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Many consumers are increasingly concerned about the meat they eat, and accurate labelling is important
due to public health, economic and legal concerns. Meat species adulteration is a common problem in
the retail markets. In this study, a TagMan" quantitative real-time polymerase chain reaction (PCR) as-
say was applied for its ability to quantify chicken meat, which was not indicated on the label, in 79
commercial pork products (ham, sausages, bacon and ground meat) producted by 10 different
manufacturers. The amplification efficiency was 82.05% and the square regression coefficient (R*) was
0.995. PCR results showed that 38.6% of ham samples, 50.0% of sausages samples, and 50.0% of
ground meat samples were contaminated with chicken residuals, while the bacon samples were not con-
taminated with chicken residuals. Only twelve pork products of one of the manufacturers were in ac-
cordance with indicated in their labels. The PCR assay reported in this work could be particularly useful
in inspection programs to verify the food labelling of commercial processed meats and to gain consum-
ers' trust.
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Table 1. Egg-related ingredients on the label of pork products declared only pork contents in real-time PCR assays

Type of pork product
Egg-related ingredients Total
Ham Sausage Bacon Ground meat
Egg white powder 25 3 28
Egg white solution 4 1 5
Produced on shared equipment with eggs 2 1 1 4
No labelling 26 13 1 2 42
Total 57 18 2 2 79
AFg-EthBallin 5, 2009; Fajardo 5, 2010; Koh &, Table 2. PCR reaction mix components
2011). 7184} PCRE ¥ & SFHAES 7|95 Volume (uL)
2 E3 Eolsl= dAS AAHoF 5= @A o] Qrh Reaction component ~ Concentration  pGE7for  ND3 for
ueta FHToe £ EolXdo] mle =L real-time pig chicken
PCRo| ZFgwry1 QIti(Camma 5, 2012; Dooley =, Takara master mix 2x 10.0 10.0
2004; Jonker 5, 2008; Koh 5, 2012; Lopez-Andreo ROX I 50x 04 04
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= : = o =9 &3} =
&> 2005; Tanabe 5, 2007). ©] 7]&2 33 1?]‘74;5. Reverseprlmer 10 pmol/uL 0.6 0.8
ARgsto] AFF 02 PCR AMEE AAIZTC = gRlsH TagMan™ probe 10 pmol/uL 1.0 1.0
A, 2 ANEE SA AYE 4 UrkKoh F, IPC12S-2514F 10 pmol/uL 0.35 0.35
012 IPC128-2363R 10 pmol/uL 035 035
)- IPC18S-2434P 10 pmol/uL 0.35 0.35
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Table 3. Results of the analysis of pork products containing egg-related ingredients using chicken-specific primers in real-time PCR

Type of pork product (%)

Total

Egg-related ingredients

Ham Sausage Bacon Ground meat
Labelling 16/31* (51.6) 5/5 (100) 0/1 (0.0) 21/37 (56.7)
No labelling 6/26 (23.1) 4/13 (30.8) 0/1 (0.0) 1/2 (50.0) 11/42 (26.2)
Total 22/57 (38.6) 9/18 (50.0) 0/2 (0.0) 1/2 (50.0) 32/79 (40.5)

*Number of detected chicken genes/Number of tested samples.

Table 4. Results of egg white and egg yolk using chicken-specific
primers in real-time PCR

Sample DNA concentration ~ Chicken el
(ng/uL) Cr value Cr value

Egg white 1 3.6 - 32.7

Egg white 2 7.3 - 33.6

Egg white 3 9.6 - 31.7
Egg yolk (n=3) 50 29.7£2.0 27.9+1.9
Egg yolk (n=3) 10 32.0:2.0 30.3£1.7

*None detected. 'Internal positive control.

3tttk PCR WH3-9B& Premix Ex Taq (2%, Perfect
Real time, Takara, Japan)Z} ROX (50%, Takara, Japan)
2 o]gato] Table 29} Zo] At

GHR} ZZ7]= 7500 FAST Real-time PCR system
(Applied Biosystems, USA)2 A}&3}Fo] 95°CollA 18
7t 13] pre-denaturation AA|3F Z 95°Col|A] 15%,
SSCol A 13 2712 408 WHEeloT. ZEATE
7500 software (Ver. 2.0.5, Applied Biosystems, USA)
Z2IOWE o3 S5tk

REABL o 7P AR %-7-:% Xﬂ%% AF
SF3ATt.
HZITHL Ha17] DNA 100%S E3Fste] w21

7] DNA9] & 127] DNA %7} 10%, 5%, 1%, 0.1%
1231 0.01% E|=5 DNA E3tE2 £H|5H% AL, 9]
E X239 2= DNA %= 10 ng/uLo]t}h.

Real-time PCROJA| &5 Cr gholl A-83sk= HaL
7] DNA gekol i3t 522418 7500 software (Ver.
2.0.5, Applied Biosystems, USA)E ©]-&35} it}

Table 5. Results of the chicken DNA detection for pork products of
ten food companies

Type of pork product (%)

Company Total
Ham Sausage  Ground meat
A 2/10*% (20.0)  2/6 (33.3) 1/2(50.0) 5/19 (26.3)Jr
B 0/8 (0.0) 0/4 (0.0) 0/12 (0.0)
C 2/7 (28.6)  2/2 (100) 4/9 (44.4)
D 3/9 (33.3) 3/9 (33.3)
E 3/8 (37.5) 3/9 (33.3)Jr
F 2/5 (40.0)  3/3 (100) 5/8 (62.5)
G 5/5 (100)  1/2 (50.0) 6/7 (85.7)
H 2/2 (100)  1/1 (100) 3/3 (100)
I 2/2 (100) 2/2 (100)
J 1/1 (100) 1/1 (100)

