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Antimicrobial Interventions for Beef 

 

Microbial contamination of beef carcasses and raw meat products may occur during 
harvesting and subsequent processing.  Throughout the process, contamination may be 
introduced onto the edible product from the hide, gastrointestinal tract, workers, and the 
environment.  The beef industry acknowledges that microbial contamination may occur; 
however, it has taken multiple actions to reduce the potential for contamination.  And it 
has incorporated, scientifically proven antimicrobial interventions that can be applied 
individually or in combination with other treatment to reduce the pathogens on the 
carcass surfaces.  

 

This document provides information on the commonly applied interventions.  The 
document provides scientific references that are available for the different interventions.  
For some interventions, USDA’s Food Safety and Inspection Service has defined limits 
for use and labeling requirements, and these are also provided. 

 

The reference list at the end of the document provides links to the journal article for those 
that are available electronically.   If you need additional information or assistance in 
obtaining an article, please call 979-862-3643. 

 

Note:  This document will be updated with new information as additional scientific 
studies are identified or conducted.  If you are aware of additional research that should 

be included or find errors in the information provide, please let us know and the 
document will be revised. 
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Hot Water Wash 

Product(s):  Applied to beef carcasses; heads 

Amount approved for use:  Not applicable 

Labeling Requirements:  Not applicable 

Scientific References: 

  Kalchayanand, et al,.  2008. 
• Hot water was applied to bovine heads for 12 and 26 seconds at 74 + 2°C 

using a commercial spray cabinet. 
• Achieved a 2.99 log reduction when applied for 12 seconds; and a 3.55 log 

reduction when applied for 26 seconds. 
 
  Algino, R.J. 2007  

• This study was conducted in 22 very small commercial facilities in Wisconsin. 
• The hot water intervention consisted of either washing the carcass with ≥ 

65.56°C (150°F) water using a low-pressure spray nozzle or spraying ≥ 
48.89°C (120°F) water at ≥ 6894.76 kPa (1000 psi) using a pressure washer 
prior to chilling.  Hot water was applied using a hand-held nozzle. 

• There was no significant difference (P>0.10) between intervention treatments, 
and all treatments caused significant reductions (P<0.10) in indicator 
organisms. 

 
Bosilevac, Joseph M.  2006.  
• A commercial hot water carcass wash cabinet applying 74°C (165°F) water 

for 5.5 s reduced both aerobic plate counts and Enterobacteriaceae counts by 
2.7 log CFU/100 cm2 on preevisceration carcasses.  

• A commercial lactic acid spray cabinet that applied 2% L-lactic acid at 
approximately 42°C (105 to 110°F) to pre-evisceration carcasses reduced 
aerobic plate counts by 1.6 log CFU/100 cm2 and Enterobacteriaceae counts 
by 1.0 log CFU/100 cm2. When the two cabinets were in use sequentially, i.e., 
hot water followed by lactic acid, aerobic plate counts were reduced by 2.2 
log CFU/100 cm2 and Enterobacteriaceae counts were reduced by 2.5 log 
CFU/100 cm2.  

• Hot water treatments reduced Escherichia coli O157:H7 prevalence by 81%, 
and lactic acid treatments reduced E. coli O157:H7 prevalence by 35%, but 
the two treatments in combination produced a 79% reduction in E. coli 
O157:H7, a result that was no better than that achieved with hot water alone. 

 
Castillo et al., 1998 
• High-pressure water wash at 35°C or trim, alone and combined with sanitizing 

treatments, such as hot water (95°C at the source), warm (55°C) 2% lactic 
acid spray, and combinations of these two sanitizing methods, were compared 
for their effectiveness in reducing Salmonella typhimurium, Escherichia coli 
O157:H7, aerobic plate counts, Enterobacteriaceae, total coliforms, 
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thermotolerant coliforms, and generic E. coli on hot beef carcass surface 
areas. 

