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Abstract

The original use of “indicator” organisms to signal the
possible presence of pathogenic bacteria dates back more
than a hundred years. Since then, the use of these organisms
as predictors of pathogens has been extended from water to
a variety of raw and processed food products. When used to
predict the possible presence of pathogens, the term “index
organism” is now preferred; “indicator organisms”, in com-
parison, are used as a means of assessing process integrity.
Various index organisms have been used, including:
coliforms, “fecal” or “thermo-tolerant” coliforms, E. coli,
Enterobacteriaceae, enterococci, and “aerobic plate count”.
Despite the enteric connotations associated with the names
of some of these organisms, they are not confined to the
intestinal tract and often represent bacteria of widely diver-
gent origin. Some coliforms and Enterobacteriaceae can even
grow on refrigerated muscle foods. Numerous studies have
failed to find solid relationships between coliforms, Entero-
bacteriaceae, or E. coli, and pathogens such as Salmonella,
Listeria monocytogenes, and Campylobacter on a variety of
meat and poultry products. The few studies which have ac-
tually analyzed the predictive value of various index organ-
isms have drawn similar conclusions. Numerous interna-
tional and national advisory committees, including the FAO/
WHO and the National Research Council’s Subcommittee
on Microbiological Criteria, have concluded that it is in-
valid to attempt to predict the safety of a meat or poultry
product based on the levels of APC, coliforms, “fecal”
coliforms, Enterobacteriaceae, E. coli, or enterococci found
on the product.

Index and Indicator Organisms:
History and Terminology

For more than a century, microbiologists have used in-
direct tests as a means of detecting possible pathogen con-
tamination of water and foods. These indirect assays have
typically involved either aerobic plate counts (APCs) or
groups of organisms (coliforms, enterococci, and Enterobac-
teriaceae) which are thought to co-exist with enteric patho-
gens in the intestinal tracts of humans and animals. In the
1890’s, Schardinger (1892) began testing water for Escheri-
chia coli. The presence of E. coli was used as an indication
of fecal contamination, and, possibly, of the presence of
Salmonella typhi. Over time, such testing was extended first
to dairy products, then to food products, and food proces-
sors began to use indicator assays as a means of determin-
ing the adequacy of a process. The reader is referred to Mossel
(1967) for a historical review of the role of indicator organ-
isms in the determination of food safety.

In view of the dual functions which these indirect as-
says served, researchers attempted to clarify the situation
(Mossel, 1978). The terms “index”, “marker”, “simulator”,
and “surrogate” were suggested for reference to organisms
whose presence at certain levels indicates the possible oc-
currence of pathogens (Brodsky, 1995). In contrast, “indica-
tor organisms” or “hygiene marker organisms” are those
whose detection is indicative of a failure in GMP or inte-
grated system control which results in a food product of
unacceptable microbiological quality (Brodsky, 1995). Test-
ing for index organisms, then, serves a predictive function
while testing for indicator organisms is a means of assessing
process integrity (Mossel, 1978). Although the distinction
between the functions of index and indicator organisms is
an important one, workers in this field have often used the
terms interchangeably, leading to considerable confusion.
This situation is further confounded by studies in which a
particular group of organisms functions as both index or-
ganisms and as indicators. This review will use the terms
“index organism” and “indicator organism” as defined above;
“index/indicator organism” will be used when referring to
information common to both index and indicator usages.
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The most common reasons for testing for index/indica-
tor organisms rather than pathogens deal with cost, analyti-
cal complexity, and time. Simple, inexpensive index/indi-
cator organism analyses can yield results in 1 to 3 days as
opposed to more complex traditional pathogen isolation and
identification procedures which may take more than a week.
Also, testing for the (presumably) more numerous index or-
ganisms minimizes sampling difficulties inherent to the de-
tection of small numbers of pathogens amongst large popu-
lations of background microflora.

Characteristics of Ideal Index Organisms

An ideal index organism meets a number of criteria in-
cluding:

• Being easily and rapidly detectable
• Being easily differentiated from other microflora
• Having a history of constant ecological association

with the pathogen in the environment where con-
tamination originates

• Being present when the pathogen is present and ab-
sent when the pathogen is absent

• Having a reliable and defined quantitative relation-
ship with the pathogen of concern

• Having growth requirements and a growth rate iden-
tical to those of the pathogen of concern

• Reacting in a similar manner to adverse conditions/
processing as the pathogen  of concern; greater resis-
tance to adverse conditions is advantageous.

