§42% 6] Jit 3 2 iR Vol. 42 No. 6
20214E11 1 Journal of Chinese Mass Spectrometry Society Nov. 2021

I EES -5 0 PRI
REFEIADFIMEZKE

Mo WU KRB IR AR AR AT R,
#OLERED, EHE TR R
QL EEFERF P2 S TR ZE IR T8 266003;2. 1 Bl REAR O IR 5 2660025
3. POUURMIG KL GHEA PG, 20 Sk 66610054, MR A RO IR HEY5 261041)

FEE ST TS B - 2 BB (DART-Q-Orbitrap HRMS) gk b 46 0 3L A% o 32k 5k
itk DART #2688 1 A0 IRLEE A% B2 45 25 8 2R T QuickStrip (QS)#F & R BT I, u’ﬁ”:mf’ﬁfj
BB TR 400 °C LR EE 1 mm/s, (5 F DO AR AT -5 7 I8 BE B3 Bk i 43 9% 3 A (Q-Orbitrap) 78
IE B P T AR AT . S5 R I 7 VA AR 0% 50 B 16 Pl 0488 e 285 | v 45 T 2 R R 3R D9 IR 2 Bt
A 3 11 0 A G B A PR VR B K F-A 100 pg/ kg [T AE 72,596 ~106. 7% Z ] B B PE <520, il
Jeb 2 B A ol ARG U 30 E T UL O A VR R RT AT R . 3% 07 1 T AL R ORT R L 43 0T R DR L 45 R AT AL AR B i R L
A3 T AR 2R R B R A A BT IR

SRR LM BUAE KRR 5 SCHE B S AT (DART) 5 0 43 B 1% 5 0 75

hE S EE.0657. 63 LR EMN A NEHRS1004-2997(2021)06-1014-11
doi:10. 7538/zpxb. 2020. 0119

Rapid Screening of Antibiotic Residues in Milk Powder Using Direct
Analysis in Real Time High Resolution Mass Spectrometry

YANG Fan', ZHANG Lu-qi*, ZHANG Hong-wei’, JI Ren-chun®,
ZHANG Xiao-mei’, XU Hui’, WANG Feng-mei*, WANG Yan-ting’,
GONG Xiao-ming', XU Jie'

(1. College of Food Science and Engineering .

Ocean University of China s Qingdao 266003, China;

2. Technology Center of Qingdao Customs District, Qingdao 266002, China;

3. Technology Center of Xishuangbanna Customs District » Jinghong 666100, Chinas
4. Technology Center of Wei fang Customs District » Wei fang 261041, China)

Abstract: Antibiotic residues in milk powder are public focusing concerns relevant to
food safety. Long-term exposure to antibiotic residues will lead to drug-resistant strains

in human body, reduce body’s immunity, and bring health hazards to consumers. Sul-
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fonamides, (fluoro) quinolones and macrolides are high-frequency detecting antibiotic
residues in matrix of milk powder. Rapid screening analysis of these residues and simul-
taneous confirmation with high confidence are valuable in practical scenarios of investi-
gation testing, special monitoring program and so on. The direct analysis in real time
(DART) ion source is an emerging technology of ambient pressure desorption ioniza-
tion, it can directly complete the analysis of sample ionization and injection at the ambi-
ent pressure and open experimental environment, without changing the properties of the
analyte itself. It became possible to analyze samples directly with minimal sample prepa-
ration steps or even without any sample pretreatment procedure with DART ion source.
A hybrid high resolution mass spectrotmety, quadrupole-orbitrap high resolution mass
spectrometry (Q-Orbitrap HRMS) is a powerful tool in veterinary drug residue analysis
with superior specificity, accuracy and sensitivity. In present study, DART ion source
was hyphenated to Q-Orbitrap HRMS to perform rapid screening analysis and simulta-
neously unambiguous identification of the above-mentioned antibiotic residues in milk
powder. Sample was diluted in water and fast purified by filtering solid phase extraction
column and then the filtrate was subjected to DART-Q-Orbitrap HRMS analysis. Sever-
al key parameters of the DART ion source, such as ionization type and temperature, as
well as injection speed of DART ion source were optimized to enhance the performance
of the method. Then, a QuickStrip (QS) Module was selected with the helium as carrier
gas and ionization temperature as well as injection speed were set to 400 °C and 1 mm/s.
respectively., The DART ion source with optimized settings coupled to Q-Orbitrap
HRMS was finally applied to screening analysis. Results showed that 16 common-en-
countered antibiotic residues including sulfonamides, (fluoro)quinolones and macrolides
can be effectively detected with the screening concentration of 100 pug/kg. Recoveries of
the analytes ranged from 72.5% to 106.7% and the false negative rates were all less
than 5%. Real-life sample analysis was finally conducted by the proposed method with
an expected method performance, evidencing the potency of the developed method in
risk monitoring in milk powder for veterinary drug screening analysis. It should be men-
tioned here that the screening concentration of 100 pg/kg is a compromised concentra-
tion for the sake of some less sensitive analytes to provide reliable determination of the
antibiotic residues with the proposed procedures. It is, however, quite meaningful con-
centration to indicate the existence of high risk level of corresponding antibiotic residues
which need to take actions. In total, the proposed method can play a role in risk monito-
ring laboratories and relevant industry institutions.

