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ABSTRACT: Objective To develop a method for simultaneous determination of 4 kinds of sulfonamides residues
in meat products by microfluidic chip and high performance liquid chromatography-fluorescence detector
(HPLC-FLD). Methods The sample was extracted with ethyl acetate, and then reextracted with 2 mol/L hydrochloric
acid solution in the microfluidic chip and degreased with n-hexane. Then 100 pL of hydrochloric acid effluent was

collected and mixed with 0.5 g/mL sodium acetate solution at 1:1 (V:V), the derivations were performed by adding
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0.2 g/L fluorescent amine 50 pL, Shimadzu ODS-3 chromatographic column was used for separation, and the mobile

phase was acetonitrile-2% acetic acid aqueous solution. Results  Four kinds of sulfonamides were completely separated

and showed a linear relationship at 0.01-1.00 mg/L. The recoveries were 72.1%-91.6% at 50, 100 and 200 pg/kg levels,

the relative standard deviations were 4.7%—13.6%, and the limits of detection were 1-5 pg/kg. Conclusion This

method is rapid, convenient, economical, good in degreasing effect and environmental protection, which is suitable for

the analysis of 4 kinds of sulfonamides residues in meat products and provides a new idea for sample pretreatment.

KEY WORDS: microfluidic chip; high performance liquid chromatography-fluorescence detector; sulfonamides;

meat products
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= i ORI, BIE LA AN 5 0 A P A € i -2
o DU A SR A DU S A o

W R IR 2y, dar i, PR, SR FE S
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WENG 25 & T —Fisifi i ELISA -, Z586%
g, /N i o Arahl B (RO 40T, SR
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AU A E T, I S AR S SR, R
R A5 L ARl AR KSR B Y DON, A6
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sk flig B BL M IGE (sulfamerazine, SM1) ., fifhJlie — H BEm% g
(sulfamethazine, SM2)., i £+ (sulfadimoxine, SDM). fi#
Jtiz IR (sulfisoxazole, SIZ). YéIGHE(LERE =99%, i
SO AR A BRA R, 4 FIEZE YRtk 25 LR 1
HEE, (g, LEERFH/RAFR), LRI, EC
Pt BEERAN . A, WARER(A A, KB L
R ), W R . I CBEOHTal, iR
THAARE AR A A, ZER(EEL, RHEmiREE
A B FD); B8R . D (R VDR ARA PR H) o
1.2 UE5EF

JKG-2A F56ZIHL (& 1 A A8 B 45 A7 BR A \);
MI12 RIAYEE B T B SE S AR FRA H);
ZHX-13 BHTFLHLBTN P51 5 4545 PR Al); KSL B
TBEZE I (G NER A B AR B2 ] ); DK-S24 RUZK 5
(RN RS20 B AT PR Hl); SPLab01/02 BY /B Sk i
SEA(RE HUR LA IR R, BP211D R /- Ak %+
T4y 2 —HWF RV iR SO A R H); KQ3200 Y
FEPE AR T B A A A F]); RE-BS e84
P SRR ARAL R T); XS-02A T Z ThRERMEL( iR
HIRHE A BRA FD); SR VU 20 8 /R E I A (L 2 AL AR 15
HABRATF); LC-20A m0RAHH (i (H 4 SHIMADZU
FHIRAFD; 5020-01732 inertsil ODS-3 & HE A 3E4:(_F1G5

HES R A A BRA H])
1.3 SEWHE
1.3.1  FRAET A HIE

P2 R AL 2 2 b AR P BRSO 1.7 mm,
$& 32 mm F 63 mm)ifil BLAYRUA TS A ] I,
W& 2 Bz o 3 AN EE 9 S8 RE I 100 pm, AEGHEIEZ
[ 40 pm T A4 E] B, 3 IE K 40 mm. ZEZf 35 min
Ji G 1 pm/min), M{HERE S 35 um B, 3K
18 TIERELA L5 454, HAEM R4 Zmn
PRI IR E o 88 38 3 TR 1 i 0 R R 1 3 44330 1)
TFLHLES A BRI 2 mm #/hFLe /DFLIE o7 F R 3N
JHTRER AB K& 42 1 mm, 4ME 6 mm, 12 mm 92
TOEEAE N R IR IR E R R, IR R S
IR 5 3 IS A o 4 bR W43 1 2 T 1k
BEREBE AR A T B K b HE0
1.3.2 ARG B

