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Abstract: In the study, the accuracy of the detection results of multiple veterinary drug residues in animal-derived
foods was evaluated based on the microarray biochip kit method . The microarray biochip kit method was used to determine
the residues of quinolones, tetracyclines, florfenicol, sulfonamides, and trimethoprim in five animal-derived food matrices,
including chicken, fish, pork, dairy products, and honey. The detection and quantification limits of the biochip kit method
were examined, and the accuracy of the results was evaluated. The results showed that the detection limit and quantification
limit of the 5 types of veterinary drug residues in the 5 food matrices all met the requirements. Three matrices including

fish, honey, and dairy products were selected for spiking detection, and the spiked recovery rates of the 5 types of veterinary
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drug residues were in the range of 72.58%~119.87%, with RSD values ranging from 0.21% to 22.49%. Compared with the

confirmation method, there were no false positive or false negative results, and the accuracy was good. The results indicate

that the biochip kit method is rapid, requires low cost, and has accurate and reliable results and broad application prospects in

simultaneous screening of multiple veterinary drug residues in animal-derived foods.
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Fig.1 Scanning results of detecting 5 types of veterinary drug residues using microarray biochip kit
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FAFEEEY PO IEIGUE AR SN 58, 5 B2 kG Table 3 Detection limit and quantitative limit determination
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Table 2 Detection limit and quantitative limit determination 3 0.14 297 3.78 1.13 0.50
results of chicken matrix
- ~ - - 4 0.19 3.29 1.26 0.13 0.06
mY CRER WRE AFRE B FATR
5 0.21 3.61 2.29 0.58 0.26
1 0.16 1.30 2.20 1.32 0.33
6 0.19 1.13 1.58 0.85 0.04
2 0.24 1.10 1.80 1.35 0.20
7 0.12 0.79 0.68 2.36 0.24
3 0.23 2.70 3.00 0.81 0.39
8 0.24 1.36 3.75 0.61 0.68
4 0.16 2.70 1.70 0.12 0.05
2 1. 1. . 4
5 0.15 2.60 2.90 0.45 0.36 ? 0-20 53 87 070 049
6 023 1.20 110 135 0.04 10 0.39 4.26 2.73 0.71 0.13
7 0.20 0.90 1.20 1.89 033 11 0.10 0.85 1.53 0.06 0.18
] 016 1.40 250 075 045 12 0.29 2.45 2.06 1.17 0.45
9 027 210 1.80 1.29 036 13 0.21 3.94 2.43 1.50 0.17
11 0.19 1.30 210 0.06 0.36 15 0.17 0.75 1.15 0.56 0.05
12 031 2.50 2.00 1.35 0.33 16 0.28 2.20 0.78 0.42 0.50
13 0.20 2.90 2.50 1.56 0.20 17 0.19 2.23 1.86 1.15 0.28
14 025 080 1.80 0.36 0.29 18 0.12 0.79 2.81 1.16 0.28
15 0.18 1.50 1.80 1.05 0.04 19 0.11 2.44 2.67 1.64 0.47
16 0.31 2.20 1.20 0.33 0.39 20 0.34 1.76 2.18 0.32 0.49
17 0.16 2.40 3.00 1.98 0.23 ﬁ/ﬁ% 0.08 113 089 0.61 018
1%
18 0.17 0.60 1.90 1.71 0 S
AR/
19 0.15 2.90 2.70 1.17 0.36 (ng/kg) 0.45 337 4.73 2.79 0.82
ng/kg
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___________________ RIS 36 qen1 1419 837 247
s (ng/kg)
;//% 0.05 0.77 0.59 0.56 0.11
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e BR, W LMR BT i 2 8 2 BRI R R, TR AS
J(na/k 1.09 12.59 11.60 8.14 1.87 N
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x4 BAERMRLIRFESRNESR (ng/kg) * 5 FFBERMKEHRIMESRMELER (ngkg)

Table 4 Detection limit and quantitative limit determination Table 5 Detection limit and quantitative limit determination
results of pork matrix results of dairy products matrix
%y CRET WRE RFRRE Ak FTAFTE %y CREI WRE RFRE Ak FTAFE

