
Comparing test methods: PCR, ELISA & Targeted Proteomics by LC-MS/MS

PCR ELISA TARGETED PROTEOMICS
BY LC-MS/MS
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PCR uses predetermined primers to replicate
a specific region of a target DNA strand and
generate millions of copies of this region to
allow detection by the test method.

High (nucleotide sequence-based)

Primers are designed as complementary
nucleotide sequences that specifically select
for a unique, predetermined nucleotide
sequence in a DNA strand.

Different primers will be used for different
sample types, to ensure good method
specificity (i.e. that a PCR generates the
correct amplification product that is the
intended target DNA sequence).

Limited

Food processing may cause DNA damage
and fragmentation into single or short-chain
nucleotides. When this happens, the unique
information contained in the nucleotide
sequence is lost.

Successful PCRs require the target DNA to
1) be present in a sample, and 2) be intact
from primer end to primer end.

Therefore, DNA denaturation as a
consequence of food processing may lead
to an underestimation of the target analyte
or a false negative result.

Yes

DNA recovery in high salt-containing and oil
samples is challenging; therefore, false
negative results may occur.

Furthermore, samples naturally containing
low levels of DNA (such as egg and milk)
may yield false negative results.

Low (highly sensitive method)

Not applicable

Because DNA in a sample may be degraded
and can vary in terms of the amounts present
in different tissue types, the amount of target
DNA may not be proportionate to the true
amount of target analyte in a sample.

Yes

Yes

(Samples containing single species only)

Medium

Protein

ELISA uses antibodies to detect one or more
small, uniquely shaped portions of a whole protein
molecule, known as ‘epitopes’.

Limited (shape-dependent)

Although the antibody-epitope interaction of an
ELISA is very specific, there are some associated
challenges.

Specificity is dependent on the uniqueness of
the epitope. Protein homology within families
(i.e. cross-reactivity, where an irrelevant epitope
is mistaken for the epitope of interest) may lead
to false positive results.

Limited

Food processing may cause proteins to denature
such that they lose their structure. Such
conformational changes result in epitope
modifications that can affect epitope-antibody
affinity. This can lead to an underestimation
of the target analyte or a false negative result.

Similarly, many food ingredients such as lipids,
polyphenols, tannins and sugars may interfere
with the epitope-antibody interaction. This can
lead to an underestimation of the target analyte
or a false negative result.

Yes

ELISA kits are generally validated for a particular
foodstuff (e.g. baked cookies) and then applied
to a variety of other sample types (e.g. spices
and oils). Some food components such as lipids,
carbohydrates, tannins and polyphenols have
been noted to interfere with antibody-epitope
interactions, causing false negative results.
The complexity of food samples gives rise to too
many confounding factors for immunoassays to
be considered widely and generally applicable.

Medium (moderately sensitive method)

No

No

Minimal

Peptides

*Peptides are short amino acid chains that
result from protein digestion and hydrolysis.

Targeted proteomics by LC-MS/MS separates
peptides of interest from a mixture, and then
detects a collection of predetermined target
peptides using their mass-to-charge ratios.

High (amino acid sequence-based)

The collection of predetermined target
peptides – which each consist of unique
amino acid sequences – ensures good
method specificity, as only these peptides
are measured by the method.

Specificity can also be controlled by selecting
specific and non-specific targets for different
food types, eliminating the potential for false
positive results.

High

Although food processing may cause proteins
to denature, the resulting polypeptides that
serve as target analytes still contain enough
unique information (in the form of amino
acid sequences) to be detected by the
method.

Peptide sequences that are generally stable
in food samples are chosen to be peptide
targets. These peptides are unlikely to be
modified by food processing.

Minimal

Low (highly sensitive method)

Yes

(Samples containing single & multiple species)

Large

Yes

Extensive

DNA

Small
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