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Abstract: This research prepared a selective adsorbent on the basis of SiO, glass beads bound with
zeranol monoclonal antibody and the method of immunoaffinity microextraction in a packed syringe
and high performance liquid chromatograph-tandem mass spectrometry (IA-MEPS-LC-MS/MS) was
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further developed to detect six kinds of zeranols (ZERs) in milk. Milk samples were centrifuged, and
the middle layer was extracted with IA-MEPS syringe and washed by ultra-pure water before eluted
with methanol. The eluent was concentrated and then re-dissolved by mobile phase. Finally, the
sample was detected by LC-MS/MS, separated on a Cj;z column with the mobile phase of water and
acetonitrile. Matrix-matched external standard method was used for quantification. The linearity of
six ZERs was good within 0.1~100.0 ng/mL, and the correlation coefficient was 0.994 3~
0.996 2. The average recoveries ranged from 50.40% to 68.34% at the addition level of 1 ng/g, the
intra-day and the inter-day RSDs were 4.87%~17.64% and 7.04%-~18.75%, respectively. The limit of
detection (LOD) and limit of quantification (LOQ) of this method were 0.05 ng/g and 0.2 ng/g,

respectively.

Keywords: zeranols, immunoaffinity microextraction in a packed syringe, milk, residual

determination
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Table 1 Moblie phase gradient program

i IKIERFRTE | CHERFR
/min % %
75

i &/ (mL/min)

0

5 30 70 0.2
6 30 70 0.4
9 75 25 0.4

132 skt Bk A g 2,
F2 6% ZERs MRIESHSH
Table 2 Mass spectrometry parameters for 6 ZERs

T miz mlz ﬁ]ﬁ% HLFE/ | A L HRL P/
(BFEF) | (FET) eV
20

302.9
a-ZAL 321.1
276.9° 20
302.9 10
B-ZAL 321.1 40
276.9° 15
275.1 20
a-7Z0L 319.1 40
159.8° 25
275.1 15
B-ZOL  319.1 40
159.6° 25
275.1 20
ZAN 319.1 40
160.8° 20
174.6 20
ZON 317.0 40
130.7° 25
W MR T
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Table 3 Matrix effect for 6 ZERs in milk

a—ZAL 1 627.44 1 666.06
B-ZAL 1 309.65 1257.01
a-ZOL 981.82 518.16
B-ZOL 1154.83 806.16
ZAN 599.89 770.04
ZON 444.68 309.89 143.50

2,14 AR ey ) TR IR O T D D A AR
Mk, TG 1E] A 5 R R OC R R, AT L R4
MG AT, A R L3 4, 78 TAR WO =ik
9 0.1~100.0 ng/mL B ,6 Fl ZERs Zet: ¢ & R A4F, AH
e R HAE 0994 3~0.996 2, 1 LU T & AT

22 REBFEMESEEERE

2201 whkEEZER K1 ARELIM A
FE 22 TH RN A IR b Be AR i — A RE R T 0 B BE
HE R, BUBE A R 22 S R W) 28 0o I TR AR Bt
e 2 A bakkm, A RRERENEL, 5
e SR A S N ik s - AR EX (SR IR NS
A,

222 HEF WE 6 Ff ZERs A& WL #£ 5,
FEZS A 0.284~0.429 ng/mg, 5 TAC M HLAE 7 = 45
K, A5 5 G928 5 I P14 H AT 25 B 38 i T — A%,
ORI AR A AN 2 R R v, R AR
D7k T4 ZERs Rz
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Table 4 Calibration curve, the detection limit and quantification limit of method

Jot 8 Wk B/ (ng/mL) =5 75 2 HHIE R B (R?)

o B/ (ng/g)

7 1R/ (ng/g)

a-ZAL 0.1~100.0 y=0.873 4x—-1.489 7 0.996 2 0.05 0.2
B-ZAL 0.1~100.0 y=1.085 8x+0.378 7 0.994 3 0.05 0.2
a-Z0L 0.1~100.0 y=1.407 6x-2.946 8 0.994 3 0.05 0.2
B-7Z0L 0.1~100.0 y=1.054 6x-2.642 8 0.994 8 0.05 0.2
ZAN 0.1~100.0 ¥=0.998 8x+0.092 9 0.995 9 0.05 0.2
ZON 0.1~100.0 y=0.974 5x+2.538 6 0.995 9 0.05 0.2