Key words: milk powder; antibiotic residue; direct analysis in real time (DART); high

resolution mass spectrometry; screening analysis
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Fig. 1

Ionization effect of the analytes in DART ion source at the temperature of 300, 350, 400 'C



1018

it i 2 4

a2k

JE AR 23 00 B i A B A A s B ik
T R B A RO R AT R TN, R
OB R . SCERIA IR UE T 450 C Y B TRk
o R I U 238 R I 7 AR B Ak SR R
HOXEH TRES &S A S H k& 450+
O3 AR AR R DRI S B0 B bR ) AE BE R
B A R, B AR SE IR k£ 400 CHE
R B
2.3 HHEERIERE

QS ¥ R 3 FE X DART 2 5 i R
BECRE 1Y) B ) R A S 3 ) 75 B R A U Oy
0.4.0.6,0.8,1.0,1.5 mm/s B i 5 F 1k 3L
o GO HTal A R T R I BT A
DA U 4 2 | L B B0 B — 08 ) 1 OO0 5 R R ok
PRI B A BT % 9 508 0 b o DA 3 e i
AAREE R TT N . BRI A SR EEHE 1.0 mm/s
1R R

FHEIE B M, % DART-Q-Orbitrap
HRMS 73§ B} 288 B0R00E 30 42 {f A A fb 1)
A R 2 AT B RSO I T 4 R TE AR
T S w1 AN R N N 81 R T 9
ANEEE T n] DL R o XU i A5 e H
NI/l DA 32
2.4 FEWIE
2.4.1 GEVESHTIEAR AL R ST
R T 0 1 15 - WA Oy s 4 5 P 8 L SR )
8 R o PR R R DL C Yy S AT U
Bk BRI R 1) 4B 0 Y T A1
WRE<CS X107°52) HA 54+ 8+ 15 AH
(IR E 2R 43 A1 5 3) S bR b 1% A LU AEAE 2 A
Jo R A <5 X100 AR AR B R
ARSI % A5 FRE L IEAT U N (100 pg/kg) o f
DART-Q-Orbitrap HRMS R4 1T 1E & T+ —
K A ISR T 16 A H R
WE 4 ¥ B W om0 S B A L DL S R
WERE TR 1, Al X R 2ZEHTE 5 X
107 AR AR AERE Fr 8+ 5 S5 50 = A AR o v
TR R B PR DG C A 4, T LA S A O Bk B
Wy J5T ) T A R A AT
2.4.2 i g BRA BE AR RO R BEE 20
A JFUBAE A TR A BRI 4 1 AR
A EREE S T3 3 A D B FE & AR 2K P o1

