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Presentation aims
• Defra sponsored conference “Food Fraud - the Analytical
Tools”:
– Showcase UK research into food authenticity testing
– Report the development and use of state-of-the-art methods
to assure food authenticity
– Look at existing and potential methods to
combat food fraud
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Presentation overview
• Speaker profile
• Food authenticity
– Meat speciation
• Food authenticity testing
– Example protocols - existing methods
– Molecular biology approaches - potential methods
• Identification and analysis of horse meat
– Background
– Defra projects - showcase research
• Summary

Area of expertise
• Malcolm Burns – Principal Scientist
• Molecular and Cell Biology Group (LGC)
• Area of specialisation: food authenticity testing (DNA)
– e.g. meat & fish speciation; GMOs; allergens; Basmati rice; durum
wheat; etc.,

• LGC - Independent analytical laboratory providing:
–
–
–
–

Chemical, biochemical and forensic analysis and outsourcing
Diagnostic services, DNA testing and genetic screening
Research, method development, consultancy and training
Biomaterials and reference standards (PT schemes)
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Area of expertise
• Approx. 2000 employees across 22 countries within private and
public sector
• Operate across a wide range of markets, underpinning the safety,
health and security of the public and the regulation industry
• UK National Measurement Institute for chemical and biochemical
analyses
• NRL status: e.g. UK National Reference Laboratory for GMOs

Lexington, USA

Bangalore, India
Barcelona, Spain

Teddington, UK
Wesel, Germany

www.lgcgroup.com
Culham, UK
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Role of the Government Chemist
• GC: role in safeguarding the quality of public science and ensuring
accurate analytical measurements
• Many duties prescribed by Acts of Parliament
– mostly related to food

• Statutory function of the role:
– “an independent and impartial referee analyst . . . pursuant to certain legislation”
– Take samples as part of formal official control analysis according to relevant
Food Safety Act
– Cases of dispute between Local Authority and Trader/Manufacturer

Local
Authority

Trader

Government
Chemist

Food Authenticity
• Food purchased by the consumer must match its
description*
• Misdescription of Food:
– Fraudulent replacement of ingredients with cheaper
materials
– Presence and amount of ingredients
– False statement regarding source of ingredients

• Examples: meat speciation; fish speciation; pasta;
Basmati rice; GMOs; Allergens; fruit juices, etc.

* Source: Food Standards Agency website: http://www.food.gov.uk/

Food authenticity

. . . all aspects require development of analytical methods
for correct identification of food materials

Pre-existing protocols for food authenticity testing
• Example existing methods
• Many based on PCR and capillary electrophoresis:
–
–
–
–
–
–
–

Pasta (Durum wheat)
Basmati rice
Fish speciation
Allergens
GM
Meat speciation
Fruit juice
Application to pre-existing food authenticity protocols?:
FSA Foodbase : http://www.foodbase.org.uk/
Food Standards Agency's open access repository

Example fish and meat speciation protocols
•

Rob Ogden, TRACE Wildlife Forensics Network
– Adaptation of DNA analysis techniques for the identification of illegally imported
bushmeat for use on the Agilent 2100 bioanalyser - FSA Project Q01109

•

John Dooley and Steve Garrett, Campden BRI
– Application of a Chip-based Capillary Electrophoresis System to Enable Simple
PCR-RFLP identification of Fish Species - FSA Project Q01069
– Extending the Fish Species Lab-on-a-Chip Capillary Electrophoresis PCR-RFLP
Database - FSA Project Q01099

•

Hez Hird, Fera
– The adaptation and validation of real-time PCR methods for the identification of
exotic meat species, for analysis on a capillary electrophoresis chip system FSA project Q01107
– The development and validation of DNA marker methods for the verification of
meat from wild boar - FSA project Q01129
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Why use DNA?
• DNA molecule relatively resistant to degradation
• Potentially enables analysis of following samples:
– Raw
– Cooked
– Processed

• Ubiquitous: copies of the DNA target sequence will be
present throughout all tissues of an organism/food
• Choice of DNA targets cf. antibodies for proteins
• Specificity / sensitivity aspects
• Qualitative/Quantitative assay
• Alternative and confirmatory approach to protein

