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Background 

In January 1999, the United States Department of Agriculture Food Safety Inspection Service (USDA 
FSIS) published a statement clarifying that public health risk posed by E. coli O157:H7 was not 
limited to raw ground beef products, but included intact raw beef such as trimmings that are to be 
further processed into non-intact products. FSIS determined that if these types of intact beef 
products are positive for E. coli O157:H7, then they must be processed into ready-to-eat products or 
be deemed adulterated (14, 15). This notice was a result of concerns that intact cuts of beef that are 
further processed into non-intact products may have pathogens introduced below the meat surface, 
and therefore, require a higher internal cook temperature to render the product safe for 
consumption. In October 1994, FSIS declared E. coli O157:H7 to be an adulterant in raw ground 
beef and began a sampling program to test for the pathogen in federally inspected establishments 
and retail stores (15). E. coli O157:H7 was first recognized as a pathogen in 1982 when it was 
identified as the causative agent of two outbreaks involving the consumption of undercooked ground 
beef leading to hemorrhagic colitis (5, 9). The organism also achieved notoriety in 1993 after a multi-
state outbreak resulted in four deaths (13). The Center for Disease Control estimated that more than 
73,000 cases of infection and 61 deaths occur in the United States each year due to E. coli 
O157:H7 (4).  

Cattle have been implicated as a primary reservoir for the transmission of verocytotoxigenic E. coli 
(11, 16). It has been reported that the pathogen can be carried in the rumen (10, 11, 13), on the 
hide (1) and excreted in feces (6). The prevalence of E. coli O157:H7 on hides may reflect many 
sources of contamination such as soil, feces from other animals and lairage (2). In a study 
conducted in three large U.S. Midwestern fed-beef processing plants, E. coli O157:H7 was recovered 
from 5.9% of fecal samples, 60.6% of hide samples, and 26.7% of carcasses sampled before the 
pre-evisceration wash (2). The pathogen also was recovered from 1.2% (15 of 1,232) of carcasses 
sampled at chilling (postintervention) at approximate levels of 3.0 cells per 100 cm2 (2).  

Exposure to E. coli O157:H7 has been linked with life-threatening human illnesses that include 
hemorrhagic colitis and hemolytic uremic syndrome (3). In general, the organism colonizes the 
gastrointestinal tract of ruminants, including healthy adult cattle (7). Consequently, the beef 
carcasses may become contaminated during slaughter and processing (5). Since cattle are 
considered the main reservoir of E. coli O157:H7 and many outbreaks are associated with the 
consumption of undercooked beef, it is necessary to determine the extent to which E. coli O157:H7 
is present on the surface of intact sub-primal cuts prior to mechanical tenderization/enhancement. 
The objectives of this study were to determine the prevalence of E. coli O157:H7 and 
indicator organisms (generic E. coli, total coliforms and aerobic plate count organisms) on 
the surface of intact beef sub-primals prior to the enhancement process. 
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Methodology 

Sample preparation 
The study was conducted in two phases. Phase 1 involved sampling of beef sub-primal cuts for 
microbiological analyses during the months of December, January and February 2004 (Winter), and 
Phase 2 involved sampling of beef sub-primal cuts for microbiological analyses during the months of 
August, September and October 2004 (Summer). The sub-primal cuts were received vacuum 
packaged and immediately stored at 1.11ºC ± 1 C until sampled. During Winter, six representative 
beef sub-primal portions representing three commodity and three closely trimmed cuts were 
sampled for microbiological analyses. Sub-primal cuts included chuck tenders (Plant A), 0.64 cm 
trimmed strips (Plant B), bottom round flat (Plant C), rough trimmed brisket (Plant D), cap-on top 
rounds (Plant D) and cap-off insides (Plant E). One hundred samples of each of the six sub-primal 
types (i.e., total of 600 samples) were collected from five plants located in the Midwest, southern 
Midwest, northern Midwest and Southeast over a six-week period between December 23, 2003 and 
February 19, 2004. Over a 16 week period between August 2, 2004 and November 12, 2004, 599 
samples (i.e., 100 chuck tenders, 100 trimmed strips (0.64 cm), 100 bottom round flats, 100 cap-
off insides, 97 rough trimmed briskets and 102 cap-on top rounds) were collected from the same 5 
plants visited in the Winter. The five plants were further- processors of beef products. The lots for 
each sub-primal cut lot were randomly sampled, and at least five samples were collected on each 
sampling day for each sub-primal cut. The average lot size for each sub-primal cut varied from 1227 
to 2000 kilograms. All sub-primal cuts were sampled for microbiological analyses immediately prior 
to being subjected to mechanical tenderization/enhancement technology.  

