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IMMUNOASSAYS
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• Immunoassays are analytical techniques based on the specific
and high affinity binding of antibodies with particular
target antigens.

• A particular antigen can be used to capture its specific
antibody, or a specific antibody can be used to trap the
target antigen in a sample.

• An antigen is any molecule that induces the formation of
antibodies and can bind to these antibodies.

• Antibodies are immunoglobulin (Ig) proteins produced by
animals in response to an antigen.
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• These antibody proteins are secreted by the activated B cells
in immune system, bind the particular antigen responsible
for their induction.

• A molecule must be greater than 5000 dalton to be perceived
as an antigen by a mammalian immune system.

• Almost all proteins have the ability to induce antibody
formation in the body of humans and animals.

• There are five major classes of antibodies, IgA, IgE, IgG,
IgM, IgD, according to their heavy chain structure.
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Antibody (IgG) structure
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Binding between antigen and antibody

• Antibodies can develop remarkably strong binding affinities
for their antigens.

• These affinities are among the strongest noncovalent
interactions known between molecules.
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THEORY

• Based on the specific antibody–antigen affinity, various types
of immunoassays have been developed to use either
antibody as the capture molecule to search the target
antigen, or use the antigen as the capture molecule to trap
the antibody in a complex sample.
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ENZYME IMMUNOASSAY VARIATIONS

• Every immunoassay technique is based on the selection of an
amplification method that will improve the sensitivity of
assays.

• Enzyme-linked immunosorbent assay, or ELISA:

• Assays involve the binding of a soluble antigen or antibody
to a solid support (immunosorbent), typically in the form of
a 96-well plastic microtiter plate.

• The bound and unbound molecules can be separated by a
washing step of the plate.

7



8

• Similar immunoassays using a solid support other than plastic
microtiter plates also have been developed and are
commonly used.

• Examples are the dot blot assay and Western blot assay
which use nitrocellulose membranes.

• All immunoassay signals can be detected directly or
indirectly.
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• In the direct enzyme immunoassay, the enzyme label is
directly linked to the primary detection molecule,
therefore, more purified immunoreagents need to be used
for the enzyme conjugation procedure.

• In the indirect enzyme immunoassay uses a commercially
available intermediate reagent to link the capture molecule
with an enzyme-conjugated secondary molecule.
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Western Blots

• Western blot is a laboratory based method that combines
two techniques:

– polyacrylamide gel electrophoresis (PAGE),

– immunoassay.

• PAGE according to their molecular mass.

• In the second part, the separated proteins are subjected to an
immunoassay to detect the presence of antigenic proteins.
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• Using this combination of techniques makes it possible to
identify target proteins and confirm their identity by
molecular mass.

• The detection reagent in a typical Western blot is an enzyme-
labelled antibody conjugate, used in a direct or indirect
immunoassay.

• If the original protein mixture was labelled with a radioactive
material, then autoradiography is used to visualize the
radioactive signal.

11



12

ANALYSIS OF FOOD 
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CURRENT AND EMERGING FOOD HAZARDS
• The food chain starts with farmers and ends with consumers

can be complex, involving multiple stages of production
and distribution.

• Various practices can be employed at each stage in the food
chain, include pesticide treatment, agricultural
bioengineering, veterinary drug administration,
environmental and storage conditions, processing
applications, economic gain practices, use of food
additives, choice of packaging material.

• Each of these practices can play a major role in food quality
and safety.
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Categorized food chain hazards

July 2003 – June 2007
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• Within the chemical category, the most frequently reported
hazards include

– allergens (histamine and sulfite),

– heavy metals (mercury, lead, and cadmium),

– pesticides (omethoate, dimethoate, and isophenfos-methyl),

– veterinary drugs (β-lactam, nitrofurans, sulfonamide, and
chloramphenicol).

• Microbial contaminants include molds, viruses, and bacteria.
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• Examples of current and emerging chemical hazards include
– fraud and food adulterants (melamine),

– packaging chemicals (bisphenol A and 4-methylbenzophenone),

– degradation metabolites (acrylamide and furan),

– other chemical contaminants (3-monochloropropane-1,2-diol,
benzene, and perchlorate).

• Another category includes the genetically modified
organisms (GMO) and their products.

• There is a strong need for adequate and reliable methods of
detection and analysis to ensure food quality, safety, and
fair trade.
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ANALYTICAL APPROACH

• The general trend for regulatory institutions and industry is to
implement inexpensive and rapid screening methods.

