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qPCR

Member of NA 057-08-02 AK (DIN CEN ISO) molecular species analytics

• ISO 20813:2019
Molecular biomarker analysis — Methods of analysis for
the detection and identification of animal species in foods
and food products (nucleic acid-based methods) –
General requirements and definitions

• DIN EN ISO 20813:2013

Further standards, guidelines as e.g.  

Molecular biomarker analysis - General guidelines for
single-laboratory validation of qualitative real-time PCR 
methods 
in process;  ISO 11781:202X(E) 
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NA 057-08-02 AK (DIN CEN ISO) molecular species analytics

• ISO 20813:2019
Molecular biomarker analysis — Methods of analysis for
the detection and identification of animal species in foods
and food products (nucleic acid-based methods) –
General requirements and definitions

• DIN EN ISO 20813:2013

Further standards, guidelines as e.g.: 

Molecular biomarker analysis - General guidelines for
single-laboratory validation of qualitative real-time PCR 
methods 
in process;  ISO 11781:202X(E) 
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qPCR

NA 057-08-02 AK (DIN CEN ISO) molecular species analyticsreal-time PCR 
(qPCR) quantitative Polymerase Chain Reaction (PCR)

• Specific amplification and detection in real-time, additional fluorescent probe
ISO/TS 20224 part 1-11: ISO/TS 20224 -3 porc (sus scrofa)

prENxxx horse quantitative, deer… 

• Barcoding: (sequencing): Fish, muscles, meat, birds…

• Meta-barcoding (NGS sequencing)…

• Future projects dPCR e.g. based on § 64 projects, German food law



5detectiondetection methods

Species detection

• Immunological methods ELISA, Lateral flow
low amount for equipment
reduced sensitivity 0.1% - 1%

• Mass spec digestion, separation, 
fingerprint peak detection
standardized reagents, 
expensive equipment

• Molecular DNA (nucleotide) detection, “gold standard“ specific and sensitive
• Lab equipment needed.  DNA amplification: 

be aware about cross contamination



6Animal species detection

Nucleus: single copy genomic DNA quantification (e.g. myostatin)

Mitochondria: multicopy DNA highly conserved for species

undefined, high numbers of DNA

commonly Cytochrome b (Cytb)
and Cyclooxygenase (COX)
used as targets

mitochondrial assays useful for sensitive assays but not for quantification

qPCR



7Animal species detection

qPCR general procedure

1. Sampling

2. Homogenisation

3. Lysis/DNA Prep

4. qPCR

5. Data extraction 

qPCR
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sample prep. RNA/DNA prep qPCR data interpret. sample

surface
Food 
Beverages, liquids

Representative sampling and homogenisation most crucial for all detection methods 

5 µl 
DNA
RNA

~ 5 x 5 cm
~ (kg) – gram (0.05 - 2 gram subsample) 
~ ml

100~50 µl

Sample matrices
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sampling DNA prep set-up qPCR run

representative (!)
sampling and
homogenisation

subsample e.g. 10 g

50 mg – 2 g 

final sample !

- manually (spin-filter)

- automation (magnetic beads)

~ 1-2 hrs

qPCR setup:
mastermix + 
DNA (controls)

qPCR run and data extraction

data handling

data

qPCR



10qPCR summary

computer/software
light detector

heat/cool 

95° C

~ 60° C

FAM

HEX

ROX

Cy5

1     2      4   8  16  32…. background signal

qPCR



11qPCR summaryqPCR

PCR and qPCR the principle

procedure of DNA amplification and detection:

Guanine 
Adenine

Cytosine
Thymine

forward
primer 1

backward
primer 2

nucleotides

primer
(probe)

Taq Polym.
buffer
dNTPs
Mg2+

Master Mix (20 µl)

sample DNA (5µl)



12qPCR summaryqPCR

PCR and qPCR the principlePCR and qPCR the principle

procedure of DNA amplification and detection:

Guanine 
Adenine

Cytosine
Thymine

FAM

probe: specific sequence, labelled with fluorescent dye
and quencher

- second sequence:higher security
- detection in real-timeforward

primer 1
backward
primer 2

nucleotides

BHQ

primer
probe

Taq Polym.
buffer
dNTPs
Mg2+

Master Mix (20 µl)

sample DNA (5µl)



13qPCR – qualitative or relative quantification

GMO

“negative“ < LOD ( e.g. 0.01% to < ppm)

low DNA amounthigh  DNA amount

„technical device threshold“ 

3,322 at Δ 10 x 
(-3,1 - 3,6)

dilution series

Ct values



14qPCR – qualitative, or relative quantification

GMO

< LOD ( e.g. 0.01% to < ppm)

low DNA amounthigh  DNA amount

dilution series

Ct values

?

