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For detecting the deer DNA in meat and bone meal (MBM), an analytical method based on
polymerase chain reaction (PCR) was developed.

The deer mitochondrial DNA in a sample was extracted using a kit (mtDNA Extractor CT Kit,
Wako Pure Chemical Industries; Osaka, Japan). PCR amplification was performed in a reaction
solution which contained the extracted DNA, primer pair for detecting deer DNA (Hokkaido
System Science; Sapporo, Japan) and DNA polymerase (AmpliTag Gold, Applied Biosystems;
Foster City, CA, USA) etc. PCR products were separated by electrophoresis through 2.5 w/v%
agarose gel, and stained with ethidium bromide. After electrophoresis, the test results were
judged by the presence of PCR amplification products with the identical size of the positive target
deer DNA fragment.

The specificity of this PCR-based method which uses primer pair for detecting the deer DNA was
examined in wild boar raw meat, wild boar meat meal and bear raw meat. At the result, those
samples were detected deer negative. This indicates that the primer pair for detecting the deer
DNA has a sufficient specificity.

The sensitivity of the PCR-based method in pork MBM and pork and poultry MBM containing
deer meat meal (DMM) was examined at three levels (0.01 %, 0.05 % and 0.1 % DMM). All
samples at all levels in pork MBM were identified deer positive. However, a part of samples at
0.01 % DMM in pork and poultry MBM was found deer negative. This means the sensitivity of
this method for DMM contained in pork and poultry MBM was lower than that in pork MBM.
The sensitivity at 0.01 %, 0.02 %, 0.05 % and 0.1 % DMM in pork and poultry MBM was 63 %
(10 out of 16 samples), 80 % (8 out of 10 samples), 100 % (26 out of 26 samples) and 100 % (6
out of 6 samples) respectively.

A collaborative study was conducted in eight laboratories, which used pork and poultry MBM with
DMM additive concentration of 0 %, 0.05 % and 0.1 % each as samples. The sensitivity and the
false-negative rates of this method in all samples containing DMM were 100 % and 0 %
respectively. This reveals that the LOD of this method is 0.05 % DMM in MBM. Besides, the
specificity and the false-positive rates of this method in the blank sample (with no DMM) were
100 % and 0 % respectively. Those results demonstrate that this method fulfills requirements for
a qualitative analytical method.

This method was thus validated and established for use in the inspection of deer protein in MBM,
etc.
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DNA extraction

weigh 100 mg of sample into a tube containing 1.5 g of zirconia beads
add 1 mL of Buffer for Homogenate

homogenize sample at 2000 rpm for 1 min  (x2)

centrifuge at 1000xg for 2 min at 4 °C

transfer supernatant to another tube

centrifuge at 10000xg for 10 min at 4 °C

apply 50 uL of DNA extraction solution I to precipitate

apply 100 pL of DNA extraction solution II

leave it for 5 min on ice

apply 75 pL of DNA extraction solution III

leave it for 5 min on ice

centrifuge at 12000xg for 5 min at 4 °C

apply 300 pL of Sodium Iodide Solution to 200 pL of supernatant
apply 500 pL of 2-propanol

centrifuge at 12000xg for 15 min at room temperature

add 1 mL of Washing Solution to precipitate

centrifuge at 12000xg for 5 min at room temperature

add 1 mL of Washing Solution to precipitate

centrifuge at 12000xg for 5 min at room temperature

dry under the reduced pressure

apply 20 pL of TE

PCR amplification

preparation for PCR reaction

thermal cycler

operating condition: 95 °C, 9 min—[(92 °C, 30 s—55 °C, 30 s—
72 °C, 30 s)x45 cycles]—72 °C, 5 min —4 °C

Electrophoresis

separate the PCR products by electrophoresis through 2.5 % of agarose gel
for 25 min at 100 V

stain with ethidium bromide solution for 30 min

UV irradiation condition at 312 nm

Determination
I—conﬁrm the presence of the band with identical size the band as

positive control

Scheme 1 Analytical procedure for detection of deer DNA
in meat and bone meal (PCR-based method)
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Table 1 Specificity confirmation of the PCR method taken with primer pair
for detecting deer DNA

