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Bacteroides and Bifidobacterium and into phylogenetic
groups related to Clostridium coccoides and C. leptum.
This ecosystem functions as a host defense by
preventing many harmful species of bacteria from
colonizing the gut. Although most enteric pathogens
have specific mechanisms to circumvent this coloni-
zation resistance, none is capable of competing
directly with the colonic biota within the lumen of
the gut. The complexity of this ecosystem appears to
be an important factor in its function. The major
mechanisms of colonization resistance demonstrated
so far reveal a system of redundant controls. In
essence, the biota transforms the colonic milieu into
a formidable environment characterized by low
redox potential and the presence of growth retarding
chemicals such as H,S and volatile fatty acids. Nutri-
ents are sparse and there is a lack of adhesion sites for
bacteria that are not community members. An opti-
mal method utilizing our present knowledge to es-
tablish colonization resistance in a host with an in-
adequate biota would be complex but workable.

RESEARCH STRATEGIES FOR UNDERSTAND-
ING FOODBORNE PATHOGEN COMPETITIVE-
NESS UNDER STRICT ANAEROBIC AND
GASTROINTESTINAL CONDITIONS

S. C. Ricke,* D. J. Nisbet, D. E. Corrier and
J. R. Deloach, Texas A & M University, Kleberg
Center, Room 101, College Station, TX 77843-2472

Despite considerable evidence that establishment
of indigenous microflora and their continued pres-
ence in the gastrointestinal tract are essential for
preventing pathogen colonization, little is known
about the mechanism(s) involved. This is partly
because knowledge of Salmonella spp. metabolism and
physiology is largely based on studies conducted un-
der aerobic conditions. Consequently, there is con-
siderable information about environmental signals
that control growth and pathogenesis during and
after invasion of the intestinal tract but little is known
about the ecology of Salmonella spp. in the gastrointes-
tinal tract prior to attachment and invasion. Utiliz-
ing strict anaerobic methodology for metabolism and
physiology studies should provide a better under-
standing of salmonellae competitiveness under these
ecological conditions. This approach, when combined
with the wealth of molecular information and power-
ful techniques already available for this organism, will
yield considerable insight into the capabilities of
salmonellae establishment and growth in the gas-
trointestinal tract. Accomplishing this research agenda
will aid the elucidation of the mechanism(s) involved
in the successful antagonism of competitive exclu-
sion cultures against pathogens.
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IMMUNOBASED METHODOLOGY FOR DETEC-
TION OF MICROORGANISMS IN COMPETITIVE
EXCLUSION CULTURES

L. H. Stanker,* C. R. Young, D. J. Nisbet and
J. R. DeLoach, USDA-ARS Food Animal Protection
Research Laboratory, College Station, TX 77843

We previously described an anaerobic culture
system (CF3) containing 29 bacterial species that were
obtained from adult chickens. The administration of
CF3 cultures to newly hatched chicks results in
exclusion of Salmonella and is known as competitive
exclusion. In order to evaluate the fate of these bacte-
ria in the bird we have generated a panel of monoclonal
antibodies against the constituent microorganisms of
the mixed microflora CF3 culture. Presently, we have
developed monoclonal antibodies to the following
bacteria: Fusobacterium spp.; Bifidobacterium spp.;
Enterococcus avium; Proprionobacteria granulosum;
Eubacteria spp.; and Veillonella spp. from the CF3 cul-
ture. Data on the preparation and characterization of
these monoclonal antibodies will be presented in this
study. Five to ten individual monoclonal antibodies
to each bacterial species listed above have been iso-
lated. Isotype determination revealed antibodies of
the following classes IgA, IgG1, IgG2a, IgG2b, IgG3,
and IgM, and both kappa and lambda light chains.
All of the antibodies were able to detect between 10?
and 10° CFU. All displayed a high degree of specific-
ity as determined by cross-reactivity to a panel of het-
erologous bacteria. Using these monoclonal antibod-
ies we have developed a rapid method for detecting
and quantifying the number of specific bacteria in
the ceca of chickens and in the chemostats used to
produce the CF3 material. The assay is formatted as a
competition enzyme-linked immunosorbent assays
(cELISA). Measurements of bacterial population in
both the chemostat and in the ceca from chickens
will be discussed.

