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Background 

In 1999 a survey was completed that determined the types and levels of pathogens in non-intact 
beef products. The information obtained in this survey indicated the need for further investigation in 
this category of products and an additional study involving inoculated pilot plant work by NCBA was 
carried out at ABC Research to determine the effect of various cooking temperatures on certain 
pathogens in blade-tenderized steaks. The results of this study indicated occasional survival of 
pathogens, particularly when the product was inoculated with high concentrations of the pathogen 
and cooked to a lower internal temperature. A subsequent survey study was conducted for NCBA by 
ABC Research to determine the sources and extent of microbial contamination in the commercial 
manufacture of blade-tenderized beef products. Salmonella was not detected in any environmental 
or product samples in that study and the levels of Listeria monocytogenes detected were very low 
(i.e., 2.4 and 2.8% of 520 product surface and 281 environmental samples, respectively). 
Furthermore, there was no evidence of transfer of naturally contaminating pathogens from the 
surface to the interior of blade-tenderized products. Internalization of aerobic plate counts and 
Enterobacteriaceae to the product interior by blade tenderization was only observed with high 
microbial loads on subprimal surfaces. Although the internalization rate could not be quantified in 
that study, a comparison of microbial contamination levels on the surface vs. the internal portions of 
tenderized subprimals suggested that the internalization rate of surface microbial contamination 
might be lower than previously believed. The results of that study also indicate that the primary 
source of the microbial contamination is the surface of the incoming subprimals and that the most 
effective intervention strategy to control the introduction of pathogens into the internal portion of 
these products would be to apply an intervention to the surface of the subprimals before they are 
subjected to blade tenderization. This type of intervention strategy combined with appropriate 
cleaning and/or sanitizing of the blade tenderizer and associated pre-tenderizer equipment should 
result in a significant reduction in the levels of pathogens on the surface of the subprimals and the 
blade tenderizing equipment. This, in turn, should result in a much reduced risk for introduction of 
pathogens into the interior of these products. 

The stated objectives for this work were:  
• In a pilot plant setting, to develop and evaluate a prototype intervention method for 

application to subprimals prior to blade tenderization, to identify a naturally occurring 
indicator or surrogate organism for E. coli O157:H7 that can be used to validate intervention 
treatments under commercial plant conditions, to develop a method to quantify the 
internalization rate of bacteria from the surface to the interior of subprimals via blade 
tenderization, and to quantify the rate of bacterial internalization.  

• In a commercial plant setting, to evaluate the efficacy of one intervention method on 
the reduction of microbial contamination of blade tenderized beef subprimals, to 
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evaluate the effect of tenderizer equipment sanitation on the intervention efficacy and to 
quantify the rate of bacterial internalization. 

Methodology 

Pilot Plant Study 
Product. Commercially slaughtered, vacuum packaged, whole, beef top sirloin butt subprimals were 
obtained from a local distributor and stored refrigerated (40°F) until used in the experiments.  

Subprimal surface area and microbial internalization rate determination. A technique for quantifying 
the internalization rate of bacteria from the surface to the interior of the subprimals via blade 
tenderization was developed using modifications of the methods reported previously (Thomas, 1978. 
Observations of the relationship between the surface area and weight of eviscerated carcasses of 
chickens, ducks and turkeys, J. Fd. Technol. 13: 81-86). The surface area and weights of 47 
subprimals were measured. Samples included intact beef top sirloin butts, top butts without the fat 
cap, and top butts without the culotte muscle. For each subprimal sample, the surface area was 
measured by imprinting each face of the sample onto a sheet of white manner paper (Basic Coated 
Paper, 24 in. wide, HP C8281A). The imprints derived from the sample surface liquid were more 
clearly outlined on the paper with a felt tip pen and the paper was subsequently dried. Sample 
imprints were then traced upon a clean sheet of the paper. The clean tracings were then cut out and 
weighed (in grams) to correspond to the total surface area of each subprimal sample. The subprimal 
surface areas were calculated from the corresponding cut-out paper weights. 

The samples with the highest and lowest ratios of weight to surface area were discarded as outlier 
values from the data collected. A linear regression analysis was conducted on the weights vs. the 
corresponding surface’s areas of 45 subprimal samples. The resulting linear regression equation 
was used in subsequent experiments to estimate the surface area of the subprimals using their 
weights. The surface area and weight of each subprimal used in the study were recorded to calculate 
the total microbial load on the surface and the interior of each subprimal. The data were then used 
to calculate the rate (percentage) of microorganisms internalized (i.e., APCs, Enterobacteriaceae and 
E. coli O157:H7) from the surface to the interior of the subprimals by the tenderizing process.  

