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Rapid Methods for Meat Microbiology
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Abstract

 Rapid Methods and Automation in Microbiology are
dynamic fields of study that address the utilization of micro-
biological, chemical, biochemical, biophysical, immunologi-
cal and serological methods for the study of improving iso-
lation, early detection, characterization and enumeration of
microorganisms and their products in clinical, food, indus-
trial and environmental samples. This overview provides a
brief perspective of the development of rapid methods from
conventional methods to miniaturized methods and to mod-
ern technologies for meat microbiological analysis.

 Introduction

 The purpose of this article is to review the basic prin-
ciples and practical applications of a variety of instruments
and procedures directly and indirectly related to improved
methods for microbiology in quality assurance and research
in food and meat microbiology. Recent reviews of this topic
were made by Fung (1994, 1995).

Improvements of Conventional Methods

 The six areas of research and development in food and
meat microbiology are: sample preparation, total viable cell
count, differential cell count, pathogenic organisms, enzymes
and toxins and metabolites and biomass. The well-known
Stomacher and the new Diluflo are two useful instruments
for food sample preparations. Manninen and Fung (1992)
evaluated the Diluflo and found that, depending on the vol-
ume tested, the accuracy of delivery for most samples was
found to be in the range 90% to 100%.

  The Stomacher has been in use for many years and has
found widespread applications. This system is especially suit-

able for soft food, such as ground beef and meat pieces. The
conventional standard plate count method is time-consum-
ing and needs improvement. The spiral plating method can
spread a liquid sample on the surface of agar contained in a
petri dish in a spiral shape (the Archimedes spiral). The colo-
nies appearing along the spiral pathway can be counted ei-
ther manually or electronically. Manninen et al. (1991) found
excellent correlation between pour plate and spiral plate using
both manual and laser counting procedures for bacteria.
Occasionally clogging of the stylus is a problem, but a good
cleanup of samples by filtration will reduce the risk. Spe-
cially-built Stomacher bags with built-in filter are very useful
for this system. The Isogrid system consists of a square filter
with hydrophobic grids printed on the filter. The hydropho-
bic grids prevent colonies from growing further than the
square grids; thus all colonies have a square shape. Enzyme
digestion and filtration of sample will help reduce clogging
of the filter grids. For the Petrifilm test, the top layer of the
protective cover is lifted and 1 mL of liquid sample (either
nondiluted or diluted) is introduced to the center of the unit
and the cover is then replaced. The rehydrated medium with
nutrient will support the growth of microorganisms after suit-
able incubation time and temperature. This system gained a
lot of attention and use due to simplicity of operation. Redigel
system consists of sterile nutrients with a pectin gel in a tube.
After mixing with 1 ml of sample, the entire content is poured
into a special petri dish previously coated with calcium. When
liquid comes in contact with the calcium, a Ca-pectate gel is
formed and the complex swells to resemble conventional
agar; the colonies can be counted after incubation. Chain
and Fung (1991) made a comprehensive analysis of all four
methods (Spiral, Isogrid, Petrifilm and Redigel) against the
conventional method on seven different foods (chicken,
ground beef, ground pork, shelled pecan, raw milk, thyme
and flour) and showed that the new systems and the conven-
tional method were highly comparable and exhibited a high
degree of accuracy and agreement (r = 0.95 +).

 Use of adhesive tape and agar contact on meat sur-
faces has also been shown to be highly effective in obtain-
ing microbial information of meat (Lee and Fung, 1986).

 Many new methods and techniques have been devel-
oped and tested in recent years. In order that a new method
be acceptable, it must have some direct correlation with the
total viable cell count.  Examples of these methods are mea-
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surements of microbial activities related to ATP (adenosine
Triphosphate), impedance, conductance, capacitance, reflec-
tance, catalase and others. The potentials are great, not only
to evaluate total counts, but for hygiene monitoring. ATP
systems have gained widespread interest recently due to
advancement in instrumentation and ease of use of units.
These are especially good for hygiene monitoring. The
author’s laboratory has been testing a simple catalase sys-
tem to ascertain meat and food quality. Many spoilage bac-
teria such as Pseudomonas produce large quantities of cata-
lase enzyme. In the presence of H2O2 catalase and
catalase-like enzymes will convert 2H2O2 to 2H2O and O2.
The oxygen will appear as gas bubbles. We found that heat-
ing ground beef to 65°C will destroy bovine-catalase but
will not destroy bacterial catalase, thus the catalase activity
remaining in ground beef after 65°C treatment will give an
indication of bacterial level of the meat. Catalase test can
also be used to evaluate hygiene level of food and meat
processing surfaces. Active research is in progress. Gibson
and Ogden (1980) and Donaghn and Madden (1992) have
published on the use of conductance (Malthus and Rabit) to
assess quality of meat and fish.

