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ABSTRACT: Objective To explore the application of the combination of real-time fluorescence quantitative
polymerase chain reaction (QPCR) and droplet digital polymerase chain reaction (ddPCR) in the quantitative

detection of meat adulteration. Methods This study employed qPCR and ddPCR technologies to develop a

detection system with specific primers and probes for beef, lamb and pork samples, aiming to assess meat

YRs B ER: 2025-04-11

E@WB: EARALRFENFR B AR —HAH U5 L 5120238 YL06)

F—1EE: FHIUHQ2000—), 2, BLAFFA, FEMR & 25 BRI 4 . E-mail: 592887356@qq.com
BEVEE: XIHG(1987—), L, W4, JHUl, EBHFFE DT N &L, E-mail: liuruil987110@126.com



168 B dn 2 4 R R I A 4R

%16 &

adulteration in the Beijing market. Results

The experimental results revealed that the sample “Chang 5” contained

adulteration of lamb and pork at a ratio of 17:10. qPCR demonstrated high sensitivity and specificity in qualitative

detection, while ddPCR enabled absolute quantification of adulteration proportions. The combination of these 2

methods significantly improved detection accuracy. Conclusion The established qPCR-ddPCR combined method

exhibits high sensitivity and specificity, making it suitable for rapid and precise detection of meat adulteration. This

approach provides reliable technical support for food safety regulation.

KEY WORDS: meat adulteration; real-time fluorescence quantitative polymerase chain reaction; droplet digital

polymerase chain reaction; mutton; pork; food safety
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1.2 UFE5E%

ABI7500 qPCR 1% (3£ [# Thermo Fisher Scientific 23 7]);
DQ-24 i T PCRAL IR S48 B 97 B A BR A WD),
5420 fofeet i s 25 UL (T8 [E Eppendorf 23 H]); QSJ-C04B1 4
ML A/ NBE L 25 BRZA F); ME204E J7 40 2 —HL 40 #r
K-(Fi-+ Mettler Toledo 23 H]).

1.3 KWHEE
1.3.1 H&Haras

H 6 A R RE S BEALIBORE, T 228 PR WL B0 BT BB A A
FE4 N 5 A L BRI 8 /M (B3 20 mg) AE R A
L, 10000 r/min 2500 1 min, UL 3, A 200 uL 24
IR, TR EWICEIE, J52ES I DNA 42 BGAH
VLIS HTT DNA $25,

1.3.2 3145484693t

ML 2R R SCEARA AR RS 19 . BREHTA,

I 4 3 H K AW H AR (S B 0 (National  Center  for

Biotechnology Information, NCBI)(https://www.ncbi.nlm.nih.gov/)
Wit b3k BLAST 59047 X, Bt 4 1A . F A

HRE A BRSSP ANEREE, A3k 1 FR, SSmAE T4

1.3.4 qPCR ¥4k ZES

qPCR ¥ B4 [ WA R W3R 2.0 W 4514 95 °CTiAE M
10 min; 95 °CHEFRIZ )N 15 s, 60 °CiB K Bz ZEM# 1 min; 45 4~
HEIR

#F 2 (PCR RRFFR (L)
Table 2 Reaction system of PCR (pL)

i 4 * b

PCR Wi 10 10 10
ROX Z: Ykl 0.4 0.4 0.4
10 pmol/L 1E 1] 514 1.6 0.8 1.6
10 pmol/L JZ [ 514 1.6 0.8 1.6
10 umol/L #4t 0.4 0.4 0.8
DNA Hitf 2.0 2.0 2.0
Tk 4 5.6 3.6

1.3.5 ddPCR #lth 2 % %
ddPCR §"$ SR R ILF 3, AR FE R AT IA
TR B v, AR A A R SRR B A T
TR SRR L3R 4

#3 ddPCR RE{FFR
Table 3 Reaction system of ddPCR

TR RBARAF G K, BIYTFFI0E 1. Hor aNACES TR
4xdPCR R4 TR 6 uL I
%1 qPCR 3MAREFF) (Cy5.5) i
Table 1 Primer and probe sequences for qPCR IETE514)(10 pmol/L) 1 uL -500 nmol/L
Yt HR 4R 51 e N S 15147 (10 pmol/L) 1L —500 nmol/L
5'-CCGATGGATGTGTT PREF(10 pmol/L) 0.5 uL ~250 nmol/L
F GB 25165—2010
CAGAGCT-3' . DNA #i4 24l 1~5000 #% Il /uL
T S GCCAAATGTCTGG © M, =
AR R P B/ i 2 TR K 9.5uL
4 GTGTAGATACC-3'  FEURIER > i ‘
A 5'-(FAM)-TGGGCTTTA ki 53 S2ht SR AT 22 uL

P GGGCTTCCGAATGTG g5 pCR #: )
AA-(TAMRA)-3'
CTGACACACGGGAC
ACMTCTCC
- DNA & il AAGCTAAACATGGAC
ErTA CCACATG
TAAGCCAGCCTTGTG
CGTGTGGTCC
ACCCAGACGAACTGC
TCAA
TGGCGTCACTGATAG
GTAAAT
TCACAGGCGTGGGCT
TTCTGC

[28]

¥ RPAL R

1.3.3 3l AedR At ed 45 14

AR T, T P G PR L 41 DNA
YEER, FIFZR 1 T g R E 5 | AR g k4T PCR &
W o T WRSEIe O vERA b, B T JCIE KR D B
XM SeEG b AR, ffF ABI 7500 qPCR {XHEAT 418 S5 o
T T AN 1 DB R S A DN T A, X T R 1 5]
YIRERET MR R AR AT TR0 UE . X — BT B R R
I FNIRELEAS ) PR SR AS Th i e S v B BE 0, ek
B SE IS W] SRR SR

TE: RN A JCHE LR K 2 22 pl.

#*4 ddPCRBERMNIEF
Table 4 Thermal cycling program for ddPCR

IR MRE/PC I i) TR
WRRE 60 5 min 1
WA 95 5 min 1
AE 95 10s
/AT 60 30s »
TH IR BIEIE: Cys.5

1.4 HEEAIE
A i SRR 5 DNA B IR RPAL 11938 R #5 DL EU%
PO SR RO 3E R DL OE, AR AR (DR
M=—= )]
K MR BB, Q NIEHEE ILEL C ML
A LR P2 DS it 807 PCR {JI'J?%E‘J%I?%M?&(Q)@I
Y43 M DQ-24 i BF PCR A RG0ET,
Sz 5 RREARM I 3 A AT EE, BN
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Fig.1 Validation of the specificity of primers and probes for bovine (A), ovine (B) and porcine (C) by qPCR
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Fig.2 Test results of 5 kinds of meat samples by qPCR method
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Fig.3 Amplification results of the ovine-specific primers on the
samples (number of positive droplets: 850)
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Fig.4 Amplification results of the porcine-specific primers on the
samples (number of positive droplets: 913)
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