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Study on Application of Microfluidic Chip Rapid Detection in the Detection of Pesticide Residues in
Dendrobium Officinale

QIU Yijing, JIA Yanbo®, ZHANG Jiafang, CHEN Lifang(Hangzhou Institute for Food and Drug Control, Hangzhou
310022, China)

ABSTRACT: OBJECTIVE To explore the feasibility of microfluidic chip in the rapid detection of pesticide residues in
Dendrobium officinale. METHODS The sample was extracted with organic solvent, and purified with QuEChERS dispersive
SPE, high throughput screening of enzymes for pesticide residue detection from different manufacturers by centrifugal
microfluidic chips. The matrix interference was investigated by negative samples with different horizontal adding methods. The
sensitivity, repeatability sand accuracy of the microfluidic chip were investigated, and sample results determined by
mass spectrometry were compared with them. RESULTS The results revealed that the significant difference rate of rapid
detection method was 0.25; the sensitivity was 99.6%; the specificity was 96.4%; the false negative rate was 0.39%; the false
positive rate was 3.57%; the accuracy was 98.81%. Two methods of rapid detection of pesticide residues by microfluidic chip
and mass spectrometry were used to detect 40 batches of samples. The results indicated that the two methods had a high
consistency, compliance rate of testing results were 100%. CONCLUSION Microfluidic chip rapid detection technology can
be used for detecting pesticide residues in Dendrobium officinale, which can meet the screening needs of the basic
non-professional person to detect the quality of large quantities of pesticide residues.

KEYWORDS: microfluidic chip; Dendrobium officinale; rapid detection; pesticide residues
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Fig. 1 Schematic diagram of the structure of a centrifugal microfluidic pesticide residue detection chip(A) and the transfer of

samples and liquids between reaction tanks within the chip(B)
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Rl HOREER RS R E RN E T AR IR B EEE 21 AT EK 2 E T T H R (n=3)

Tab. 1 Microfluidic enzyme screening chip rapid assay used to determine the inhibition rate of 7 kinds of enzymes in the

