ui 8 155 )

224 http://sioc-journal.cn

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

TR 55 T AT R B AE QKIS b, s i ek
A 2150 A5 45 00 2590 53 1 A0 K FE I B R BRI AS k
AT e T A B R 24 R 2 R U PR A R
JE B EBAR. A T RAUFX —45, ERI A RS
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Figure 4 SERS spectra of crystal violet standard solution and fish ex-
tract with crystal violet added (A, 50 pg/L solution; B, 0 pg/L extract+50
ng/L solution), malachite green standard solution and fish extract with
malachite green added (C, 20 pg/L solution; D, 0 pg/L extract+20 pg/L
solution)

1 A LA A Sl Al SR I B B, LRI
SERS i ] v = BLREAF U 1) 530 i (B 5). A AL
e LRAN GG 2R IR B FLPE O SERS 1% B g 5 A
T BURFAE R () 5 B 2 R B U e M OC R, 0 T HLE
FEER G R, R A HIAE 0.949~0.974(F 2) 1
0.936~0.955(3 3)2 [il, VL] SERS AR A
25 GORL R 20 AT 8 S BT e REdE. DRAE R Bl
B, AT RE— 20 s A A,

REIEH SERS HARMAT & & ATk AE R R 2 W
M, HUEAFTTES R B R N ] SERS HiAR 45 Ak 24 11 &
SOPEAT R AT AT E. N SERS A, £ i
HOR A A T P R A oK, HE
A AT HRIE N T SERS He AN} 7K SR T 1 A RS T K
JRF 2 0 AR € R PO AT T BRI, H SR
B SR IRE A, Wt R R 255k, R 29 AEAE T ILIA
AV, AR B, Frelos F 3 Be kT —
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Figure 5 (a) Representative SERS spectrum of malachite green extraction (A 10 ng/kg, B 5.0 pg/kg, C 1.0 pg/kg, D 0 pg/kg), (b) Representative SERS
spectrum of crystal violet extraction (A 80 pg/kg, B 40 pg/kg, C 20 pg/kg, D 0 pg/kg)

K2 MWL GRS SIREY) SERS WG] 5 A B R A DCHE
Table 2 Linear relationship between the concentrations of MG in fish muscle and extraction the Raman intensity of five main peaks in the SERS spectra
of fish extracts

Wavenumber/cm '
432 799 1170 1360 1612
LE Y=3.90x+3.30 y=5.06x+2.54 y=6.21x+9.78 y=4.06x+27.74 y=5.53x+67.96
R’ R*=0.949 R*=0.973 R*=0.974 R*=0.955 R*=0.957

CAFANAE Sy BRI 5 AL 0 A B M, S 9 ANMKRERR B ;  LE=Linear equation; x=concentration of malachite green extraction; y=the Raman
intensity of malachite green at the specific wavenumber.

F3 AN PEEESIHE AR SERS W] 5 /1S SRS A DG
Table 3 Linear relationship between concentrations of CV in fish muscle and extraction the Raman intensity at five main peaks in the SERS spectra of
fish extracts

Wavenumber/cm '
437 800 1171 1379 1616
LE y=14.36x—105.25 y=9.53x—65.91 y=19.14x—36.43 y=16.81x+13.80 y=25.08x+12.73
R’ R*=0.955 R*=0.951 R*=0.949 R*=0.936 R*=0.950

¢ AFANUREE S BRI 5 ASASIR RLE ) 543 B R4E, JE 10 MRS ; ° LE=Linear equation; x=concentration of crystal violet extraction; y=the Raman
intensity of crystal violet at the specific wavenumber.
FUIBEIR. i, TTRE SERS RIS 4 AR5
BESTAR S 5 A B ) S S48 82— e
41 UR5RFT

3 Hit PG A 25X 28 %8 Thermo Fisher Sci-

IR KRR B Oh B SERS R, gy CMific w27 Nicolet DXR 5 HUURAR fi 82 et (X,
SR T K R Tl SRR 28 (FLAE 7 R ééw@ﬁ@%i Q-SERS(Nanova Inc., Columbia, MO,
G R0 22 (G 2 RV e TP R e ) P % T USA)F! Kla%rlte (I;emshaw D1agn0st1§§ Ltd., /leasgovyi
BN, A 4 FEO R AR A o) Klarite IBUSRUUEIVI EREA, B b A
4k, 0.8 pg/L; 44, 10 pg/L; WA %, 50 pg/L RHHL @%E ! pm, JRIZE 1.8 pom, zﬁig%ﬁ\ﬁm\%%mﬂwﬁ
FIJEMEIE, 500 pg/L. 3% PLSR X} 4 Rk e &4y 2520 0.4 pm. 1f] Q-SERS BI& ASBLI 4l Kokis 145 44,

a0 WIL } /TAQ/‘ . — [21,22].
f7, BUBI RPD Jy 212464, Bkl O E R OO o
Ry 0.865~0.954; RiJil SERS HAR{ AR TS 1 [ Drovteilinamicam: LA SAIEm (R >90%).
LA AT SRR A B 1.0 1 20 pgrke, 7 SR ARME B (L1 =90%) . U85 ZARUE T (41 =99%)
P50 BT SE’RS agjz‘*ﬁ/gmjﬁ%%#ﬁﬁ%%mm RV e R LI e b (20 =99%), ¥ T Sigma

