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Simultaneous Determination of 49 Antibiotics Residues in Pork by a Modified QUEChERS Method Based on Silanized
Melamine Sponge Coupled with Ultra-high Performance Liquid Chromatography-Tandem Mass Spectrometry
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Abstract: Two new types of elastic porous silanized melamine sponges (MeS) were prepared by silylation reaction using
octadecyltrichlorosilane (OTS) and N-[3-(trimethoxysilyl)propyl]ethylenediamine (ATS), which were respectively designated
as OTS@MeS and ATS@MeS. The silanized sponges were used to develop a modified quick, easy, check, effective, rugged,
and safe (QUEChERS) method that can quickly and efficiently separate interfering matrices from the extract through
spontaneous solution infiltration and physical extrusion. In this study, an analytical method using the modified QuEChERS
procedure combined with ultra-high performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) was

established for the simultaneous determination of 49 antibiotic residues in pork. Samples were extracted with 10 mL of
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acetonitrile containing 0.1% acetic acid, and then salted out with 2.0 g of Na,SO, and 0.5 g of NaCl. After centrifugation, a
1 mL aliquot of the supernatant was cleaned up with a mixture of OTS@MeS and ATS@MeS. The chromatographic
separation was conducted on an Agilent ZORBAX Eclipse Plus C,4 column with gradient elution using a mobile phase
comprised of methanol and aqueous solution (methanol/water, 5:95, V/V) containing 0.1% formic acid and 5 mmol/L
ammonium acetate. The qualitative and quantitative detection were performed by multiple-reaction monitoring (MRM)
using an electrospray ionization source in the positive ion mode. The results showed that the correlation coefficients for all
analytes were greater than 0.999. The matrix effects (ME) were in the range of —13.5%—10.9%. The limits of detection (LOQ)
and quantitation (LOQ) were 0.1-10.0 and 0.3-33.3 pg/kg, respectively. The recoveries at three spiked levels ranged from
65.0% to 112.7%, with intra- and interday relative standard deviations (RSDs) of 0.3%—11.8% and 2.4%—18.4%, respectively. The
developed method was simple, rapid, highly sensitive and accurate, and could be used for the efficient and rapid determination of
the 49 antibiotics residues in pork.
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Table1  Mass spectrometric parameters of 49 antibiotics

bk i R ik iz e ik i
N R B RENV ARV BT BENV O BEN

SGD 14 21501562 101 18 215.0108.2 94 28

SD 33 251.0/156.1 108 23 251.092.0 108 30
STA 34 250.1/1562 100 20 256.1/108.1 76 30
SPD 36 250.0/156.0 76 n 250.01108.2 m 31
SSX 49 268.1/156.0 56 18 268.1/113.1 56 21
SCP 46 285.0/156.0 54 21 285.092.0 51 44
SPZ 56 285.0/108.1 59 40 285.092.0 51 44
DAP 40 249.1/156.1 148 19 249.1/108.1 144 28
SQz 6.0 301.2/108.2 40 35 301.2192.1 40 48
SDM 58 31L.1/156.1 n 25 311.1/108.1 8 36
M1 38 205.0/156.1 59 23 265.0/108.1 59 34
SM2 33 279.2/186.1 69 23 21921241 89 30
SMZ 48 254.0/156.1 49 n 254.0108.1 49 31
T™MP 39 291.1/230.1 68 31 29111232 64 3l
SDX 48 31L.1/156.1 n 25 311.1/108.1 8 36
SID 42 279.2/186.1 69 23 21921241 89 30
STZ 41 271.1/156.1 45 19 271.1/1108.1 4 38
SMT 42 281.1/156.1 45 23 281.192.1 55 39
SBZ 52 271.2/156.2 31 15 27121920 29 39
SPP 54 315.1/156.1 55 2 315.1/108.1 7 H
SST 30 356.0/256.1 127 24 356.01192.0 120 46
SMM 43 281.1/156.1 45 23 281.1/108.0 55 34
SMP 49 281.1/156.1 45 23 281.1/92.1 5 38
CIp 45 3213142 161 26 332.1/288.2 140 23
ENR 46 360.1/316.3 165 25 360.1/245.2 155 35
OFL 42 362.2/318.2 144 24 362.21261.1 154 35
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SAR 49 386.2/342.2 160 25 386.2/299.1 140 36
ORB 47 39623522 145 24 396.2/295.1 170 31
NOR 43 320.2302.1 160 30 32022762 70 23
NA 12 23321871 89 3 233012152 89 20
DIF 48 40013562 195 26 400.1/299.1 174 35
MAR 4 363.2/72.2 136 25 363.2/345.1 206 28
LOM 46 352.11265.2 188 31 352.1/308.1 188 23
FLU 74 262.1244.1 60 2 262112022 43 43
PIP 12 271.8212.6 70 3l 27181317 58 39
PEF 42 334153160 165 26 33412902 157 25
FLE 41 370.1/326.2 165 25 370.1269.1 166 36
ENO 43 321.01303.2 175 27 321.0/234.1 123 30
CIN 59 263.1/188.9 30 3 263.12173 30 30
SPA 53 39323492 171 2 393.2/292.1 177 38
O0XA 6.2 262.1/244.1 60 23 262.1216.1 04 39
10S 84 828.5/174.2 1 51 828.5/229.0 21 40
TYL 76 916.6/174.0 8 47 916.6/772.4 9 £
KIT 11 11251741 9 39 772.5109.2 18 39
RON 17 201.1/140.2 46 16 201.1/55.0 48 27
MET 34 172011282 91 18 172.0/82.1 n 32
DMZ 38 142.1/96.0 84 n 1421811 n 33
CLR 42 185.3/134.1 87 20 185.3/112.3 78 35
DIC 44 234.2/144.6 64 31 23421234 60 35
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Fig.2  Effect of extraction condition on the recoveries of analytes
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Fig.3  Effect of acetic acid content on the recoveries of analytes
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M (matrix effect, ME) (4+20%) Hb&WEaEr", #
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Fig. 4  Effect of MeS and mixtures of OTS@MeS and ATS@MeS in

