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Determination of 50 kinds of antibiotic residues in dried sea cucumbers by
multifunctional purification column with ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 50 kinds of antibiotics in dried sea
cucumbers by multifunctional purification column combined with ultra performance liquid chromatography-tandem

mass spectrometry. Methods The sample was extracted with 50% acetonitrile aqueous solution. After purification by
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multifunctional purification column, 50 kinds of antibiotics were separated using Waters ACQUITY UPLC HSS T3
(100 mmx2.1 mm, 1.8 um) column with acetonitrile and 0.1% formic acid aqueous solution (include Smmol/L
ammonium acetate) for gradient elution. The mass spectrum was performed by electrospray positive ion mode
scanning and multi-reaction monitoring acquisition, and quantified by external standard method. Results The
results showed that 50 kinds of antibiotics exhibited good linearity in the range of 0.1-100.0 ng/mL, and the
correlation coefficients were all greater than 0.99. The limit of detection ofthe method was 0.1-2.0 pg/kg, the limit of
quantitation was 0.5-5.0 pg/kg. Recovery tests were carried out at 3 levels (1 times, 2 times, 10 times of the limit of
quantitation) in the blank matrix, the average recoveries of the limit of detection were in the range of
54.83%—-120.01%, and all the relative standard deviations (n=6) were 0.08%-9.15%. Conclusion This method has
the technical advantages of simple operation process, excellent detection sensitivity, reliable precision, and good
reproducibility, it can be applied to rapid screening and qualitative and quantitative detection of multiple antibiotics
in dried sea cucumbers.

KEY WORDS: multifunctional purification column; ultra performance liquid chromatography-tandem mass

spectrometry; dried sea cucumbers; antibiotic residues
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100 pg/mL . FEAZEEZSIRAR 100 pg/mL)ALE & W 4 W4
ARA 2.

1.2 UFE5&&

SCIEX QTRAP 5500 i =5 &0 (01335 - Hf BT 3% i
FRL 15§ 25 B4 T~ (electrospray ionization source, ESI), 5%



55 14 3]

B, S S AU - R IR RS A

ZINREFALHENE T2 50 bt Rk ¥ 141

FA BT R 5 A B A F]]; Waters ACQUITY UPLC
HSS T3 {4 i%44:(100 mmx2.1 mm, 1.8 pm)(3& [E Waters A R
23 w)); LS220A HLF73 A KF- (RS B2 0.001 g, Fiig 38 | 240
AR, Vibrax VXR IRIENRH L (TEE KA 2AH);
Milli-Q Advantage A10 #H4E/KHL(E FLIE H EAA FRA A);
TGL-16G 5 & 2 DAL LR AR o
1.3 WA
1.3.1 AR R 49 B

HERA R U 2 IR | ST TS IR A . DU 2 ISR AR
KIANERRIER . B-NBEREIRPR . BERRESSIR PR 1 mL
T 100 mL #5500, F R R 2 20 5, TG o) Al o i vk
&R 1.0 pg/mL A9 4R HEH B T, B8 BURR E (B9 T 2 mL
F 10 mL AR, FH 50%W BB B 208, B ks
h 200 ng/mL FARAE P ENRIL 43500 S BURR o v (B 1T
R R, AR ARSI AERNES S A THRE, |’
A7, Be R R 2334 0.1, 1.0, 2.0, 5.0, 10.0. 20.0.
50.0. 100.0 ng/mL ) ZRFIFrUE TAER
132 Haan

TSRS GB 31602—2015 (& fh%4
EZArfE TS ) h a2k N EsoR 1T, HRe=E
BRI 24 h JEE HYOKE)E, BMEER, 5F 0~10°C
VKETHE 20 h EECH, RN LR TRy, LR
o PRI 2.0 g B E T 50 mL .04, A 8mL Z
&K (V:7=50:50)1A W, IWHEIR 5 min, #5 HRE 5 min,
8000 r/min &.0> 5 min, M LIHFRINEZE AT Z Y REH
FEAE B B0 4 mL R, 7E 40 OIS T AR EY
0.5 mL, HZMEKERERZE 1.0 mL, WRRAE, &
0.22 um fRFLUEME L BE, LML
1.3.3 mAéiEin

Waters ACQUITY UPLC HSS T3 4, #:iE 30 °C;
PERERE 2 pl; 3% 0.3 mL/min; FEBHAH A S 0.1%H FRK (&
5 mmol/L ZFR%%), TahHl B h NG MRS ILER 1.