Number of samples

Materials

(Detected / Tested)
Wild boar raw meat 0/2
Wild boar meat meal 0/2
Bear raw meat 0/2
Poultry by-product meal 0/2
Pork MBM” 0/2
Pork and poultry MBM” 0/2

a) Meat and bone meal
b) Pork and poultry MBM was prepared by mixing equal amounts of
pork MBM and poultry by-product meal.
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Table 2  Sensitivity of the PCR method taken with primer pair for detecting deer DNA
in pork MBM? and pork and poultry MBM ® containing DMM® at different levels

Kind of samples Spiked level I(\Ill)l?::::egi ?:Sl?elz; Sen(sozl)vny
Pork MBM 0.01 % DMM 6/6 100
0.05 % DMM 6/6 100
0.1 % DMM 6/6 100
Pork and poultry MBM 0.01 % DMM 4/6 67
0.05 % DMM 6/6 100
0.1 % DMM 6/6 100
Poultry by-product meal 0.05 % DMM 6/6 100

a) Meat and bone meal
b) Pork and poultry MBM was prepared by mixing equal amounts of pork MBM and
poultry by-product meal.

¢) Deer meat meal
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Table 3  Sensitivity of the PCR method taken with primer pair for detecting deer DNA
in pork and poultry MBM? containing DMM® at different levels

Kind of sample DMM level Number of samples Sensitivity
(Detected / Tested) (%)
Pork and poultry MBM 0.01 % DMM 10/16 63
0.02 % DMM 8/10 80
0.05 % DMM 26/26 100
0.1 % DMM 6/ 6 100

a) Pork and poultry MBM (meat and bone meal) was prepared by mixing equal amounts of pork
MBM and poultry by-product meal.

b) Deer meat meal
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Table 4  Collaborative study for DMM? contained in MBM®

Blind test”
Test samples (positives) Test sample (negatives)
0.05 % DMM" 0.1 % DMM 0 % DMM Correcdt)
Replicate number Replicate number Replicate number resuls
Lab No. 1 2 4 5 6 1 2 4 5 6 1 2 3 4 5 6
1 + + + 4+ + o+ + + + + + 4+ - - - - - = 18
2 + + + 4+ + o+ + + + + + 4+ - - - - - = 18
3 + + 4+ 4+ + o+ + + 4+ 4+ + o+ - - - - - = 18
4 + + 4+ 4+ + o+ + + 4+ 4+ + o+ - - - - - = 18
5 + 4+ 4+ 4+ o+ o+ + + 4+ 4+ 4+ o+ - - - - - = 18
6 + 4+ 4+ 4+ o+ o+ + + 4+ 4+ 4+ o+ - - - - - = 18
7 + + 4+ 4+ + o+ + + 4+ 4+ + o+ - - - - - = 18
8 + + 4+ 4+ + o+ + + 4+ 4+ + o+ - - - - - = 18
Sensitivity, % 100 100 -
Specificity, % - - 100
False-positive rates, % - - 0
False-negative rates, % 0 0 -

a) Deer meat meal

b) MBM (meat and bone meal) was prepared by mixing equal amounts of pork MBM and poultry by-product
meal

c) +: positive, —: negative

d) Number of correct results in each laboratory

Table 5 Instruments and UV wavelength for producing color used in the collaborative study

Gel documentation system

Lab No. Thermal cycler Model of instrument (E;l/)
1 GeneAmp PCR system 9700, Applied Biosystems AE-6932GXES-U, ATTO 312
2 GeneAmp PCR system 9700, Applied Biosystems WUV-M20, ATTO 312
3 Thermal Cycler Dice, TAKARA BIO AE-6932GXES-US, ATTO 312
4 GeneAmp PCR system 9700, Applied Biosystems AE-6932GXES-U, ATTO 312
5 GeneAmp PCR system 9700, Applied Biosystems AE-6932GXES-U, ATTO 312
6 GeneAmp PCR system 9700, Applied Biosystems AE-6932GXES-U, ATTO 312
7 GeneAmp PCR system 9700, Applied Biosystems AE-6932GXES-U, ATTO 312
8 ProFlex PCR System, Thermo Fisher Scientific Gel Doc XR, Bio-RAD 302
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