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Fig.1 ~Derivatization reaction equation of SEM and 2-HN
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1 #R5FE
1.1 #RERH

ANTE R 5k e A A o 2 R
(SEM) (4l =99) 2-F2 5 -1-ZEH i (AR) W i
(O3B BTRL T 28w K AR Atk
12 NHFE5EE

Cary Eclipse 965 0GR T, 36 E 2 HER 2>
) ; Tissuelyser—I1 20 ZU0F BEAX , i 415 ; TG16K—
I B AL, ZRIEAX A s HWS-24 1 i K i 4
—fE LA s SB-5200DT i 5 P IS el , B 2 490

1.3 RBFH*
1.3.1 HWECH  FH R 043 ¢ 2-F83E-1-

ZEWEE BC A 0.05 mol/L W AT A= 105 5 FY B3 f 10
mg SEM F5ifE i , Bt i 0.40 mg/mL 19 4% £ i, 2 HL
T fift A R, P PR TSR A RS IRC B 20 ng/mlL BB
YE TAE R, A B FC ) 0.50 mol/L 5 2 A1 0.50 mol/L
AEAIIE W
1.3.2  FEAhHETAL B

1) WOHE B/ NRIR LSk 52 MR IR
WO 20 FH AL 20T BB AT I8 /5 76 - 18 “Co% 1
TR URORAE  PREUHT & = I [ SRR TR

2) KA HL5.00 g /e ER AL R AL ZURE
50 mL (B L&, A 10 mL H EES 0.50 mol/L
BRI WAIR AW (R 7:3) S R e
FH R 7 I T8 YEHLEE 7 40 min, A 0.50 g S84L50,
FEAT BT P T VEALEE 30 min, 15 B O AL
10 000 r/min 0> 30 min, B E 35 & , i3k £L 38 5 it
U8 1V R /N T B R R BOR

3) AR A BICAS RARL(0,1,2,3,
4,5,6,7 mL) 1 20 ng/mL brifE TAEW T 8 SN
WP, & A 10 mL H B 0.50 mol/L
R RV WOR A R W (R FLEL 7:3), FEIMA 200 pL
0.05 mol/L. 2-¥2 3 —1-ZEH i B A e, M,
50 CaEKE ST AE RN 2 h, NS5 R G
Tf] 52 B R A 4 mL 0.50 mol/L & & AL i
W, I AR e B 2 25 mL A B
o, RERAEEIE. 7R & SEM MREALE NI IE
8P I R ORI LR 1,

3BT mL /N IR MR O T 6 3 RO iR A
AR [E AR R (0,2.5,3.125,3.5,4.375,4.75
mL) 1 20 ng/mL ¥ dE TAEW ¥ BRIriE#4E ., 5

AFEAAE D B AE Ty /N e SR 48 U2 B
PRI 1,
#1 RELMBNES SEM KR E

Table 1 Concentration of SEM in correction set

and prediction set

. SEM i & R E/ N REF R BORARAR
GRS
ng-ml™! mL
Py 0 0
P, 0.8 0
P, 1.6 0
p; 2.4 0
P, 3.2 0
P 4.0 0
Ps 4.8 0
P, 5.6 0
Ty 0 1
T, 2.0 1
T, 2.5 1
T, 2.8 1
T, 35 1
Ts 3.8 1

1.3.3 JGiERE WYL TR =428
i LA 10 mm A3 98 F L, {2 S50 Bk
P (Ex) VL Bl 270~410 nm, 3% K B8] B& 10 nm, Bk 4%
[ B S nm; & $ I (Em) 78 Fl 270~600 nm, % K
BB 2 nm, FE4EE B Snm; FEEE 1200 nm/
min, W 57 5 (8] 0.1 s, T-AEHL R 400 V, 53 1 R 4
PP, To~Ts () Z4ED00E, BMEAT S —4>
=GR
1.4 H#ELIE

K HAE47 B F 20 1 (PARAFAC) Bk Fl A B¢
=R i (ATLD ) B 325 % = 4k 9 56 K005 S0 1 1k
54y Hr22 PARAFAC Ml ATLD 53 )F N
Matlab %/ b9 H 425 , (4 H Origin FRAER