Typical DNA analysis
Sampling effects
DNA extraction
DNA quantification
PCR setup
Equipment operation
Software analysis
Manual analysis
User interpretation

“A procedural approach for the
identification of sources of uncertainty
associated with GM quantification and realtime quantitative PCR measurements”
M.Burns and H.Valdivia, European Food
Research and Technology (2007) 226: 718 -DOI: 10.1007/s00217-006-0502-y

Methods for Nucleic Acid analysis

• PCR and Capillary
Electrophoresis
• Real-time PCR
• Digital PCR
• Rapid DNA testing
(Point-of-test/on site)
• DNA sequencing and
Next Generation
Sequencing (NGS)

Methods for Nucleic Acid analysis
• PCR
– Qualitative (e.g. RFLPs, CE)

• Real-time PCR
– Added specificity
– Quantitative potential

Established method

• DNA sequencing
– Added confirmation of ID of meat species
– Sequence ID validation with DNA databases (e.g. BOLD)
– NGS – higher throughput and PCR populations

• dPCR
–
–
–
–

High throughput
Absolute single molecule detection
Matrix effects
Sensitivity

Methods
with great
potential
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DNA sequencing
• Valuable advanced confirmatory technique
– Provides added confidence and more information compared to
traditional food authenticity approaches
– Recommended for use to confirm results of existing methods to detect a
fish, meat or fruit/vegetable product from a particular species

• Confirmation of species identity through alignment and comparison
to validated DNA sequence databases for species (e.g. BOLD)
• Can help identify species that are not included in tests that are
currently available
• LGC provides training courses on this
• Applied examples
– Beef adulteration with kangaroo
– Cod adulteration with Vietnamese Catfish

Trace detection & quantification:- Digital PCR
qPCR 1 × 20 ul reactions

wild type
mutant

•

Technique used to enrich minority targets by partitioning
– Principle well developed in physical and chemical fields

•
•
•

Technique to quantify the amount of DNA in a sample by counting amplifications
from single molecules: absolute single molecule detection
Works by partitioning a single sample into hundreds/thousands of individual real
time PCR reactions
The concentration of any sequence in a DNA sample (copies/µL) can be
calculated using the number of positive reactions

Range of digital PCR Platforms

•

Chip platforms
– Fluidigm BioMarkTM Image courtesy of Fluidigm Image courtesy of Life technologies
– Life Technologies, OpenArray Systems®

•

Droplet digital PCR (ddPCR)
– Bio-Rad QX100TM
– RainDance RainDropTM
Image courtesy of Bio-Rad

•

Next generation devices
– Centrifugal devices
– Sliding microarray devices

Image courtesy of
Raindance™

Digital PCR Publication
• Aspects associated with dPCR:
– No requirement for calibration curve
– Elimination of “matrix effects”
between calibrant and sample
– Level of replication (MU)
– Costs

• GC programme
– “The applicability of digital PCR for
the assessment of detection limits in
GMO analysis”
– Published paper (EFRT)
– Use of digital PCR for GMO analysis
and estimates of sensitivity

M. Burns, A. Burrell, C. Foy (2010) “The
applicability of digital PCR for the assessment of
detection limits in GMO analysis” European Food
Research and Technology 231: 353-362. DOI:
10.1007/s00217-010-1277-8

Identification and analysis of Horse meat

Background
• 15th January 2013 the Food Safety Authority of Ireland (FSAI)
publishes report:
– A total of 27 beef burger products were analysed with 10 of these
products (37%) testing positive for horse DNA and 23 (85%) testing
positive for pig DNA
– In one instance when analysing a beef burger on sale at supermarket,
results were reported that stated “the level of horse DNA indicated that
horsemeat accounted for approximately 29% relative to the beef
content”

• 16th January 2013 – Food Standards Agency (FSA) issues four-point
plan for the investigation:
1. Urgent review of the traceability of the food products identified in the
FSAI survey
2. Explore methodology used
3. Consider whether any legal action is appropriate
4. Work with Defra on a UK-wide survey