R1 ERBER
Table 1 Table of elution gradient

Fisf [11] /min Al% B/%
0 95 5
15 95 5
8.0 70 30
11.0 5 95
13.0 5 95
13.1 95 5
15.0 95 5

134 Fi#&4t

B IR ESL FARB R o E S R R
K H £ 2 B W SR £E 5 3 (multiple  reaction monitoring,
MRM); AT ST 40 psi; B FIRIREE 550 °C; 155X 40 psi;
IR 40 psi; RS 9 psi; HUBIZEHLIE 5500 V, B

SHE 2,

1.4 HIEAE
TR 2/ EE 31K, {#H SPSS 20.0 4 Fl Origin
Pro 2021 #RAX Bs 1 T b B AT 42

2 HREDM

2.1 FREMGIEFREHNRK
211 &igaayitdE

FEBUA: ZAFHTR I AR b, ROMT (3 hE 45 B HIBY,
ARWFFEXT Waters Cig (100 mmx3.0 mm, 1.7 um), Waters
ACQUITY UPLC HSS T3 (100 mmx2.1 mm, 1.8 um)#
Waters ACQUITY UPLC HSS T3 (50 mmx2.1 mm, 1.7 um)
X 3 A EEREXS 50 FE25 9 03 B BOR AT HE AR, SRR,
Waters ACQUITY UPLCHSS T3 (100 mmx2.1 mm, 1.8 pm)
IR B BCR IR, W R, THERS . 4ia
TETE | o ARG R, K% Waters ACQUITY
UPLC HSS T3 S AH @354 (100 mm*2.1 mm, 1.8 um)#fi & N
LI EARME S o B i B AR
2.1.2 ik FARRAC

BT B S AR 7 2, A IR B AR AR T X5
TR 100.0 ng/mL 14 50 i Ak 5 PR s Vi VR S it B 15
(QOAFfZHT, MEIR RIS FHARY) B kRS 1. Bl s FH
ZRPIEMS)EAR, RGP LR B R
FREFIES L NEAG YR BTER TP e 2 45
Wi 37 15 XoF, 0 AR R S E M B AR IE B T, T
WSS BARALLE R IR 2, WAHEE S BT RA 0.1%
/K (F% 5 mmol/L ZPRE)F LI R shAH, 81 X
FEGEBLALAL, B0 H ARG P3R5 BEAE B9 23 2 B2 S5 5T
2.2 HEMATALIE TG IARDIESE
221 H&dlé

BTSN, 8% T R T . 2R XL
TRMEGARIPIRGE B, BT 6 S BT IR,
IR, [RIINE, SIFR IR BEBE N 10.0 pg/kg I, T HE
RIS R KRGS RS, 4551 R & S0 ik
3k B Ry, ISR AR B UL 1.