THE UTILITY OF MOLECULAR ASSAYS FOR
UNDERSTANDING MICROBIAL GENE EXPRES-
SION IN GASTROINTESTINAL TRACTS

S. D. Pillai, Texas A & M University Research
Center, 1380 A & M Circle, El Paso, TX 79927

Some of the primary difficulties in obtaining ac-
curate data on the ecology of the gastrointestinal mi-
croflora are due to limitations associated with their
sampling and cultivation. To delineate the precise roles
of the microflora within this complex ecosytem, it is
imperative that methods to both identify the indi-
vidual components and monitor their activities be
developed. Significant advances have occurred in
molecular methods that have applicability in study-
ing microbial diversity and activity within gastrointes-
tinal tracts. The main advantage of using molecular
tools is that the genetic potential of the microflora as
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well as their gene activity data are obtainable, both
at the community level and at the single isolate level.
Methods are currently available that permit studying
fluxes in community diversity, the differential ex-
pression of genes, and horizontal transfer of genes.
These methods involve the utilization of nucleic acid
probes, mRNA analyses and genomic fingerprinting.

OCCURRENCE, TOXICITY AND FATE OF
FUMONISINS AND DEOXYNIVALENOL IN
PROCESSED FOODS

L. Bullerman, Department of Food Science and
Technology, University of Nebraska, Lincoln, NE
68583

Fumonisins and deoxynivalenol are mycotoxins
produced by several species of Fusarium molds.
Fusarium moniliforme and Fusarium proliferatum com-
monly occur in corn and produce fumonisins. Low
levels of fumonisins are routinely found in corn-
based food products. Fusarium graminearum and re-
lated species cause gibberella ear rots in corn and
fusarium head blight in wheat and barley, and pro-
duce deoxynivalenol. Consequently, corn, wheat and
barley can also be contaminated with deoxynivalenol,
which may find its way into processed cereal-based
foods. Fumonisins and deoxynivalenol appear to be
fairly heat stable, but apparent reductions in the lev-
els of the toxins are observed during thermal pro-
cessing. Problems with analytical methodologies,
however, raise questions about whether these are ac-
tual losses or binding to food matrices, resulting in
poor recovery. So the actual fate of these toxins in
processed foods needs to be assessed. Fumonisins
have been linked to esophageal cancer in humans
and deoxynivalenol has been associated with several
human illnesses and adverse effects on immune sys-
tems. Other Fusarium toxins may also be significant
as contaminants of the. food supply, and potential
food safety hazards. These toxins, including
moiliformin, fusaric acid, beauvaricin and
zearalenone, may become toxins of emerging signifi-
cance in the future.

ALTERNATIVE METHODS FOR ISOLATION,
CULTURE AND IDENTIFICATION OF FUNGI IN
FOODS

L. R. Beuchat, Center for Food Safety and Quality
Enhancement, University of Georgia, Griffin, GA
30223

Ideal media for isolating and enumerating yeasts
and molds in foods should totally suppress bacterial
growth, be nutritionally adequate to support rela-
tively fastidious species and, in the case of selection
for a specific genus, species or group of molds or
yeasts, promote growth at the expense of background
microflora. Advances in development of media and
techniques to achieve this goal are being made. Se-
lective media for mycotoxigenic molds, xerotolerant
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fungi, acid-resistant yeasts, fungi with specific enzy-
matic capabilities and fungi associated with specific
food groups are under development. Rapid techniques
for enumeration and identification of foodborne
yeasts and molds are receiving increased attention.
Simplification of procedures for identifying yeasts as-
sociated with food spoilage has been achieved. An
overview of advances and alternatives in food mycol-
ogy methodology will be presented.