Index organisms used to indicate the presence of en-
teric like Salmonella must also originate only in the intesti-
nal tract, occur in feces in high numbers, and be incapable
of sustained growth outside the intestinal tract.

Types of Index Organisms Used
and Their Limitations

Six groups of index/indicator organisms have seen ser-
vice in assessing the microbiological safety of raw meat and
poultry. These groups of organisms are “total” aerobic count
(APC), coliforms, “fecal” or thermo-tolerant coliforms, E. coli,
enterococci (sometimes referred to as “fecal” or “Group D
streptococci”), and Enterobacteriaceae.

Fecal matter has long been regarded as the main source
of Salmonella, Campylobacter, and some pathogenic E. coli
on raw meat and poultry. Although it is commonly assumed
that coliforms, “fecal” coliforms, E. coli, enterococci, and
Enterobacteriaceae (a group which includes E. coli and many
coliforms) originate in the animal gut or feces, there is little
direct proof for this with respect to foods (FAO/WHO, 1979).
Despite the enteric and fecal connotations of their names,
these organisms are not confined to the intestinal tract, mak-
ing them unreliable direct indices of fecal contamination
(Chordash and Insalata, 1978; Hartman et al., 1992; Jay,
1992; Roberts, 1976). The fact that Enterobacteriaceae,
coliforms, and enterococci are common on raw meats, even
those produced under the most hygienic of conditions (Jay,

1992; Roberts, 1976; Tompkin, 1982), casts doubt on their
value as index organisms (Cox et al., 1988).

Some members of the coliform and Enterobacteriaceae
groups are capable of growth at refrigeration temperatures
(Buchanan et al., 1992; Gustavsson and Borch, 1993; Jay,
1992; Roberts, 1976), making them unsuitable for use as
index/indicator organisms on stored muscle food products
(Goepfert, 1976; Zeitoun et al., 1994). Nortjé et al. (1990)
have even stated that “Enterobacteriaceae might be com-
mon psychrotrophs in the meat production chain, maybe
originating from the abattoir and wholesale environments.”
In contrast, E. coli generally does not grow at refrigeration
temperatures, and growth of this organism may be indicative
of improper storage conditions (Gill and McGinnis, 1993).
On vacuum-packed mutton, Australian researchers observed
an increase in coliform counts of more than 106 CFU/cm2

over a 2 week period at 5°C with no corresponding increase
in E. coli (Grau, 1979). Numbers of enterococci usually do
not increase during handling of raw meats as long as proper
storage temperatures are maintained (Stiles et al., 1978).

Much of the controversy over the use of index/indicator
tests, especially those targeting organisms thought to be in-
dicative of “fecal” contamination, can be traced to the rela-
tively non-specific nature of such tests. The majority of these
assays depend on simple, easily-detectable biochemical re-
actions which give no information about the ecological ori-
gin of the reactive organism or about the taxonomy of mem-
ber species. The coliforms in general, and the “fecal
coliforms” in particular, are ill-defined agglomerations of
organisms with vastly divergent ecological associations
(Mossel and van Netten, 1991). Newton (1979) cautioned
against the use of coliform assays for detecting fecal con-
tamination on raw meats, noting that positive reactions could
be obtained from a variety of non-fecal coliforms as well as
from psychrotrophic coliforms and Aeromonas spp. Media,
methods, and incubation temperatures all have a tremen-
dous impact on assays for index/indicator organisms, and
results are often highly dependent on the method used
(Hitchins et al., 1992). Since coliform, “fecal” coliform, En-
terobacteriaceae, and enterococci assays are often used with-
out additional confirmational testing, methodology has a tre-
mendous impact on the sorts of organisms which will be
enumerated from a particular sample (Mossel, 1978). When
different testing methodologies for a particular group of in-
dex organisms enumerate different microbial populations, it
is unrealistic to expect that a defined relationship will be
maintained between numbers of index organisms and patho-
gens.

Despite the general simplicity of index/indicator assays,
much effort has been expended to further streamline the tests
and decrease the time interval before results are obtained.
Development of the “fecal” coliform test, for instance, arose
from a desire to assay E. coli-like organisms without having
to do the time-consuming IMViC tests necessary to confirm
E. coli (NRC, 1985). The usefulness of the “fecal” coliform
test as a rough means of estimating numbers of E. coli varies



140   American Meat Science Association

with the product, the point in the processing or distribution
chain at which the product is sampled, and the methodol-
ogy used (Buchanan et al., 1992; Stiles and Sheena, 1987;
Weiss et al., 1983).