• The different combined treatments had higher log reductions than independent 
treatments.  

• The range for mean log reductions: hot water was from 4.0 to >4.8 log 
CFU/cm2, by lactic acid spray was from 4.6 to >4.9 log CFU/cm2, by hot 
water followed by lactic acid spray was from 4.5 to >4.9 log CFU/cm2, and by 
lactic acid spray followed by hot water was from 4.4 to >4.6 log CFU/cm2, for 
S. typhimurium and E. coli O157:H7.  

 
 Castillo et al., 1998a 

• Hot water treatment of beef carcass surfaces for reduction of Escherichia coli 
O157:H7, Salmonella typhimurium, and various indicator organisms was 
studied. 

• Inoculated carcass surfaces were exposed to a carcass water wash or a water 
wash followed by hot water spray (95°C). 

• All treatments significantly reduced levels of pathogens.  Treatments 
including hot water sprays provided mean reductions of initial counts for E. 
coli O157:H7 and S. typhimurium of 3.7 and 3.8 log, and APC reductions of 
2.9 log. 

 
Acidified sodium chlorite 

Product(s):  Meat carcasses, parts, and organs 
 Processed, comminuted, or formed meat food products (including RTE0 
   Poultry carcasses and parts 

Amount approved for use:  500 to 1200 ppm in combination with any GRAS acid at a 
level sufficient to achieve a pH of 2.3 to 2.9 in accordance with 21 CFR 
173.325 (Note: The pH depends on the type of meat or poultry product)  

Labeling Requirements:  None under the accepted conditions of use  

And: 
Product(s):  Red meat, red meat parts and organs, and on processed comminuted, 

formed meat products (including RTE) 
Amount approved for use:  Applied as a spray or dip, the additive is produced by 

mixing an aqueous solution of sodium chlorite with any GRAS acid to achieve 
a pH in the range of 2.2 to 3.0, then further diluting this solution with a pH 
elevating agent such that the resultant sodium chlorite concentration does not 
exceed 1200 ppm, and the chlorine dioxide concentration does not exceed 30 
ppm.  The pH of the solution is between 5.0 and 7.5. 

Labeling Requirements:  None under the accepted conditions of use. 
Scientific References: 

 
Lim et al., 2007 
• Applied ASC to cooked roast beef for E. coli O157:H7, LM, and S. aureus 

control. 
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• 0.12% ASC applied as a spray for 0 and 10 day treatments 
• Effective as processing aid.   

 
Beverly et al., 2006 
• Applied ASC to cooked roast beef for LM control 
• ASC applied at 250, 500, 750, or 1,000 ppm for 0, 7, 14, 21, 28 day 

treatments 
• Effective as processing aid. 

 
Gill et al., 2004 

• 0.16% acidified sodium chlorite was used as a spray to control natural 
flora of the distal surfaces of pieces of brisket from chilled beef carcasses 

• Acidified sodium chlorite had little effect on the number of aerobes, 
coliforms, or E. coli on the meat 

•  
Castillo et al., 1999 

• Phosphoric acid-activated acidified sodium chloride (PASC) and citric 
acid-activated sodium chlorite (CASC) were applied at room temperature 
to beef carcass surfaces inoculated with E. coli O157:H7 and Salmonella 
Typhimurium. 

• Pathogens were reduced by 3.8 to 3.9 log cycles by water wash followed 
by PASC spray and by 4.5 to 4.6 log cycles by water wash followed by 
CASC spray. 

 
 
Lactic Acid 

Products:  Livestock carcasses prior to fabrication (i.e., pre-and post-chill), offal, and 
variety meats 

Amount Approved for Use:  Up to 5 percent lactic acid solution 

Labeling:  None under the accepted conditions of use (1) 

Scientific references:   
King et al., 2005 

• 2% lactic acid was applied to beef carcass surfaces to control E. coli O157:H7 
and S. Typhimurium. 