 Identification of microorganisms is an important part
of quality assurance and control programs in the food in-
dustry. This author has developed many miniaturized meth-
ods to reduce the volume of reagents and media (from 5 to
10 mL to about 0.2 mL) for microbiological testing in
microtiter plates. Each microtiter plate can hold up to 96
different cultures. The cultures are transferred by a sterile
multipoint inoculator (96 needles protruding from a tem-
plate) to solid or liquid media. These miniaturized proce-
dures save a considerable amount of time in operation, ef-
fort in manipulation, materials, labor and space and have
been tested for bacteria, yeast and mold cultures.

  Many diagnostic kits for identification of microorgan-
isms have been developed and marketed since the 1970s.
Currently, API, Enterotube, R/B, Minitek, MicroID and IDS
are available. Fung and Cox (1981) studied these systems
from the standpoint of food microbiology and concluded
that these systems generally provide 90% to 95% accuracy
when compared with conventional methods. They con-
cluded that these miniaturized systems are accurate, effi-
cient, labor-saving, space-saving and less expensive than the
conventional procedure.

 New and Novel Techniques

 The Vitek system depends on the growth of target or-
ganisms in specially designed media housed in tiny cham-
bers in a plastic “card.” The instrument periodically scans
the wells of the cards and sends information to the com-
puter, which then matches the data base and identifies the
unknown cultures in the cards. The system can be used to
detect gram negatives, anaerobes, yeast and many types of
spoilage and pathogenic organisms. Bailey et al. (1985) found
that this system is accurate in identifying enterobac-teriaceae
in foods.

 The DNA probe is a sensitive method for detection of
pathogens such as Campylobacter, Salmonella, Listeria and
Escherichia coli. Currently, probes use enzymatic reactions
and RNA to detect the presence of pathogens. Mechaniza-
tion of this test is being developed.

 The enzyme-linked immunosorbent assay (ELISA) sys-
tem utilizes monoclonal and/or polyclonal antibodies to
detect pathogens such as Salmonella, Listeria and E. coli.
The VIDAS™ (Vitek ImmunoDiagnostic Assay System) is a
multiparametric immunoanalysis system. The system utilizes
the enzyme-linked fluorescent immunoassay (ELFA) method.
In the VIDAS system, all intermediate setups are automated.
Many conventional ELISA tests are now automated. Also
many companies are now developing convenient kits to
perform ELISA tests. All one needs to do is to drop a small
volume of test solution containing suspect pathogens and
by capillary action antibody-antigen complex (if formed) can
migrate to another region and react with a specific antibody
for color development in the unit. These systems (VIP, RE-
VEAL) have been successfully used to detect Salmonella,
Escherichia coli O157:H7 and Listeria from ground beef.

 In PCR (polymerase chain reaction) system, theoreti-
cally one can amplify one piece of target DNA to many mil-
lions of copies in several hours, thus enabling a scientist to
detect target microorganisms rapidly. This technology is now
moving rapidly from research laboratory into practical ap-
plications. The BAX PCR system is designed for ease of op-
eration and to be “user friendly.” Much is anticipated in this
field. DuPont RiboPrint system can detect not only the spe-
cies of pathogen, such as Listeria monocytogenes, but sub-
species of this organism. Thus one can perform epidemio-
logical study of the origin of contamination.