Apart from difficulties specific to microbial physiology
and detection methodologies, the efficacy of index/indica-
tor assays is also impacted by the non-homogeneous distri-
bution of both index organisms and pathogens in/on meat
and poultry. Bacterial contamination on carcasses is often
focused in “hot spots” (Ingram and Roberts, 1976), and foci
of index organisms may differ from pathogen foci. The in-
ability to collect a truly representative sample extends from
carcasses to primals to ground products. Goepfert (1976)
demonstrated that E. coli are not homogeneously distrib-
uted in ground beef. Numerous scientists (including Goepfert,
1976; Ingram and Kitchell, 1970; Ingram and Roberts, 1976)
have also issued cautions about the imprecise nature of quan-
titative microbiological assays and the impact that such im-
precision can have on the validity of index organism testing.
Kilsby and Pugh (1981) questioned whether differing levels
of variance associated with counts of index organisms and
pathogens might make it impossible to reliably determine
the relationship between the two groups of organisms.

Use of Index Organisms in Assessing Food Safety

Since the original use of index organisms for indicating
possible water contamination, the use of index organisms
has been extended to a variety of raw and processed prod-
ucts. The question of whether broadening this practice was
scientifically valid seems to have drawn little attention (Cox
et al., 1988; Dack, 1956). Likewise, while the presence of
index/indicator organisms in a heat-treated food may reli-
ably indicate recontamination or abuse, it may not be valid
to extrapolate this to a raw muscle food which has received
no bactericidal treatment (Banks and Board, 1983; Goepfert,
1976). While it is generally agreed that the selection of an
index organism must be based on the microbial ecology of
the particular food being analyzed, this condition has rarely
been met in practice.

Relationship Between Index Organisms and
Bacterial Pathogens

E. coli is often regarded as being the best index organ-
ism of fecal contamination among the commonly-used fe-
cal/enteric index organisms. This statement, however, does
not apply to raw meat and poultry (Goepfert, 1976; Hol-
land, 1979; Tompkin, 1983; NRC, 1985). Numerous studies
have found no evidence of a relationship between E. coli
and enteric pathogens like Salmonella on raw meat and
poultry (Childers et al., 1977; Miskimin et al., 1976; Rob-
erts, 1976; Solberg et al., 1977). Similarly, no relationship
was observed between Salmonella and E. coli, coliforms or
APC on ready-to-eat meat products (Childers et al., 1977;
Miskimin et al., 1976; Solberg et al., 1977). Paradis and Stiles
(1978) found no relationship between APC, coliform count,

E. coli, or enterococci and Salmonella, Clostridium
perfringens, or coagulase-positive Staphylococcus aureus in
vacuum packaged sliced bologna. An examination of patÇ
naturally contaminated with Listeria monocytogenes re-
vealed no correlation with coliforms (Morris and Riberio,
1991). The use of “enteric” index organisms to indicate the
presence of L. monocytogenes, Yersinia enterocolitica, and
S. aureus may not be valid as these pathogens have numer-
ous reservoirs other than the intestinal tract. Also, L.
monocytogenes and Y. enterocolitica are capable of growth
under refrigeration, making selection of an appropriate in-
dex organism even more difficult.

It has been shown that Enterobacteriaceae are poor in-
dices of Salmonella, pathogenic Y. enterocolitica, and
Campylobacter spp. in raw ground meat products (Beumer
et al., 1983). A number of studies have failed to uncover a
relationship between levels of Enterobacteriaceae or
coliforms and Salmonella on broiler chickens, turkey meat,
and various raw beef and pork sausage materials (Banks and
Board, 1983; Hagberg et al., 1973; Mercuri et al., 1978). In
a study on hamburgers, Tamminga et al. (1982) concluded
that even when Enterobacteriaceae counts were low, a “con-
siderable percentage of samples” may still contain Salmo-
nella. Brodsky (1995) reported data from the analysis of more
than 70,000 ready-to-eat food samples in Ontario. No cor-
relation was evident between the levels of APC, coliforms,
E. coli, and Enterobacteriaceae and a variety of food borne
pathogens (S. aureus, Bacillus cereus, Salmonella, C.
perfringens, Campylobacter jejuni, Y. enterocolitica, and E.
coli O157:H7).