• Global issue - Illegal substitution of beef with horse

How did LGC help?
LGC assisted Government on all aspects of the four-point plan
Advice, Analysis and Research
• LGC worked with FSA/Defra and provided advice on methods for
determination of horse meat as part of the UK survey of beef products
• Advised on issues associated with threshold labelling (1%)
• Attended EU consultative meeting for 2nd round of horse-meat testing
(Brussels) with FSA representing UK expert laboratory
• Analysed samples for industry
• Defra Project: establish LOD of methods used in the UK survey of beef
products for horsemeat
Showcase Defra research
• Defra Project: develop a real-time PCR approach for quantitation of horse
DNA
• Project to establish whether species cross contamination occurs in UK meat
processing plants during the GMP production of mince meat
• Analysed 7 referee cases related to meat speciation in 2013
–

Horse, beef, pork, lamb

Defra Project: FA0134
Method verification of the LOD
associated with the UK Survey on
Horse-meat

Introduction
•
•
•

As part of the response to the horse-meat issue, Defra/FSA commissioned
a UK Survey of beef products
Samples were taken on a formal basis, allowing Public Analysts to choose
which methods to apply
A range of analytical methods are available for detection of horse DNA but
the respective Limits of Detection (LOD) are often different, not robustly
defined, or expressed using different measurement units
– e.g. DNA/DNA; DNA copy numbers; amount of DNA; mitochondrial or nuclear
DNA; w/w of meat, etc.

•
•

The LOD of a method is a critical performance characteristic that represents
the lower limit of applicability of the method
The LOD of methods used in the UK Survey needed to be robustly tested
and qualified so that results obtained for samples can be interpreted with
confidence

Methods being used by PAs as part of UK
Horse-meat Survey
Laboratories

Method

LOD

x3

PrimerDesign kit

Approx. <100 copies
mitochondrial genome

x2

Neogen BioKits

Approx. <0.1% w/w

x2

PCE-CE (FSA)+

Approx. 1% w/w

x1*

Chisholm et al., 2005

25pg of mitochondrial
DNA

x1

Real-time semi-quantitative PCR
(in-house)

<0.1% DNA/DNA basis

+ H. Hird. (2009) (“Standard operating procedure for the genetic identification of common and exotic meat species using
the Agilent 2100 Bioanalyser Capillary electrophoresis system” Food Standards Agency Standard Operating Procedure
(SOP) 002)
* One PA lab used both the PCR-CE(FSA) and Chisholm et al., methods, but only reported results based on the former

Potential issues: non-detects
Scenario 1
A

Scenario 2
A

B

B

2%
LOD
1%

LOD
1%

0.5%
LOD
0.1%

LOD
0.1%

Detected?

Aim of LOD work
•

•

•

•

Aim: Evaluate LOD of selected methods used by PAs as part of the UK
horse-meat Survey in terms of uniform w/w (raw horse-meat in a raw beef
(meat) background) sample measurements
Following consultation with Defra, three selected methods were:
– PCR-CE (FSA) (LOD reported as approx. 1% w/w)
– PrimerDesign (LOD of approx. <100 mitochondrial copies)
– Neogen BioKits (LOD approx. 0.1% w/w)
Range of gravimetrically prepared raw horse-meat in raw beef meat (w/w)
materials produced
– Authenticated for species identity (real-time PCR, ELISA and DNA
sequencing)
Materials used for estimation of LOD of methods based on internationally
accepted guidelines and best measurement practice

Example results
PCR-CE(FSA)

Neogen Biokits

PrimerDesign

Results
• All three methods have the capability of reaching a LOD of less than
0.1% w/w raw horse-meat in a raw beef (meat) background

– if Quality Procedures and Good Laboratory Practice for
molecular biology methods are adhered to
• Likelihood of not detecting the presence of the target will be similar
between these methods
• Helps afford reasonable comparability of results from these three
methods
• Gives added confidence in the interpretation of the results from the
UK survey on beef products

Defra Project: FA0135
Development of a real-time
PCR approach for the
quantitation of horse DNA