presence of 21 different pesticides(n=3) %
HH e 25 Mg R . 0.05 mg-kg™! S 2y g B R . 0.01 mg-kg™! PN T 24 g d PR . 0.02 mg-kg™!
[ e /mg-L! [ e /mg-L! [ e /mg-L!
0.5 0.25 0.125 0.1 0.05 0.025 0.2 0.1 0.05
A 81.81 87.34 65.12 A 65.96 36.42 17.56 A 66.15 59.12 42.25
B 95.02 90.39 94.13 B 88.56 86.60 43.78 B 65.28 51.24 40.13
C 90.84 75.51 24.60 C 84.17 68.80 27.96 C 39.57 25.34 11.15
D 69.45 6.50 0.44 D 69.94 0.81 -25.43 D 32.14 11.13 0.24
E 91.95 63.38 60.23 E 80.96 66.66 24.81 E 12.32 —-1.46 —4.25
F 43.43 —4.34 -7.71 F 44.62 -6.70 -10.38 F 32.94 33.71 11.60
G 63.38 47.07 22.30 G 51.06 38.01 15.21 G 49.66 39.97 25.76
X i e 25 d 5 R - 0.02 mg kg™ HIPEBE 24 e PR . 0.02 mgrkg™! KEWE2 Mg R : 0.02 mgkg™!
[ Wﬁ/mg-L*‘ o e /mg-L™! o e /mg-L!
0.2 0.1 0.05 0.2 0.1 0.05 0.2 0.1 0.05
A 58.50 51.15 35.14 A 61.45 52.90 46.76 A 74.59 67.47 53.18
B 53.93 46.42 33.13 B 89.19 66.24 31.95 B 85.99 69.43 43.13
C 12.26 5.38 0.22 C 0.36 -10.78 —13.32 C 85.88 48.98 3.15
D —-6.91 -1.44 -7.11 D 45.75 28.92 22.97 D 55.15 39.52 28.62
E 6.10 —4.26 -7.54 E 11.88 -2.15 -5.13 E 99.85 67.90 48.91
F 58.97 44.76 13.92 F 32.47 30.31 10.51 F 93.42 72.80 51.72
G 55.64 43.63 26.40 G 49.45 40.80 21.74 G 91.47 68.12 55.02
XTBRBEZ I E R : 0.02 mg-kg! W2 S PR 0.05 mg kg 5 T HBEZHLE R . 0.02 mgkg™!
[ W% /mg- 1! % W /mg-L! o W /mg-L!
0.2 0.1 0.05 0.5 0.25 0.125 0.2 0.1 0.05
A 96.24 82.15 69.13 A 64.82 65.31 56.03 A 74.59 67.47 53.18
B 86.35 69.67 48.23 B 98.13 82.10 78.23 B 85.99 69.43 43.13
C 54.25 24.65 0.08 C 23.85 17.57 24.15 C 85.88 48.98 3.15
D 96.46 73.34 50.35 D 39.60 36.35 16.84 D 55.15 39.52 28.62
E 14.35 4.36 -0.34 E 53.79 30.18 12.59 E 99.85 67.90 48.91
F 78.86 53.89 36.78 F 49.03 42.07 29.92 F 93.42 72.80 51.72
G 67.35 45.76 12.43 G 59.43 40.73 19.84 G 91.47 68.12 55.02
R M E IR . 0.02 mg-kg™! AP ME R 0.03mg kg™ K2 Mg R . 0.05 mg-kg™!
% W /mg-L! i e /mg- L' e e /mg-L!
0.2 0.1 0.05 0.3 0.15 0.075 0.5 0.25 0.125
A 83.69 49.40 23.56 A 86.18 50.87 31.67 A 68.61 48.22 27.23
B 97.21 92.47 49.13 B 100.00 95.22 50.59 B 79.58 55.55 7.64
C 92.93 77.25 25.17 C 95.69 79.54 2591 C 10.25 2.25 -10.29
D 71.05 6.65 0.45 D 73.16 6.85 0.46 D 41.33 16.44 -24.48
E 96.36 67.14 23.00 E 96.86 66.76 21.31 E 10.33 -2.75 -4.49
F 44.43 —4.44 -7.89 F 45.75 —4.57 -8.12 F 46.80 37.88 10.27
G 64.84 48.15 22.81 G 66.76 49.58 23.49 G 48.17 35.50 6.36
Mo R B2 ME B . 0.02 mgkg! HRERR AR 24 M E 1 fR . 0.03 mg-kg™! S M 25 ML B . 0.02 mg kg™
[ e /mg-L! [ e /mg-L! [ e /mg-L!
0.2 0.1 0.05 0.3 0.15 0.075 0.2 0.1 0.05
A 91.71 83.34 78.83 A 69.25 48.58 27.31 A 74.34 707.25 63.90
B 98.25 87.67 82.31 B 80.37 56.02 13.90 B 79.64 71.06 66.72
C 21.48 3.76 -0.72 C 10.09 1.99 -10.73 C 17.41 3.04 —0.58
D 99.18 98.30 84.63 D 41.60 16.37 -25.11 D 98.27 97.40 83.86
E 12.84 3.22 -0.16 E 10.18 -3.08 —4.84 E 12.72 3.19 -0.15
F 52.52 44.86 34.81 F 47.14 38.10 10.11 F 52.04 44.44 34.49
G 69.20 55.25 52.23 G 48.54 35.69 6.15 G 68.56 54.75 51.75
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TR M E AR . 0.02 mgkg™!

MR R 0.05 mg-kg!