1 0.23 1.44 4.56 2.16 0.15 1 0.54 1.03 222 2.69 0.43

2 0.41 0.58 1.14 1.05 0.22 2 0.61 0.97 0.02 3.16 0.23

3 0.11 3.00 2.04 1.02 0.54 3 0.73 1.13 0.90 243 0.30

4 0.29 3.66 0.96 0.07 0.08 4 0.61 1.94 2.61 1.11 0.07

5 0.23 3.83 3.37 0.31 0.16 5 0.53 2.38 2.18 1.24 0.48

6 0.27 1.16 2.15 0.50 0.03 6 0.57 0.25 0.47 2.16 0.04

7 0.12 1.02 1.01 2.76 0.14 7 0.43 0.18 0.86 227 0.61

8 0.32 1.06 2.06 0.39 0.49 8 0.41 0.32 1.78 1.43 0.50

9 0.22 1.63 2.30 0.58 0.51 9 0.83 0.09 0.83 2.37 0.67

10 0.51 6.18 3.95 0.73 0.18 10 0.80 3.58 2.44 3.26 0.19

11 0.14 1.26 1.33 0.04 0.15 11 0.42 0.04 1.90 1.05 0.28

12 0.34 1.98 2.72 0.62 0.40 12 0.53 3.50 2.08 3.34 0.28

13 0.30 3.51 1.62 0.97 0.09 13 0.55 2.51 1.38 3.31 0.37

14 0.47 0.56 0.85 0.48 0.20 14 0.60 0.38 3.06 1.42 0.22

15 0.23 0.46 1.67 0.57 0.03 15 0.53 1.49 1.87 1.88 0.02

16 0.32 1.63 1.17 0.40 0.50 16 0.46 0.58 0.53 1.46 0.29

17 0.10 2.66 1.08 0.59 0.36 17 0.44 3.03 1.09 2.39 0.17

18 0.06 0.40 1.74 0.63 0.23 18 0.43 0.18 1.74 2.18 0.52

19 0.07 2.58 1.71 1.06 0.54 19 0.45 1.29 0.63 2.16 0.70

20 0.23 2.02 222 0.36 0.66 20 0.66 1.18 2.59 1.72 0.53
#j;/i;f] 0.12 1.42 099 0.64 019 ------ *j;/{;f] 0.12 1.13 083 0.72 020 ------
}f(i:jkt)/ 0.62 6.29 494 2.68 086 ...... }f(/igjlz)/ 0.92 4.68 404 432 094 ......

AR/ 1.87 18.87 14.82 8.04 2.58 AR 2.77 14.04 12.13 12.95 2.82

(ng/kg) (ng/kg)
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R 6 BEERWKEHRMEEMRMNELER (ng/kyg)

Table 6 Detection limit and quantitative limit determination

results of honey matrix

x7 £YSHEFEZNRHRMESRERCE (ngkg)

Table 7 Summary of detection limit and quantification limit

results for biochip kits

mYy R WRE AFRRE A FATR
1 0.12  0.64 0.41 2.06 1.06
2 021  0.66 0.36 2.02 1.56
3 0.08  0.63 0.47 0.10 1.94
4 0.15 125 0.46 1.18 0.61
5 0.17 100 0.71 1.17 1.74
6 027  0.63 0.26 2.19 0.94
7 0.19  0.63 0.24 0.09 1.98
8 0.13  0.63 0.49 2.10 0.69
9 0.11 0.97 0.30 0.22 0.60
10 0.19 092 0.43 1.10 0.92
11 0.14 082 0.56 0.07 0.94
12 0.23 0.85 0.44 1.12 1.13
13 0.19  1.03 0.54 0.04 1.19
14 013  0.62 0.32 2.15 0.82
15 0.11 0.80 0.45 0.09 1.17
16 0.16  0.85 0.36 2.06 0.58
17 012 1.09 0.49 0.25 1.17
18 0.09 0.66 0.39 1.20 0.85
19 0.09  1.02 0.41 2.19 1.75
20 0.18  0.65 0.26 0.24 1.35
’;ﬁfﬁ’ 0.05  0.19 0.11 0.86 0.43
ﬁ;ﬁif 030 138 0.75 3.65 2.44
RERS o1 414 2.25 1096 733
(ng/kg)

WK 036 420 387 271 0.62
BH 045 537 473 279 082
el R 062 629 494 268 086
LA 092 468 404 432 094
%030 138 075 3.65 244
K 1.09 1259 1160 814 187
BR 136 1611 1419 837 247
ZEM A 187 1887 1482  8.04  2.58
FUHlse 277 1404 1213 1295  2.82
%% 091 414 225 1096 733

& 8 HEHAMIREIRER
Table 8 Results of spiked recovery rate in honey

LA

% DAY Y A1 I -

(ng/kg)  (ng/kg)

F ek
/%

RSD/%

BAgE

5.83
5.65
5.88

115.73

2.09

10

8.56
11.15
12.32

106.77

18.02

6.00
5.64
5.88

116.80

3.14

10

13.30
10.55
11.81

118.87

11.58

WIRE

6.23
5.56
5.75

116.93

5.91

10

10.15
10.79
11.84

109.27

7.81

4.96
6.00
5.79

111.67

9.85

10

12.65
11.55
11.76

119.87

4.87
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gks8

LH K

NAKE/
(ng/kg)