• This treatment reduced counts of these microorganisms entering the chilling 
cooler and prevented growth during the chilling period. 

• 2% lactic acid is effective as a carcass wash. 
 
    Castillo, et al., 2001 

• 4% L-lactic acid was applied to chilled beef carcasses.  
• Carcasses were treated during slaughter with hot water and lactic acid. 
• The acid solution was 55°C at the source. 
• Log reductions were reported in APC, coliform, and E. coli counts. 
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Castillo et al., 1998 
• High-pressure water wash at 35°C or trim, alone and combined with sanitizing 

treatments, such as hot water (95°C at the source), warm (55°C) 2% lactic 
acid spray, and combinations of these two sanitizing methods, were compared 
for their effectiveness in reducing Salmonella typhimurium, Escherichia coli 
O157:H7, aerobic plate counts, Enterobacteriaceae, total coliforms, 
thermotolerant coliforms, and generic E. coli on hot beef carcass surface 
areas. 

• The different combined treatments had higher log reductions than independent 
treatments.  

• The range for mean log reductions: hot water was from 4.0 to >4.8 log 
CFU/cm2, by lactic acid spray was from 4.6 to >4.9 log CFU/cm2, by hot 
water followed by lactic acid spray was from 4.5 to >4.9 log CFU/cm2, and by 
lactic acid spray followed by hot water was from 4.4 to >4.6 log CFU/cm2, for 
S. typhimurium and E. coli O157:H7.  

 
Dorsa et al., 1997 
• 3.0% lactic acid applied as a spray on beef carcasses 
• E. coli O157:H7, Listeria innocua, and Clostridium sporogenes tracked 

through 21 days of storage after treatments were applied 
• Effective as a carcass wash  
 

Hardin, et al., 1995 
• Hot carcass surface area was inoculated with E. coli O157:H7 or Salmonella 

typhimurium 
• Trimming, water wash, lactic acid, and acetic acid treatments were evaluated. 
• Washing followed by 2% lactic acid or acetic acid spray was more effective 

than trimming or washing alone. 
• Lactic acid provided a greater reduction of E. coli O157:H7 than acetic acid. 

 
Hamby et al., 1987 
• 1.0% lactic acid was applied as a spray on beef carcasses 
• Application of lactic acid as an intermittent spray of beef sides significantly 

reduced APC of cuts that were stored for 28 days. Single lactic acid spray of 
beef sides also reduced APCs of some of the cuts significantly. 

• Effective as a carcass wash 
 
Lactic Acid 
Products:  Beef and pork sub-primals and trimmings 
 
Amount approved for use:  2 percent to 5 percent solution of lactic acid not to exceed 
55ºC 

 Labeling requirements:  None under the accepted conditions of use  

Scientific References:   
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Heller et al., 2007 
• 2.5%, 5.0% and 2% activated lactoferrin followed by warm 5.0% lactic acid 

was applied to beef subprimal cuts to control E. coli O157:H7 
• This study shows that if populations of E. coli O157:H7 are low and that 

interventions are applied before mechanical tenderization can effectively 
reduce the transfer of low concentrations of E. coli O157:H7 to the interior of 
beef subprimal cuts 

 
Gill et al., 2004 
• 2% and 4% lactic acid was applied as a spray to beef trimmings to control 

natural flora of the distal surfaces of pieces of brisket from chilled beef 
carcasses 

• Both treatments showed reductions on aerobes, coliforms, or E. coli although 
4% lactic acid was more effective  

 
  Castillo et al., 2001a 

• Prechill decontamination treatments were applied to the hot product, and 
resulted in pathogen reductions. 

• 4% L-lactic acid at 55°C was applied for 30 seconds to chilled outside rounds. 
• Postchill acid treatment resulted in an additional reduction in both E. coli 

O157:H7 and Salmonella Typhimurium. 
• Pathogen levels were lower in ground beef produced from products that 

received the prechill and postchill acid spray. 
 