2 #RE5IE
21 =N ESH

Pl 2a F1 2b 73504 P, 5 T, FEA R =485
JERER , PT 1 = HE TS B A A28 LI
A/ A =350 nm/442 nm 4b A7 — AR5 (7¢I
5 SEM-HN #4 %¢ Y6 1 ; A 5/A 1,=350 nm/342 nm Ak
A — AR5 1SR, R P, TR AT R
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Fig.2 Three—dimensional fluorescence spectra of P; and T, samples
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Fig.3 Core consistent diagnosis
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Fig4 Regression curve between added concentration and predicted concentration of correction set
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Fig.5 Resolution results of PARAFAC and ATLD on prediction set samples
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% 2 PARAFAC Hi&#1 ATLD B A Fll 24 fm i SEM B 7 45 58 Fn =] 4y 22
Table 2 Prediction results and recoveries of SEM in prediction set samples by PARAFAC and ATLD

SEM il 4 /ng- mL™ [Ho 47 =1k /% |

H S A A7 IR # R g ml! — —

PARAFAC H# % ATLD %
T, 2.0 2.05[102.5] 2.03[101.5]
T, 2.5 2.45[98.0] 2.46[98.4]
T, 2.8 2.60[92.9] 2.64{94.4]
T, 3.5 3.33[95.1] 3.40[97.1]
Ts 3.8 3.50[92.1] 3.64[95.8]
3 el R AR R £ % 96.1 + 4.2 974 2.7

PARAFAC 53 Al ATLD 583 X6 1 i 45 A B AR 1
235 F A b M) LS B/ Jg R b SEML PR 22
T,
24 BRREFESHITFEIE

XFREE (SEN), #E#ME (SEL), i R
(LOD ) Fi i 0 £ 75 #id i 2% (RMSEP) i Jit [N F 2 41
AT 5T, BR0E ATLD B35 1 PARAFAC Bk

e £ % 3 4 PARAFAC &3/ ATLD &
PR AT T AEAEAS b SEM A & BRI T e e 45 33
AN IR AR O TP A N R SO S H AR SEM-
HN 090678 S | R B R PR 3R12:  dl
I TR IE R R TR, H R UG R
DN BTG, T30 5 SR A e, 2 BH 79 oy 32 2 i il 2
/NJE R Y SEM B B S R 9 R

% 3 PARAFAC %1 ATLD E BT/ ES SEMBRREFANER
Table 3 Quality factor analysis results of SEM in crayfish extract analyzed by PARAFAC and ATLD

on U B it #F M SEL R #JE SEN/mL-ng™! A&l R LOD/ng- ml™! A M 3 7 A i £ RMSEP
PARAFAC # % 0.94 68.79 11.40 0.18

ATLD 3% 0.95 62.27 11.46 0.11

AT i — 2 BUE PARAFAC 535l ATLD 8 L2 e
ERUVERE, X0 E A TR REAS A v BE 5 0 vk i t e
HEAT L [ 407 . 04 110 gl 2 1 0 00 6 15 ol
AH L B BRARLS (0 1) e, R R 15 X (3] (EJCR) % &
KB, AL (0 DM EEXEy W 7
WA AR % LT BN SE AT §E ) 6 T
BRI 43 B A 152 A5 X R 1], AR S 7E ATLD
SRR S ], RAE PARAFAC B3k i e w0 T o
5] & {5 X 0] s ATLD 55 36 09 #3145 X ) /N F W
PARAFAC ST ik A BL5 DB, BET ATLD 533 H 6 mmmmc%%gﬁﬁoﬁﬁWMEﬁﬁzm
AT 25 RO T PARAFAC 333k B4 i E

Fig.6 EJCR test analysis diagram of PARAFAC

3 it and ATLD

He T =BT E G Ak A i o O R x
/N T WA T kR P ARG ) (SEMD) J#E 4T 43 17
Rl /I e B A i 9 R 26 B X SEM-HN (1% %¢
JfFESAHEMN T, I PARAFAC 5%