PRUERE ST 0 PR 25 PRI R R Al 25 1 mg,
T AR 1T mL A Er, A PR A B2, TR
WPEA 1 mg/mL WARIERE AR TR, JEAE 4°C N IRAF

TR A PRE AR 3 590 Y 0 0 S5 ol i s Y A 25 1
W 50 L 2 5 mL A5, AR EDE S B2, Hi
Jiie 2 2 IR 7 R B R 10 mg/L FTRARRE TR, IF
7E 4°CFRAE
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Fig.l1 Structures of sulfonamides
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Fig.2 Schematic diagram of microfluidic chip and equipment
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1.3.3 HoudE

(RS Rl 25

FREUIA ] R 2ERE 5D 2.00 g(REH = 0.01 g), BT 50 mL
BNE.OE T, A 10 mL ZBRZFE, RiER% 2 min,
7 5 min, 8000 r/min 25.0> 5 min, $ LB ZER)ZHER R
FEM P FHBE RSRS8O TP AORE A, R0 A
A 10 mL ZBRCHR, #AEIrEE b, 14 QR OFRIZ5
B RIEZRM D, oo {0 1 £ 8 £ IR e e 75 R vk 4
FERZE 2 mL, LR L ERRIRE SR

Q)R S Ak

FEEFEMIKE T, SR AT A, B FC 2l
AR BERIRER R4 . 2 mol/L HER RV IE 2 4%,
PR A, (3 R0 A WAEE I TR R E 12, B
4R 100 pL AEBUAR T 1 mL BNIEE.LEF,

B)ztfiA:

AWEET 100 pL S ZEBUAW K 1 mL R 08

HNA 0.5 g/mL Z 4R H 100 pL 0.2 g/L 3¢ GREARE 50 uL,

AHEIRS) 30 s, #E 60 min FEARNTAMFZ 0.22 um TR
(SR =g
1.3.4  3AATA EE YR

T R 2 2 RN 28 S RE A B AN BT ek, 22l
W 53 R Ik e 1) X o7 2 B (A e TG TR Pk vy, P S 42k ik
FNDE e AT SO, A LB DR AT AE Y, Ty
U TRTRRBR O, w8 o B M s, AT AR W o S A2 AvT 2B )
] AT AR R AN pH ) SOASIEY A AT A
BFE(15, 30, 45, 60, 120, 180, 240 min), AR5
BWEFO.1, 0.2, 0.4, 0.8 /L) pH (1. 2, 3, 4, 5)X%
AT A TR B R 5
135 &h ERRBEITER

Sl TR Sy I R B R R
T FIRE W A B T, B AR PR F2 h R B R . BREE
M. BRI % 2248 0E, SRIB, 7557 A e
BT . WURSS R LA TEAED IR AL, A
itk ARFFORFHAHLEFEEI . AKEBZEIC, 1E ke
AR A HTALER ik, DIARIS IR . H Al Ar i ke o,
I =M 200008 e S 30 A R A 25 R 4 B A

RS R B, JA S B MILA A B 5 AR—A4~
TCEE, A R B R BRI B2 . A=)l Al
R ZRABGCRER)BURE T4 F9 #A (D). ¥ HE [
(OFY RS (1), RP3E BT8R AR E L2, - FY
RS (] (O VAR e v, TR, 8 v A, 4%
B o (HUR, IR S R EnE R, Blith, 4Bt
GRS & 2K TGE 1 1) 58 B 152118 100 pm, YR
Lo ) R0 R 235 e 2 R AR B 1, S HOR & ARk &9
B FER 2 g, BERARARE TAERIM AR R 200 ng/ke,
BEET 5:3:5. 5:5:5 F1 5:7:5 BYAEROA HE (uL/min) EL i, 4%