Algorithms as e.g.

LinRegPCR

Ct   cycle treshhold
Cp crossing point
Cq cycle quantitative

value
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Amount dilution percentage ppm

1 100 100 % 1.000.000    ppm

qPCR



16Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000    ppm
0.1 10-1 10 % 100.000    ppm

qPCR



17Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000    ppm
0.1 10-1 10 % 100.000    ppm
0.01 10-2 1 % 10.000    ppm

qPCR



18Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000    ppm
0.1 10-1 10 % 100.000    ppm
0.01 10-2 1 % 10.000    ppm
0.001 10-3 0.1 % 1.000    ppm

e.g. GMO
EU: 0.9%
legal treshhold

qPCR

e.g.  horse meat scandal 2013: informal, non – legal thresholds in EU:

> 1 % ingredient or severe incompetence

0.1 - 1 % internal controls in factory recommended

< 0.1 % contamination, “technical unavoidable” contamination? trace



19Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000 ppm
0.1 10-1 10 % 100.000    ppm
0.01 10-2 1 % 10.000    ppm
0.001 10-3 0.1 % 1.000    ppm
0.0001 10-4 0.01 % 100    ppm

qPCR



20Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000 ppm
0.1 10-1 10 % 100.000    ppm
0.01 10-2 1 % 10.000    ppm
0.001 10-3 0.1 % 1.000    ppm
0.0001 10-4 0.01 % 100 ppm
0.00001     10-5 0.001     % 10    ppm

qPCR



21Sensitivity

Amount dilution percentage ppm

1 100 100 % 1.000.000    ppm
0.1 10-1 10 % 100.000    ppm
0.01 10-2 1 % 10.000    ppm “ingredient”
0.001 10-3 0.1 % 1.000    ppm
0.0001 10-4 0.01 % 100    ppm
0.00001 10-5 0.001     %                          10    ppm
0.000001   10-6 0.0001   %                            1    ppm
0.0000001 10-7 0.00001 % 0.1 ppm
0.0000000… (not zero)

Sensitivity of qPCR in muscle meat ≤ 1 ppm …contamination in production?
difficult interpretation (y/n)...

qPCR



22standardisation

Sensitivity Limit of detection (LOD) all target DNA to be detected

absolute LODabs usually 95% dilution series in relevant range

relative LOD LODrel dilution in relevant material (A)

assymetric LOD multiplex qPCR

Limit of Quantification (LOQ)

Specifity 1. in sillico, 2. in practice only target DNA has to be
detected

inclusivity, excluvity no “false positives“

Robustness othogonal variation same results, even by variation



23standardisation

Sensitivity Limit of detection (LOD) all target DNA to be detected

absolute LODabs usually 95% dilution series in relevant range

relative LOD LODrel dilution in relevant material (A)

Dilution series, e.g. 19 of 20 samples positive: LOD 95

Low amount of DNA: statistical aspects: Poisson Distribution

e.g. 2 DNA/10 µl 5µl / assay …
0     1     2
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Orthogonal robustness study, e.g. according to TS 17329-1: 2021 

multifactorial test with 3 x LOD95 DNA
Cq values should not have high variation

Interlaboratory study (ring trials) and proficiency tests as internal, DRRR, FAPAS

Factor 1 0
PCR equipment A B
PCR mastermix X Y
Primer concentration protocol -30%
Probe concentration protocol -30%
Volume mastermix 19 µl (-5%) 21 µl (+5%)
Annealing temperature + 1 °C - 1 °C



25standardisation 1

ISO 20224-3 2019E
Molecular biomarker analysis — Detection of animal derived materials in foodstuffs and feedstuffs by real-
time PCR — Part 3: Porcine DNA detection method

10 min  95 °C initial denaturation
15 s      95 °C denaturation
60 s      60 °C annealing/elongation
45         cycles



26standardisation 2
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GSO 2649:2021 adapted from MS 2627:2017

CTAB, Phenol extraction; DNA 

classical PCR with post-PCR gel electrophoresis detection or qPCR

primers e.g. 5'- GAC CTC CCA GCT CCA TCA AAC ATC TCA TCT TGA TGA AA-3'
5'- GCT GAT AGT AGA TTT GTG ATG ACC GTA-3‘

3-step PCR 94°C, 30s / 54°C, 30s / 72°C, 40s, 2 min extinction
35 cycles
positive results should be in in the range of Ct 32-34
LOD: 0.01% (w/w)