  “Oxyrase,” a membrane fraction of Escherichia coli,
was found in the author’s laboratory to stimulate the growth
of a large number of important facultative anaerobic food
pathogens. In a medium containing 0.1 units/mL of the en-
zyme, the growth of Listeria monocytogenes, Escherichia
coli O157:H7, Salmonella typhimurium, Streptococcus
faecalis and Proteus vulgaris was greatly enhanced to reach
106 organisms/ml. This facilitates rapid detection of patho-
gens by confirmatory methods such as ELISA, PCR, DNA
probe, etc. This system has been applied to meat microbiol-
ogy with success. From a different perspective, bacterial
membrane fractions were also found to stimulate growth of
starter cultures in fermented foods such as wine, beer, but-
termilk, yoghurt, dough, etc. thus accelerating the fermen-
tation process.

 Conclusions

 This article describes a variety of methods that are de-
signed to improve current methods, explore new ideas and
develop new concepts and technologies for the improve-
ment of applied microbiology and meat microbiology. This
field will certainly grow and many food and meat microbi-
ologists will find these new methods very useful in their rou-
tine work in the immediate future.
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Discussion

Unknown: You discussed the ATP bioluminescence test
as used for hygiene control. How well does ATP concentra-
tion relate with actual numbers of bacteria???

D. Fung: You cannot determine bacterial numbers by
measuring ATP concentration. The test does not distinguish
between ATP from bacteria and ATP from, for instance, meat.
When using bioluminescence to determine if something is
clean, this so-called somatic ATP is no problem as you want
neither bacteria nor meat on a clean surface.

J.L. Johnson: There are procedures to remove this so-
matic ATP. But it is a fine line between destroying all the
somatic ATP and retaining the intactness of bacterial cells.

D. Fung: Again, the test is good for hygiene monitoring
not for counting bacteria.

Unknown: But even when you inoculate a sterile sur-
face with bacteria, there is still no good correlation between
ATP and number of bacteria. Why is that?

J. Fung: You need to get 103-104 bacteria/ml to mea-
sure anything. Only between 104-106 bacteria/ml is there a
good correlation between ATP and number of bacteria.

J. Riemen: So, if you have a history of very low counts
in your plant, this system does not have much value.

J.L. Johnson: If you have low counts, you can increase
the surface area samples (so you get more bacteria).

Unknown: How do rapid methods fit in HACCP?
D. Fung: They are very useful for background informa-

tion and verification. Problem is that there are no on-line
systems available.

J. Riemen: How soon before a rapid test for E. coli will
be available?

D. Fung: All tests are good as negative screen. How-
ever, if they come up positive, they need to be confirmed
with ‘conventional’ (slow) tests.

R. Phebus: I do not think we will have a solution until
we get PCR at the plant-level. We are working on making
PCR less sensitive to environmental conditions, so there is
no need for clean labs.

J.L. Johnson: When PCR was developed (and first ap-
plied in the medical science) there were high hopes for ap-
plication in food. However, this has not worked out as envi-
sioned. The problem is that most PCR protocols still call for
enrichment. Also, as Dr. Fung mentioned earlier, one mea-
sures dead as well as live cells.

R. Phebus: One of the reasons for enrichment is getting
rid of salt etc. There are other, faster procedures for this.

J.L. Johnson: Yes, but there are lots of problems with
foods like cheese-sauce.

Unknown: What is you experience with the ribotyping
technology. Do you expect it to be useful to industry in the
near future.

D. Fung: The ribotyping system is useful for tracing a
source of contamination. It will not become a daily used
test. The source tracing is important when trying to get a
problem under control, not when you are testing for hygiene
or something.

J.L. Johnson: I would like to add that this is still a devel-
oping technology. We do not know if ribotypes may change
due to certain environmental conditions. Also, it is a very
useful procedure, but rather expensive.

Unknown: A problem with PCR is that it does not dis-
tinguish between dead and live cells. Is there a procedure to
separate dead from live cells?

Fung: Dupont claims that their test does not detect dead
cells.

J.L. Johnson: One thing we tend to overlook is that even
with a rapid test, the value of your results is still dependent
on the sampling procedure. Nobody wants to do research
on sampling methods. Collecting ‘representative’ samples
can be a problem, especially when you are dealing with
pathogens. You take a sample that is supposed to be repre-
sentative but the distribution on a carcass or in a batch is not
homogenous.

There is no question that microbiological methods are
becoming more sensitive. The issue though, is whether de-
tection of, for example, one pathogen cell on a carcass has
any validity in terms of food safety.




