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Analytical food authentication studies

Ballin & Laursen. Trends in Food Science and Technology. 2019; 86, 537 – 543. 
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Different terminologies
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Lack of definitions and nomenclature
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Recent publication
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Terminology
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Image: Divyakant Solanki / EPA

Sudan dye scandal 2005 –
direct authentication
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Primary marker, Sudan dyes in 
spices

Image: Divyakant Solanki / EPA

Kesiūnaitė et al. Chromatographia, 
2009; 70, 1691-1695.

UPLC

Analytical result = Reported result Direct authentication
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Horsemeat scandal 2013

“Tesco's market value 
dropped by 360 million 
EUR”.
The Irish Independent. 22 January 
2013.

On 10 April 2013, it was 
reported that two Dutch trading 
companies… may have 
supplied 50 000 metric 
tonnes of adulterated beef 
containing horse meat since 
January 2011.
BBC News. 10 April 2013.
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Secondary marker in species 
determination, DNA
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Processing
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DNA extractability
Sample matrix

Ballin et al. Meat Science. 
2009; 83, 165-174.



Secondary marker in fresh vs. 
thawed determination, enzyme

Sample Spectroscopy HADH activity
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Processing

Mitochondrial rupture

Dilution
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Gottesman & Hamm. 
Fleischwirtschaft. 1983; 63, 219-221.

Ballin & Lametsch. Meat Science. 
2008; 80, 151-158.



Secondary marker in protein 
determination, nitrogen

Sample Kjeldahl Nitrogen
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Melamine
Urea

Nitrogen containing
compounds



Melamine scandal 2008
300,000 victims
50,000 hospitalized
6 deaths
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Melamine



Terminology
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Primary vs. secondary markers
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Ballin. Meat Science. 2010; 86, 577-587. 

Primary marker
Secondary marker



Lessons learned – primary and 
secondary markers
Primary marker

 Straight forward authentication

Secondary markers

 Be cautious! Results are converted

 Conversion might be wrong or biased

 Report the analytical result

and state your conversion and 

assumptions as comments
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Terminology
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Pine species - pine nut
syndrome

A: Pinus armandii
K: Pinus koraiensis
S: Pinus sibirica
P: Pinus pinea
G: Pinus gerardiana
M: Pinus massoniana
u: unknown
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Single targeted, Pine species 
identification
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Single targeted, Pine species 
identification
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Substitution of plant material

Telegraph Reporters
16 MAY 2018 • 10:05PM
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Profiling, Plant species 
identification

Ballin et al. Food Control. 2019; 105, 141-150.
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Profiling, Plant species 
identification
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Profiling, Plant species 
identification
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Profiling, Plant species 
identification
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Profiling, Plant species 
identification
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Profiling, Plant sub-species 
identification
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Ballin et al. Food Control. 2019; 105, 141-150.



Another profiling example –
dioxins and PCBs in salmon

30 / Danish Veterinary and Food Administration / To target or not to target?



Dioxins and PCBs in salmon –
from primary to secondary
markers
Salmon Origin PCB77 PCB81 PCB126 PCB169 PCB28 PCB52 PCB101 PCB105 PCB114 PCB118 PCB138 PCB153 PCB156 PCB157 PCB167 PCB170 PCB180 PCB189

1 China 0.00334    0.00023 0.00051 0.00022 0.08303 0.11930 0.15797 0.03243 0.00648 0.12713 0.15381 0.23605 0.00217 0.00211 0.00267 0.01706 0.04694 0.00123

2 USA 0.00218 0.00016 0.00066 0.00025 0.03791 0.10341 0.19207 0.04109 0.00239 0.13191 0.15007 0.24804 0.00985 0.00067 0.00666 0.02292 0.04936 0.00040

3 USA 0.00218 0.00018 0.00060 0.00018 0.03534 0.11132 0.18328 0.03691 0.00162 0.13073 0.15120 0.26726 0.00841 0.00168 0.00773 0.01853 0.04218 0.00067

4 Baltic Sea 0.00157 0.00005 0.00080 0.00022 0.01300 0.03436 0.12199 0.03945 0.00214 0.11225 0.21274 0.29624 0.01888 0.00408 0.00895 0.04073 0.09020 0.00234

5 Baltic Sea 0.00157 0.00005 0.00069 0.00022 0.01198 0.03405 0.11028 0.03601 0.00211 0.10368 0.22006 0.31665 0.01692 0.00376 0.00972 0.03968 0.09023 0.00234