Non-inoculated product intervention treatments. For the intervention spray application, a plastic 
frame which could fit over a cart or a conveyer belt and on which a spray nozzle (Spray Systems Co., 
UniJet TG-SS2 nozzle spray tip) was connected. The nozzle was connected via plastic hosing to a 
pump with variable pressure control. The subprimals were placed under the pray pattern. The 
exposure time and pressure were determined based upon guidance from the respective suppliers of 
the interventions (i.e., Alcide Corp. and Ecolab, Inc.). 

The top surfaces of subprimals were spray treated with acidified sodium chlorate (Sanova®) or 
peroxyacid (Inspexx-200®) just prior to blade tenderization. In commercial applications, the 
interventions would be applied to all surfaces of the subprimals. The ASC was spray applied for 10 
sec. at a distance of 18 in. from the nozzle to meat surface and at a pressure of 55 psi. The PAA was 
spray applied for 30 sec. at a distance of 18 in. from nozzle to meat surface and also at a pressure 
of 55 psi. The subprimals were tenderized within 1 min. of intervention treatment. The intervention 
experiment described below was conducted twice (i.e., two trials) using different lots of subprimals 
for each trial. 

For each trial, five subprimals were treated with ASC, five with PAA, and another five 
“control” subprimals were not treated with intervention chemistry. Immediately after each 
treatment, the subprimals were then passed through clean/sanitized commercial blade 
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tenderizer (Ross TC700-2566 Tenderizer) following each intervention treatment or the control 
treatment (no intervention). Another set of control (untreated) and treated samples were passed 
through the tenderizer which had been intentionally soiled to simulate a “worst case” equipment 
sanitation condition (e.g., several hours of operation without cleaning). The equipment was soiled by 
repeatedly tenderizing (ca. 10X) an aged subprimal having very high microbial loads on the surface. 
Additionally, five untreated and untenderized subprimal samples were analyzed as a negative 
tenderization control for each trial.  

After blade tenderization, subprimal samples were held at 40°F until sampled (within 1 h). The 
designated surface of each subprimal was sampled for microbial analyses by excising a surface 
sample (see “Microbiological Analyses”). A representative internal tissue (core) sample was also 
aseptically excised from each subprimal for microbial analysis. The contamination level of the 
equipment (i.e., blades/needles, needle block and belt) was evaluated via swabs prior to each trial 
(i.e., control of treated and clean or soiled). Inoculation procedures. Four strains of E. coli O157:H7 
(i.e., ATCC #43894, ATCC#43895, and #MF1847) were used in this project. The E. coli O157:H7 
strains were grown separately via at least 2 serial transfers at 35°C for 24 hr in BHI broth. The 
different bacterial strains were then combined utilizing equal volumes of each and diluted to prepare 
approximately 30 mL of a cocktail with an approximate cell density of 5 X 107 CFU/mL for each strain. 

Individual subprimals were placed in clean trays and inoculated by adding 1.0 mL of the cocktail 
inoculum (ca. 108 CFU/mL) in 0.1 mL droplets across a designated surface area (10 X 20 cm or 200 
cm2) of the products top/lean surface and spreading it as a thin film over the designated site. This 
inoculation technique achieved an initial E. coli O157:H7 count of ca. 106 CFU per sq. cm. After 
inoculation, the subprimals were held under refrigeration for approximately one hour to allow for 
bacterial attachment.  

Inoculated product intervention treatments. The inoculated subprimals were spray treated with the 
two interventions just prior to blade tenderization as described previously. The intervention 
experiment described below was conducted twice (i.e., two trials). The experiment described below 
was conducted twice (i.e., two trails) using different lots of subprimals for each trial.  

For each trial, five subprimals each were treated with ASC, five with PAA and another five “control” 
subprimals were not treated with intervention chemistry. Immediately after each treatment, the 
subprimals were then passed through a clean/sanitized commercial blade tenderizer (Ross TC700-
2566 Tenderizer) following each intervention treatment or the control treatment (no intervention). 
Another set of control (untreated) and treated samples were passed through the tenderizer which 
had been intentionally soiled to simulate a “worst case” equipment sanitation condition (e.g., several 
hours of operation without cleaning). The equipment was soiled by a repeatedly tenderized (ca. 10X) 
heavily inoculated subprimal having very high inoculum counts on the surface. Additionally, five 
inoculated, untreated and untenderized subprimal samples were analyzed as a negative control for 
each trial. 