Prasai et al., 1997 
• 1.5% lactic acid applied as a spray on beef subprimals 
• After a lactic acid treatment and 14, 28, 56, 84, and 126 days of vacuum 

storage improved the microbiological quality of meat compared to the control. 
 
Kotula et al., 1994 
• 1.2% lactic acid applied as a spray on retail beef cuts 
• After treatment of retail beef total CFU and E. coli numbers were reduced 
• Treated beef that was stored 3-9 days observed a larger log reduction when 

compared to non-treated control samples 
 
Lactic Acid 

Products:  Beef heads and tongues 

Amount approved for use:  A 2.0 to 2.8 percent solution applied to brushes in a 
washer cabinet system used to clean beef heads and tongues 

Labeling requirements:  None under the accepted conditions of use  

Scientific References: 
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Kalchayanand, et al,.  2008. 

• DL-lactic acid was applied to bovine heads using a model spray-washing 
cabinet. 

• Achieved a 1.52 log reduction for E. coli O157:H7 
 

Lactoferrin 

Products:  Beef carcasses and parts 

Amounts approved for use:  At up to 2 percent of a water-based antimicrobial spray; 
GRAS Notice No. 000067 

Labeling requirements:  Listed by common or usual name in the ingredients statement  

Scientific References: 

Heller et al., 2007 
• 2% activated lactoferrin followed by warm 5.0% lactic acid was applied to 

beef subprimal cuts to control E. coli O157:H7 
• This study shows that if populations of E. coli O157:H7 are low and that 

interventions are applied before mechanical tenderization can effectively 
reduce the transfer of low concentrations of E. coli O157:H7 to the interior of 
beef subprimal cuts 

 
Organic Acids (i.e., lactic acetic, and citric acid) 

Product(s):   As part of a carcass wash applied pre-chill 

Amounts approved for use:  At up to 2.5 percent of a solution; FSIS Notice 49-94 

Labeling requirements:  None under the accepted conditions of use  

Scientific Support:   

 Arthur et al, 2008 
• Beef flank sections were inoculated and treated prior to chilling 
• 2% Acetic acid was applied and E. coli O157:H7 was reduced by 0.65 log 

CFU/cm2 and Salmonella was reduced by 0.87 to 0.91 log CFU/cm2 
• FreshFX was applied  

 
Algino, R.J. 2007  

• The interventions studied were dry-aging, low-pressure hot-water spray, high-
pressure hot-water spray, 2.5% acetic acid spray, and Fresh Bloom™ (a mix 
of citric acid, ascorbic acid, and erythorbic acid) spray.  

• Sprays were applied using a hand-held nozzle (hot water) or a pump-type 
sprayer (acid).  
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• There was no significant difference (P > 0.10) between intervention 
treatments and all treatments caused significant reductions (P < 0.10) in 
indicator organisms. 

 
 Tinney et al.,  1997 

• Beef treated with 2% acetic acid spray, pulsed-power electricity, pulsed-
power electricity with a spray of sterile deionized water, and a combination 
of acetic acid spray and pulsed-power electricity.  

• Acetic acid spray and acetic acid spray and pulsed-power electricity 
treatments significantly reduced the incidence of Escherichia coli O157. 

• Acetic acid spray with and without pulsed-power electricity caused a 1-log 
CFU/cm2 reduction in S. typhimurium. 

 
Podolak et al., 1995 

• Beef was dipped in fumaric, lactic, and acetic acid to control E. coli O157:H7 
and Listeria monocytogenes. 