TR ALE R R . 0.05 mgkg!

e /mg- L WRE /mg- 1! e /mg-L!
% % %

0.2 0.1 0.05 0.5 0.25 0.125 0.5 0.25 0.125
A 98.24 86.32 75.24 A 66.08 30.79 -2.47 A 93.048 9 89 68
B 90.34 64.24 41.15 B 70.61 69.21 50.28 B 99.411 9 97.452°5 70.859 2
C 9.71 1.91 -10.32 C 64.81 49.05 41.77 C 91.2713 69.132 1 58.900 8
D 40.02 15.75 -24.16 D 45.58 27.06 -10.41 D 64.253 8 38.2463 143747
E 9.79 -2.96 —4.66 E 65.04 52.37 44.12 E 91.584 4 73.798 3 62.203 5
F 45.36 36.66 9.73 F 34.61 —18.37 —39.63 F 48.8513 -25.5554 554211
G 46.70 34.34 5.92 G 42.87 22.98 12.74 G 60.446 1 32.509 5 18.1372

gz E s 0.02 mg-kg™! AW ME B . 0.03 mg-kg™! KB M E R 0.1 mgkg™!
e /mg- L' W /mg-L! e /mg-L!
% % I3

0.2 0.1 0.05 0.3 0.15 0.075 1 0.5 0.25
A 67.14 58.19 46.24 A 85.27 50.33 1.57 A 83.12 49.54 13.49
B 65.28 51.24 40.13 B 99.04 94.21 48.34 B 96.33 91.7 49.34
C 39.58 25.39 11.12 C 94.68 78.70 25.64 C 92.15 76.82 2591
D 32.14 11.13 0.24 D 72.39 6.77 0.46 D 70.76 7.81 1.75
E 12.32 1.48 -5.21 E 95.84 66.06 21.09 E 93.26 64.69 21.54
F 49.16 39.57 25.16 F 66.06 49.06 23.24 F 61.34 39.67 13.12
G 32.94 33.91 13.42 G 45.27 —4.52 -8.04 G 64.69 48.38 23.61
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Tab. 2 Repetitive inspection of twenty-one pesticides detection results by two rapid pesticide residue detectors