WE TR R T AE R G R IR AR R SE1AT) - N T e 47t
AR (T B- N IR S DUPR R ST AE R (B AL XU A 24
Rk, WREMRFER pH . TSSO R KA
FREFBURTE pH i e S LRV L, PUAE R A FRE A
Rk TR HAL BRI K 3 43 5], 1A FR pH FasE P Tt
ARSI A T T 3 S ASERAT, RE DA A IR . IEAh,
ST E & Ca®' Mg S8R T, TEREARET,
W2 B 5 SRR ST AE R A1 IR SR B T8 U
PSR, RIS, T2 E Hak A R B I ST TE R 800 S K
B 5 5 R R K Hi A R R AR GEN], ERA R
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Table 2 MS parameters
B X 5 o il b S i 5 K il fE
(m/z) (m/z) N N (m/z) (m/z) N N
N 386.1 342.1 90 27 » 277.1 156.0 60 20
1 bz AU 26 TR
386.1 299.1 90 36 277.1 108.0 60 33
393.1 292.1 80 37 ) 301.1 156.1 80 25
2 FIMFYD AL 27 T
393.1 349.1 80 29 301.1 108.0 80 35
352.0 265.0 80 33 . 251.1 156.0 60 23
3 BV 28 T ez e
352.0 308.1 80 28 251.1 92.0 60 37
- 262.1 244.1 77 23 filfie —HA 3111 156.1 82 28
4 S 29 o "
262.1 202.1 77 42 WAIE 311.1 218.0 82 27
. 3622 318.1 80 25 N 311.1 156.1 63 31
5 AR 30 i rea
3622 261.1 80 37 311.1 1082 63 36
. 396.0 352.0 80 26 _— L2652 156.1 82 25
6 TP AL 31 Tififii S
396.0 2952 80 33 265.2 172.1 82 27
i 402.0 160.0 60 18 254.1 108.0 81 36
7 IRIEPEAR 32 ik e FF el
402.0 243.0 60 17 254.1 188.1 81 19
. 363.1 320.1 80 23 o . 2791 186.1 67 23
8 i vb s 33 G
363.1 720 80 46 279.1 156.0 67 27
320.1 276.1 80 26 281.0 156.0 80 23
9 W 34 TENEH AR
- 320.1 233.1 80 35 281.0 126.1 80 28
) 3322 231.0 110 50 filipeal R4, 281.1 156.0 62 24
10 NP E 35 e "
3322 288.1 110 26 WAz 281.1 126.1 62 31
. 400.1 356.1 82 28 o 315.0 156.0 90 27
11 PE Vg 36 T s
400.1 299.1 82 41 315.0 108.0 90 40
. 358.0 340.0 65 30 - 256.0 156.0 82 2
12 ke 37 ek icrgemys
358.0 314.0 65 25 256.0 108.0 82 32
s 321.0 303.0 60 24 268.1 156.1 69 2
13 itrb A 38 ik e S el
321.0 234.0 60 30 268.1 1132 69 25
. 360.1 316.1 80 28 215.0 156.0 82 17
14 N7 39 TR e
360.1 245.1 80 36 215.0 108.0 82 29
. 370.0 326.1 80 27 e 291.1 230.1 83 33
15 WV A 40 FRARIE
370.0 2692 80 35 291.1 123.1 83 34
. . 8433 1422 60 48 . 454.8 323.0 70 15
16 IERR 41 LAtk
8433 1742 60 50 454.8 1558 70 21
837.6 679.5 50 31 3503 192.1 55 23
17 BLIBHR 42 £ NI N
837.6 158.1 50 36 3503 106.1 55 26
4073 126.1 30 32 - 3662 349.1 47 13
18 MAIER 43 [ENII N
4073 3592 30 27 366.2 114.1 47 30
7345 576.4 30 28 . 481.0 3959 37 17
19 FARES- 44 SKAtntts
7345 158.0 30 36 481.0 1249 37 65
. 4253 126.1 50 34 869.5 696.5 100 50
20 WMEER 45 okE R
4253 377.1 50 27 7 869.5 1742 100 55
7485 590.4 40 28 916.6 174.0 151 47
21 ThIRER 46 BN
748.5 158.0 40 40 ' 916.6 7725 151 43
445.0 4281 80 26 321.0 152.1 -75 24
22 ZVIHE 47 WX
® 445.0 154.1 80 36 AER 321.0 256.9 -75 -17
479.1 462.0 100 25 . 356.0 119.0 -80 -23
23 SRR 48 FoReE
479.1 444.0 100 28 356.0 1849 -80 -16
465.0 4480 81 24 , 2482 230.1 50 16
24 HISERE 49  FAREHM
465.0 430.0 81 32 2482 130.1 50 30
4451 4102 80 26 3539 289.9 -75 -18
25 UiE7 50 IR
445.1 4271 80 18 3539 184.9 -75 28
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Fig.l1 Comparison of recovery rates between foamed and unfoamed sea cucumbers
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222 RBEF R

T JE& i ¥ 2 A 22 oA ] 2 B 0 A 3% [ 28 D00 7
FELAE, TERE PRI R, 5255 75 5 R I W) S 7 7 51
R . R SR IR BRCR N R . FEE T
A RTETERE, TRIBGA AR oM . TER A %
FKlegPnt, s, Bk, Bl LRIl A Rk
SERWHRRBGAR . 2ROl . i he, R
J, RS RCR I E  R R, B2 R BRACR AN B A
CIEJE TR, A FAESRIBOR R, BEAS A A0 %
R P BB DA B BRI, [ X 2 11 BT vE e g 3 R
TR o BSIN—E LB KAR, AT B 1A LA 2 3
PRI 2Bt 22, BEMBEFERE T, 1EI8 LIS )

B, A2 FOR R B ARk G4, %07k ] B R Tt
HARME G P00 & JERCR, R e S e k4 i 4 At mp
SEARIREC LA R L RN % 2 R R, A
KRB R 50% 2 I K W 2 S B AR AL G i s R 32
B
223 FF X