Total  22/57 (38.6) 9/18 (50.0) 1/2 (50.0) 32/79 (40.5)"

*Number of detected chicken genes/Number of tested samples. TOne
bacon product was included in the total. *Two bacon products were
included in the total.
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Fig. 1. Real-time PCR graph obtained with chicken DNA using chicken-specific ND3 primers and probe. (A) Quantitation graphs of real-time
PCR detection for chicken DNA. All reactions were run in triplicate. (B) Standard curve for chicken PCR products obtained from pork DNA of
spiked chicken DNA in the range between 0.01% (0.001 ng/uL) and 100% (10 ng/uL).
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Table 6. Results of the analysis of pork products declared only pig content from real-time PCR for pig and chicken, respectively

Declared pork  Egg-related Pig real-time PCR Chicken real-time PCR Estimated chicken
Type of product . .
content (%) ingredient FGF7 IPC ND3 IPC content (%)

Ham 8 90.65 EWP" 28.83 19.45 29.69 20.64 0.20
Ham 10 86.53 EWP 28.54 19.08 32.20 20.75 0.04
Ham 15 83.38 EWP 28.29 18.77 31.46 19.96 0.07
Ham 16 80.39 EWP 33.01 21.02 22.75 21.81 12.70
Ham 18 78.72 EWP 28.65 19.35 23.95 20.21 6.21
Ham 19 83.83 EWP 28.11 18.18 24.18 19.43 5.39
Ham 33 90.53 EWP 28.96 19.47 26.08 20.50 1.73
Ham 42 80.19 EWP 28.56 19.23 24.75 20.24 3.85
Ham 78 83.71 EWP 28.83 19.68 30.94 20.85 0.09
Ham 83 90.91 EWP 28.05 18.23 2822 19.05 0.48
Ham 84 90.01 EWP 29.25 19.09 25.10 19.45 3.11
Ham 87 81.82 EWP 29.03 19.75 28.97 19.71 0.31
Ham 90 78.43 EWP 28.71 19.34 27.32 19.96 0.82
Ham 41 75.49 EWS' 29.15 19.59 29.44 20.84 0.23
Ham 80 76.76 EWS 28.11 18.68 25.86 19.47 1.98
Ham 35 85.87 wrt 30.29 20.53 25.12 21.47 3.07
Ham 69 86.63 S 29.77 19.63 30.75 20.58 0.11
Ham 71 94.50 - 31.82 2245 30.71 23.62 0.11
Ham 82 95.48 - 30.62 21.04 35.05 21.70 0.01
Ham 88 82.34 - 30.12 19.96 22.79 20.09 12.45
Ham 89 75.60 - 3243 21.05 21.83 20.89 22.03
Ham 91 81.26 - 31.58 20.32 22.55 20.94 14.34
Sausage 1 84.95 - 27.40 18.42 29.98 19.90 0.17
Sausage 2 86.35 EWP 27.98 19.62 30.00 21.05 0.17
Sausage 29 87.39 EWP 27.83 18.92 26.05 20.14 1.76
Sausage 30 90.21 EWP 28.84 19.56 30.55 20.58 0.12
Sausage 28 74.43 EWS 28.44 19.02 28.13 20.04 0.51
Sausage 32 85.79 WI 29.60 20.11 28.97 21.10 0.31
Sausage 65 86.22 - 28.58 18.95 35.73 20.29 0.01
Sausage 67 86.81 - 28.58 19.21 28.62 20.11 0.38
Sausage 68 87.03 - 28.43 19.44 26.70 20.33 1.19
Ground meat 50 74.06 - 30.22 20.60 26.82 21.93 1.11

*Egg white powder. TEgg white solution. "Produced in a facility that also processes eggs. *Not declared egg ingredients. Cr values obtained from
10 ng/uL DNA sample. Mean=SD of Cr values for FGF7 real-time PCR of ham and sausage is 29.58+1.46 and 28.41+0.63, respectively.
Mean+SD of Cr values for ND3 real-time PCR of ham and sausage is 27.26+3.69 and 29.4142.81, respectively.

Table 7. The frequency of estimated chicken DNA content (%) range by type of pork products considered egg-related ingredient

Egg-related Ham (%) (n=57) Sausage (%) (n=18) Total (%) (n=79)

ingredient < |<.<j0 =10  Total <l 1=—<10 =10  Total <l 1<<10 =10  Total

Labelling  8(14.0) 7(12.3) 1(1.8) 16(28.1) 4(222) 1(56) ND 5@27.8) 12(152) 8(10.1) 1(1.3) 21(26.6)
Nolabelling 3(53) ND* 3(53) 6(10.5 3(167) 1(56) ND 4(222) 6(7.6) 225 3(3.8) 11(13.9)

Total 11(19.3) 7(123) 4(7.0) 22(386) 7(389) 2(I1.1) ND  9(50.0) 18(22.8) 10'(127) 4(5.1) 32(40.5)

*None detected. 'One ground meat product was included in the total.

1RAG6%), DA AR IGO0 BT 2ALI%) & W] 4R A AE 1270(152%), 0] EA AE 6
olglom, 10%E Zilst AEL 9ok A(7.6%) 0.2 BE 1871(22.8%)0] At} Bi17] FHgol
Wk 24K 79 F S Aol 1% kAR 1=~<l0%el AGIHE AF F U AR EA AE
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