Only relatively few studies have found positive relation-
ships between index organism counts and the presence of
pathogens. Further, those pathogens which did exhibit a
positive correlation were generally C. perfringens or S.
aureus, rather than “true” enteric pathogens such as Salmo-
nellae.  Hagberg et al. (1973) reported that coliforms iso-
lated from various turkey products tended to be “associated
with higher numbers of C. perfringens and S. aureus.”
Miskimin et al. (1976) found a high correlation between C.
perfringens and coliforms in ready-to-eat foods, and C.
perfringens and E. coli in both raw and ready-to-eat foods,
as well as a high correlation between S. aureus and both
coliform counts and E. coli counts in ready-to-eat foods.
These authors cautioned, however, that “the number of in-
dicator organisms present has essentially no relationship to
the number of pathogens which may be present in a food
sample.” Dempster (1978) reported that E. coli levels asso-
ciated with 8 Salmonella-positive samples of raw and pro-
cessed meat were higher than levels on Salmonella-nega-
tive samples. Nesbakken et al. (1985) found a significant
correlation between high coliform counts and the presence
of yersiniae in raw pork products, but only one of the Yersinia
isolates was found to be potentially pathogenic.

In light of the limitations associated with the use of com-
mon index/organisms, some attention has been given to the
possibility of one pathogen being used as an index of an-
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other. Turnbull and Rose (1982) found no correlation be-
tween isolations of Salmonella and Campylobacter from raw
red meats. The fact that various pathogens react differently
to slaughtering, processing, or sanitation interventions fur-
ther complicates the issue. Oosterom et al. (1985) attributed
differing prevalences of Salmonella and Campylobacter in a
pork slaughterhouse to better survival of Salmonellae on
surfaces and equipment.

Relationship Between APC and
Bacterial Pathogens

The notion that APC may serve as an indication of the
presence of pathogenic bacteria may have its origin in com-
mon mathematics - higher numbers of generic bacteria would
include higher numbers of pathogens. Evidence for this idea
is lacking, however (Elliott and Michener, 1961; Roberts,
1976; Silliker, 1963). Vorster et al. (1991) found no relation-
ship between APC of broiler chickens or ground beef and
the presence of Salmonella or L. monocytogenes. In a sub-
sequent study, Vorster et al. (1994) found no relationship
between APC of a variety of raw and processed meat and
poultry products and the occurrence of S. aureus and/or E.
coli. Doubtless, the lack of correlation between APC and
most bacterial pathogens (excluding psychrotrophic types
such as L. monocytogenes and Y. enterocolitica) is at least
partly due to temperature — APCs on meat and poultry in-
crease with time in refrigerated storage while levels of most
bacterial pathogens do not.

I am aware of only one paper reporting a relationship
between APC and enteric pathogens on red meats. Turnbull
and Rose (1982) found some evidence of an association
between high APC and the presence of Campylobacter in
raw red meats but cautioned that only 22 samples were in-
volved.

Interestingly, there is some evidence of a relationship
between APC values and levels of C. perfringens and/or S.
aureus in raw meat products (Solberg et al., 1977; Beumer
et al., 1983). Some of this relationship may be attributable
to the fact that assays for C. perfringens and S. aureus often
involve little or no confirmational testing, meaning that other
organisms may also be enumerated. Gilbert et al. (1993)
reported an association between high APC counts and the
presence of L. monocytogenes in refrigerated patés. Simi-
larly, Vorster et al. (1993) found that processed meat prod-
ucts having APCs of between 105 and 107 CFU/g were more
likely to contain Listeria spp. than were products having
higher or lower APCs; L. monocytogenes was not isolated,
however.

Relationship Between High APCs and
Foods Likely to Cause Illness

To date, there are few data to indicate that a raw prod-
uct containing high levels of generic microflora would be
more likely to cause food borne illness than a product with
less total contamination. Since most food borne pathogens

are poor competitors (Goepfert and Kim, 1975; Mattila-
Sandholm and Skyttä, 1991), a raw product containing high
levels of spoilage organisms may be unlikely to serve as a
vehicle of food borne illness because pathogens would be
unable to multiply to hazardous levels before the consumer
rejected the product as spoiled. This is the argument put
forth by Goepfert and Kim (1975) and Jay (1994). The situa-
tion with processed products differs, especially in the case
of products contaminated with psychrotrophic pathogens
such as L. monocytogenes. If storage conditions are such
that L. monocytogenes can grow, it is likely that other
psychrotrophs present on a ready-to-eat product will also
grow. Whether growth of non-Listeriae will be detected by
APCs will depend on the packaging treatment since lactic
acid bacteria growing on vacuum-packaged products will
often not register on APCs.