ARG B FE T — B P AT HT AR R A 1 S8 7
%, FIRIMEG NG X LR A R R4 A Z ik
P, PRI, R R AL B Ak 2k A S AT R
X R TR 2R, BN BRIV M R 1 R T
43 5% T F e A U RIRR W T AH DG ), 3E1 TR A ik
ANFERIE TR TAR . XS FIRERLAE 10.0 pg/kg KPR ik
A1 I D SE g, DUIR [DSCRCRAE S PEAG AR, X L B
BTAEAE . Cis. PSA. HIEEALIRSEZ AL B G
R RYROCR, B A IS TR B R L] BEECT iS5
s A, TR 50 Ak G YR nAR E e st g, DAt
WERE SIS I 2D REEHAE . SR M4 2 ThRESHE
LR, 280 H b B35 R4 T 80%~110%IX.
8], il SE R TR
224 KRB R4

ABIEGE AT T B RO A PEAG R 2 B, TS
TR ™ 8, bR 2 L AL 5256
ok, IR 28 B B AR v v, AR E it 2y
Jr2, DARRATR T v 2 (0 R TR0
23 FFEEWIE
FRAE W 4 At R AR B
TESE B BEE W BTG 0 25 1T, LAAS PR il B o e o
[ 50 FTAE RARUERS, Sk EE4L T 0.1~100.0 ng/mL
YRR, e B 5 FOXT R A TR AR Ze MG R RAT, PR A 44
X RBEIKT 0.99, HMAEH W3 3.
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#3 ZMAE RLER. 2R, ERMREEWERMEEE
Table 3 Linear equation, limit of detection, limit of quantitation, matrix spiked recovery rate and precision
o ST K H R k=N gz 1 WFR2 FR3 RSDs/%
s e RETR Aughke)  Nughkg) MR W% BR%  (1=6)
1 YRV AL Y=1.38249¢5X+1425.29323 (r=0.9985) 0.5 1.0 86.41 86.68 86.21 3.27
2 AT A Y=1.3256e6X+1.3451¢e5 (r=0.9976) 0.5 1.0 88.58 87.49 89.25 6.33
3 KR Y=1.9265e5X+4505.9770 (=0.9961) 0.5 1.0 98.82 99.09 98.62 427
4 oL Y=3.6184e7X+2.622¢6 (r=0.9992) 0.5 1.0 88.83 87.28 89.06 1.19
5 AR R Y=1.42345¢6X-3961.78390 (7=0.9986) 0.5 1.0 86.90 85.35 87.13 521
6 WLV R Y=1.349¢6X+1776.475 (r=0.9995) 0.5 1.0 88.53 87.89 88.76 2.11
7 ENLYUTY N Y=4.376e4X+2244.5604 (r=0.9987) 0.5 1.0 83.20 83.02 82.56 1.48
8 N U Y=6.3708e5X+3571.921 (r=0.9962) 0.5 1.0 84.91 83.36 84.27 3.54
9 WD A Y=1.1762e5X+3998.1210 (=0.9990) 0.5 1.0 120.21 119.82 120.01 6.16
10 NN Y=2.2526e5X+1755.63541 (7=0.9962) 0.5 1.0 97.61 96.06 96.97 0.59
11 MR D A Y=1.1965e¢6X+1.6234¢5 (r=0.9985) 0.5 1.0 95.89 95.71 96.12 1.36
12 KA ¥=1.23628e5X+1312.9332 (7=0.9988) 0.5 1.0 97.09 96.45 96.45 2.35
13 RS A Y=1.4489e5X+1253.6954 (r=0.9970) 0.5 1.0 92.65 91.56 92.45 4.42
14 Bivh 5 Y=1.71045¢6X+2.72672¢4 (r=0.9982) 0.5 1.0 86.20 85.56 86.87 0.97
15 FE UL Y=1.28433¢6X+96743.4996 (+=0.9991) 0.5 1.0 86.17 86.44 85.53 3.38
16 Ly Y=1523.923X-1423.07734 (r=0.9967) 0.5 1.0 83.60 82.05 83.83 4.11
17 LA+ Y=1.4534e¢6X-2242.4123 (r=0.9997) 0.5 1.0 94.39 93.30 94.62 8.16
18 VUGIE ¥ Y=5.2196e6X-4.9476¢5 (r=0.9987) 0.5 1.0 73.98 72.43 74.21 3.67
19 aEE Y=1.7143e6X+4.3767¢5 (+=0.9975) 0.5 1.0 85.42 85.24 85.22 1.28