B 10.50,100 pg/kg, 4 A FE b 38 3147 47
D2 2% 23 T B AR i 1A 25 7 76 25 AR A o)
L B4 $5e KABAS /N T IbR A it e w57 1) 5 /)M B
FABRBAYE . 7E 100 pg/kg ¥ B KT L B XU
U R AV K2 B Ah LA I 0 A 00 1) Al B
BIRE VIR B K% BLAE 20 RN &
A 1Y BT 4R BUHT R B e R 1
{50, o R 0033 PR 20 BT 0 X AR R R R TR Ao
T2 5 A N7 K RS o e AR T R S
M) 7 T o AT O ST 6 A o R O TE A R
TGO, 45 5 F 36 2. ARIE R 5 T i A&
7 TR 0 A PR B K P TR BLBA 1k R i R T
ARG HAR T YIAE 100 pg/ ke W FE TR (14
FF 1 228 341 <5 00 0K AR T 3k 1 i e B vk B2 7K -
BE N 100 pg/kg, %5 T & 4 003k JC 1 £l
o W L HE 5540 BT 0 19 O Bk R (LOD) , A
W 25 43 B 1 B R R e BRI A 7K ST R BCES T
V14 ) 7 15 50 CFE R I A 7K S 19 T A i i oA
W ELASE e D) #EAT AR R L 45 2R 81 T3k 3.

¥ 1.5 45 05 o0 FLR A5 11 5 R AT R Ab
PR ARAR TS BRI R Y TR A
WK F-H 20.50,100,150,200 pg/kg M5 E
W I HEAT 6 A A RE S A VS I [l e S 5 fiff
) 55 11 35 T A o fh £ AT 0 AT L A o i 2R
eERB A 0,992 1~0.998 8,4 734 H R
Wiy B AL 72, 5% ~106. 7% 2 [ . i % fy
BHPmERTHE 2,

T TR R [0 RN 2 O A T T i
AL AR B o R B9 51 A AT E S 5 220 R
TR EE L 2% .

2.5 ERRFEmMEN

fifi F A Ty i bR i A 193 40y Tl B LR 7
16 AR LA R AR A 1) AR E
BHAEAE i I — G4 471 41 2 U B R o i
Bl 53l F 3 FE 4,

f & 3 7] I, 7 DART-Q-Orbitrap HRMS
— R IEEF MR R m/ 2
291, 145[M+H 1" 4y 7 85 08 , T35 4R i
PEZ RS 18 T MR T om/2 123,066,
261. 097 FRAEHE F i 1, XF BE © # o i |
WE 2 23 PR BTG A5 B % B e S b S A
ANIE,



1019

e e 0 4 L TP 2 0

i

5y
H

i

Bt

i

Vis

SN B AT

7

5564

VEVT "622°8LEE 009 76 °0— 22ELV 828 00V 828 G-12-97891 STONH D upAwesof ¥ Q3 91
GZTT "TL18L97 969 €8°0— 09245 "698 Z€€LS 698 0-76-05080T SIOIN P H "D utsooruqy, H & ST
0TS0 "€€Z°TV0T "S62 9¢ ' T— 17251 "96¢€ G62ST "96€ €-€9-LT9€TT FO N FT PN 6D UReXoIqI() H G H A
1820 °202° €680 "022 90 72— 98980 '292 0%280 °292 9-62-G£82¥ FONLAYTH D sumbawiny] Fif ¢ W €l
2050 "L81°8090 *¢0Z 02— SY160 °€€3 L0260 °€€2 Z-80-68¢ FOPNPTH D pioe JIXIpIeN % 237 A
G680 "TSZ*ST2T "262 0r ' 1— 2L2L1°€6€ L2€L1"€6¢ 8-98-1.8011 FONCIPH O unexojjreds & G i1 1
660 °662°69ST "96¢ 0z °'T— ¥29¥1 °00¥ 2L9%1 °00% €-L1-90186 FOENZISTH 12D URXOYJI( F 42 HE XK 01
0070 2028090 "L12 9¢ ' — €9690 €92 $2990 °€92 6-08-15982 COINCTH D upexou) F {44 hd 6
9021 "€82°€991 V1€ ANE 796GT '86¢ GT9GT "8%¢ 0-80-86€211 FOENLIPH 61D upexo[our(] ¥ 2 HLf 8
8110 "9ST*¥420 061 99 "T— €670 592 L€GL0 692 L-6L-121 STO'NAH D oulzeIoWRIING ) % T ¢y W L
8110 "9ST*6980 “¥81T 781 — 10790 062 LV190 062 Z-€8-IV1 SYOSN'"H "D sutptr&deying 2 i 2ff iy 9
£990 "€21°8460 "192 07 '2— ESTVT 162 LISVT 162 G-0.-8€2 FONSTH O wdoyiow ], 2 36 gy g
€220 "812°€€0T "S¥2 08 T— 62080 'TT¢€ 68080 "T1¢ 2-11-221 STO'N'TH O PuIXOYIIWIPRING i i W phy Tl ¥ i
1€20 "6VT1*¥¥10 702 €2 1— 89060 6.2 20160 6.2 1-89-46 STO'N'TH O ouIzeIoWeRING I Fn fhy — €
TPP0 "80T“8TT10 "9ST Sz — 09690 "187 620L0 182 6-90-1¢9 S*O'NAH "D sulzelpAXoyIWelNG | F W py (fx)-S- 2 3 Z
8TT09ST*L1T0 9.1 €8°7— 10650 "1¢2 2L650 152 6-G£-89 SEONOTH 01D ouIzeIpeIING ) Fu i 3 I
(3 /ut) 90T X /10119 (7 /ut) (2 /ut) . S y— on