The Predictive Value of Index Organism Assays

For the most part, those few studies which have simul-
taneously examined meat or poultry samples for pathogens
and index organisms have analyzed the data only for corre-
lations between levels of index organisms and the presence
or absence of a particular pathogen or pathogens. The mere
fact that certain levels of an index organism are correlated
with the presence or absence of the pathogen tells relatively
little about how well index organisms predict the presence
or absence of pathogens. That determination requires a strati-
fied analysis of the index organism data where different in-
dex standards are imposed in an attempt to determine the
number of correct or incorrect decisions which would sub-
sequently be made with respect to the pathogen-contami-
nated food samples. Unfortunately, very few studies have
used this approach to determine the predictive utility of in-
dex organism assays. This approach mimics a “real world”
situation in which levels of index organisms would be used
to determine whether a sample was deemed to be accept-
able or unacceptable from the standpoint of microbiologi-
cal safety.

I am aware of only two published papers (Miskimin et
al., 1976, and Solberg et al., 1977) which have taken this
predictive approach to the analysis and interpretation of data
from meat and poultry. The conclusion of both papers was
that imposition of standards based on index organism levels
would not guarantee the safety of either ready-to-eat or raw
meat and poultry products. Not only would pathogen-con-
taining product be released as “acceptable”, but a large
amount of meat and poultry would be deemed “unaccept-
able” based on levels of index organisms alone and removed
from the food supply.

 The Use of Index/Indicator Organisms

The utility of a particular index/indicator organism is
determined by a variety of factors including: the product to
be examined, the length of time a product has been refriger-
ated, and the target pathogen(s) of particular interest. Also,
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the relationship between index/indicator organism numbers
and pathogens may change at different points in the slaugh-
tering or processing line (Roberts, 1980; Oosterom et al.,
1983a and b; Notermans et al., 1977). Reuter (1994) indi-
cated that the composition of the Enterobacteriaceae found
on carcasses changes as a result of different operations in
the slaughtering and dressing line from mesophilic organ-
isms deriving from the live animals to ubiquitous
psychrotrophic species and strains. This finding has impor-
tant implications to the validity of the Enterobacteriaceae as
indices/indicators at different points in the slaughter line.

Numerous attempts have been made to use index/indi-
cator organisms for assessing the impact of chilling on patho-
gen growth. Grau (1979) concluded that growth of E. coli
and Salmonella during chilling of red meat carcasses was
sufficiently similar that increases in E. coli counts on car-
casses could indicate concurrent Salmonella growth if that
organism were present. As noted above, however, the utility
of E. coli for assessing adequacy of refrigeration does not
extend to coliforms or Enterobacteriaceae.

One important consideration in the use of index/indi-
cator organisms is their relative survival or inactivation rate
when exposed to decontamination treatments such as or-
ganic acids. Research in the Netherlands indicates that En-
terobacteriaceae are slightly more resistant to lactic acid than
Salmonella, Y. enterocolitica, enteropathogenic E. coli and
C. jejuni, making Enterobacteriaceae valid index/indicators
of decontamination treatments designed for enteric patho-
gens (Smulders et al., 1986). The acid-tolerant nature of E.
coli makes it a good candidate indicator organism when
evaluating the efficacy of organic acid decontamination treat-
ments on carcasses (Anderson and Marshall, 1990; Greer
and Dilts, 1992). Van Netten et al. (1994) concluded that
aerobic colony counts were an unreliable index/indicator
of lactic acid-induced reductions in numbers of Gram-nega-
tive food borne pathogens such as Salmonella.

Conclusions

Many of the original assumptions behind testing water
for index organisms have been refuted over the century elaps-
ing since Schardinger first began that practice. Our knowl-
edge of food microbiology has also progressed, and it has
become apparent that testing food for index organisms is
based on faulty premises. Furthermore, microbiological test-
ing methodologies have evolved to the point where direct
pathogen analyses can be conducted with nearly the same
ease and speed as assays for index organisms.

An extensive review of the scientific literature reveals no
evidence of a direct relationship between the commonly-used
groups of index organisms and the presence or absence of
pathogens on meat and poultry. In the absence of a direct
relationship, it is not reasonable to expect that a predictive
relationship could exist. Thus, it is invalid to attempt to pre-
dict the safety of a meat or poultry product based on the lev-
els of APC, coliforms, “fecal” coliforms, Enterobacteriaceae,
E. coli, or enterococci found on that product. This is the view

held by numerous international and national advisory com-
mittees, including the FAO/WHO and the National Research
Council’s Subcommittee on Microbiological Criteria.