20 TMER ¥=3.29365¢6X-2034.078 (+=0.9983) 0.5 1.0 80.93 80.75 80.29 8.83
21 hI AR Y=1.5965e¢6X+2.9815¢4 (=0.9979) 0.5 1.0 75.37 76.92 75.17 6.06
22 ZWHER Y=1.8131e5X+2.42483¢5 (7=0.9975) 1.0 2.0 74.81 75.90 74.61 4.23
23 SRR Y=5.43724¢4X-7464.4185 (r=0.9968) 1.0 2.0 83.36 83.18 84.03 7.17
24 MW E Y=2.26243e4X+6675.4653 (r=0.9968) 1.0 2.0 79.90 78.35 80.13 6.25
25 UIEZS-3 Y=4.7006e4X+3.5766¢4 (=0.9962) 1.0 2.0 75.17 76.72 75.40 1.02
26 Ttk JHe 2 T Y=1585.4366X+1253.1456 (+=0.9980) 0.5 1.0 92.45 92.27 93.12 7.15
27 Tith Jz s T o Y=1076.6614X+1220.3841 (=0.9977) 0.5 1.0 95.76 94.67 95.99 430
28 i e v Y=1910.0965X+9326.0575 (+=0.9976) 0.5 1.0 97.62 96.53 98.29 251
29 B FAEERE Y=5.6122e6X-2.31065¢4 (=0.9952) 0.5 1.0 94.67 94.94 95.34 6.24
30 fith i 222 Y=2.1405e6X+2.6237e4 (r=0.9968) 0.5 1.0 83.34 83.61 82.70 2.19
31 TR LR E Y=18264.4476X+2891.0276 (r=0.9980) 0.5 1.0 113.86 113.68 113.66  8.32
32 it g e Y=2.9452¢4X+1413.8384 (r=0.9990) 0.5 1.0 112.07 111.89 112.30 4.66
33 T " HWELE  ¥=2.3013e4X+802.6794 (=0.9969) 0.5 1.0 94.58 93.49 93.94 1.50
34 R AR Y=2.8451e6X+1461.0124 (r=0.9998) 0.5 1.0 97.97 96.42 97.77 0.67
35 REREIFSAMERE  Y=2.9843e6X-2.1569¢4 (1=0.9986) 0.5 1.0 81.47 81.65 81.27 1.72
36 T i R i e Y=1167.7813X+2642.2432 (r=0.9968) 0.5 1.0 92.38 92.65 92.61 3.36
37 i g o e Y=2.3633e4X-593.0573 (r=0.9955) 0.5 1.0 108.72 108.54 10939  7.26
38 i e S e Y=1168.9629X+1004.1348 (r=0.9960) 0.5 1.0 98.16 99.71 97.96 3.99
39 it e g Pk Y=2542.6352X+657.1304 (7=0.9985) 0.5 1.0 89.53 90.17 90.20 9.15
40 4 e ¥=5.834e4X+78.5302 (r=0.9970) 0.5 1.0 83.09 81.54 83.76 6.31
41 (LY ¥=1620.2827X+655.0692 (7=0.9970) 2.0 5.0 69.70 69.52 70.37 4.19
42 TR Y=2211.7653X+405.1209 (r=0.9994) 2.0 5.0 54.83 54.65 55.06 6.83
43 ] 5 P Ak Y=2531.7620X+143.1782 (=0.9968) 2.0 5.0 60.74 60.56 60.54 7.91
44 L Y=1333.1642X-206.8028 (+=0.9979) 2.0 5.0 67.87 67.69 68.10 5.44
45 Bz R ¥=2.6914e5X+939.0586 (r=0.9978) 1.0 2.0 94.16 94.80 94.39 0.08
46 FIRWR Y=1.82466X+1285.8467 (=0.9991) 1.0 2.0 99.42 98.78 100.09 1.13
47 ARHR ¥=5579.5760X+114.2512 (r=0.9976) 0.1 0.5 91.18 90.54 90.54 2.46
48 WA Y=5599.432X+176.912 (+=0.9976) 0.5 1.0 89.17 90.72 89.84 5.58
49 WA F Y=3474.2335X+508.1043 (r=0.9980) 0.5 1.0 86.17 85.53 86.84 4.82
50 &R Y=156.289X+1075.152 (r=0.9995) 0.5 1.0 75.71 75.53 75.51 2.63
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Fig.2 Detection results of 3 positive samples
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