ATLD B3 09« B, o m Sz 20 XA 5 10 E Bl
E AT, PARAFAC 53542y #8453 SEM 7E T
FEREAS R 5S4 AR R R (96.1+4.2)% , 7



344

O &

i oF i

2023 455 3 #

(1 R 68.79 mL/ng, EFEE 0.94, K FE 11.40
ng/mL, T34 )7 AR 15 2% 0.18 ,ATLD 535 43 #1459 51
SEM 7E Tl I £ FE A of 5 SF 3 m bx 18] 05 R Ry
(97.4+2.7)% , 77 5 1) RE 62.27 ml/ng, £ 14%
0.95, K M B 11.46 ng/mL, B ¥ 5 #Ri% 2 0.11,
3 2% B T P 7 24T R T AR /Nl B i ok e £
Yok BA B AR BER Sk — 2D IR PR T Y
PERE , I FH A & A5 X ] 2 B, 45 R 3R 1 ATLD 53
AT PARAFAC 53k, BT =450 0545 &
gt B, nl sk B b s ek g A
Wy )R A T

& % x #

(11 TT—, 8%, REE, 5 E—BRARela

2 TR ARG I 7 7 i e R i S ke i AR D], R AL A
55 (fk2 M), 2019, 55(3): 364-367.
YU DY, YAN Z Y, ZHU J P, et al..Rapid de-
tection of nitrofuran metabolites in aquatic products
with four —in —one colloidal gold strip [J]. Physical
Testing and Chemical Analysis, 2019, 55(3): 364-
367.

2] B3, E5A, UEHSF, AE. ko e AR o e

PR w8 FBRIOR S0 20 7 EE )], & Ak, 2020,
41(24). 251-258.
YANG W Y, WANG H, HONG Y P, et al
Preparation of single —chain variable fragment anti-
body against furaltadone metabolite and development
of indirect competitive enzyme-linked immunosorbent
assay for its detection in shrimp samples[J]. Food
Science, 2020, 41(24):. 251-258.

[3] MARZE, BE), FWE, % mSORHE G- Rk

JBE i 9 G 7 7 i v i A 1A 28 A 1) A AR BT 5
[J]. BH KR, 2015, 11(6): 58-64.
ZHAO D H, LI Z G, WANG X F, et al. Opti-
mization of determination of nitrofuran metabolites in
aquatic products by liquid chromatography tandem
mass spectrometry[J]. South China Fisheries Science,
2015, 11(6): 58-64.

[4] o, B, VTR, . R RORH (kT
S i HE WG g 2 245 400 A 35 0 B R X R4 D £ AR BB
BAFRE, 2014, 35(24): 151-157.

XIN S P, DENG J C, YANG,X Q, et al. Deter-

mination of nitrofuran metabolites by high perfor-

(5]

(6]

(7]

(9]

[10]

mance liquid chromatography and their metabolism
in shrimp[J]. Food Science, 2014, 35(24). 151-
157.

ENR, EMVE, MRS, RSO G
AR AR FITCRY b 4 Fh G Sk i 26 0 2R K [T B
Bh2#, 2016, 37(16): 249-253.

WANG Q, WANG X F, ZHAO D H, et al. Deter-
mination of nitrofuran residues in feed and water
samples by monolith—based stir bar sorptive extrac-
tion and high performance liquid chromatograph [J].
Food Science, 2016, 37(16):. 249-253.

sk, MEE, BEWEAE, AL TR RHI R R [
A 2 I i 250U A € 3 6 P 5 Rk A1 KR e il R
WG ER )] @k, 2014, 32(4). 402-406.
ZHANG Y, MEI M, HUANG X J, et al. Determi-
nation of nitrofuran residues in feed and water sam-
ples by monolith ~based stir bar sorptive extraction
and high performance liquid chromatograph[J]. Chi-
nese Journal of Chromatography, 2014, 32 (4):
402-406.