Microbial analyses. After blade tenderization, the subject surface of each non-inoculated subprimal 
was sampled by excising a 200 cm2 surface sample (ca. 0.5 sm thick) of the top surface for 
microbial analysis. A representative internal tissue (core) sample (ca. 75 g each) was also aseptically 
excised from each subprimal for microbial analysis. Core samples were taken at least 2 in. below the 
subprimal surface. Samples were analyzed for Aerobic Plate Counts (Petrifilm™ incubated @ 
25°C for 72 h) and Total Enterobacteriaceae counts (Petrifilm™ incubated @ 35°C). 
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After blade tenderization, the subject surface of ach inoculated subprimal was sampled by excising a 
100 cm2 surface sample (ca. 0.5 cm thick) of the inoculated site for microbial analysis. A 
representative internal tissue (core) sample (ca. 75 g each) was also aseptically excised from each 
subprimal for microbial analysis and described previously. E. coli O157:H7 in inoculated samples 
was enumerated via spread plating on MSA-BCIG agar. A representative number of colonies 
presenting presumptive E. coli O157:H7 positive results were confirmed using standard microbial 
tests. 
 
Commercial Plant Study 
Plants. One of the commercial plants that cooperated in the previous study also agreed to participate 
in this intervention project. This phase of the project was conducted during one week at the subject 
plant. This phase of the project was designed and scheduled to minimize disruption of the plant’s 
normal operations as well as the plant’s HACCP and SSOP programs. 

Product intervention treatments and sample collection. The peroxyacetic acid (PAA) intervention was 
evaluated for the reduction of microbial contamination on the surface and interior of non-inoculated 
blade-tenderized beef subprimals (i.e., beef top sirloin butt subprimals with the culotte muscle 
removed) in a commercial plant setting. The experiment described below was conducted twice (i.e., 
two trials) with each trial being conducted on a different day. 

The subprimals were spray treated using the equipment and spray procedure previously described 
for the peroxyacid (PAA or Inspexx-200®) intervention. The subprimals were tenderized within 1 min. 
of intervention treatment. For each trial, the treated and untreated (control) subprimals were 
introduced to clean/sanitized tenderizer equipment as well as to non-cleaned, post-shift equipment. 
The “clean equipment” evaluations were conducted off-line using plant equipment and whereas 
“post-shift equipment” evaluations were conducted using on-line plant equipment immediately after 
operations (e.g., end of shift). For each evaluation (i.e., clean or post-shift), ten control (untreated) 
and ten treated subprimals were passed through a commercial blade tenderizer. Additionally, five 
untreated and unterderized subprimal samples were analyzed as a negative tenderization control for 
each trial.  

After blade tenderization, subprimal samples were held at 40°F until sampled (within 1 h). The 
designated surface of each subprimal was sampled for microbial analysis by excising a surface 
sample (see “Microbiological Analyses”). A representative internal tissue (core) sample was also 
aseptically excised from each subprimal for microbial analysis. The contamination level of the 
equipment (i.e., blades/needles, needle block and belt) was evaluated via swabs prior to each trial 
(i.e., control or treated and clean or soiled). All meat samples and swab samples were then shipped 
in insulated containers with refrigerant via overnight courier to ABC Research Corp. for microbial 
analyses. 

Internalization rate quantification. The weights of all subprimals used in the study were recorded to 
calculate the total microbial load on the surface and the interior of each subprimal. These data were 
then used to calculate the rate (percentage) of microorganisms internalized (i.e., APCs and 
Enterobacteriaceae) from the surface to the interior of the subprimals by the tenderizing process.  

Microbiological analyses –Commercial Plant Study. After blade tenderization, the subject surface of 
each non-inoculated subprimal was sampled by excising a 10 cm2 surface sample (ca. 0.5 
cm thick) of the top surface for microbial analysis. A representative internal tissue (core) 
sample (ca. 75 g each) was also aseptically excised from each subprimal for microbial 
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analysis as previously described. Samples were analyzed for Aerobic Plate Counts (Petrifilm ™ 
incubated at 25°C for 72 h) and Total Enterobacteriaceae counts (Petrifilm™ incubated at 35°C). 