• Quantitative methods require sophisticated equipment
might be needed.

• The industry may choose to send their samples to specialized
laboratories.
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Choice of analytical method

• The complexity of the food matrix and the characteristics of
the analyte significantly influence the choice of extraction,
separation, and detection techniques.

• Accuracy, precision, specificity, and sensitivity of the
analytical method are also important considerations.
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Qualitative or semiquantitative methods

• Qualitative and semiquantitative methods, also known as
screening methods, usually used to assay a large
number of samples for the presence of one or more
contaminants belonging to the same family.

• These methods are generally robust, less sensitive to small
changes in experimental and/or environmental
conditions, are not limited to a highly controlled lab
environment.
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• Qualitative methods detect the presence of certain
contaminants, semiquantitative methods provide an
estimate of the concentration of a detected contaminant or
residue.

• The principal benefits of these methods are their low cost,
relative speed, and simplicity.

• These methods include techniques such as thin-layer
chromatography (TLC), enzyme inhibition, and
immunoassay.
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Quantitative methods

• For the quantitative analysis of chemical food contaminants
and residues, gas chromatography (GC) and high-
performance liquid chromatography (HPLC) are the
two main analytical methodologies employed.

• GC provides better separation efficiency and has been
traditionally combined with more selective detectors for
the analysis of food contaminants and residues.

• The combination of GC with mass spectrometry (MS).
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• Thermally labile and/or large analytes that cannot be easily
volatilized, such as mycotoxins, polar pesticides, and most
of the veterinary drug residues, currently must be analyzed
using HPLC.

• The use of GC-MS or LC-MS provides simultaneous
quantitation and structural identification of a wide range of
compounds and the possibility of spectrometrically
resolving coeluting peaks.
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Sample preparation

• Food samples are usually too dilute or too complex for direct
analysis of trace contaminants and residues.

• Sample preparation, including homogenization, extraction,
fractionation/clean-up, concentration and/or derivatization,
normally precedes the analysis of food contaminants and
residues.

• Sample preparation techniques are continuously improved to
guarantee high recovery and reproducibility.

• Sampling and sample preparation are labour intensive and
time consuming, but are essential prerequisites for
acquiring meaningful analytical data.
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Extraction and cleanup

• Almost all food samples require a solvent extraction step to
isolate the target analytes from the matrix.

• Solid-phase microextraction

• Solid-phase extraction

• Microwave-assisted solvent extraction

• Accelerated-solved extraction
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Derivatization

• The chemical structure of analytes may need to be modified
to become suitable for separation and detection by
specific chromatographic techniques and detected
via available and/or desirable detectors.

• The process is known as derivatization.

• Derivatization can be used to enhance the thermal stability or
volatility of the analyte(s), to modify chromatographic
behaviour, to increase the selectivity of the detection, or
to increase the sensitivity of the detection.
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MYCOTOXIN ANALYSIS
• Molds can develop on food commodities and produce various

types of chemical toxins, collectively known as
mycotoxins.

• The main producers of mycotoxins are the genera
Aspergillus, Fusarium, and Penicillin.

• Crops can be directly infected with fungal growth and
subsequent mycotoxin contamination as a result of
environmental factors temperature, humidity, weather
fluctuations, mechanical damage of kernels, and pest
attack.
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• Plant stress due to extreme soil dryness or lack of a balanced
nutrient absorption can induce fungal growth.

• Fungal infection and mycotoxin contamination can occur at
any stage of the food chain.

• The presence of mold on the surface of a food product does
not confirm the presence of mycotoxins.

• Their production varies greatly among different molds and in
response to various environmental and nutritional
conditions.

• The absence of a visible mold infestation does not confirm
the absence of mycotoxins.
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• Molds can be destroyed by natural causes or processing,
mycotoxins can survive.

• Mycotoxin contamination may occur in food as a result of the
direct mold infection of plant-origin commodities.

• Also can occur in milk, eggs, and to a minor extent in meat,
as a result of the farm animal consumption of feed from
contaminated crops.
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• More than 300 mycotoxins, belonging to various chemical
classes, are known.