IMMUNOLOGICAL AND GENETIC METHODS
TO RAPIDLY DETECT FUNGI IN FOODS

M. A. Cousin, Food Science Department, 1160
Smith Hall, Purdue University, West Lafayette, IN
47907

Molds are important in foods because they cause
food spoilage, produce mycotoxins, are used in fer-
mentations, and may produce allergic reactions in
susceptible people. Analysis of foods for molds can
give information on the ingredient history, the suc-
cess of processing, the sanitation of processing, and
the potential shelf-life. Current methods used to de-
tect and enumerate molds in foods are neither rapid
nor able to be used on line. New methods for mold
detection and taxonomic identification being re-
searched world-wide use the same molecular tech-
niques that have been used successfully with bacte-
rial and viral detection. The three main areas of re-
search are: (1) the detection of chemical metabolites,
enzymes, cellular components or other compounds
produced by molds but not by other organisms; (2)
the identification, selection and characterization of
genetic determinants; and (3) the development of an-
tibodies to mold cellular material, metabolites, en-
zymes or other chemicals specific for molds. Chemi-
cal that are specific for molds can be used to either
detect or enumerate molds in foods because their pres-
ence or amount can be correlated to mold growth.
The genetic material can be used for both taxonomy
and detection because this material would be unique
for specific genera or species depending on the appli-
cation. Antibodies, defense proteins against a foreign
substance, can be produced to molds that will recog-
nize antigens of molds in foods. Although most of
these methods are still just done in research laborato-
ries, in the future they could be as common in food
companies as are the rapid methods for bacterial de-
tection.

BIOCONTROL OF MOLD GROWTH AND
MYCOTOXIN PRODUCTION

H. Gourama, Penn State University, Berks Campus,
Tulpehocken Road, P.O. Box 7009, Reading, PA
19610

The prevention and control of mold growth and
mycotoxin production can be accomplished through
various practices including management of crop resi-
dues, crop rotation, development of resistant variet-
ies, drying, moisture control, use of antifungal agents,
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processing and manufacturing, detoxification and
physical methods of separation. In addition to the
above measures the development of biocontrol and
biocompetitive agents for toxigenic molds seems to
have good potential. Many microorganisms were re-
ported to affect mold growth and inhibit or degrade
mycotoxins, particularly aflatoxins. Flavobacterium
aurantiacum has been reported to remove aflatoxin
from various food products. The cause of this inhibi-
tion was linked not only to low pH, hydrogen perox-
ide and depletion of nutrients, but also to other lac-
tic acid bacteria metabolites. Bacillus subtilis was
found to inhibit mold growth and aflatoxin produc-
tion. This inhibition was related to the production
of peptidolipid compounds. Other biocompetitive or-
ganisms include Nannocystis exedens, Aspergillus niger
and other microbial species. An update and review
of these bicompetitive agents will be presented.

HEAT RESISTANT MOLDS AND PRESERVATIVE
RESISTANT YEASTS

A. D. King, Jr., USDA, Western Regional Research
Lab, Albany, CA 94710

Because of their unique heat resistance or abil-
ity to grow in the presence of preservatives, heat re-
sistant molds and preservative resistant yeast can
cause unpredictable spoilage in preserved foods.
Byssochlamys fulva, Talaromyces flavus and Neosartorya
fisheri are the most common heat resistant molds that
cause spoilage although there are others. The yeast
Zygosaccharomyces bailii and Saccharomyces bisporus
can cause spoilage in foods treated with preservatives.
Saccharomyces rouxii causes spoilage in low pH and
low water activity products but is not known for its
resistance to preservatives. These sets of microorgan-
isms can cause spoilage when only a few cells are
present. The presence of any Z. bailii can cause spoil-
age in preservative treated fruit juice. The heat resis-
tant molds can grow in the amount of oxygen en-
trapped in fruit juice and the head space of a sealed
container. Heat-resistant mold ascospores are many
times more heat resistant than other mold ascospores,
or the more common conidiospores. To detect heat
resistant ascopsores a portion of the product is heated
to 75°C for 30 min and the product incubated and
observed for growth or gas production. Preservative
resistant yeasts can be detected by growth on Malt
Extract Agar plus 0.5% acetic acid. Other yeasts will
not grow on this medium. Preservative resistant yeast
can metabolize sorbic and benzoic acid and can grow
in acetic acid and SO, concentrations that normally
protect foods. Control measures include heat, sani-
tation, or sterile filtration as is appropriate.