BE1.3.3 $4E, 15 WA R H B, P i S A
AR TR AR [FE, e i g | b
¥, HEUEATREBEALAR TR, DUHE B RS GE 2 AR5 B B 2K B
W, B B (WL /min) L 5:5:5 1B LR, 2 mol/L
HCl AEBURE, %) AXQ)HE; BIZmAZ A
e, AKX G) @) m R

R:@ x 100% (1)
CVgt Cy V
E%=—d"d = Zd » 7d » 100% (2)
CVt Co v
C=C/E% 3)
I /%=C/Cy% 100% (4)

X, Co AT A o M WA I T B 6 3 (mg/L); Cy by
HOE AR S (mg/L); VN bR o I IR
(uL/min); V¢l 2 mol/L HCI A4 i 3 (uL/min); t A AEHLET ]
(min); Ce A FE (G IR B (ug/kg); CoNIRIEIZR L
it v (Y Bl P G 2 (ng/kg); Co SIS 11 B T3 ) il i ok 2
(ng/kg)«
14 B1EEH

WA 2% BEKIE (A ZBE (B . B TE
JIi 4544491 0~15 min, 75%~70% A; 15~30 min, 70%~65% A;
30~40 min, 65%~55% A; 40~42 min, 55%~35% A; 42~50 min,
35% A; 50~65 min, 75% A, WAIFHAFEHEREEAE 1.0 mL/min,
FEIRFEHIAE 40°C, WIAE 4 i e 13 K Ak ik 4
1 405 F1 495 nmt' %, BEFEEE 20 pL,
1.5 4RHlFRE Lk

Beiil B ol 0.01. 0.05., 0.10., 0.20,, 0.50. 1.00 mg/L
MR AV, #IR 1.3.3Q) rik ik i i Ak N I, 4
BIEL 20 pL 3f 0.22 pum ARFLIUEIEE, 28 @ soi Al i -2k
RO ASIN, - AT AR e T AR AR B (Y), AR VA T o
W RS AR FR(X, mg/L), R EARuEIZL .

1.6 EIEALIE

KM Origin 2018 SEATHRALH, FA% R Microsoft
Excel 2019 #1712, i Coreldraw X7 ¥ TYEIEARAGZE

2 HER5HH

2.1 [TEFHHMK
211 AFAntiE ey R

il 3 BN, RTAIETRIFRAEATAS 30 min BT IEEIEIR
{i, AH7E 30 min J5 58845 LFHIGEEY, 260 min BZE#TFE,
VLB AT A= 7 W R BRI AR AR, TR 51—
R RE 9 CFET, iidrh SIZ A A e A R B T
fiy 3 FhBEICZ Y, A7 0T RRE AT AR P /K i 1 R ey 2%
. T EM L AT BLME, SEFERTA I 60 min,
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Fig.3 Effects of derivatization times on peak areas (n=3)

2.1.2 ATARK A A

W 4 7R, BEFE DN TR W R T, ATy
AR 2T, SHIMA RO R ES] 0.2 g/L i, 1§
TR BB AR, ARSI PO Bt v B, T AT
AR TR AR T2 B T Fe o AT REIE DO B oK,
LR IHEATT A SR A5 A B, DA 3 002 o 4 e 1 12,
DR A 5 2 fEFH 0.2 /L 9 e 1) R RV R

5

1 1 1 1

0 02 04 0.6 0.8
DERE TR L/ (g/L)

P 4 ¢t JB e R J3E 0o e TR AR 21 (n=3)

Fig.4 Effects of the amount of the fluorescamine on peak areas (n=3)

2.1.3 474 pH #9F R
RS iR, £E pH N 2~5 B, fiTE i miEeR, wl

DR P 2 S BT A S WA 535 R P 9 26 T SO, B 58 4,

Ji DA AT RESEAE RR A% 1F ATt BEATT A2 7 0 vh iy B IR R R
IMEARDOCRI N ER, SR )5 BE— B4 T HEDy W, AT
BTSN pH Ol 3 IS ik I A
KAE, BABITE S pH 3 iR ERT/E pH.

