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SUMMARY 
 

This study examined the 
effects of tenderizing salts and 
acids on Escherichia coli O157:H7 
in ground beef during cooking. 
Ground beef (700 g; 95% lean) was 
mixed for 2 min with nothing (C), 
water (WA) or mixtures of 27.3%-
calcium ascorbate (CaA)-15.9%-
NaCl (NA), 7.3%-calcium chloride 
(CaC)-NA, 10%-acetic acid (AA)-
NA, 6.4%-citric acid (CA)-NA, 
followed by inoculation (7 log 
CFU/g) with a pipette-tip below the 
surface with E. coli O157:H7 (5-
strain mixture), and stored (39.2oF) 
overnight. Samples were then 
heated to 140 or 149oF in a water 
bath. Total bacterial (tryptic soy 
agar) populations were determined 
after inoculation, storage, and 
cooking. Bacterial survivors were 
lower (P<0.05) in acid-treated 
samples than other treatments. 
Inclusion of organic acids in beef 
tenderizing recipes may help in 
thermal inactivation of E. coli 
O157:H7 that may be internalized 
during the process.  
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INTRODUCTION 

 
The United States Department 

of Agriculture Food Safety and 
Inspection Service (USDA-FSIS) 

requires testing for the presence of 
Escherichia coli O157:H7 in 
ground beef and other nonintact 
beef products (USDA-FSIS, 2002). 
Nonintact beef products are those 
injected with solutions, 
mechanically tenderized by 
needling, cubing or pounding 
devices, or those reconstructed (or 
restructured) into formed entrees 
(i.e., scored to incorporate 
marinade, or formed, reconstructed 
products like roasts and gyros) 
(USDA-FSIS, 2002). These 
processes may introduce pathogens 
below the surface of the meat and 
the pathogen may survive during 
cooking (Ortega-Valenzuela et al., 
2001). Therefore, this study 
evaluated the effect of chemical 
tenderizers and organic acids on 
thermal inactivation of E. coli 
O157:H7 in ground beef. 
 

 
MATERIALS AND METHODS 

 
Sample preparation 

Ground beef was used as a 
model system for nonintact beef. 
Batches of 700 g of ground beef 
were thoroughly mixed with the 
following ingredients using a bowl-
lift stand mixer (KitchenAid, 
Professional 600, St. Joseph, 
Michigan) for 2 min at a speed 
setting of 2. The tenderizing 
ingredients tested in combination 
included: (1) control and 22 ml of 
(2) water (sterile distilled water), or 
organic acid solution (final 
concentration in beef); (3) 27.3% of 
calcium ascorbate (Ca-A, Sigma-
Aldrich Inc., 0.86%; wt/wt) + 
15.9% of sodium chloride (NA, 
Fisher Scientific, 0.5%; wt/wt), (4) 
7.3% of calcium chloride (Ca-C, 
Fisher Scientific, 0.23%; wt/wt) + 
NA, (5) 10% of acetic acid (AA, 
Fisher Scientific, 0.3%; v/wt) + 
NA, (6) 6.4% of citric acid (CA, 
Fisher Scientific,  0.2%; wt/wt) + 
NA. The treated beef was extruded 
as samples of 30 g into tubes (2.5 
cm diameter × 10 cm height) using 
a caulking gun (Facilities 

Maintenance, Colorado State 
University).  
 
Inoculation and cooking 

The samples were inoculated 
(7 log CFU/g) with a pipette below 
the surface with E. coli O157:H7, 
and stored at 39.2oF overnight. A 5-
strain composite culture (ATCC 
43895, ATCC 43894, ATCC 
43889, ATCC 43888, and EO139) 
was used as inoculum (strain 
EO139 was kindly provided by Dr. 
M. P. Doyle, University of 
Georgia, Griffin, Georgia). After 
storage at 39.2oF, samples were 
cooked to 140 or 149oF in a water 
bath.  
 
Analysis 

Total bacterial counts, 
including E. coli O157:H7 counts, 
were determined on tryptic soy 
agar (TSA; Difco Becton 
Dickinson, Sparks, Maryland). All 
plates were incubated at 95°F for 
24 h. The samples used for 
microbial analysis were also used 
to determine pH values using a pH 
meter with a glass pH electrode 
(Denver Instrument, Arvada, 
Colorado). The water activity of the 
samples was measured by an 
AquaLab (model series 3, Decagon 
Devices Inc., Pullman, 
Washington) water activity meter. 
Approximately 2 g samples were 
used in these analyses. For 
moisture content determination, 
samples were first oven-dried 
according to the AOAC procedure 
(AOAC, 1990). The oven-dried 
samples were then used for fat 
content determination by ether 
extraction (AOAC, 1990) using an 
ANKOMXT10 extractor (ANKOM 
Technology, Macedon, New York). 
Weight losses during cooking were 
determined by calculating the 
weight difference of samples before 
and after cooking.  
 
Statistical analysis 

This study was repeated twice 
with three samples analyzed at each 
time. All data were analyzed by the 



mixed model procedure of SAS¨  
version 9.1 (SAS Institute Inc., 
Cary, NC), and least squares means 
in populations for treatment and 
cooking temperature were 
compared by TukeyÕs method at 
alpha=0.05. 
 

 
RESULTS AND DISCUSSION 

 
The pH values and water 

activities of samples ranged from 
4.93 to 5.87, and from 0.981 to 
0.991, respectively. Fat and 
moisture contents of samples 
ranged from 2.8% to 5.6%, and 
68.7% to 74.6%, respectively. After 
overnight storage (before cooking), 
no differences in bacterial counts 
were observed among treatments 
(Figure 1). Total bacterial 
(including E. coli O157:H7) cell 
counts in samples treated with 
tenderizers (Ca-A and Ca-C) were 
not different than those of controls 
after cooking to 140 or 149oF 
(Figure 1). However, samples 
treated with acid solutions had 
higher (P<0.05) reductions in cell 
counts after cooking to 149oF 
(Figure 1). Cooking to 140oF was 
not generally effective in 
destroying E. coli O157:H7 (Figure 
1), while cooking to 149oF 
decreased E. coli O157:H7 and 
more reductions were observed in 
acid-treated samples than those of 

other treatments (Figure 1). These 
results showed that chemical 
tenderizers do not have an 
antimicrobial effect against E. coli 
O157:H7 during cooking. 
However, modified treatments that 
include organic acids should be 
useful in destroying E. coli 
O157:H7 in nonintact beef 
products.   
 

 
IMPLICATIONS 

 
Under the conditions of this 

study, tenderizers were found not to 
destroy E. coli O157:H7 during the 
cooking process. However, 
inclusion of organic acids in 
modified treatments may enhance 
destruction of E. coli O157:H7 in 
nonintact beef products.   
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Figure 1. Total bacterial populations (log CFU/g), recovered with tryptic soy agar, from beef samples treated with 

combinations of individual ingredients with sodium chloride and inoculated with Escherichia coli O157:H7 before 

and after cooking to 140 or 149oF 
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