PROBIOTICS

N. A. Cox,* ). S. Bailey, N. J. Stern, J. E. Line and
S. E. Craven, USDA-ARS, Russell Research Center,
Athens, GA 30613

Food safety associated with fresh poultry is com-
plex because of multiple stages (steps) involved in
production and processing. Multiple entry points ex-
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ist for human enteropathogens, such as salmonellae
and campylobacters. As a consequence, multifaceted
intervention approaches will likely be required
during the various phases of poultry grow-out.
A probiotic is defined as a live microbial feed
substance which beneficially affects the host animal
by improving its intestinal microbial balance. Most
probiotic preparations comprise one, or at the most a
few species that are mainly within the genera
Bacillus, Enterococcus and Lactobacillus. The benefi-
cial effects of probiotics can be explained by the
provision of (a) nutrients or digestive enzymes, (b)
antibacterial substances antagonistic to harmful
bacteria, and (c) live bacteria which metabolize in vivo
and provide nutrients, enzymes or antibacterial sub-
stances. Previous laboratory results with simple mix-
tures of treatment bacteria suggest that it is
unlikely that probiotics as presently formulated, will
have a worthwhile role in the control of salmonellae
in poultry. A two-step treatment of broiler chicks with
a mucosal starter culture (MSC) developed at Russell
Research Center was tested in large scale commercial
field trials. The MSC was first sprayed on the chicks
in the hatchery followed by administration in the first
drinking water. In Puerto Rico, the salmonellae preva-
lence in processed carcasses was reduced from 41% in
control flocks to 10% in the treated flocks and in
Georgia was reduced from 9.1% in control groups to
4.5% in the treated groups. These field trial studies
show the treatment of chickens in a commercial
setting with MSC can serve as a useful means to
reduce salmonellae contamination. To produce
salmonellae-free poultry, one should consider a
multifaceted approach such as rapidly applying the
best possible chemical disinfection to the freshly laid
fertile egg, combined with disinfecting the circulat-
ing air in hatching cabinets, plus the application of
a yeast treatment to remove any salmonellae origi-
nating from breeder flocks or hatcheries prior to the
application of an effective MSC.

SLAUGHTER

J. Riemann, Excel Corporation, 2901 North Mead,
P.O. Box 8183, Wichita, KS 67208

Conversion of meat animals to safe meat prod-
ucts is a process of many challenges. It starts with the
slaughter process in which workers must be very care-
ful to avoid contaminating the carcass surface while
removing the feet, hide and viscera. It is easy to tell
when visible contaminants (hair, dirt, fecal, ingesta)
get on the carcass but impossible to visually detect
microbial contamination. The invisible contaminants
may only accelerate spoilage of the meat or they may
be pathogenic. The desire to eliminate pathogens and
significantly reduce bacteria on carcasses has led to
development of different intervention strategies.

Visible contamination has been removed
traditionally by knife trimming. Knife trimming
increased since initiation of the USDA Zero Tolerance
program. Recently steam vacuum spot cleaners were
developed to remove sensible contaminants and pos-
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sibly reduce knife trimming. The spot cleaners effec-
tively remove usable contaminants plus reduce sig-
nificantly surface bacteria due to the steam used in
the cleaning process.