References
Anderson, M.E.; Marshall, R.T. 1990. Reducing microbial populations on

beef tissues: concentration and temperature of an acid mixture. J. Food
Sci. 55:903-905.

Banks, J.G.; Board, R.G. 1983. The incidence and level of contamination
of British fresh sausages and ingredients with Salmonellas. J. Hyg., Camb.
90:213-223.

Beumer, R.R.; Tamminga, S.K; Kampelmacher, E.H. 1983. Microbiological
investigation of “filet AmÇricain”. Archiv Lebensmittelhyg. 34:29-52.

Brodsky, M.H. 1995. The benefits and limitations of using index and indi-
cator microorganisms in verifying food safety. Presented at the FSIS
meeting on the “Role of microbiological testing in verifying food safety”,
May 1-2, 1995, Philadelphia, PA.

Buchanan, R.L.; Schultz, F.J.; Golden, M.H.; Bagi, K.; Marmer, B. 1992.
Feasibility of using microbiological indicator assays to detect tempera-
ture abuse in refrigerated meat, poultry, and seafood products. Food
Microbiol. 9:279-301.

Childers, A.B.; Keahey, E.E.; Kotula, A.W. 1977. Reduction of Salmonella
and fecal contamination of pork during swine slaughter. J. Am. Vet.
Med. Assoc. 171:1161-1164.

Chordash, R.A; Insalata, N.F. 1978. Incidence and pathological significance
of Escherichia coli and other sanitary indicator organisms in food and
water. Food Technol. 32(10):54-63.

Cox, L.J.; Keller, N.; Schothorst, M. van. 1988. The use and misuse of quan-
titative determinations of Enterobacteriaceae in food microbiology. J.
Appl. Bacteriol. Symp. Suppl. 237S-249S.

Dack, G.M. 1956. Evaluation of microbiological standards for foods. Food
Technol. 10:507-509.

Dempster, J.F. 1978. Bacteriological relationships in raw and processed
meats and associated products. Abstract in Proc. 24th Meeting of Euro-
pean Meat Research Workers.  B 9:1.

Elliott, R.P.; Michener, H.D. 1961. Microbiological standards and handling
codes for chilled and frozen foods:  a review. Appl. Microbiol. 9:452-
468.

FAO/WHO (Food and Agricultural Organization of the United Nations and
World Health Organization). 1979. Report of a joint FAO/WHO Work-
ing Group on Microbiological Criteria for Foods, Geneva, 20-26 Feb-
ruary, 1979. Document WG/Microbiol;79/1. WHO, Geneva.

Gilbert, R.J.; McLauchlin, J.; Velani, S.K. 1993. The contamination of patÇ
by Listeria monocytogenes in England and Wales in 1989 and 1990.
Epidemiol. Infect. 110:543-551.

Gill, C.O.; McGinnis, C. 1993. Changes in the microflora of commercial
beef trimmings during their collection, distribution, and preparation for
retail sale as ground beef. Int. J. Food Microbiol. 18:321-332.

Goepfert, J.M. 1976. The aerobic plate count, coliform, and Escherichia
coli content of raw ground beef at the retail level. J. Milk Food Technol.
39:175-178.

Goepfert, J.M.; Kim, H.U. 1975. Behavior of selected food-borne patho-
gens in raw ground beef. J. Milk Food Technol. 38:449-452.

Grau, F. 1979. Fresh meats: bacterial association. Archiv Lebensmittelhyg.
30(3):7-92.

Greer, G.G.; Dilts, B.D. 1992. Factors affecting the susceptibility of
meatborne pathogens and spoilage bacteria to organic acids. Food Res.
Int. 25:355-364.

Gustavsson, P.; Borch, E. 1993. Contamination of beef carcasses by
psychrotrophic Pseudomonas and Enterobacteriaceae at different stages
along the processing line.  Int. J. Food Microbiol. 20:67-83.

Hagberg, M.M.; Busta, F.F.;  Zottola, E.A.; Arnold, E.A. 1973. Incidence of
potentially pathogenic microorganisms in further-processed turkey prod-
ucts. J. Milk Food Technol. 36:625-634.

Hartman, P.A.; Deibel, R.H.; Sieverding, L.M. 1992. Enterococci.  pp. 523-
550.  In  C. Vanderzant and D.F. Splittstoesser, Eds.  Compendium of
methods for the microbiological examination of foods. American Pub-
lic Health Assoc., Washington, D.C.