%%
K% AMGERRY el B DA BT A AR 2 B 165 2 e
mg-kg™! mg-kg™!
1 2 3 4 1 2 3 4
HH izt 0.05 0.005 39.76 39.88 40.23 39.96 43.22 45.82 48.31 45.78
0.01 % 59.76 59.88 60.23 59.96 53.22 55.82 5431 52.14
0.02 75.35 77.33 70.54 74.41 79.12 82.53 85.24 82.30
0.04 90.38 90.75 90.96 90.70 89.94 95.93 92.89 92.92
S B 0.02 0.01 38.16 40.13 36.35 3821 53223 49.02  S55.53% 4823
0.02% 58.63 49.42a 57.14 57.89 64.12 65.31 65.25 64.89
0.04 75.35 77.33 70.54 74.41 89.12 82.53 88.24 86.63
0.08 90.38 90.75 90.96 90.70 89.94 90.93 91.89 90.92
X 0.02 0.005 35.45 38.25 41.57 38.42 25.12 36.18 27.58 29.63
0.01 % 55.12 54.23 57.39 55.58 50.24 45240 49.57a 50.24
0.02 68.48 70.14 72.12 70.25 62.15 65.78 66.41 64.78
0.04 82.82 81.24 80.56 81.54 75.19 77.84 79.15 77.39
P35 0.02 0.005 44.12 45.87 50.75% 45.00 51.813% 47.25 50.85% 47.25
0.01 % 58.12 56.48 57.81 57.47 56.12 55.74 55.12 55.66
0.02 75.42 76.12 71.45 74.33 80.1 79.45 72.48 77.34
0.04 89.56 88.15 83.15 86.95 85.25 88.16 87.12 86.84
b R 0.02 0.005 34.12 37.24 36.45 35.94 23.45 22.11 24.13 23.23
0.01 % 50.16 52.18 55.17 52.50 47.09a 42.66x 45.24a 45,120
0.02 69.15 70.45 62.88 67.49 52.18 55.1 58.42 55.23
0.04 78.15 80.17 79.86 79.39 72.45 77.12 75.48 75.02
6 I 0.02 0.005 40.24 45.79 45.12 43.72 48.12 44.79 46.57 46.49
0.01 % 52.42 55.12 57.41 54.98 58.12 55.48 55.97 56.52
0.02 64.25 68.45 66.54 66.41 64.79 65.78 70.12 66.90
0.04 75.48 77.12 74.18 75.59 78.45 77.14 76.12 77.24
TR 0.02 0.0075 42.15 44.18 45.74 44.02 49.12 51.25 52.18 50.85
0.015% 55.03 59.12 57.14 57.10 55.12 53.16 53.71 54.00
0.03 65.18 66.14 67.54 66.29 66.97 65.18 67.12 66.42
0.06 78.16 80.75 86.19 81.70 76.08 77.02 76.14 76.41
ST 0.01 0.005 34.15 33.14 30.75 32.68 23.15 22.18 27.49 24.27
0.01 % 50.16 52.47 53.89 52.17 40.78c 42.15a 47.161 43 .54a
0.02 65.12 68.19 67.45 66.92 50.46 57.01 52.19 53.22
0.04 75.16 77.04 75.41 75.87 60.62 60.87 59.79 60.43
FH e 0.02 0.01 42.75 40.24 45.17 42.72 43.12 44.18 46.12 44 .47
0.02% 50.16 55.74 56.14 54.01 50.12 49.53u 52.57 51.35
0.04 65.17 66.82 67.15 66.38 65.12 60.18 66.75 64.02
0.08 75.12 78.06 76.18 76.45 70.12 69.12 75.34 71.53
[k R 0.05 0.025 36.84 43.79 34.85 38.49 45.18 44.12 46.87 45.39
0.05% 51.48 55.78 50.14 52.47 54.16 58.72 55.74 56.21
0.1 68.15 66.97 65.48 66.87 68.92 65.17 66.53 66.87
0.2 75.12 78.15 80.57 77.95 78.46 77.85 82.19 79.50
TR 0.03 0.005 42.1 49.15 40.24 4383 46.12 44.19 43.79 44.70
0.01 % 52.18 53.47 53.19 52.95 55.19 56.91 57.84 56.65
0.02 68.19 64.91 66.75 66.62 68.12 65.47 63.49 65.69
0.04 80.16 86.17 85.14 83.82 80.45 80.19 80.24 80.29
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MHI2/%
K2 HRERR IR/ .0 S B RS A2 5% B I 5 23 e