Introduction
• EU horse-meat issue: Defra/FSA commissioned an official UK
Survey of beef products
• Lack of guidance and scientific standardisation of how the amount of
meat adulteration in a sample is expressed
• Highlighted the requirement for a quantitative approach to be
developed to accurately measure the amount of horse DNA present
in samples
• Aim of the work: Develop a real-time PCR approach for the
quantitation of horse DNA
• In line with current scientific thinking and the state-of-the-art, two
nuclear DNA targets were taken forward:
– Horse DNA - equine growth factor (Koppel, et al., 2011)
– Mammalian/poultry DNA - myostatin gene (Laube et al., 2003)

In-house validation
•

Authenticated meat samples used for:
– A range of w/w tissue gravimetric materials
– Preparation of horse DNA: beef DNA ad-mixtures (following DNA extraction)

•

The quantitative approach for horse DNA was validated in terms of
performance characteristics:
– Specificity
– LOD
• lowest target analyte concentration (nominal copy numbers) that could still be detected
on 95% of occasions - approx. 5 copies

– Limit of Quantitation (LOQ)
• lowest relative amount of horse content of a sample that can still be reliably quantified
(95% CI incorporates assigned value) - <0.1% w/w and DNA:DNA ad-mixtures

– PCR efficiency and linearity
– Trueness (bias) and precision
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Results and Further work
Relative Quantitation of Horse in Beef

% relative horse meat content (log scale)
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DNA:DNA Ad-mixtures
w/w Gravimetric Materials
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0.10

0.01
0.1% Horse 0.5% Horse 1% Horse 5% Horse 30% Horse 100% Horse
% Horse in Beef Sample

•

Further work:
–
–
–
–
–

Applicability to different meats and samples
Characterise MU
Assessment of processed foods
Transfer to Public Analysts (training course)
UK/EU Collaborative Trial

EURL Guidance
• EURL for Animal Proteins in
feedingstuffs
• Recommendations for
detection of horse DNA
• Published guidance on how
to implement and test a
threshold level (1% w/w)

Quantitation of meat species - problems
Example issues:
• Lack of standardisation
• Agreement on expression units (w/w or cp/cp)
• Mitochondrial vs. nuclear DNA?
• Quantitation: relative term. Relative to what?
– Total meat?
– Total DNA?
– Specific meat?
– Mammalian DNA?
• Relationship between DNA copy numbers and actual meat content
• Evaluation and assessment of impact of food processing on DNA
measurement
• Requires full appreciation of factors
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Quantitation of meat species - problems
• Correct meat identification benefits from both DNA and protein
approaches
– units of expression between protein methods (ppm) and DNA (copy
numbers) are different, making objective comparisons difficult

• EU and UK working groups and advisory committees in relation to
food authenticity testing: Engagement and embracement of new and
emerging technologies
– e.g. DNA sequencing (NGS), dPCR

• There are a number of questions to answer . . . but it is not
impossible to resolve this
– e.g. Quantitation of GMOs using DNA

• Needs agreement on threshold levels for action
• Communication between EU member states and EU guidance
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Conclusions
• Current climate - new and reoccurring food issues
• Molecular Biology is up to the challenges – measurement science
working for a safer and more productive world
• Horizon scanning, valid methods, appreciation of uncertainty and
limitations of methods are key
• But more than the biology/chemistry

– The social, legal and business contexts must be
understood for a proper interpretation of analytical results
– Dialogue between regulators and food producers/exporters
and importers - underpinned by independent scientific
evidence
– International collaboration, standardisation and agreement

Summary
•

Current EU legislation on food analysis:
– Food manufacturers
– Retailers/traders
– Enforcers of legislation

•
•
•
•

. . . all require access to accurate methods to determine the level of different
materials/ingredients present in foodstuffs
Food authenticity aspects: focus on meat speciation
Existing methods: Defra/FSA food authenticity testing protocols (Foodbase)
Engagement and involvement in new/emerging technologies
– PCR, real-time PCR; dPCR; DNA sequencing

•

Horse meat issue:
– EU wide issue raised awareness on traceability of meats
– Issues of meat species quantitation: greater dialogue, agreement, guidance and
investment in R&D to facilitate better traceability and monitoring

•

Showcased some of the work being funded by Defra in these areas
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Thank you for listening
Contact details
Malcolm Burns
Malcolm.Burns@lgcgroup.com
020 8943 8452
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