(a) REALHH A rER

(b) HIBCATUAR) — Atk
B1 —s4AEREREARE
Fig. 1 Scanning electron microscopy of the silicon dioxide
surface
x5 6T ZERs T RERR B H
Table 5 Retention time and column capacities of ZERs

G BT HE45 5/ (ng/mg)
a-ZAL 3.459 0.284
B-7AL 3.040 0.294
a-7Z0L 3.558 0.386
B-Z0L 4.280 0.365
ZAN 4.222 0.429
ZON 4.050 0.338

23 FHERIE

231 #enlfRAE FrR FE 150 RS ETAEE Y
J7E R 1.3.0 (RS 2 VR A BRRE 5, A5 2
i, 53R W% 4, LM LOD 4 0.05 ng/g,LOQ N
0.2 ng/g,

232 FH @K FERAFEE 6 M ZERs 191 1H
W 50.40%~68.34% (I35 6), 5 FH At HT AL 227
VAR L S R AR, (HR AR kTR B —
B, BRI A R B sk IR i A D

FLE AT B AT, PR T LAAE MG ZERs
5 R B kY, H N RSD N 4.87%~17.64% , H ]
RSD 4 7.04%~18.75% , #IK T 20% , 15 & 245 ¥ 5% ¥
e AR o TA-MEPS 7] DL 5 3 5 5 AH 4 42 50 9 H 30
PR T T ERMIRZE BARFMWER
PERI TA-MEPS J5 % P45 5 3 5k 40 17 2 11 R i g
FPH . IFRAE S 28 TA-MEPS U5 | (0,3 1 i
KA, W IA-MEPS 81 B A% 55 5 5% mi 7 R 44
Hhw LAk ZERs, A5 ik 5 HAL 7 A L BT
FEAS /N A7 HLAE R 0 ek 2 & 1715, i Ak B
B4 50 T —2F, J&—Fh PR3 A U B T4 3 7 3%
16T 2 240 b B R LS IR B 507
F6 SRS ZERs BT ERERBEENE

Table 6 Average recoveries and precision for ZERs in

milk samples

o ﬂ”f}“g/i SFAEC | F 1 RSDY | R RSD/
(ngfe) R/ %

a—-ZAL 1 57.23 10.11 17.47

B-ZAL 1 50.40 8.94 17.95

a-7Z0L 1 68.34 17.33 18.75

B-Z0L 1 58.98 5.28 17.16
ZAN 1 52.82 17.64 18.00
ZON 1 63.86 4.87 7.04

W H N RSD WY n=5; H 8] RSD i n=3,

L3 = i

AR IR R K R B B B o B BT AR 1 AR AR RE AR
SRy S 28 B TR 2 5 I R A ST TR I A
w6 A ZERs B TA-MEPS-LC-MS/MS 773 , Aij4b 5
Bk ) g, A AL ARl A 2 o 48 19 TA-MEPS 1] L,
A, AL, B, 5 B 3R 4 )
ARLSEEL A sh A B, R M, e — R IR BT AU
T i AT A ER

LRSt A SIL 2023 FE 42585



ZHANG Xinda,et al: Determination of Zeranols in Milk Using Immunoaffinity

Microextraction in a Packed Syringe and High
RESEARCH ARTICLE Performance Liquid Chromatograph —Tandem Mass
Spectrometry

[ IRz m,%fﬁ Wk, 4. QUEChERS- Ry 28U (31 - 3 19 305 0 5 2= W v 6 i 5 K Ol A B 2 77 K [J]. A A1 24,2019,40
(10):304-310.

[2] CARLA M T,PAOLA M P,SILVIA N S, et al. Simultaneous multi-residue determination of twenty one veterinary drugs in
poultry litter by modeling three-way liquid chromatography with fluorescence and absorption detection data[J]. Talanta,2017,
167:442-452.

[3] EMA, XIMEZE, ki ml, 45 sh i I PE 2 b b 65 BB 20 5% B i DOs A i J vk [0, i S5 24 W H R 2% 412 ,2020,39(4) . 102-111.

[4]SUN X, TANG Q,DU X L,et al. Simultaneous determination of ractopamine , chloramphenicol , and zeranols in animal-
originated foods by LC-MS/MS analysis with immunoaffinity clean-up column[J]. Food Analytical Methods,2017,10 (10):
3239-3246.