• The major classes of mycotoxin with a toxicological impact
on human health include

– aflatoxins (B1, B2, M1, M2, G1, and G2),

– ochratoxins (ochratoxin A, OTA),

– trichothecenes [deoxynivalenol (DON), T2, and HT-2],

– fumonisins (FBs, FB1, FB2, FB3),

– patulin (a mycotoxin that occurs mainly in apples and apple
products),

– zearalenone (ZEA).
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• The toxic effects: genotoxicity,
carcinogenicity, mutagenicity,
and immunotoxicity.

• Tolerance levels for mycotoxin
were set in the USA (0–35 μg/kg
for aflatoxins, 2.5–50 μg/kg for
OTA, 300–2000 μg/kg for DON,
5–100 μg/kg for patulin).
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Total Daily Intake (TDI)/Total Weekly 
Intake (TWI) for the Major Mycotoxins

aOTA, ochratoxin; FBs, fumonisins; DON, 
deoxynivalenol; ZEA, zearalenone.
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Sampling

• The sampling step in the analysis of mycotoxins is by far the
largest contributor to the total error.

• An appropriate sampling plan is needed to assure that the
concentration in a sample is the same as that in the
whole lot.

• The number and size of collected samples and laboratory
subsamples are dependent on the matrix and the size of the
lot.
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Detection and determination

• Sample preparation commonly includes extraction, cleanup, and
concentration.
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Example commercial 
test kits for mycotoxin 

residue analysis
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Rapid methods of detection

• TLC:

– Conventional TLC techniques are commonly used for screening
purposes, with detection limits reaching 2 ng/g.

– When results are positive, confirmatory and more sensitive
quantitative analysis follows.

• Immunoassays:

– Three main types of immunoassays can be used for the analysis
of mycotoxins: radioimmunoassay (RIA), enzyme-linked
immunosorbent assay (ELISA) and fluorescence
polarization immunoassay (FPIA).
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Quantitative and confirmative chemical methods
• HPLC:
– For quantitative determination, HPLC is the methodology of choice

for most mycotoxins, specifically, aflatoxins, DON, OTA, ZEA,
FBs, and patulin.

– Pre- or postcolumn derivatization is required for the fluorescence
detection of aflatoxins OTA, ZEA, and FBs.

– Direct UV detection is used for DON and patulin.

– Reversed-phase chromatographic separation is normally employed
for multimycotoxin analysis.

– Coupling of HPLC with MS analysis, especially LC-MS/MS,
provides greater sensitivity and selectivity and allows for
simultaneous analysis of multiclass mycotoxins.
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• GC:

– GC is not widely used for the detection of mycotoxins, except in
the case of trichothecenes.

– Capillary column GC is commonly employed for the
simultaneous detection of different trichothecenes, DON, T2,
and HT-2, using trifluoroacetyl, heptafluorobutyry,
ortrimethylsilyl derivatization coupled with electron
capture detection.

– GC is often linked toMS for peak confirmation.
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• Capillary electrophoresis:

– Capillary electrophoresis, generally used to separate mycotoxins
from matrix components using electrical potential.

Other methods of analysis:

• Near and mid infrared (NIR and MIR) spectroscopy,
especially

• Fourier transform infrared (FTIR) spectroscopy
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ANALYSIS OF GMOS

• Agriculturally important plants may be genetically modified
by the insertion of DNA from a different organism
(transgene) into the plant’s genome.

• The modified plant is termed a genetically modified
organism, or GMO.

• Current GMO production relates primarily to four crops:
soybeans, corn, cotton, rapeseed and canola (rapeseed).

• Other GMO crops include plants that have been modified to
improve postharvest quality or enhance the nutritional
makeup of the food.

• Vegetables with an extended shelf life and “golden rice,”
which produces the precursor to vitamin A.
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• US producers must be able to accurately test ingredients and
other products intended for sale in EU countries.

• Many companies now produce high-quality test kits that are
easy to use.

• Many of the kits are specific for a certain GMO protein or
gene.

• These kits generally fall into two categories, based on the
methodology: immunoassays that are specific for the
proteins and polymerase chain reaction (PCR) kits that
specifically amplify the DNA of the GMO gene.
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Protein methods
• The protein methods involve immunoassays of various types.

• Immunoassays are highly specific because they are based on
the use of antibodies for detection.

• The traditional ELISA is used for GMO detection.

• Single-step lateral flow immunochromatographic assays
can be performed quickly, they are not quantitative.
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DNA methods
• An alternative to protein identification, the detection of the

transgene DNA itself is an effective method of testing for
GMO material in a sample.