/\ﬁ .
ORI B 5 R 2
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42 FmabiE
42.1 4 Fr A AR R A B &

W1t 24 FH P RV R IC U B 100 mg/L FRIARHE R #5718,
—20 CH&AFEOGIRAE. FFEEFIK R 0 1,
Vo VYR bR UE G S IO B RO B AR UE T AR, H
T SERS Jtii# KA.

422 oKL E

WHEf AR B TR S E TR KA R
BRAF, JFE A, N EAFLEAZML % Y
JF e 1 B HE R A IS [R] 5 (1) FLAE A SRR 4 R,
PAFEA 9 DARIREE MFLAE A 28(0.5~50 pglkg)Fl 10
ANRTEI R BE R 45 22 (10~ 100 pg/kg) fa AR . =i
T, #E 15 minJo, ZE3EE FDAP Y 4R i P e
HRfLAE L SRER A R, BRI

5 g ARSI 5 mL BERRZE MR (pH=
4.5, 0.1 mol/L), 1 mL $hFENZ#F#(0.25 g/mL), 100 pL
o FR SR R VAR (1.0 mol/L), 7F 1500 r/min F¥%3% 30 s;
oA 25 mL 20, &% 30 s; AN 10 g PR LR,
P%% 30 s J5 5004000 r/min, 5 min). B E3 R 254
50 mL 7K A1 2 mL - H Y 250 mL 4300 . Bk
I 25 mL OB, B8 EREAE 1 X, KBS E IR
250 mL 73#i-F. T sk 25 mL &
ft, WA), FRE, WM 10 min, KR EEHEE S
150 mL M EJERF T, FH 25 mL —@HES iR
BAE 1 W SR E R TR —RERE S, 75 50
C ek R 2T, T 3 mL LIk,

WA 5 mL A 5 mL ZJE3EAE PRS [ AHAEEL
ANFEFI TR SRR E AR B O INE. o PRS /A S rh 4R
PER W AHAS MR AR, B T SRS B 2 IR,
FEK 5 mL, EPERRIE R, FE T AR N TS
mL ZJEUEE PRS FIAHASEU I, HhIL2% 2~3's, 1114
mL BERRE A CIE AW 1, VI Pl PRS #E.
AR VEE, TSR OIS IR S E R 2 S mL, %%
H.

4.3 FiEkRE

AT T FLAE A SR AN G, 5 B A FH (M0 e I
633 nm, UJFA 5 mW; 0T S8 25 FUl L R R,
B AIEOEYE ) 780 nm, PjZk 10 mW. #5111 SERS
FRE KA R 20X BAlst, BERAA 2 s, BEIGIK
A 20 9k, HRERAETLE R 300~2000 cm ™' DA _EFTAE
FBOCIR ORI« D254 A1 L 48 0 TS 46
IS E 1.

SERS Yeilf (FRAE S A 1 pL Bi#sEL 0.1
pL AR VR B PR SR DO, AR AOK IR b, £F
WAZET R, NIRRT, REIE.
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4.4 BIESH

TG IE P B S EOSFEA TR S5 R 6 i 2E 4T
Ak 2421 SR F g 5% 2> — 3¢ 7] ] (partial least squares
regression, PLSR)H! VAL T3 i w20l (1 fL 4 A
o, AR W T EERRNESE 4 MG E B BT R,
ELIR 4 Fob 245 ) B AE VA VR FRD S5 s R PS8 R T Ak 2 22 1) ) 2%
FAT BRI EE ), A RDGIEEE Y 400~1800
cm .

SR B R AL K T B8 AT VPO, PTIHEE —
PO AE N AAEA AR — M REAAE B R AE,
N—1 MEAEAIRIESE, #ATZHRUE. XHES N
W, KI NI, G SR A A B IR TR
(root mean square error of cross-validation, RMSECV)k
T e Y B v AR A, AR AU AT RO A T T N A
AR, PCBOE T FREARK N BN B0, A5 ) T e
L5 BUSEAE A R DAL ASETR [ RPDCRE 5 (bt fim 2= L5 45234
OO A R 5 22 1 AR - VPG AR (R TR0 66 7, R A0
RPD iy, ASAL 1 T e ),
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