Microbiological analyses  
All sub-primal beef cuts were analyzed for Escherichia coli O157:H7. In addition, 400 sub-primal 
beef cuts from four plants were analyzed for aerobic plate counts, total coliforms and generic E. coli 
during each collection period. The entire surface of each sub-primal cut was swabbed just prior to 
the beef enhancement process using the USDA Cattle/Swine Kit sponge method (no. 025BPW with 
fifteen 25 mL units of buffered peptone water per kit, Biotrace International, Bothell, WA). The sterile 
3.81 cm X 7.62 cm biocide-free, cellulose sponges were hydrated in 25 mL Buffered Peptone water. 
Each sub-primal was sampled using both sides of a single sponge.  

After sample collection, sponges were stomached at the respective plants and a 2 mL aliquot 
removed for indicator organism analyses (i.e., aerobic plate count, total coliform and generic E. coli). 
Bags containing the sponges and remaining 18 ml sample aliquots were shipped on the same day to 
ABC Research Corporation, Gainesville, FL, for E. coli O157:H7 analysis, unless they were collected 
during second shift. In that case, samples were shipped the following day. Sponge samples (in 
stomacher bags) were shipped in insulated containers with ice packs to insure that sponges were 
not frozen but remained at refrigeration temperature during transport via overnight courier. The 
temperature of sample shipments was monitored upon receipt at the laboratory.  

Indicator organism analyses 
Aerobic plate count, total coliform and generic E. coli analyses were conducted on-site at the plant 
being sampled. Sponge samples were stomached for 60 seconds to ensure sample homogeneity. 
The appropriate serial dilutions were prepared and plated onto 3M Petrifilm™ (3M Corporation, St. 
Paul, MN) for aerobic plate counts (APC), generic E. coli and total coliforms. All counts were reported 
as colony forming units per sub-primal cut (CFU/spc).  
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E. coli O157:H7 analyses 
All E. coli O157:H7 analyses were conducted at ABC Research Corporation in Gainesville, FL, 
following methods developed and personally communicated by Mohammed Koohmaraie (USDA-ARS, 
Clay Center, NB) and Ted Brown (Cargill Meat Solutions, Wichita, KS). Sponge samples were 
stomached for 60 seconds to ensure sample homogeneity. One mL of the sponge rinsate was used 
to initiate a most probable number (MPN) procedure utilizing microtiter plates. For the E. coli 
O157:H7 presence/absence analyses, each sponge (and associated rinsate) was enriched with 80 
mL of tryptic soy broth (TSB; Difco Laboratories, Detroit, MI) that had been tempered to 25ºC. After 
addition of the tempered TSB, the sponge and TSB combination was stomached for 60 seconds. 
Prior to incubation, sponge samples were oriented to ensure complete immersion in enrichment 
media. A positive and a negative control sample were included in each set of analyses. Samples and 
controls were incubated for 2 hours at 25°C, and subsequently for 10 additional hours at 42°C. 
After the 12-hour incubation, samples were held overnight at 4°C until analyzed.  

Samples were analyzed for the presence of E. coli O157:H7 using BAX-PCR methodology (BAX® 
System, DuPont Qualicon, Wilmington, DE). Although the BAX manufacturer does not have validation 
studies for sponge sample analyses of beef, they recommend that an enrichment step be performed 
for environmental swabs and sponges when used to test for E. coli O157:H7 with the BAX system. 
For samples testing negative for E. coli O157:H7 using the BAX-PCR methodology, the MPN 
procedure was discontinued. No MPN microtiter plates were further processed via BAX-PCR in this 
study because all samples were negative for E. coli O157:H7.  

Statistical analysis 
A total of 1199 sponge samples were analyzed for E. coli O157:H7, and 800 of the 1199 sponge 
samples were analyzed for indicator organisms. All data were analyzed using the General Linear 
Models procedure of SASR software to determine if microbial counts differed between collection 
seasons (12). SASR Duncan Multiple Range test procedure was employed to separate means (12). 
Comparisons were made between Winter and Summer collection dates for the same sub-primals. No 
comparisons were made among the six sub-primals because each was sampled in a different plant 
on different sampling days. Since all samples were negative for E. coli O157:H7, no statistical 
analyses were performed. 

Findings 

Escherichia coli O157:H7 was not detected on the surface of any of the 1199 beef sub-primal 
samples analyzed during the Winter and Summer collection periods. Thus, the overall incidence of E. 
coli O157:H7 was less than 0.083%. Carcass chilling has been shown to reduce the prevalence of E. 
coli O157:H7 due to the synergistic effect of low water activity and temperature (6). Similar findings 
were reported by Fegan et al. (7) where 6% of 100 carcass swabs tested positive for E. coli O157:H7 
prior to chilling, but no E. coli O157:H7 was reported in post-chilled beef carcass swabs.  