different proportions on the recoveries of analytes
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Table2  Calibration curve equations, correlation coefficients, matrix

effects, LODs and LOQs for 49 antibiotics

WAL BRGE % ME (Lgﬂ[()g’) <;L1§A?g/> 0 gy (”g/;g)@ =
SGD y=61440%—1945 0996 —47 40 B3 100F100r — KAk
SDy=124333023400 09993 =31 02 07 100¢ 000 — 100
STA y=9975T0—-246 09994 0l 10 36l 1000 — 100
SPD y=I8973.1x—1987 0997 96 04 131010 - FERE
SSX y=18857.1i-37532 09991 =27 40 13300t l00r — -
SCPy=1283720H5T301 09991 =05 42 19 w00+ 100F — 50

SPZ p=38B4T-5548 0995 25200 67 l0or100F — -
DAP y=521676:-2213 09%93 =27 (02 06 IERE TR —

SQZ y=13553=3371 09%95 29 10 33 100 100* - 100
SDM  y=46370x—1023 09996 93 02 0.7 100 100* - -
SMI =18 163.00+28241 09992 —40 04 13 100 100* - TRk
M2 y=213433v—485.5 09996  -21 04 13 100* - 100 -
SMZ y=1689%.8x—139.5 09994  -21 10 33 100% - 100* - 0
T™P y=792693r—1916.1 0993 =59 20 6.7 50 50 - 100
SDX p=T144L1x—2826 09991  —69 0.1 04 100 100* - 100

SID y=362529¢+1086.1 09992  —55 02 0.7 100% 100% - -
STZ y=172034r+29468 0998  —74 1.0 32 100*% 100* - -
SMT p=182077v=2841 0995 =31 10 34 100*% 100* - -
SBZ y=165642c—169.7 0997 =06 1.0 3l 100% 100% - -
SPP y=117809x—19.16 09993  —62 1.0 33 100* 100* - -
ST y=3062545:=2660 09992  —67 20 6.7 100% 100% - -
SMM y=13295.9x+45460 0994  —LI 10 33 100* 100* - 0

SMP y=305714—-2973 0993 -135 04 131010 - ERE
CIP y=429596r+40312 0997 150 04 15 0w - - -
ENR y=53 4080421953 09%93 100 04 [ (I B - 50
OFL y=8722775+29834 10000 020 04 14 - - - -
SAR p=2111L1i=2350 0995  —04 04 13 - - - MR
ORB y=676558-2343 0991 23 02 07 - - - 20
NOR y=36997.1x—4200 09994 4l 04 13 - - - 2
NA p=069145:+81986 0991 —62 02 07 - - - -
DIF y=332701-2001 0995 —16 10 33 40 40  — 20
MAR y=365479r43879 0993  —10 01 04 - 5 - 50
LOM p=387189¢+19101 09996 —18 02 07 - - - 5
FLU y=977672c476399 09992 51 1033 500w — 50
PIP y=31899-17190 09992 109 20 67 - - - -

PEF y=64504.1x+93.593 0994 =50 10
FLE y=59248.1x—=4335 09%96 05 04 13 - - - -
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KIT p=150523-5946 09993  —09 04 13 200  — - M
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MET y=125467x+13970 0994 =47 20 T MERHE FERE - -
DMZ y=86762%-24012 0992 —19 100 303 AERE ABE#RE - -
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DIC y=482068=3760 09995 26 3 e
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Table3  Spiked recoveries and precision of 49 antibiotics in pork
%