&5 pH XU AL 2R (n=3)
Fig.5 Effects of pH on peak areas (n=3)

22 BRIRIEE
2.2.1 REE 4y E

TSR b, 256 H Al Sk aE S E 3 B0
RPN AT % 58 T 2R 6 A 2 6T PR 28 v ik i 'k
B RS IBCHCR, R BoR, 2R R (76.2%~83.8%) Fl 2,
7 (69.7%~84.5%) L BUR A Y, (HMHHLZ T, LRI
552 mol/L /) HCI ANV, (HARE 5 A i e s A i J2 i 5
FRIE I, 5004 AT 2 mol/L A9 HCI WA FIZ a1y, Ak
fRifE . b, BRI Ll R IRIUA .
222 REBRENGLE

TR YIMES TOK, G TRRIR . TR HL
W, AR TR AR . FRBVA IR A0, AR SR
FABE NGB8 T 0.1 mol/L By HCI. 2.0 mol/L & HCI,
0.1 mol/L () NaOH ,2.0 mol/L f}) NaOH F1 pH=3 ) HCI-NaAC
LMV 1.0 me/L T B SEMERE (Y 218 O BRI R R
FERGHR, RAEBUR FEROAST pH k3, INA 0.2 g/L 95k
WefiiAz, #E 60 min 5 HEF TR AR, S5 WE 6.
Hodh, fir A P e B A, T T e 2 T T e P
ey, mE 6 AT AT PO IRIE R IR 2.0 mol/L 1Y
HCI>0.1 mol/L #J HCI>0.1 mol/L A9 NaOH>2.0 mol/L HY
NaOH>HCI-NaAC ZZ i . Al B2 R e s 2 Ay
557 5 — W AR L 2 L0, T S hel e R 1 K, i
SRV F 1 £ Vs ik L S UYL FR K, LA 2.0 mol/L
B HC [ AEBGIRclT . Ik, ZARF58%8E 2.0 mol/L Ay
HCI iy 2 2B, Hor, 2 mol/L i HCLLE &5 A FR X% SMIT
SM2. SDM. SIZ ¥ JZ 2 B 43 5l 79.2% . 85.1% .
80.9% . 55.1%.,
223 ETHPLISEIH R

T AE B 2oL i — 2 /N < g T L ] 5 A A L
R S A SCFEBUR IR, AR IUR A AR 2 1E C e BRI
o HE 7 R 1 AT, ASINE O Ge AR i i & vh B
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¥#: a: 2.0 mol/L HCI; b: 0.1 mol/L HCI; ¢: 0.1 mol/L NaOH;
d: 2.0 mol/L NaOH; e: HCI-NaAC 2% A -
K6 AN 2 A8 0 390 1) s ZE Uik
Fig.6 Reverse extraction effects of different reverse
extraction solvents
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L4 B4 B[] /min
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25000 | SIZ
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e
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5000 - b L
ok
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£ £8 15t 8] /min

TE: A AAINIECSEMAE: B 0 T IEC ket -
Bl 7 ik BRI i 0 1 A
Fig.7 Comparison of chromatograms before and after
n-hexane degreasing

®1 MECKEBBEREBREER LR
Table 1 Comparison of the number of trays before and after
degreasing with n-hexane degreasing

RSS2 AINIE CBERR TALE C BB
SM1 62412 65909
SM2 73915 76726
SDM 128678 270738
Siz 261283 265111

23 DRIBEHMTK
231 FHEBEAEEAEG A

BY B TR SR KPR, T A £ R TR RN E C %
T B TR, B 3 R R e AR iR R A T K A A B
5EMERAMFRAT, BEFFZREE. ARF5E
HERT T A A T R R e A iR 1 A T K A FE
JER R B AN 8 s, A AR, 5IAGE
RS BEIE B 0, U sh T AR, FEMEZ A,
=3 i = YR v N Tl O O U R /B = e S Y S Ay
Jb B