DU N N, CHEN M M, SHENG L Q, et al. Deter-
mination of nitrofuran metabolites in shrimp by high
performance liquid chromatography with fluorescence
detection and liquid chromatography —tandem mass
spectrometry using a new derivatization reagent [J].
Journal of Chromatography A, 2014, 1327. 90-96.
SHENG L Q, DU C C, QIAO L S. High-perfor-
mance liquid chromatography with fluorescence de-
tection for the determination of nitrofuran metabolites
in pork muscle[J]. Food Additives & Contaminants:
Part A, 2013, 30(12): 2114-2122.

rhie TR R ARl B 7K i v A R 1 g 288 R g
Y 5% B RO SE WA €03 — B IR B kL ARl 7R 783
A E-1-2006[S]. Atnt. g A, 2006.
Ministry of Agriculture of the People’s Republic of
China.

residues in fishery products by high performance

Determination  of  nitrofuran  metabolites

liquid chromatography —tandem mass spectrometry:
Ministry of Agriculture Announcement No. 783-2006
[S]. Beijing: China Agriculture Press, 2006.

WS Y, tRIRA, XVRER, 4. Abor kOGEE S o)
e 05 o A Tk g e A DT SR TSR], i Ak
2%, 2015, 43(6). 871-875.

DAI J B, XU Z L, LIU F Y, et al. Determination
of furaltadone metabolite in fish by chemilumines-

cence enzyme immunoassa [J]. Chinese Journal of



236 %3

AT RS S EAEN T RIFF RIAENIKE Z

345

Analytical Chemistry, 2015, 43(6). 871-875.

[11] SUN Q, LUO J H, ZHANG L, ZHANG Z H, et

[12]

[13]

[14]

[15]

[16]

[17]

al. Development of monoclonal antibody-based ultra-
sensitive enzyme —linked immunosorbent assay and
fluorescence —linked immunosorbent assay for 1 —
aminohydantoin detection in aquatic animals[]J]. Jour-
nal of Pharmaceutical and Biomedical
2018, 147. 417-424.

A N RILRITE [ bR e, SR R SN IR
JKC7E i v R ke 2 AR W AR B R A E O
- RIS L . GB/T 20752-2006[S]. dbat. HiE
B BCHE, 2007.

National Standard of the People’s Republic of China.
Method  for the

metabolites of nitrofuran in pork, beef,

Analysis,

determination  residues of the
chicken,
porcine liver and aquatic products —-LC —MS —-MS
method : GB/T 20752-2006[S]. BeiJing: Standards
Press of China, 2007.

QIAO X, LI K, XU J, et al. Novel electrochemical
sensing platform for ultrasensitive detection of car-
diac troponin I based on aptamer—MoS2 nanoconju-
gates[J]. Biosensors & Bioelectronics, 2018, 113:
142-147.

DOU L, ZHAO B, BU T, et al. Highly sensitive
detection of a small molecule by a paired labels
recognition system based lateral flow assay[J]. Ana-
lytical & Bioanalytical Chemistry, 2018, 410(13):
3161-3170.

T, XBALE], SR AE. FRAEMRZE ok i P Ak
AR AT J5 1 ng AR [D]. 5 R B Tk, 2021,
47(16) . 233-238.

FAN Q T, DENG J C, ZHANG B, et al. Opti-
mization of the detection method of furacillin
metabolite residue in farmed shrimp[J]. Food and
Fermentation Industries,2021, 47(16). 233-238.
R, WA, WH, F A ESRIETIEEYD
Yo dreb g BT 2 B as R, 2019, 39(4):
565-579.

WU H L, XIAO R, H Y, et al. Applications of
chemical multi —way calibration methodologies in
pharmaceutical analysis[J]. Chin J Pharm Anal 2019,
39(4): 565-579.

WANG T, WU H L, LONG W ], et al. Rapid i-
dentification and quantification of cheaper vegetable

oil adulteration in camellia oil by using excitation—

emission matrix fluorescence spectroscopy combined

[18]

(20]

[21]

[22]

(23]

[24]

[25]

with chemometrics[J]. Food Chemistry, 2019, 293.
348-357.

SAHAR H, BAHRAM H, SAEED Y, et al. Exci-
tation — emission matrix fluorescence spectroscopy
combined with three —way chemometrics analysis to
follow denatured states of secondary structure of
bovine serum albumin[J]. Journal of Luminescence,
2018, 203: 90-99.