mg kg™ mg kg™
1 2 3 4 1 2 3 4
B SRR 0.03 0.015 35.12 33.48 37.97 35.52 32.18 25.75 28.96 28.96
0.03 % 50.63 52.17 53.07 5262 49.950 50.48 51.36 52.92
0.06 65.18 66.87 69.12 67.06 59.18 55.18 56.99 57.12
0.12 80.12 85.14 88.17 84.48 65.75 68.91 66.49 67.05
PO 0.05 0.025 42.18 44.97 44.65 43.93 41.87 3846 4298 41.10
0.05% 52.49 57.73 60.15 56.79  48.020 50.12 54.19 52.16
0.1 75.12 77.19 76.23 76.18 61.89 62.84 63.11 62.61
0.2 80.57 82.67 84.75 82.66 75.12 77.12 79.12 77.12
I 0.03 0.005 42.18 40.4 4136 4131 45.19 S0.13%  50.74%  47.32
0.01% 51.15 52.45 55.74 53.11 57.24 60.12 59.11 58.82
0.02 68.15 66.96 67.94 67.68 75.12 70.84 73.19 73.05
0.04 86.17 82.18 80.85 87.32 88.19 83.62 84.88 85.56
P B 0.02 0.0075 46.17 42.18 50.85%  44.18 38.19 33.62 34.88 35.56
0.015% 52.97 55.87 53.64 54.16 50.17 55.12 54.16 53.15
0.03 60.18 66.14 64.56 63.63 64.27 62.87 61.63 62.92
0.06 75.24 80.94 77.64 77.94 70.86 77.84 75.49 74.73
KL 0.02 0.005 35.12 33.49 38.87 35.83 45.12 4897 4674 46.94
0.01 % 51.04 50.89 53.49 51.81 56.12 55.74 59.63 57.16
0.02 65.17 68.75 67.98 67.30 68.16 65.34 63.18 65.56
0.04 80.16 78.46 76.34 78.32 88.24 86.14 80.17 84.85
TR 0.02 0.0075 36.17 35.17 34.93 35.42 34.97 33.87 33.17 34.00
0.015% 50.17 52.75 53.67 52.20 48.11m 45179 50.08 51.09
0.03 65.76 68.71 69.91 68.13 58.97 55.16 60.17 58.10
0.06 82.17 80.75 85.14 82.69 68.16 70.19 66.44 68.26
KB 0.05 0.025 44.12 4271 46.89 44.57 42.57 4485 50.54%  43.71
0.05% 52.17 56.29 55.68 54.71 60.18 58.17 61.25 59.87
0.1 68.04 64.19 65.87 66.03 70.18 72.64 71.08 71.30
02 85.17 80.27 83.64 83.03 90.86 92.15 89.52 90.84
B AL S 0.02 0.005 3827 40.75 37.18 38.73 32.18 33.48 38.64 34.77
0.01 % 51.07 50.73 50.17 50.66 45010 46887 42,181 47.14n
0.02 59.64 66.18 53.64 59.82 53.46 55.72 50.67 53.28
0.04 75.98 80.15 79.34 78.49 68.75 69.86 70.84 69.82
B 0.05 0.005 40.72 33.86 35.96 36.85 35.48 40.61 43.17 39.75
(WRTHFH) 0.01 % 55.17 56.17 53.09 54.81 50.17 56.49 57.12 54.59
0.02 70.24 68.16 69.14 69.18 65.19 66.24 64.18 65.20
0.04 85.20 92.41 90.48 89.36 75.94 76.87 82.57 78.46
KR 0.1 0.005 5249%  33.17 44.86 39.02 50.873% 4219 43.66 42.93
0.01 % 50.17 55.67 53.19 53.01 55.59 57.98 60.15 57.91
0.02 65.93 64.92 63.82 64.89 65.18 72.18 71.99 69.78
0.04 92.76 93.64 96.49 94.30 90.12 90.48 92.74 91.11
H K ARTIER R SO RITERER s oo R B &
Note: * was limit of detection this method; 3 was false negative sample; & was false positive sample.
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AT BN R 225 . REEE . Festt
B« AR BHE | FE R A B T T A T 2R S AR
ZERFMITE MR R HE OB A
AR 255k B AN SCH) MRS HE DG T AR e A 24 5% B Pk
ML, XF LRI 3,