6 Baltic Sea 0.00230 0.00006 0.00086 0.00021 0.01427 0.04070 0.12187 0.03534 0.00212 0.10875 0.20731 0.30817 0.01675 0.00416 0.01112 0.03603 0.08783 0.00213

7 Baltic Sea 0.00190 0.00005 0.00079 0.00021 0.01403 0.03776 0.11879 0.03829 0.00220 0.12259 0.21794 0.28972 0.01685 0.00386 0.00989 0.03588 0.08732 0.00192

8 Baltic Sea 0.00215 0.00005 0.00092 0.00022 0.01241 0.03927 0.12282 0.03591 0.00197 0.10961 0.22027 0.29914 0.01582 0.00386 0.00976 0.03856 0.08534 0.00191

9 Baltic Sea 0.00245 0.00004 0.00089 0.00022 0.01265 0.03618 0.11415 0.03603 0.00188 0.10032 0.22322 0.31943 0.01675 0.00364 0.01065 0.03512 0.08443 0.00195

10 Baltic Sea 0.00268 0.00006 0.00097 0.00026 0.01240 0.03918 0.11967 0.03544 0.00212 0.10281 0.21279 0.31833 0.01586 0.00345 0.01133 0.03421 0.08652 0.00193

11 Baltic Sea 0.00231 0.00004 0.00088 0.00022 0.01331 0.03409 0.12171 0.03956 0.00206 0.11579 0.22530 0.29165 0.01661 0.00381 0.01065 0.03346 0.08670 0.00187

12 Norway 0.00270 0.00013 0.00069 0.00013 0.03687 0.11502 0.14581 0.03457 0.00251 0.10489 0.15536 0.26419 0.01143 0.00296 0.00829 0.03506 0.07630 0.00310

13 Norway 0.00281 0.00013 0.00065 0.00014 0.07099 0.10055 0.14692 0.02925 0.00235 0.09963 0.15395 0.26632 0.01019 0.00286 0.00258 0.03655 0.07342 0.00073

14 Baltic Sea 0.00224 0.00005 0.00100 0.00025 0.02104 0.03272 0.12356 0.03702 0.00176 0.11674 0.21183 0.29487 0.01969 0.00384 0.01021 0.03473 0.08608 0.00237

15 Baltic Sea 0.00254 0.00005 0.00101 0.00021 0.02566 0.03622 0.13218 0.03654 0.00184 0.11796 0.20589 0.29595 0.01758 0.00396 0.01081 0.03235 0.07750 0.00176

16 Baltic Sea 0.00252 0.00006 0.00104 0.00021 0.02581 0.03620 0.11989 0.03680 0.00188 0.11451 0.21320 0.29874 0.01782 0.00416 0.00940 0.03708 0.07870 0.00197

17 Norway 0.00279 0.00012 0.00058 0.00012 0.05504 0.08401 0.12283 0.02915 0.00119 0.09815 0.17051 0.28605 0.01079 0.00288 0.00673 0.04476 0.08374 0.00055

18 Norway 0.00201 0.00010 0.00060 0.00013 0.06717 0.10779 0.13858 0.03414 0.00147 0.10460 0.17492 0.25169 0.01076 0.00329 0.00631 0.02908 0.06671 0.00068

19 Norway 0.00235 0.00010 0.00067 0.00003 0.05480 0.10171 0.14143 0.03472 0.00231 0.10646 0.16742 0.25818 0.00824 0.00352 0.00696 0.02855 0.08171 0.00082
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Extend the use of regulatory
control

Convert a primary marker 
analysis into a profiling 
one, e.g:
• Dioxins and PCBs
• Minerals and metals
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Sørensen et al. Food Control. 
2016; 61, 165-171.



Fingerprint examples

(C) feed without chicken bone meal
(D) feed with chicken bone meal

DART-MS -
Extracts of chicken 

Cajka et al. Metabolomics. 2013; 
9, 545-557.
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Vis-NIR
Processed meat and protein

Rady & Adedeji. Meat Science. 
2018; 136, 59-67.
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Primary marker
Secondary marker

Fingerprinting in meat authentication

Fingerprint potential



Lessons learned – single target, 
profiling, and fingerprinting

 Single target

• Limited use

 Profiling

• Broad applicability

• Reuse data 

 Fingerprinting

• Suitable for complex issues

• Identify abnormalities
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Targeted vs. non-targeted

Validation
requirem

ents

C
om

plexity
of authentication

issue
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Perspectives in regulatory
non-targeted food authentication

Define
concepts
and terms

Standardize
validation
procedures for 
non-targeted
methods

Standardize
non-targeted
methods
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