Findings 

Peroxyacid (PAA) and acidified sodium chlorate (ASC) intervention treatments applied as sprays to 
beef top sirloin butt subprimals prior to blade tenderization were modestly effective in reducing the 
levels of E. coli O157:H7 on the surface of inoculated subprimals. The PAA treatment of subprimals 
prior to blade tenderization resulted in a moderate (i.e., 0.63 to 0.71 log-units) but statistically 
significant reduction of E. coli O157:H7 on the surface of inoculated subprimals in both pilot plant 
trials conducted. ASC treatment resulted in a small (i.e., 0.63 log-units) but statistically significant 
reduction in E. coli O157:H7 on the surface of inoculated subprimals in one trial of the two trials.  

Neither the ASC nor PAA treatment of subprimals prior to blade tenderization resulted in statistically 
significant reductions of Aerobic Plate Counts or Enterobacteriaceae counts on the surface of 
uninoculated subprimals as compared to untreated control subprimals in pilot plant studies. 
Likewise, the PAA intervention treatment evaluated in the commercial plant did not evidence 
significant reductions of the Aerobic Plate Counts or Enterobacteriaceae counts on the surface of 
inoculated subprimals as compared to untreated control subprimals.  

The ASC or PAA treatment of subprimals prior to blade tenderization did not result in statistically 
significant reductions of Aerobic Plate Counts, Enterobacteriaceae counts or E. coliO157:H7 counts 
in the internal (core) of respective subprimal samples in pilot plant studies. The PAA intervention 
treatment evaluated in the commercial plant also did not evidence any significant reductions of the 
Aerobic Plate Counts or Enterobacteriaceae counts in the core samples of uninoculated subprimals 
as compared to untreated control subprimals.  

Internalization of surface microbial contamination in blade tenderized beef top sirloin butt 
subprimals. These results indicated that the fraction of E. coli O157:H7 internalized into subprimals 
by blade tenderization was very low.  

The average fraction of E. coli O157:H7 internalized into untreated subprimals by blade tenderization 
ranged from 0.000056 (0.0056%) to 0.000087 (0.0087%) regardless of equipment sanitation 
conditions. The mean internalization rates express as log10 units ranged from -4.15 to -5.00 for 
untreated subprimals. The average fraction of Aerobic Plate Counts internalized into untreated 
subprimals by blade tenderization in the pilot plant evaluations ranged from 0.00103 (0.103%) to 
0.00702 (0.702%) regardless of equipment sanitation conditions. The average fraction of 
Enterobacteriaceae counts internalized into untreated subprimals by blade tenderization in the pilot 
plant evaluations ranged from <0.00027 (<0.027%) to 0.00751 (0.751%) regardless of equipment 
sanitation conditions.  

Most core counts were very low or undetectable regardless of surface microbial levels. Thus, sample 
sets of subprimals with higher surface microbial counts generally had correspondingly lower 
internalization fractions than sample sets with lower surface microbial counts. The Aerobic Plate 
Counts and Enterobacteriaceae counts on the subprimal surfaces in the commercial plant 
evaluations were much lower than those in the pilot plant evaluations resulting in correspondingly 
higher internalization fractions that those observed in the pilot plant evaluations.  
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Implications 

These studies indicated that the fraction of E. coli O157:H7 internalized into subprimals by blade 
tenderization was very low. The average fraction of E. coli O157:H7 internalized into untreated 
subprimals by blade tenderization ranged from 0.000056 (0.0056%) to 0.000087 (0.0087%) 
regardless of equipment sanitation conditions. The average fraction of Aerobic Plate Counts 
internalized into untreated subprimals by blade tenderization in the pilot plant evaluations ranged 
from 0.00103 (0.103%) to 0.00702 (0.702%) regardless of equipment sanitation conditions. The 
average fraction of Enterobacteriaceae counts internalized into untreated subprimals by blade 
tenderization in the pilot plant evaluations ranged from <0.00027 (<0.027%) to 0.00751 (0.751%) 
regardless of equipment sanitation conditions. 

Peroxyacid (PAA) and acidified sodium chlorate (ASC) intervention treatments applied as sprays to 
beef top sirloin butt subprimals prior to blade tenderization were modestly effective in reducing the 
levels of E. coli O157:H7 inoculated onto the surface of subprimals. Microbial reductions ranged up 
to 0.71 log-units (i.e., ca. 81%) for the PAA spray treatment and up to 0.63 log-units (i.e., ca. 77%) for 
the ASC. Neither ASC nor PAA intervention treatments resulted in statistically significant reductions 
of Aerobic Plate Counts and Enterobacteriaceae counts on the surface of uninoculated subprimals 
as compared to untreated control subprimals in pilot plant studies or in commercial plant studies. 
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 Figure 1 Subprimal Surface Area as a Function of the Subprimal Weight 
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