Hitchins, A.D.; Hartman, P.A.; Todd, E.C.D. 1992. Coliforms-Escherichia
coli and its toxins.  pp. 325-369. In Vanderzant, C.; Splittstoesser, D.F.
Eds. Compendium of methods for the microbiological examination of
foods. American Public Health Assoc., Washington, D.C.



49th Annual Reciprocal Meat Conference    143

Holland, G.C. 1979. Quality standards for retail meats. J. Food Prot. 42:675-
678.

Ingram, M.; Kitchell, A.G. 1970. Symposium on microbiological standards
for foods: introductory paper. Chem. Ind. February 7 issue:186-188.

Ingram, M.; Roberts, T.A. 1976. The microbiology of the red meat carcass
and the slaughterhouse. Royal Soc. Health J. 96(6):270-276.

Jay, J.M. 1992. Modern Food Microbiology, 4th edition. Van Nostrand
Reinhold, New York.

Jay, J.M. 1994. Food safety and microbial ecology.  Presented at the Micro-
biology Division Symposium, Institute of Food Technologists Annual
Meeting. June 25-29, 1994, Atlanta, GA.

Kilsby, D.C.; Pugh, M.E. 1981. The relevance of the distribution of micro-
organisms within batches of food to the control of microbiological haz-
ards from foods. J. Appl. Bacteriol. 51:345-354.

Mattila-Sandholm, T.; Skyttä, E. 1991. The effect of spoilage flora on the
growth of food pathogens in minced meat stored at chilled tempera-
ture. Lebensm.-Wiss. u.-Technol. 24:116-120.

Mercuri, A.J.; Cox, N.A.; Carson, M.O.; Tanner, D.A. 1978. Relation of
Enterobacteriaceae counts to Salmonella contamination of market broil-
ers. J. Food Prot. 41:427-428.

Miskimin, D.K.; Berkowitz, K.A.; Solberg, M.; Riha, W.E. Jr.; Franke, W.C.;
Buchanan, R.E.; O’Leary, V. 1976. Relationship between indicator or-
ganisms and specific pathogens in potentially hazardous foods. J. Food
Sci. 41:1001-1006.

Morris, I.J.; Riberio, C.D. 1991. The occurrence of Listeria species in pÉtÇ:
the Cardiff experience 1989. Epidemiol. Infect. 107:111-117.

Mossel, D.A.A. 1967. Ecological principles and methodological aspects of
the examination of foods and feeds for indicator microorganisms. J.
Assoc. Off. Anal. Chem. 50:91-104.

Mossel, D.A.A. 1978. Index and indicator organisms - a current assessment
of their usefulness and significance. Food Technol. Aust. 30:212-219.

Mossel, D.A.A.; Netten, P. van. 1991. Microbiological reference values for
foods: a European perspective. J. Assoc. Off. Anal. Chem. 74:420-432.

National Research Council (NRC), Food and Nutrition Board, Committee
on Food Protection, Subcommittee on Microbiological Criteria.  1985.
An evaluation of the role of microbiological criteria for foods and food
ingredients. National Academy Press, Washington, D.C. 436 pp.

Nesbakken, T.; Gondrosen, B.; Kapperud, G. 1985. Investigation of Yersinia
enterocolitica, Yersinia enterocolitica-like bacteria, and thermotolerant
Campylobacters in Norwegian pork products. Int. J. Food Microbiol.
1:311-320.

Netten, P. van; Huis in’t Veld, J.H.; Mossel, D.A.A. 1994. The effect of
lactic acid decontamination on the microflora on meat. J. Food Safety
14:243-257.

Newton, K.G. 1979. Value of coliform tests for assessing meat quality. J.
Appl. Bacteriol. 47:303-307.

Nortjé, G.L.; Nel, L.; Jordann, E.; Badenhorst, K.; Goedhart, G.;
Holzapfel, W.H.; Grimbeek, R.J. 1990. A quantitative survey of a meat

production chain to determine the microbial profile of the final prod-
uct. J. Food Prot. 53:411-417.

Notermans, S.; van Leusden, F.M.; Schothorst, M. van. 1977. Suitability of
different bacterial groups for determining faecal contamination during
post scalding stages in the processing of broiler chickens. J. Appl.
Bacteriol. 43:383-389.

Oosterom, J.; Dekker, R.; Wilde, J.G.E. de; Kempen-de Troye, F. van; Engels,
G.B. 1985.  Prevalence of Campylobacter jejuni and Salmonella dur-
ing pig slaughtering. Vet. Quart. 7(1):31-34.