• Three distinct steps:

– the extraction of the DNA from the sample,

– the amplification of the DNA by PCR, and

– the identification and quantification of the amplified DNA.

• All three steps are important, the PCR amplification is critical
to the specificity and success of the analysis.
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DNA extraction

• Extraction of the DNA from the food matrix should be
performed prior to significant processing of the material.

• The types of extraction include some method of disrupting
the matrix to release the DNA.

• In a food matrix this will usually be accomplished by
grinding the sample to a fine powder.

• Followed by dispersal of the ground material into an
extraction solution and removal of unwanted
components.

• A final step may involve the precipitation of the DNA with
cold alcohol, such as ethanol or isopropanol.
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PCR amplification

• PCR is a method of amplifying the copy number of a specific
sequence of DNA.

• PCR is a cyclic method that exponentially increases the copy
number, by means of enzymatic replication.

• It can be repeated numerous times to yield millions of copies
of the target sequence.

• The method is based on the use of two synthetic DNA
fragments that are complementary to opposite ends of
the target sequence.

• These fragments are termed the primers.
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• If a general identification of any GMO material is desired, then
the primers used would be complementary to the promoter
sequence, which is common to all transgenic crop plants that
are normally grown for industrial food production.

• If a specific GMO product is to be identified, then the primers
would consist of a sequence that includes the trangene DNA
and plant DNA.

• The PCR mixture also includes a heat-stable DNA polymerase,
the nucleotide bases that comprise DNA, in the form of
deoxynucleoside triphosphates (dNTPs), and a buffer
solution to maintain the optimal conditions for the reactions.
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DNA analysis

• When sufficient DNA has been generated by PCR, the
sample can be analyzed by agarose gel electrophoresis.

• The presence and abundance of DNA can be identified, by
comparison to the position and degree of staining of the
standards.
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ANALYSIS OF OTHER CHEMICAL CONTAMINANTS 
AND UNDESIRABLE CONSTITUENTS

Sulfites

• Sulfites and sulfiting agents are a group of chemical
compounds that include sulfur dioxide (SO2),
sulfurous acid (H2SO3), and the following
inorganic sulfite salts that can liberate SO2:

– sodium (Na) and potassium (K) sulfite,

– Na and K bisulfite,

– Na and K metabisulfite.
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• Sulfites naturally occur to some extent in all wines, but are
commonly added to stop fermentation at the appropriate
time.

• Dried fruits and vegetable products are sometimes treated
with sulfites to reduce browning.

• Some consumers are highly intolerant to sulfite residues in
food, most commonly resulting in asthma attacks.

• Most methods of analysis detect free forms of sulfite plus
some bound forms.
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Monier-Williams procedure:

• Measures “total” SO2 (actually, free sulfite plus reproducible
portion of bound sulfites.

• The test sample is heated with HCl, converting sulfite to
SO2.

• Nitrogen gas bubbled through the sample sweeps SO2
through a condenser and a hydrogen peroxide solution,
oxidizing SO2 to H2SO4.

• The sulfite content of the sample is directly related to the
amount of H2SO4 generated, measured by either a
gravimetric or turbidimetric procedure.
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• Other analytical methods:

1. The “Ripper” method, sulfite is titrated with an iodide-iodate
solution, using a starch endpoint indicator; measures “free”
SO2.

2. Enzymatic method; sulfite is oxidized to sulfate, generating
hydrogen peroxide that is further reacted with NADH-
peroxidase to produce NAD, which is measured by
absorption at 340 nm.

3. Ion Chromatography, using amperometric detector.

4. HPLC, with ultraviolet or fluorometric detection.
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Melamine

• Melamine, a trimer of cyanamide with 66% nitrogen, has
been added illegally as an economic adulterant to foods and
ingredients to increase the apparent protein content.

• The standard Kjeldahl and Dumas methods are misled by
such a nitrogen-rich compound.

• Melamine was linked to the death of pets.

• The illness and death of infants in China who consumed
infant formula with contaminated milk.

• The deaths were attributed to kidney failure, caused by
melamine.
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• Methods using liquid chromatography with triple quadrupole
tandem mass spectrometry (LC-MS/MS)

• Methods use a special type of normal-phase chromatography,
referred to as hydrophilic interaction liquid
chromatography (HILIC).

• Both methods involve extraction and multiple cleanup steps,
separation on a zwitterionic HILIC LC column, and
electrospray ionization in both the negative ion and positive
ion modes.
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