S MMEL/
(ng/kg)

F =k

/%

RSD/%

RFRE

5.72
5.11
6.05

112.53

8.48

10

10.30
12.65
12.30

117.50

10.79

5.45
6.00
5.71

114.40

4.81

10

11.04
12.15
12.09

117.60

5.31

e = 7 %

10

11.84
9.75
11.10

108.97

9.73

20

17.75
20.55
18.13

94.05

8.07

10

11.36
12.41
12.09

119.53

4.50

20

21.73
21.65
20.97

107.25

1.95

=)
il
A
pa

10

11.30
10.47
12.19

113.20

7.60

20

13.96
17.95
17.43

82.23

13.19

10

10.05
11.56

11.22

109.43

7.24

20

20.35
19.84
20.52

101.18

1.75

2.3 EHEAEE K

NP AR RS B KR 20t S B RE i R 23 HT e
73, GEFHREE . AN LA A A PR A AT
T 5 EAE 2 K 3 AT AR SRS, bR
FEPR S, EP DR, R R. wWRe
AR 5. 10 pgkg, T — L
CRIE R INFR KT 100 20 pg/kg s FRIH ETEYD
BLOVUFRER. #WoRJE %, hfie — HREminE . AR
WE FANFR AT 504 100 pg/kg. FLi 5 A )4 25 5%
B BR 5 25 A 3k o 1) IR B 25K . LA el b R VD
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LR M2 8~10.

&9 BRHRMAREYRER
Table 9 Results of spiked recovery rate in fish

AR, FERMES FHEK
) RSD/%
(ngke)  (ngke)  E/% &

65.50
50 41.34 109.76 22.49
57.80

L L

90.49

100 89.10 91.05 2.50
93.55
35.94

50 43.34 83.35 12.27

BAEE

45.75
89.07

100 73.60 85.06 11.84
92.50

39.65
50 43.20 85.03 6.10
44.70

96.80
100 84.40 89.65 7.16

87.75
WIRE

47.72
50 42.64 89.21 6.12
43.45

95.22
100 112.64 107.85 10.24
115.70
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g%k9 F 10 FLHI AP AIMAREIKRZEER
N R P 2 T34 Table 10 Results of spiked recovery rate in dairy products
SR /{‘ila;Jk(—T—/ J—)/Iljﬁ/ Jrjz/ﬁoj»{i RSD/% p : y yp
(hgkg)  (nelke) 0 g AT FRME FHER o
= 2 0
55.58 (ngrkg)  (ng/kg) /%
50 40.65 92.59 17.51 38.62
.65 50 43.00 82.85 5.88
86.41 4265
67.64
100 94.55 90.94 4.56
100 74.68 72.58 5.92
. 91.85
RIS . 75.42
35.61 BAgir &
57.46
50 36.12 75.73 9.17
50 58.22 116.15 0.96
41.86 5855
71.57 76.51
100 83.19 7865 7.90 100 91.83  86.40 9.93
81.20 90.87
47.92 36.87
50 37.86 87.55 12.01 50 34.12 72.84 5.80
45.55 38.27
90.19 86.83
100 91.58 91.19 0.96 100 80.14 84.25 427
85.79
B =W A 91.80 W E
R 4221 44.42
50 38.85 85.91 8.39
50 53.42 95.62 11.72
45.60
47.80
72.22
107.53
100 74.46 73.93 2.05
100 107.01 106.25 1.69
75.11
104.20 609
45.78 50 5144 10849 455
50 45.40 92.68 2.83 5520
47.84 122.49
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Table 11 Comparison of test results between biochip method
and confirmatory method

A EMGH
EER HRER
N(ngkg)  /(ug/ke)

P 1 254.55 241.55  2.57

RSD

LHAR BHLAK AR %

B 9.10 6.93 13.48
B 2
Féa2 1418 11.75 941

bt | 10.93 11.50  2.70

oA BR HE 2.37 <LOD /
#®E2 162 <LOD /
ERTE HE3 1.24 <LOD /
HE4 133 <LOD /
HES5 649 555  7.88
$ETFE BA2 30.3-(;" 27.07 562
WA %

WIRE  HES 2504 2925 779

1 3 66.83 78.13  7.76

WHNw FWAEw BH4 4816 4044 8.8l

®ES 9.98 9.63 1.87
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Fig.3 Liquid chromatography-mass spectrometry/mass spectrometry chromatograms and ion fragment spectra of five veterinary drugs

E: (a) B E; (b) AV E; (¢) 2H®KE; (d) WiHRE; (e) FAFR.
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