FE: A H B FSCHEHUK SHERT; B AT b SRR S
B8 AR R R A

Fig.8 Laminar flow before and after chip modification

232 REBILUIEE

AR ZE R L BI%T 2 mol/L (19 HC1 S5 28 USR535
LS R ILEE 2, ZBRZER. 2.0 mol/L HCI FI1F CBEA i 4
(WL/min) LB 5:5:5 B, SRRRAHT AT LIS 5] H 3E T AH 7
Y3 X3, B 2 mol/L 1Y HC1 XF SM1, SM2, SDM, SIZ
B S AR BUCR BT, T EL By 5:3:5 1 5:7:5 B, A
T AR S BB RIAR AR A TE, R ZEBRCR AL, X i
HH 22 0 R T R R A o ZE USRI B B &
T 3 T 2 AR I 10 B ZE B T VAR B A S R A A i
TREAT F A, ASBIFSE e 10101 VR AR HUR % L 491
233 RBEK®E

ANRIZEBGR T 2 mol/L A HCI AR B2 45
LR 3, MWE 3 ul/min, ERAKREE, SRRk
() Py SRR A B 0 By, ZEBCSCRANGE, T4 33 7 pL/min B,
EifesE, HREEBCGRAIGEA 5 pL/min, X2 AR
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AR T2 S A0 3 T R S ], AT e A
s, (HJR SRR i L 2 {2 AR E, S BEERET
Wk o T 0 SR RS AE 1 0 B A U i WA e B 2R AT AR Y
WETRI R AT HAR, AFFE 1% 5:5:5 A A0 3 (WL /min) .

=2 RBRLIREFERRAZM(pg/kg, n=3)
Table 2 Effects of flow rate ratio on back extraction
effect (ng/kg, n=3)

T 259 LA

5:3:5 5:5:5 5:7:5

SM1 98.8+4.6 143.4+8.4 76.2+1.4

SM2 100.146.2 148.8+6.2 86.0+2.0

SDM 90.0+6.2 133.2+10.4 89.2+5.0

S1Z 63.242.0 83.8+4.0 52.4+3.0

R3ORENREBHRFI (ng/kg, n=3)
Table 3 Effects of flow rate on back extraction effect (ng/kg, n=3)
B2y TR

3:3:3 5:5:5 7:7:7
SM1 122.0+4.8 143.4+8.4 95.4+7.4
SM2 128.0+6.8 148.8+6.2 103.2+7.8
SDM 136.0+5.8 133.2+¢104  105.6£7.8
SIZ 73.8£3.0 83.8+4.0 66.6£6.0

24 FEFER

sk 4 FR, 4 FERETE 0.01~1.00 me/L i N Lk
RAF(r>0.999), [Rl—A¥5IREN, 43 6 Uik TATAE AL Ab B,
BT A5 W AH X BR 1R 22 (relative standard deviations, RSDs)fE
K 3.44%~6.01%, BLBHIZATH 7 P4 M OC 7 I EE IR 3
U o BEBUR & B ARk A 40 0 AR i 2EA TV 0 1T i 52 565
TEVRIKEAE 50, 100, 200 pg/kg JEHEIA, V-4 E5g 2N

72.1%~91.6%, B A 1~5 pg/kg, RSDs g 4.7%~13.6%.
FUL AT UL, ATy ik BISCR A R BUE B, EIMr, ol
AT RIEE G 4 PR 25 5% B B

R4 A MEEBR AN L IR IR

Table 4 Linear equations and limits of detection of 4 kinds of

sulfonamides
T2 Ay it B/ (ng/kg)
SM1 Y=3.48x10°X+856 5
SM2 Y=3.46x10°X+21840 5
SDM Y=3.30x10°X-4169 1
SIZ Y=4.50x10°X-9501 1

2.5 HmNE

PLKF i (8 Jg ) A PR (R PR RIS TR A i, XA
J5 Pl YRR T T 58, FNZETAL By 3 5 1% GEBORE B
TRV T e e A S AR A AT A S A N A TR ]
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Fig.9 Chromatogram of different spiking levels
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Table 5 Comparison of different pretreatment methods (n=3)
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