Antimicrobial treatments developed for the
slaughter process have included hot water (180°F) car-
cass wash, organic acid rinses or sprays, trisodium
phosphate spray and most recently steam pasteuriza-
tion. Difficulties of maintaining water temperature,
incomplete coverage of the carcass surfaces’ equip-
ment maintenance and high energy cost have resulted
in slow acceptance of hot water carcass washing by
slaughterers. Organic acids (lactic, acetic) may be used
as a pre-evisceration rinse and/or following final
carcass wash. Some organic acids are selective in
antimicrobial effect, and all accelerate corrosion of
equipment. Trisodium phosphate (TSP) spray is used
after the carcass wash and has had limited success in
reducing bacteria. Application requires specialized
equipment (mixing and spraying) and additional pro-
cessing of waste water is necessary to remove added
phosphate. All intervention treatments applied as a
spray have their effectiveness reduced because of shad-
owing or inability of the spray equipment to get the

" chemical into carcass areas difficult to access, such as

behind the kidney fat or under the diaphragm muscle.
Costs of the chemical applications when used on beef
carcasses are difficult to determine but are estimated
at $.08 to $1 $.15/head for organic acids and $.50 to
$.70/head for TSP.

Steam pasteurization is a new and very effective
antimicrobial treatment that reduced pathogenic
bacteria 99.9% in pilot plant tests and food spoilage
bacteria approximately 90% in pilot plant and
production plant tests. Steam, above atmospheric pres-
sure, thoroughly blankets the carcass heating the sur-
face to 195°F or higher for a minimum of six
seconds. Six to ten second treatment times produce
no carcass surface discoloration but longer pasteur-
ization times may cause some lean discoloration. No
chemicals are used and the treatment is estimated to
cost $.03 to $.05/head.

PROBIOTICS CHEMICAL TREATMENTS/
BACTERIOCINS

B. Sheldon, N. C. State University, Raleigh, NC
27696

An overview will be presented of past and ongo-
ing studies to evaluate the inhibitory activity of
various chemical treatments and biopeptides (i.e., bac-
teriocins, magainins) to reduce the level of bacterial
pathogens and spoilage microorganisms associated
with muscle food products. Summaries of both
bench-top and commercial field trial studies will be
presented on the inhibitory activities of a new
oxyhalogen inorganic disinfectant (Salmide),
phosphates (TSP), chloride dioxide, and organic acid
rinses on specific pathogen reductions associated with
muscle foods (Salmonella, Campylobacter, and Listeria
species). The lethality of several naturally occurring
biopeptides including bacteriocins, magainins (am-
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phibian derived), and cecropins (insect-derived)
against selected foodborne bacterial pathogens
associated with meat and poultry products will be pre-
sented. Specifically, the application of nisin, a food-
grade bacteriocin produced by the dairy fermentation
microorganism Lactococcus lactis subspecies lactis to
reduce bacterial pathogens on the surfaces of poultry
products will be highlighted. Their modes of action,
spectrum of activity against microorganisms, influ-
ence of environmental factors, and various modes for
applying these peptides such as incorporation inio
primary packaging materials (i.e., over-wraps, shrink-
wraps, vacuum packaged, drip pads) and edible films
(i.e., carbohydrate, proteins) will be discussed. Advan-
tages and disadvantages of these inhibitors will be
considered relative to their efficacy, stability, safety,
cost, and impact on product quality.

IRRADIATION

J. S. Dickson, Department of Microbiology,
Immunology and Preventive Medicine, lowa State
University, Ames, IA 50011

The impact of irradiation on the microflora of
foods has been well documented over the years.
Relatively low doses of radiation, in the two to three
kilo-Gray (kGy) range, are sufficient to eliminate most
vegetative bacterial pathogens at the levels that are
likely to occur in foods. For example, a 2 kGy dose
would eliminate approximately 3 log,, cycles of Sal-
monella or Listeria under most processing conditions,
and even greater reductions would be seen with
Campylobacter and Escherichia coli 0157:H7 Clearly,
food irradiation is a significant technology in
improving the microbiological safety of meats. This
technology has applications at many stages of meat
production. Irradiation can be used to improve
the microbiological safety of animal feeds and
concentrates by eliminating salmonellae in the feed.
Irradiation of products after slaughter, either of in-
tact muscle or ground products, can significantly re-
duce the risk associated with raw meats. In addition,
since irradiation can be applied to packaged products,
the risk of recontamination after processing can be
minimized. While the microbiological benefits of this
process are documented in the scientific literature,
the ultimate acceptance of the technology will rest
with the consumer.