28Pork Sens qPCR kit S6017 for detection of pork DNA

Commercial kits as Pork Sens Plus

No “halal test” ! 

sensitive test for detection of pork (sus scrofa), 

highly specific (as other sus scrofa tests)

very sensitive: ~ 0.4 ppm in muscle meat 

validated, suitable for food, not validated for other products as cosmetics, environmental 
samples etc.

standardisation 3   commercial / other systems



29qPCR Pork Sens 

DNA preparation using PREP Basic/Advanced (simple spin filter system) or automation

Qualitative real-time PCR with internal amplification control (IAC), commercial Pork sens assay

5 min 95 °C initial denaturation

45 cycles:

15 s 95 °C denaturation
30 s 60 °C annealing / elongation

Detection FAM: sus scrofa HEX: IAC inclusivity/exclusivity: sus scrofa (domestica)

Example: Pork sens detection



30qPCR Pork Sens 

Highly sensitive

Do not change settings (thermoprofile), be aware of contamination !

Validated for food and ingredients, 
but not for cosmetics, pharmaceuticals, environmental material

If result is positive, it may have an impact, careful handling of data interpretation mandatory 

Laboratory staff procedure, controls, contamination?
Lab management controls, replicates, samples, contamination, sampling out of 
laboratory? 
Management how to classify and handle this (decision)
Communication how to communicate

Example: Pork sens detection



31qPCR Pork Sens 

Management how to classify and handle this (decision)
Communication how to communicate

Guidelines e.g.

Example: Pork sens detection



32Example: Pork sens detection: results



33qPCR Pork Sens 

Can be used for gelatin and products (with reduced sensitivity)

Profiency tests: FAPAS (lyophilized meat) 

DRRR: Gelatine pork
Sweets (gummi drops)pork 
meat different species
milk different species

Example: Pork sens detection
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3 samples, 12,5% chance by guess



35
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2023 PT with grinded meat samples

further PTs in autumn:

- animal species
- insects in cereals / in feed

www.DRRR.de



Insects

• EU: novel food, ongoing approvals for increasing number of insects (protein)

Tenebrio molitor
Hermetia illucens
Locusta migratoria
Alphitorius diaperionus
…





marketing joke

mostly Burgers,

powder

so far not 
commercial
successful in 
Europe

must be labelled



Allergen
Risk

“crustaceans
mites”



50 years from now…

•
•
•

•

•

•https://www.un.org/development/desa/pd
various scenarios: ~ 2070 -2100 population > 10 Billion





qPCR

Validation report DNA / matrix DNA dilution inclusivity, exclusivity

robustness

LOD: 1 ppm depending on sample matrix,
processing grade, DNA preparation and 
DNA content. 

Cross reactivity was observed with DNA
extracts from arachnids with 100 %



Insects, seriell 1:10 (w/w) dilution experiment: 45 gram matrix plus 5 gram sample

3 x 5 s 10.000 rpm
100% to 1 ppm
not a reference material
Laboratory material
…



1% 0.01%

0.0001%

matrix oats

PTC

chocolate bar/cereals

Raw data



1%
matrix

1ppm

PTC

Automatic data extraction
insects IAC

matrix not calulated as positive, no curve, √

high protein concentration, dilute the DNA (e.g. 1:10) chocolate bar in ppm/sub-ppm range positve
check lab conditions

1%

Ingredient                       contamination     trace



Sample matrices

Example: 
Gelatine PTC

DRRR
Profiency test

Pork sens

1 of 2
“problem“ duplicates

controls
1 of 2 results
(duplicate), presumptive; to be confirmed: if positive: porcine DNA detectable 2/3



modern highly processed, multi-component food can be of analytical challenge

qPCR (DNA methods) serves as sensitive technical tools - trace analytic is
however difficult for correct interpretation

• Use proper controls: NTC, PTC, negative extraction (blank) controls, positive extraction controls

• Avoid contamination sources

• duplicates, confirmation

• Check not only Ct values, curves, software settings

• Standardisation, but not just SOP 

• Profiency tests, education

• Information about product, production if available

Summary 



Thank you for your attention

…what about Lab (pure cell culture) meat ?

technical, regulatory treshhold for insects? locusts? bee? differentiation?