Except for the trimmed strips (0.64 cm), aerobic plate counts were significantly higher (P < 0.05) in 
Summer when compared to those for corresponding sub-primals sampled in the Winter (Table 1). 
However, seasonal differences between the aerobic plate counts for each of the same cuts were 1.0 
log CFU/spc or less. Except for the chuck tenders, all total coliforms were significantly higher (P < 
0.05) in the Summer when compared to total coliforms for sub-primal cuts sampled in the Winter 
(Table 2). However, seasonal differences between total coliforms for each of the same sub-
primal cuts were less than 1 log CFU/spc. Mean total coliform counts were 3.4 log CFU/spc 
or less for all sub-primal cuts. Generic E. coli counts were significantly higher (P < 0.05) in 
Summer when compared to those for corresponding sub-primals sampled in the Winter 
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(Table 2). However, seasonal differences between Generic E. coli counts for each of the same cuts 
were less than 1.0 log CFU/spc. Generic E. coli counts were 2.2 log CFU/spc or less for all sub-primal 
cuts (Table 2). Examination of the individual data revealed that generic E. coli was not detected in 
82, 52, 69 and 82% of chuck tenders, trimmed strips (0.64 cm), bottom round flats and cap-off 
insides, respectively. 

Implications 

In summary, the data in this study revealed that the incidence of E. coli O157:H7 contamination on 
the surface of beef sub-primal cuts intended for mechanical tenderization (enhancement) was very 
low (i.e., <0.083%) with no E. coli O157:H7 being detected in any of the 1199 sub-primal samples 
analyzed. It was also evident in the study that the indicator organisms, total and fecal coliforms, and 
generic E. coli, were present at very low levels. The results for indicator organisms obtained in this 
study were consistent with proper handling and storage practices for raw meat as well as 
appropriately functioning plant food safety intervention systems. Indicator organisms can be used to 
assess the hygienic status of processing plants and the performance of antimicrobial interventions 
(1). Indicator organisms can also be used to predict the presence of potential pathogenic bacteria. 
However, it should be emphasized that the presence of indicator bacteria does not mean that the 
food, water or environment contains pathogenic microorganisms, but rather the potential exists for 
the presence of pathogens since the indicator bacteria point to the presence of fecal material in the 
sample (8). 
 
 
Table 1. Aerobic plate organisms on raw sub-primal beef cuts samples at four different commercial processing 
plants during the Winter and Summer months of 2004. 

Sub-Primal Beef Cut1 Aerobic Plate Count (Log CFU/spc) 
 Collection Season 
 Summer Winter 
Cd 4.77 ± 0.59a 3.75 ± 0.24b 
Fth 3.86 ± 0.27a 3.87 ± 0.35a 
Btm 5.94 ± 0.24a 5.42 ± 0.32b 
Cap 3.51 ± 0.57a 2.98 ± 0.44b 

1Cd = Chuck tenders collected from Plant A, Fth = 0.64 cm trimmed strips  
collected from Plant B, Btm = bottom round flat collected from Plant C,  
Cap = cap-off insides collected from Plant E.  
a, bMeans in the same row bearing different superscripts differ significantly  
(P < 0.05). Each mean value represents 100 individual measurements. Values are  
presented as log means ± standard deviation. 
 
 
Table 2. Total coliform and generic Escherichia coli counts on raw sub-primal beef cuts sampled  
at four different commercial processing plants during the Winter and Summer months of 2004. 

Sub-Primal Beef Cut1 Total Coliforms (Log CFU/spc) Generic E. coli (Log CFU/spc) 
 Collection Season Collection Season 
 Summer Winter Summer Winter 
Cd 2.40 ± 0.62b 2.63 ± 0.70a 1.13 ± 0.34a 1.11 ± 0.32b 
Fth 2.40 ± 0.74a 1.95 ± 0.66b 1.60 ± 0.48a 1.18 ± 0.53b 
Btm 3.40 ± 0.70a 3.00 ± 0.76b 2.20 ± 0.89a 1.11 ± 0.42b 
Cap 2.21 ± 0.89a 2.07 ± 0.71b 1.15 ± 0.34a 1.14 ± 0.35b 

1Cd = Chuck tenders collected from Plant A; Fth = 0.64 cm trimmed strips collected from Plant B; Btm = bottom 
round flat collected from Plant C; Cap = cap-off insides collected from Plant E.  
a ,bMeans in the same row per organism bearing different superscripts differ significantly (P < 0.05). Each  
mean value represents 100 individual measurements. Values are presented as log means ± standard deviation. 


