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Introduction

Meat species adulteration imposes substantial concern to
consumers in terms of economic loss, food allergy, religious
observance, and food safety. Federal and state laws require
that meat products be labeled as to the species they contain.
Species substitutions, such as substitution of horse meat for
beef and pork for sheep meat, have been reported in several
countries (Matin, 1981). As mechanically deboned meats are
increasingly used in the food industry, prevalent problems of
mixing undeclared meat species have been documented
among fresh and processed ground meat products in domes-
tic retail markets as a consequence of improper handling or
intentional practices of economic fraud (Hsieh et al., 1995).

Rapid and reliable methods for detection of meat adultera-
tion are indispensable for implementation of food labeling
regulations and product quality control. Ideal analytical meth-
ods for these purposes need to be specific, sensitive, rapid,
economic, of high throughput, able to analyze cooked prod-
ucts as well as raw meats, and provide quantitative results.
Many methods for meat species identification have been de-
veloped during the past two decades.  Recent development
of techniques has been centered on enzyme immunoassay
and DNA based analyses. A brief review of the currently avail-
able analytical methods for meat speciation and their limita-
tions will be briefly discussed in this presentation.

Currently Available Methods

Electrophoresis

Electrophoresis is a powerful technique for the separation
of proteins. Separation based on the molecular sizes, sodium
dodecyl sulfate-polyacrylamide gel electrophoresis of differ-
ent muscle proteins usually results in quite uniform patterns.
Therefore, this is less reliable for meat species identification.
Isoelectric focusing (IEF) separates proteins into characteristic

patterns of high resolution based on the differencees in iso-
electric points of protein bands. It has been used to differenti-
ate animal species in either raw or cooked meats (Jones and
Mortimer, 1985). With fast separation, automation and on-
line data analysis, a capillary electrophoresis method was re-
ported to be more effective in identifying raw meat species
(Cota-Rivas and Vallejo-Cordoba, 1997). However, it is diffi-
cult to interpret the results when mixtures of more than one
species or protein additives are involved. A complex finger-
print makes electrophoretic methods unsuitable for the analysis
of meat mixtures.

Chromatography

Chromatographic methods such as gas chromatography,
liquid chromatography, and high performance liquid chro-
matography have been applied to identify species based on
the examination of fatty acid composition (Verbeke and
Brabander, 1985), histidine dipeptides (Carnegie et al., 1983),
or protein profiles (Ashoor et al., 1988) of meat samples. Like
electrophoretic methods, chromatographic methods may be
capable of differentiating individual meat species, but they
are less effective in detecting adulterated species in meat mix-
tures or cooked meat because of the increased complexity of
the chromatographic patterns. In addition, the requirements
of expensive instruments, laborious sample preparation pro-
cedures have restricted their use for  regulatory purposes.

DNA Based Assays

Heat processed meat products were found to have a higher
violation rate of species adulteration than raw meats (Hsieh
et al., 1995). Lack of reliable method for monitoring species
contents in cooked products was thought to be the main rea-
son. Most existing immunological methods that detect native
proteins as the characterizing species component have lim-
ited application to differentiate species in highly processed
meat products because heat and processing could denature
the target protein, leading to subsequent loss of analytical
specificity. DNA based methods have been developed to en-
counter this challenge. Most early DNA based methods were
based on hybridization to specific probes. Probes prepared
from genomic DNA or cloned DNA were hybridized with tar-
get DNA and detected by color development or autoradiog-
raphy (Ebbehφj and Thomsen, 1991). These methods are spe-
cific and useful for the identification of cooked meat species,
but insufficient for the identification of closely related spe-

Current Development for the Detection
of Meat Species Adulteration

Yun-Hwa Peggy Hsieh

Y-H. P. Hsieh
Department of Nutrition and Food Science
328 Spidle Hall
Auburn University
Auburn, AL 36849
hsiehyp@auburn.edu

R E C I P R O C A T I O N   S E S S I O N



53rd Annual Reciprocal Meat Conference 73

cies, or quantification of adulteration levels. Amplification of
species-specific targets by the polymerase chain reaction (PCR)
has proved to be a sensitive and powerful technique when
sample quantity is limiting.  Several PCR methods such as the
random amplified polymorphic DNA fingerprints (Koh et al.,
1998), an actin gene-related PCR (Hopwood et al., 1999),
multiplex PCR (Matsunaga et al., 1999) have been reported
to improve the efficiency of the analysis. However, PCR tech-
niques are prone to contamination, technically demanding,
relatively expensive, and quantification of the extent of sample
adulteration are complex.

Detection of species adulteration requires an assay capable
of working in complex and variable matrices. Most DNA based
methods require extraction of nucleic acids from the sample
tissue, which limits its application for large scale practice and
development of field testing kits.  These DNA-based techniques
have not been adopted for routine analysis, further develop-
ment for this type of application is required.

Immunoassays

Immunological methods are suitable for assaying various
analytes in complex mixtures with minimal requirement of
sample preparation. Immunoassay techniques such as pre-
cipitin ring test (Pinto, 1961), hemagglutination inhibition tests
(Kamiyama et al., 1978), and agar gel immunodiffusion tech-
nique (Ouchterlony, 1948) have been developed for routine
meat species identification for many years. The variable sen-
sitivity, interferences by non-meat ingredients, or overnight
incubation have restricted their use to qualitative assay for
intact pieces of fresh meats. The use of hazardous radioactive
materials and the requirement of scintillation counting equip-
ment have limited the use of radioimmunoassay in routine
and field tests of meat species.

Enzyme-linked immunosorbant assay (ELISA) has gained
extensive applications in meat speciation due to its simplic-
ity, specificity and sensitivity. ELISA does not need major sci-
entific equipment, is easy to perform, uses a small quantity of
immunoreagents, and has large-scale screening and field tests
capacity. However, the performance of ELISA depends on the
nature, quality and availability of the antibody used.

Both polyclonal (Pabs) and monoclonal antibodies (Mabs)
have been employed in various formats of ELISA for detection
of species adulteration (Hsieh et al., 1999). Mabs offer advan-
tages over Pabs due to the continuous supply and consistent
specificity and affinity of the immunoreagent. Use of Mabs in
immunoassays would provide a uniform reagent and reduce
the cost of the analysis. Commercial ELISA kits for meat spe-
ciation employ Pabs raised against heat labile serum proteins.
The presence of serum proteins may not necessarily denote
the presence of muscle tissues due to variations in residual
blood content in the muscle tissues. The application of these
Pabs for quantitative estimation of adulteration levels is not
reliable.

 Assays based on the detection of heat resistant, species-
specific muscle proteins would be more indicative for a quan-
titative measure of lean meat in both raw and cooked meat

mixture. Exploration of suitable protein markers to develop a
series of Mabs for detection of various species in meat prod-
ucts remains challenging to food immunochemists. Once de-
veloped, those Mabs can be applied in various immunoas-
says for maximum success. Our recent approach has been
focused on the development of Mabs raised against a ther-
mal-stable, species-specific muscle soluble protein as the cap-
ture reagent in ELISA. A marker protein has been identified
and characterized as troponin I (TnI), a subunit troponin which
is a contractile regulatory protein in the muscle thin filament.
ELISA based on the Mabs raised against porcine TnI has been
successfully developed and used to quantify pork muscle tis-
sue in meat admixture with a detection limit of 0.5% (w/w)
(Chen et al., 1998). Future development of Mab-based
immunosensors and one-step immunoassay to further simplify
the process is highly desirable.
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