En:. HCwEMwum O>CN~QNH ﬂwu:w@wz ﬁmuﬁwuomﬁ*vﬁ buﬁ%%*ﬂ_\v Vu\u*%ﬁ @*Wﬂ%%&vﬁ\% _m_ brwt

S5 M 223 WE [H+W] W3 - [H+W] R Y ” N

Suor judwSe.y dMISLIddRIRYD pue sojA[eue 9] JO SIYSIOM JB[NII[OW PIINSEIW PUE [BINAI0Y], [ d[qel

FEHBAMH TN B MESE P EEL L LG WL Edd 91



1020 It T R o
x2 16#WHBHRSMYZREFENEMBAMEE
Table 2 False negative rates of 16 analytes with optimized method
e H b 4 [FATEVE 25 FURE ARG B T SR i S HH % 1Fi|5ﬂ‘f*k>$
o, Anslyte Number Detected number Detected number False negative
of sample of blank sample of spiked sample rate/ %
1 ik i s 20 0 20 0
2 T JF-5- O ) P 46 20 0 20 0
3 ik iz — R 20 0 20 0
4 il i — Y 4o 20 0 20 0
5 G- 97 20 0 20 0
6 i Ji v W 20 0 20 0
7 ik Ji P s 20 0 20 0
8 FHEY & 20 0 20 0
9 PiE D R 20 0 20 0
10 MR D K 20 0 19 5
11 GILERd 20 0 20 0
12 LEE R 20 0 20 0
13 9, g 20 0 20 0
14 BRI E 20 0 20 0
15 BokE AR 20 0 19 5
16 LR 20 0 20 0
316 T BARSHTUI7E 05 2 R R Bk F TR 34 B R i R
Table 3 Average recoveries of 16 analytes at the level of screening concentration and limits of detection
e H R4 5 -2 Il i *E%J:ﬁ‘/ﬁ%% FFQ&KE
No. Analyte Average Relative standard Limit of
recovery/ % deviation/ % detection/ (pg/kg)
1 i e e 77.6 15.3 100
2 i Jie-5- O ) P 4 5 i 78.3 16.7 50
3 ik frie — Y g 74.5 16. 4 50
4 il P — R 4o 81.8 16. 2 50
5 4 e 75.3 15.8 100
6 Tigk iz Wik e 74.0 17.5 50
7 it i PR 5 s e 106. 7 15.4 10
8 FHE T B 79.0 16. 8 10
9 PO B 74.3 15. 4 10
10 BRI B 72.5 15.7 50
11 G 78.2 15. 6 100
12 ZRIEIR 75.8 16.7 100
13 L H s 76.7 16. 8 50
14 LNiU) - 80. 4 17.0 100
15 HoAkE R 77.2 15.9 10
16 TUER 90. 1 15.5 100
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Fig. 2 Extracted ion chromatograms of 16 analytes residues in the spiked milk powder samples
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