RESTAURANTS — THE INTEGRATION OF FOOD
SAFETY SYSTEMS FUNCTIONAL CONTROL
THROUGH HACCP BASED SYSTEMS
D. Theno, Foodmaker, 9330 Balboa Avenue, San
Diego, CA 92123-1516

The science technology and strategic approach
to the management of food safety has evolved a great
deal in the last decade. Major food/water-borne
outbreaks of the last five years have further accelerated the
pace of change.
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Leading the evolution in food safety is the
concept of vertical integration of the individual
participants involved in the farm to table food sup-
ply continuum. The transformation of plants and ani-
mals to human food is a complex multi-step process.
Within each element of the chain, a certain level of
control is realistically attainable. To maximize the ef-
fectiveness of the individual control programs
throughout the food production chain, the use of Haz-
ard Analysis and Critical Control Point (HACCP) based
programs has been demonstrated to be the most ef-
fective control system.

Historically the individual sub-components of the
food continuum designed and operated food safety
systems were either mandated by a regulatory agency
and/or were designed from the manufacturer’s own
perspective. This situation resulted in gaps within the
food safety chain between the different sub-catego-
ries. Without a total system of risk control and man-
agement, threats could and did pass into
segments of the food chain where interventive mea-
sures were not available or anticipated.

The concept of farm to table control of food
safety has been touted as a goal for the last decade
but has only recently become a reality. Unprecedented
partnerships have been formed. Data and informa-
tion are being shared between all members of the
food supply chain at levels never before envisioned.

The increased demand for food safety account-
ability will only serve to further this directional trend.
Results to date indicate that as food safety partner-
ships strengthen, the control level becomes greater.
Once again the key structural element supporting this
system is HACCP. A future in food safety where the
free market drives food safety improvement may not
be too far off. Legal liability/accountability issues will
continue to propel those that provide food products
to consumers toward greater levels of control. The
best effective methodology currently available to pro-
mote control throughout the food supply continuum
is HACCP. Control of threats is typically most effec-
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tive at their source of introduction into the system.
Intervention steps can also help to improve the mar-
gin of food safety but are generally limited by the
effectiveness of the original source control. The food
safety systems of the future are easy to envision. The
question remains, How do we get there from here?
Vertical integration through HACCP is the tool we will
use; we only need to agree on the process.

RETAIL

G. Prince, The Kroger Co., 1014 Vine Street,
Cincinnatti, OH 45202

Consumers express their confidence in the safety
of meat at the retail meat display case. Consumer
research indicates the selection of the store where they
shop is based upon their confidence in the quality
and safety of the perishables offered by the retailer.
The perishable department is the cornerstone of the
modern successful supermarket. The retailer must earn
this reputation by the quality of product they offer.

Fulfillment of consumer expectation starts with
product specifications that will be used to procure
the quality of meat the consumer will demand. This,
coupled with operating practices, will deliver to the
display case meat with eye appeal. Product quality is
perceived by the consumer’s eye and proven at the
dinner table. Food safety is the Invisible Challenge
that must be met many times every day in each and
every package.

Food safety begins with the live meat animal prior
to slaughter and ends when the product is consumed.
From the moment of slaughter to the point of con-
sumption, time and temperature are the critical con-
trol points in maintaining food safety. Retail food store
operating strategies must have built in operating mea-
sures to assure that critical control points are followed.
A key safety strategy is employee training on their re-
sponsibilities in food handling. Food safety strategies
must include the consumer handling and preparation.