[ 5] 8Kk, 5KH5 , A Bkate , A5, 14 5 4 S0 4% B0 A0F 5 00 e R 0% FH i e [0, o I 8 2 4% 5, 2017, 53 (6) - 80-84.

[61FhE  BRAF ., FERAMS 55, 52 & S e sk PR VAL - WROAH €335 - o IR B30 06 0 5 S TR AL it vh 6 i e it 2 28 3RORT 6 A K o
g WS R AR B AR (D], 20 M4, 2016,44(6) : 970-978.

[7 1 W, 2= R, BRAF 2, 2 SR i AT i Ak - w55 Z8OMOAT (0 138 125 [ g 4Gz I X8 2 b 6 b K o s Wi 28 AL 5 W 5% 1 4 0], (3,
2012,30(10):1021-1025.

[ 8 1] SANGELA N C,JOSIAS M,EDUARDO C. Bract as a novel extraction phase in thin-film SPME combined with 96-well plate
system for the high-throughput determination of estrogens in human urine by liquid chromatography coupled to fluorescence
detection[J]. Journal of Chromatogr B,2019,1118:17-24.

[9] VALERIE P,AUDREY C,NATHALIE D. Immunosorbents in microextraction[J]. Trends in Analytical Chemistry,2019,113:
246-255.

[10] ZHANG X D,WANG C C,YANG L Y, et al. Determination of eight quinolones in milk using immunoaffinity microextraction in
a packed syringe and liquid chromatography with fluorescence detection[J]. Journal of Chromatogr B,2017,1064 :68-74.

[11] YAO K,ZHANG W,YANG L Y,et al. Determination of 11 quinolones in bovine milk using immunoaffinity stir bar sorptive
microextraction and liquid chromatography with fluorescence detection[J]. Journal of Chromatogr B,2015,1003.67-73.

[12] ZHANG J,WU W F,SONG Y F,et al. Homogeneous assay for zearalenone analogues and their docking studies with
apo-/holo-estrogen receptors[J]. Analytical Methods,2019,11(2):192-199.

[13] Al Al , 52 3 00, 45, AHZEIB0 - WOAH (3l - o OB DI v 0 B A B0 B R b 16 b iUt HE 26 4k & W [0]. 64315 ,2016,34
(7):708-714.

[14] SUN X, TANG Q,DU X L, et al. Simultaneous determination of ractopamine, chloramphenicol ,and zeranols in animal-originated
foods by LC-MS/MS analysis with immunoaffinity clean-up column[J]. Food Analytical Methods,2017,10(10):3239-3246.

(157 f] g , 32 % , Wi, 45 1 A5CTROAH €8 1% - B 006 5 35 vk 0 o2 30 W JHEIE v 20 A4 ke B 2L B W D). 43 B fk 2 ,2015,43 (1)
40-48.

[16] WANG Q,ZHAO H,XI C,et al. Determination of chloramphenicol and zeranols in pig muscle by immunoaffinity column
clean-up and LC-MS/MS analysis[J]. Food Additives & Contaminants:Part A ,2014,31(7):1177-1186.

(171 B IR E, SO G , 2% 45 8 i s8OBORE (1 - A3 0BG 505 V6 A6 0 4 P9 vh 2 56 24 5k B (D], &2 5 AR W HR 25 41 ,2020,39(7)
44-50.

[18] WANG C C,YANG L Y,LI N,et al. Development of immunoaffinity solid phase microextraction rods for analysis of three
estrogens in environmental water samples[J]. Journal of Chromatogr B,2017,1061:41-48.

[19] F 3=, VIR AL, 2 5, A5 B 98 3% 01 TR AR A8 I - 8w 280 AR 3% - o I B 335 32 W) BP0 5 4 W0 vy 6 i K R B B 6 A 5
FREA[J]. 141 ,2018,36(6) :566-572.

[20] H A N TR A1 ] ) 5 J0 e W A B A 3 ) o [ ) s o AL 8 IR D3 2% gl 5P £ T R K R e T R T A 1 DU AR
o - FR IS 1 . GB/T23218—2008[S]. Jb 5T . v [ b v i 41,2008 . 12-31.

JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol. 42 Issue 5 2023