BAI X M, LIU T, LIU D L, et al. Simultaneous
determination of a—asarone and B—asarone in Acorus
tatarinowil using excitation —emission matrix fluores-
cence coupled with chemometrics methods[J]. Spec-
trochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 2018, 191: 195-202.

W T T — b i 5 0 e 288 245 ) £ 35 0 4G T U 9 4 I
JE[D]. HIE: LR, 2013.

CHEN M M. The research for a determination
method on metabolites of nitrofurans|D]. Hefei: An-
hui University, 2013.

BER A, IRARAN, BRUIMY, SF. ARk 3 25 AR
0 1 A0 A e OO € 3% ¢ 6 A T - CN10380
8821B[P]. 2016-03-02.

SHENG L Q, XU H J, CHEN M M,

Derivative of nitrofuran drug metabolites and fluores-

HPLC: CN103808821B [P],

et al

detection by
2016-03-02.
ZHAI M, WU H L, ZHANG S R, et al. Interac-

tion of epicatechin with bovine serum albumin using

cence

fluorescence quenching combined with chemometrics
[J]. Science China (Chemistry), 2014, 57(5): 748-
754.

FU H Y, LI H D, SHAO M, et al. Simultaneous
determination of Repaglinide and Irbesartan in bio-
logical plasmas using micellar enhanced excitation—
emission matrix fluorescence coupled with ATLD
method[J]. Science China Chemistry, 2016, 59(7):
816-823.

NIE J F, WU H L, WANG X M, et al. Determi-
nation of testosterone propionate in cosmetics using
excitation—emission matrix fluorescence based on ox-
idation derivatization with the aid of second —order
calibration methods [J].
2008, 628(1): 24-32.
KGR, B, A, AR it TR
IE D5 B85 5 w5 SO g 1 T D 10 Rl B2k
Jo R P E R AT(T]. @, 2020, 38(5): 572-

Analytica Chimica Acta,



346 E N W 2023 445 3 41

580. M, AGUSTIN G ASUERO. Intra-laboratory testing
ZHANG X H, LU M M, ZHENG J J, et al. FAST of method accuracy from recovery assays|J]. Talanta,
high —performance liquid chromatography quantifica- 1999, 48(3): 729-736.

tion of ten phenolic acids in honey using chemo- [27] MANDEL J, LINNING F J. Study of accuracy in
metric second —order calibration method [J]. Chinese chemical analysis using linear calibration curves|]].
Journal of Chromatography, 2020, 38(5): 572-580. Analytical Chemistry, 1957, 29(5):. 743-749.

[26] GUSTAVO-GONZALEZ A, ANGELES-HERRADOR

Determination of Semicarbazide Residues in Crayfish by Molecular Fluorescence
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Abstract In recent years, the problem of antibiotic residues in food is one of the food safety problems that people are
concerned about. To determine the residue of semicarbazide (SEM) in crayfish, this study provides a method for the de-
termination of SEM residues in crayfish based on Excitation—emission matrix fluorescence combined with chemometrics.
After simple pretreatment, the sample was derivatized with 2-hydroxy—1-naphthylaldehyde and SEM to produce 2-hydrox-
y—naphthylaldehyde nitrofuran metabolites derivative (SEM—-HN) with fluorescence properties. The fluorescence spectrome-
ter collects the fluorescence spectra of the sample to obtain the three—dimensional fluorescence data matrix. After the
blank sample was deducted, the excitation—emission matrix fluorescence data matrix was analyzed using PARAFAC and
ATLD in chemometrics. Both algorithms can get better quantitative analysis results. In order to evaluate the accuracy of
the two algorithms, the quality factors were calculated: sensitivity (SEN), selectivity (SEL), detection limit (LOD) and
predicted root mean square error (RMSEP). The results show that the accuracy of the two algorithms is good. In order to
further verify the performance of PARAFAC and ATLD, EJCR test analysis is used. The results show that ATLD algo-
rithm is better than PARAFAC algorithm. Excitation —emission matrix fluorescence combined with ATLD algorithm can
quickly determine SEM residues in crayfish.
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