T3 2 ARG ARE R PORHE &6

Tab. 3 Comprehensive evaluation of accuracy by two rapid
pesticide residue detectors

S BEYE R RS BYWE I
LRI e ] .
R OE% W% F% o OR%  E%
AL AL 0.25 99.6 96.4 0.39 3.57 98.81
LT ED ' ’ ' ' '
fEG AR 2y 5k f P
o 3.70 9246 90.48 7.54 9.52 91.96
AL
3.6 EEMEHL

SR BAERE SR, DAR IR 25 (14 4% iz
ey TG N Wy L TV S 7a s ST ol e L (=73 CRE
TR, WeRE2hh o v A B4 5 B (3 P R P
2RI el (A ILBE ) AR, AR s B2 A T ik
0.5, 1, 2, 44% LQD, 3B Ot
AR 245 5% B AU ASC RN A% 8 4 245 % B R s 3R
M, FAEEREEE 4 ORISR EE M, 4
R, B0 Nt A 25 5% B8 sl I SURD 1%
Gige 2y % B O e A S R —8, Ak EAEMER
U ZERILEE 4.

3.7 EPEREEE

AT H T O SR A5 0 R 2 Bk B

WA, AT G A 22555 B3 PRk I 7 AN B H iy 24 3 1

(A% 25 5% BR ST RSN ASC, 3 T SCRR ARSI F st ik
PEREWLR 5. 45 RERH], B0 ARG
ACEL A5 4% 2 5% BR AR BB 00 e AR
ToTT MG EC AW —UPE TR 24 MRS, A
WIREAS 5 Ry 1 e A 205 5% B Do e AL ) 2 A% K
DU RIS Ry 1 298 4 24 5% B PR sl g A —2f, o
J& P2 LS T AR AR A /5, W R A
B AORREAR TR FE R, RIS Ar A2 1
SRR D s BRI . SAL, BRNSWE AR 2 5% B
Grthesider 7 oK o
4 g

ARSI R PO AR AR 24 5% B 08 R DR A
TR ERERE, Az, HiEwEs . ER
PELE, 2O R a1 E 258 2020 4FERR
33 AR 1A 2555 B Th I A BILEE | 2 T R TR
A 24 KA R R Ty, R AE )2 Wl | Fp
AL 356 b 0 3 38 T 3 0 R At A 4 245 % B ) Ty vk
FEXTER K A MRt 2755 FR A TSR, NSO A
DXk 2D A 245 1) A FH i A PR R A 24 14 7 ML
IBETRRC R B ER , B B2 25 M A T
YRR HEH AR S, SAiE TG h 256 2V T
TP ALOR IR, DL SEIRAE T F T e (i = 225 H
BRI R B A, TR A CE L i fE)
REGIRERIAT T LR G5, sk I AR iz H
S HA 5 AT Hh 2 MR A B B B, AT S
XA R R A A . miEE D I
oL ERRRI

R4 2HRARGRERMIUAS 2 HRGRMERNELEE K

Tab. 4 Repetitive inspection of detection of two pesticides detection results by two rapid pesticide residue detectors

LA P A 245k B AL

A 24 5% B DA 7 X

Jinkr it/

K mgkg-! /% RSD/% 3% RSD/%
2 3 1 2 3 4
0.05 42.14 40.15 38.97 36.12 6.40 45.92 38.56 37.16 36.64 11.61
1 0.01 60.23 59.88 59.76 59.76 0.37 53.14 51.82 50.64 50.45 241
e 0.02 77.31 75.35 70.37 71.12 4.54 85.11 82.34 85.24 79.12 3.48
0.04 92.15 91.23 90.12 90.44 1.00 95.12 94.32 90.02 92.94 241
0.05 40.04 39.22 38.53 36.72 3.66 4592 4256 35.16 32.56 15.98
[ 0.01 56.39 56.17 53.09 53.83 3.02 57.62 56.29 51.62 52.34 5.39
0.02 70.24 68.16 69.14 67.21 1.89 65.19 61.24 64.18 63.12 2.66
0.04 92.41 91.45 90.68 85.02 3.70 82.57 76.87 81.57 83.57 3.65

R"S IMRAGAG RN ERRERMEEEE

Tab.5 Study on the timeliness and performance of three pesticide residue detection methods

ik =%l (Y R A0 B 18] /min FRIRH /L
B O UM A ik WifEhE R A sk 24 PMREA 10 120
1 Be AR 245 5% BR MRGA I 5 vk AL TEAEMAIRTA 10 min, i1 3 BRI 6~12 MREA 20~30 2 800
IR / SR IR AT 1 ANEEAR 60 10
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