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Abstract: Objective: To establish a multiplex real-time PCR assay capable of simultaneously and rapidly identifying
bovine, chicken, duck and porcine components in beef products and thus to counteract economically motivated adulteration
with cheaper meats. Methods: Species-specific primers and TaqgMan probes targeting the mitochondrial cytochrome b
(Cytb) gene were designed and screened for cattle, chicken, duck and pig. A single-tube reaction system was constructed
and systematically validated for sensitivity, specificity, linearity and adulteration simulation. Results: The assay exclusively
amplified DNA from cattle, chicken, duck and pig, with no cross-reactivity against 6 non-target species. The method simul-
taneously detected four animal-derived DNA with 107 ng/uL sensitivity and a 0.01% (w/w) detection limit. Screening of
100 retail beef samples revealed 24 adulterated products, predominantly containing duck meat and/or pork. All results were
fully concordant with those obtained by the national standard method. Conclusion: The developed multiplex real-time PCR
protocol is rapid, cost-effective and high-throughput, significantly enhancing the capability to detect meat adulteration and

providing robust technical support for food-safety regulation and consumer protection.
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Table 1 Primers and TagMan probes
AR FPo(5°—3") ™ (°C) GC(%) 19 R B (bp)
F CCTTCTCTATCCTAATTCTTGC 54.8 41
2 R CGATGGTGATATATGGGTG 51.6 47 168
P CY5-AATCCCCCTACTACACACCTCC-BHQ2 62.9 55
F CGGATCTCTGCTCGCCATC 60.1 63
i R CTACTGAGGAGAAAGCAAGGGA 60.8 50 101
P FAM-CCTACTGGCTATGCACTACACCGCA-BHQI 65.8 56
F GTATTACTATCATCCACCTCAC 54.1 41
b1 R GAGTATGAGAGTTAAGCCCAGA 57.8 45 137
P VIC-CATCTCATCCGACTCTGACAAAATTCC-BHQI 62.3 44
F CAGAATGATATTTCTTATTCGCC 54.0 35
% R GTGTAGTATGGGCATTAAAATTAG 53.5 33 116
P ROX-TGGAGTGCTAGCTCTAATAGCCTCC-BHQI1 632 52
F GTAGTGACGAAAAATAACAATAC 52.5 30
e R CCTCCAATGGATCCTCG 55.1 59 92
P CY5-AGGCCCTGTAATTGGAATGAGTCC-BHQ2 63.5 50
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Table 2 Concentration and purity of beef products DNA
extracted by 3 kinds of methods

Jiik: G W (ng/ul) Asge/Asgo
R 70.04+1.85 1.80+0.03
FEf2 26.31%1.01 1.62+0.04
) FEf3 46.34+0.93 1.60+0.03
ek o
R4 78.65+1.84 1.76£0.03
FEFRS 54.72+1.71 1.74+0.04
FEAR6 22.04+0.87 1.65+0.05
R 443.86+10.69 1.8120.02
FEfh2 308.80+7.07 1.7940.02
e}
. #.:a 107.07+2.95 1.78+0.02
FEin4 195.55+3.91 1.78+0.01
FEhS 380.37+8.74 1.77+0.02
K6 210.79+3.93 1.80+0.01
Fedh1 18.62+0.73 2.07+0.04
FEAh2 11.64+0.82 2.06+0.04
FEh3 14.68+0.73 2.03+0.03
NaOHZif ik . ':
Ffih4 12.49+0.44 2.04+0.03
FEMLS 11.94+0.58 2.16+0.05
A6 15.29+0.81 2.12+0.03
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Fig.1 Feasibility of primers and probes
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Fig.2 Specificity of detection system
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JIT i, AR R X 4 B HARIEPE (4 XG0S 55 Y
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Fig.3 Amplification curves of four target components
e a MSUEPEY LR, 1~6: DNA MR 1x10'~1x107 ng/uL; b AS TR 1 2L, 1~6: DNA ¥ EE N 1x10'~1x10" ng/uL; ¢ 3G J5
PHihZE, 1~6: DNA HJE R 1x10'~1x10"* ng/uL; d. AR MY 3 HHER, 1~7: DNA #REE R 1x10'~1x10° ng/pL.
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Fig.4 Quantitative analysis curves of four source components
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Fig.5 Results of samples with different blending ratios

TE: a PSRRI b XGIENEAIN; ¢ SEIRIERLIN; d. A= PRSI .
3 BRI A IR A B R

Table 3 Detection of adulteration in actual beef product source components

ARSI (1 2 TG e PCRJT A 25 3R (CHfE)

By iR as A
R FE 2R 74 s Xt i3 e ERFE

1 A1 R - 17.2740.90 - - 18.15+0.07 K K

2 AR/ - - 17.77+0.27 - 21.56+0.13 K 1A Ko A

3 AR/ - - 19.09+0.04 - 22.19+0.11 K i3 K HiA

4 BkE B A IR - 19.25+023  33.52+0.25 - 22.26+0.10 o tH G | X for R | A

5 AR/ - 17.64£023  32.02+0.10 - 18.34+0.01 K G | 3 K S | X0

6 4R - - - 18.04+0.62  18.07+0.04 o A i 3

7 Beks A 1A Ha - - - 17.68+0.19  18.04+0.03 it as g

8 JINJE AR XU PR - 15.69+0.13 - - 23.17+0.35 A 1 £

9 T TR 29.46+0.58 - - 16.92+0.64  18.47+0.01 Ktk | 3% 4R
10 X 4 A 17.65+0.53  15.68+0.48 - - 22.50+0.01 R AR ot 4R 1
11 LIAIAR A 30.86+0.11  20.49+0.45 - 17.3240.15  22.95+0.22 A4 05 5% LioAai i e LN
12 BREMVIART  15.57+0.05 - - 33.56£0.19  22.57+0.25 K4k % R4
13 B A 29.16+0.16 - - 15.05£021  23.01+0.29 K4 % RN
14 R 15.65+0.15 - - 27.57+0.50  23.31+0.01 R4 % Dk N
15 BAR 15.10+0.09 - 34.19:048  26.48+045  2327+023  KuthA 08 K LioAai e SN N
16 BAR 14.95+0.01 - - 29.49+0.13  23.62+0.45 Krtha- | 3 LAzt S T4
17 fEE DL AR Y R 15.350.11 - 26.35+0.33 - 23.06+0.19 Krtha= . 3% K2k 38
18 AARE(ETHD)  15.67+0.08 - 29.03+0.19 - 23.3240.02 Krtha | 3% K2k 38
19 - 17.21£0.08  31.87+0.74 - 17.89+0.13  18.13+0.09  Fiis: My f% LioAzita SN LN 7
20 FIRPA N R 16.65+0.30 - 32.29+0.01 - 21.62+0.17 oA SN LioAa e S )
21 EAORAHE . 16.46£0.58  33.17+0.20 - - 19.06+0.13 AR e oA ita e L
22 FA- R4k e 15.6840.52  26.37+0.08 - - 18.59+0.33 AR e oA ita e L
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BB LRI
3 1he54Ee
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AREAAEREYGE | ERVERTE . A 2% A 2R 2
BRARAERR S, HAESh s S mifs 8] T 1210
M. HATA R ZHGEFIHZ & PCR ot E



- 278 - £ Tl B4

2026 4F 7 A

HE PCR 7 2] Al St sl I A 27271
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