- [Fl% (£RSD) (n=6) _ Al
i i [ RSD

SGD 942 (£52) 903 (£0.6) 89.5 (£1.00 6.4
SD 87.7 (£13) 898 (£1.8) 88.8 (£0.5) 5.9

STA 939 (£6.0)  96.7 (£23) 944 (£3.3) 6.0

SPD 87.6 (£33) 902 (£3.6) 89.3 (£0.8) 4.8

SSX 91.5 (£9.2) 919 (£3.9) 93.7 (£3.8) 10.8

SCP 100.8 (£1.8) 94.0 (£7.2) 902 (£1.2) 7.2

SPZ 100.3 (£123) 954 (£1.9) 934 (0.7 12.3

DAP 925 (£7.7) 955 (£1.2)  93.6 (£0.7) 7.7
SQZ 924 (£75) 941 (£1.6) 89.6 (£0.6) 7.5
SDM 91.5 (£49) 96.1 (£04) 93.1 (£1.1D 4.9
SM1 929 (£6.1) 934 (£1.3) 948 (£3.1) 6.1
SM2 83.4 (£6.1) 863 (£03) 82.0 (£04) 6.1
SMz 95.1 (£35) 954 (£0.5) 927 (£1.8) 5.6
TMP 84.8 (£6.1) 81.6 (£0.6) 819 (£0.8) 6.1
SDX 954 (£28) 954 (£2.00 927 (£1.8) 2.8
SID 85.5 (£6.6) 865 (£9.5)  88.1 (£0.9) 9.5

STZ 928 (£1.2) 909 (£2.5) 919 (£3.2) 7.7

SMT 97.6 (£1.8) 935 (£2.6) 93.0 (£2.4) 6.4
SBZ 849 (£1.7) 888 (£1.9) 90.0 (£1.6) 7.5

SPP 98.5 (£9.4) 1003 (£1.3) 973 (£1.9 9.4

SST 655 (£8.00 71.3 (£3.00 70.8 (£2.6) 8.0

SMM 1009 (£4.3) 912 (£2.7) 909 (£2.7) 59
SMP 87.0 (+4.1) 840 (£32) 83.7 (2.9 18.4
CIP 955 (£24) 88 (£1.7) 83.0 (£3.2) 6.7

ENR 954 (£47) 87.6 (£29) 86.5 (£1.8) 10.7
OFL 914 (£2.7) 873 (£1.2) 864 (£3.5) 6.8
SAR 949 (+£4.7) 92,6 (£2.3) 90.7 (£2.5) 6.3
ORB 91.7 (£2.8) 90.5 (£3.6) 87.0 (+1.6) 4.6
NOR 82.0 (£52) 83.0 (£0.8) 823 (£3.2) 8.8
NA 91.5 (£24) 92.7 (£0.7) 90.5 (£1.5) 2.4

DIF 89.9 (£5.5) 895 (£0.6) 893 (£1.00 8.5

MAR 86.3 (£1.7) 847 (£32) 832 (x3.2) 13.1
LOM 839 (£6.00 823 (£1.4) 817 (£0.7 6.0
FLU 91.0 (£24) 89.1 (£14) 884 (£1.8) 2.4
PIP 65.0 (£85) 725 (£2.8) 714 (£2.3) 10.2

PEF 86.3 (£7.2) 878 (£22) 854 (x3.6) 8.1

FLE 858 (£7.5) 858 (£0.6) 83.0 (£0.6) 7.5

ENO 89.2 (£43) 795 (£28) 784 (£43) 52
CIN 858 (£2.7) 846 (£26) 834 (£1.2) 7.1

SPA 86.6 (£1.7) 89.4 (£1.4) 879 (£2.3) 4.0

OXA 85.0 (£3.9) 871 (£1.8) 853 (xI1.1D 5.6
JOS 89.5 (£23) 89.0 (£0.7) 87.8 (£0.8) 2.8

TYL 72.0 (£22) 70.8 (£2.00 72.8 (£2.9) 2.9
KIT 759 (£1.00 735 (£25) 756 (x£0.8) 5.9

RON 86.5 (£4.5) 915 (£1.00 875 (£1.5) 7.3
MET 90.6 (£3.5) 88.1 (£0.9) 86.6 (£1.3) 6.2
DMZ 1127 (£11.8) 93.7 (£25) 94.8 (£3.7) 14.6
CLR 70.0 (£1.5) 706 (£0.8) 712 (x1.8) 3.7
DIC 954 (£24) 974 (£13) 934 (£0.7) 9.5
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Fig. 6  Influence of different sorbents on the recoveries of 49 antibiotics
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Fig.7  Influence of different sorbents on the ME of 49 antibiotics
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