FOOD & MACHINERY FA25ESH BE 2981 | 2026 £ 8 A | ARSHIM

DOI:10.13652/j.spjx.1003.5788.2025.80797

R A IS R A T AR AR 2 PCR 4l 77 35 B 52
$ F -0 EEE HWE

(RYbm g 2R, #m Kb
HE: (B A BAKRKFPCREMN R & T RE RSO T F[FEIRBELEKRATNNDIZFHFEINHE R
HARA AR AR R AT 3t - T R S R PR A T ERE &GN P[RR T HTH TR
BB ERY, R BE BEFLEFTLREFRY FAXLRRE, ZEER KBEH 56 °C, i3] 5IRAT K E > 3
4 800,200 nmol/L , 3% 4 #F T #% 77 4k 4L 5 PCR 4 i 1R 4 5.30 copies/pL. ¥ 3% 7 ik & A T 20 3k A 50 4 S 69t | 25 1
EHSFRERR—K [ ER IR R T MARKFPCRy FAEAR TR ZHAS REHMEFHL,TEATHR
AT P8 B R

LR AR T PCR; & & 454K L B NDI

410036)

Detection of egg components in food by microfluidic digital PCR

Li Ben Zhuo Yiming Qin Jijun Yang Lixia

(Changsha Institute for Food and Drug Control, Changsha, Hunan 410036, China)

Abstract: [Objective] To establish a detection method for egg components in food using microfluidic digital polymerase chain reaction
(PCR) technology. [ Methods] Specific primers and fluorescent probes are designed based on the mitochondrial gene nicotinamide adenine
dinucleotide dehydrogenase subunit 1 (ND1). Then, the reaction system and amplification conditions are optimized, and specificity and
sensitivity are evaluated before being applied to actual food detection. [ Results] The established method can specifically detect egg
components, while no cross-reactivity is observed with other common poultry egg components, such as duck and goose eggs. The optimal
annealing temperature is 56 ‘C, and the optimal concentrations of primers and probes are 800 nmol/L and 200 nmol/L, respectively. Under
these conditions, the limit of detection (LOD) for microfluidic digital PCR is 5.30 copies/pL. Furthermore, the method is applied to detect
20 batches of food samples, yielding consistent results with the sample labels. [ Conclusion] Characterized by anti-interference, high
sensitivity, rapidity, and simplicity, the established microfluidic digital PCR method can be applied to detect trace egg components in food.

Keywords: microfluidic digital PCR; egg; mitochondrial gene ND1
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Table 2 Base sequences of primers and probes

519 ¥ 31 (5—>3")

JF-1 ACATCCAGGTGGAGGAAAAGC
JR-1 CCCACCCGAGACCACCTAT

JF-2 GGCTGCAAGTCACCGTGGTA
JR-2 CCGCTAGCCAGAAGCTCAGC
JF-3 CCAACATGCCTTTAAACCCTCA
JR-3 GGAACTGTAGCCTTCTGACTCG
JF-4 CAGAACCACACTCAACCTGTCTGA
JR-4 TCGGGGAAATGTCTTACTGCAAG
JF-5 CCCTCCTCCTTTCATCCTCAT
JR-5 GTCATAGCGGAACCGTGGATA
IP-5 CTATGAATCCGGGCCTC
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Table 3 Reaction systems and programs

SN F qPCR/pL SN F dPCR/yL
Premix Ex Taq Mix(2X ) 10 BF PCR IR (5X) 2
JF/10 pmol/L 1.6 JF/10 pmol/L 0.8
JR/10 pmol/L 1.6 JR/10 pmol/L 0.8
JP/10 pmol/L 0.4 JP/10 pmol/L 0.2
ROX Dye Il (50%) 0.4 / /
DNA 4z 2 DNA A 2
ddH,0 M E BB 20 ddH,0 FME BT 10
SN R T 95°C 305,95 °C 55,56 °C 30 5,40 MG R 94°C 305,94 °C 55,56 °C 10 5,40 Mg #f
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Figure 1 Primer screening results by qPCR
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Figure 2 Specificity validation results of primers and probes

ARn
et T T TR N e e e
Shhuoihhaohnao
SHSHSHLSHSLISHS
e e i

23 RMEGHHRK

H 3N 4 0] 0, S I DR B B SR R AL 1 R Y
Ct{E Ay 23.346, W /N T 20 2 )2 b #4136 1 0.8 pmol/L 5| 4
502 pmol/L #EH 41L& M9 3 s R 1 . e 3B Kk TR B O
Ve, 56 “CHF A CtE e/, R W IR T 519 5 8tk 7Y 44
G R SR RO GR B B AR A . YR =58 CHE L, CHE
AT RN R T S S BRI A AR, S

R 298 | 2026 FE 8 A | RMSHM

2.257
2.00[ P
175 Eivisl
1.50F 4
= 1.25¢
<1 1.00f
0.75F
0.50F
0.25¢ S
0.00~ ‘ ‘ : ; ’ ‘ ‘ : —
2 6 10 14 18 22 26 30 34 38
N
Cycles

A3 FlRAN R h &R

/ ;leéﬂ

Figure 3  Screening results of primer and probe concentration
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Figure 4 Annealing temperature screening results
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Table 4 dPCR results of DNA concentration gradient

X DNA i ik / PG Z B LS (copies-pl ') RSk X DNA #0150/ o AR AR

(ng-pL™") 1 2 3 (copies-pL ") (copies pL ") i 2= 1%

50.000 4816.94 5001.00 4940.89 4919.61 24 598.05 93.86 1.91

10.000 1004.58 980.91 974.30 986.60 4933.00 15.92 1.61

2.000 189.04 183.51 191.09 187.88 939.40 3.92 2.09

0.500 51.97 48.41 50.43 50.27 251.35 1.79 3.55

0.100 10.66 8.85 12.01 10.51 52.55 1.59 15.09

0.020 2.60 2.15 2.38 2.38 11.90 0.23 9.45

0.010 1.13 1.02 1.02 1.06 5.30 0.06 5.99

0.005 0.34 0.57 0.11 0.34 1.70 0.23 67.65
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Figure 6 dPCR detection results of 20 processed food samples
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