Oosterom, J.; Notermans, S.; Karman, H.; Engels, G.B. 1983a. Origin and
prevalence of Campylobacter jejuni in poultry processing. J. Food Prot.
46:339-344.

Oosterom, J.; Wilde, J.G.A. de; Boer, E. de; Blaauw, L.H. de; Karman, H.
1983b. Survival of Campylobacter jejuni during poultry processing and
pig slaughtering.  J. Food Prot. 46:702-706.

Paradis, D.C.; Stiles, M.E. 1978. A study of microbial quality of vacuum
packaged, sliced bologna. J. Food Prot. 41:811-815.

Reuter, G.  1994.  Surface count on fresh meat — hazardous or technically
controlled?  Archiv Lebensmittelhyg. 45(3):51-55.

Reynolds, A.E.; Carpenter, J.A. 1974. Bactericidal properties of acetic and
propionic acids on pork carcasses. J. Animal Sci. 38:515-519.

Roberts, T.A. 1976. Microbiological guidelines for meat.  Proc. 22nd Meet-
ing of European Meat Research Workers, Malmî, Sweden.  pp. LO:1-
LO:4.

Roberts, T.A. 1980. Contamination of meat: the effects of slaughter prac-
tices on the bacteriology of the red meat carcass. Royal Soc. Health J.
100(1):3-9.

Schardinger, F. 1892. Über das Vorkommen Gährung erregender Spaltzpilze
im Trinkwasser und ihre Bedeuting für die hygienische Beurtheilung
desselben. Wien. Klin. Wochenschr. 5:403-405, 421-423.

Silliker, J.H. 1963. Total counts as indexes of food quality. pp. 102-112. In
Microbiological Quality of Foods. Slanetz, L.W.; Chichester, C.O.;
Gaufin, A.R.; Ordal, Z.J., Eds. Academic Press, New York.

Smulders, F.J.M.; Barendsen, P.; Logtestijn, J.G. van; Mossel, D.A.A.; Marel,
G.M. van der.  1986.  Review: Lactic acid: considerations in favour of
its acceptance as a meat decontaminant.  J. Food Technol. 21:419-436.

Solberg, M.; Miskimin, D.K.; Martin, B.A.; Page, G.; Goldner, S.; Libfeld,
M. 1977. Indicator organisms, foodborne pathogens and food safety.
Assoc. Food Drug. Off. Quart. Bull. 41(1):9-21.

Stiles, M.E.; Ramji, N.W.; Ng, L.-K.; Paradis, D.C. 1978. Incidence and
relationship of group D streptococci with other indicator organisms in
meats. Can. J. Microbiol. 24:1502-1508.

Stiles, M.E.; Sheena, A.Z. 1987. Efficacy of germicidal hand wash agents
for use in a meat processing plant. J. Food Prot. 50:289-295.

Tamminga, S.K.; Beumer, R.R.; Kampelmacher, E.H. 1982. Microbiologi-
cal studies on hamburgers.  J. Hyg., Camb. 88:125-142.

Tompkin, R.B.  1983.  Indicator organisms in meat and poultry products.
Food Technol. 37:107-110.

Turnbull, P.C.B.; Rose, P. 1982. Campylobacter jejuni and Salmonella in
raw red meats: a Public Health Laboratory Service survey. J. Hyg., Camb.
88:29-37.

Vorster, S.M.; Greebe, R.P.; Nortjé, G.L. 1993. The incidence of Listeria in
processed meats in South Africa. J. Food Prot. 56:169-172.

Vorster, S.M.; Greebe, R.P.; Nortjé, G.L. 1994. Incidence of Staphylococ-
cus aureus and Escherichia coli in ground beef, broilers and processed
meats in Pretoria, South Africa. J. Food Prot. 57:305-310.

Vorster, S.M.; Greebe, R.;  Nortjé, G.L.; Walt, M.L. van der. 1991. Inci-
dence of foodborne bacterial pathogens in meat in the Pretoria area. S.
Afr. J. Food Sci. Nutr. 3(3):51-54.

Weiss, K.F.; Chopra, N.; Stotland, P.; Riedel, G.W.; Malcolm, S. 1983. Re-
covery of fecal coliforms and of Escherichia coli at 44.5, 45.0, and
45.5 C. J. Food Prot. 46:172-177.

Zeitoun, A.A.M.; Debevere, J.M.; Mossel, D.A.A. 1994. Significance of
Enterobacteriaceae as index organisms for hygiene on fresh untreated
poultry, poultry treated with lactic acid and poultry stored in a modi-
fied atmosphere. Food Microbiol. 11:169-176.