• Also combinations of these acids were applied as a dip.  
• Fumaric acid at concentrations of 1.0% and 1.5% was more effective than 

any of the combined solutions of acids. 
• Fumaric was most effective followed by lactic and acetic acids 

 
 Dickson 1992 

• Beef tissue surfaces treated with 2% acetic acid to control S. typhimurium 
• More effective on lean tissue than on fat tissues 

 
Anderson et al., 1989 

• Beef cores were dipped in 0, 1, 2, 3% acetic acid at 25, 40, 55, 70ºC 
• Most effective treatment was 3% acetic acid at 70ºC 
• Most effective on total aerobic plate count followed by Enterobacteriaceae 

count, and E. coli was least affected. S. Typhimurium counts were affected 
least by temperature. 

 
Peroxyacetic acid, octanoic acid, acetic acid, hydrogen peroxide, peroxyoctanoic 
acid, and 1- hydroxyethylidene-1,1- diphosphonic acid (HEDP) 

Product(s):  Meat and poultry carcasses, parts, trim and organs 

Amounts approved for use:  Maximum concentrations for meat carcasses, 
parts, and organs: Peroxyacetic acids 220 ppm, hydrogen peroxide 75 ppm; 
Maximum concentrations for poultry carcasses, parts, and organs: 
Peroxyacetic acids 220 ppm, hydrogen peroxide 110 ppm, HEDP 13 ppm; 21 
CFR 173.370 

Labeling requirements:  None under the accepted conditions of use  

Scientific references:   
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 Ellebracht et al., 2005 
• Beef trimmings were dipped in 200, 500, and 1000 ppm of peroxyacetic acid 

to control E. coli O157:H7 and S. typhimurium. 
• Even when exceeding the approved amount for use of peroxyacetic acid lactic 

acid still showed larger log reductions for E. coli O157:H7 and S. 
typhimurium 

• Peroxyacetic acid is not as effective as lactic acid on beef trimmings. 
 
King et al., 2005 

• 200 ppm Peroxyacetic acid applied to chilled carcasses to control E. coli 
O157:H7 and S. typhimurium 

• Concentrations up to 600 ppm of Peroxyacetic acid applied to chilled 
carcasses had no effect on these microorganisms. 

 
Gill et al., 2004 

• 0.02% peroxyacetic acid was applied as a spray to control natural flora of the 
distal surfaces of pieces of brisket from chilled beef carcasses 

• Peroxyacetic acid had little effect on the number of aerobes, coliforms, or E. 
coli on the meat 

 
Pohlman et al., 2002 

• 5% acetic acid followed by 0.5% cetylpyridinium chloride was applied by 
tumbling to beef trimmings to control E. coli and S. typhimurium 

• This treatment was effective on beef trimmings. 
 

Ozone 

Products:  All meat and poultry products 

Amount approved for use:  In accordance with current industry standards of good 
manufacturing practice; 21 CFR 173.368 

Labeling requirements:  None under the accepted conditions of use  

Scientific references: 

Castillo, et al., 2003 
• Aqueous ozone solution (80 lb/in2 at 28°C), containing 95 mg of ozone per 

liter was applied to hot carcass surfaces. 
• Reductions of E. coli O157:H7 and Salmonella Typhimurium achieved with 

the ozone treatment were not different than reductions obtained with water 
wash. 

 
Stivarius et al., 2002 

• Beef trimmings were dipped in 1% ozonated water to control E. coli and S. 
typhimurium.   

• Ozone is effective in controlling E. coli and S. typhimurium in beef trimmings. 
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Calcium hypochlorite 

Product(s):  Red meat carcasses down to a quarter of a carcass 

Amounts approved for use:  Applied as a spray at a level not to exceed 50 ppm calculated 
as free available chlorine 

Labeling requirements:  None under the accepted conditions of use  

Scientific references: 

Emswiller et al., 1976 
• 8,500 mL of calcium hypochlorite was applied to beef forequarters as a spray 

at 0, 50, 100, 200, 400 ppm 
• Although calcium hypochlorite only slightly reduced the total aerobic counts 

at 50 ppm there was about a 1 log reduction at 100, 200, and 400 ppm 
 
Chlorine dioxide 

Products:  Red meat, red meat parts and organs; processed, comminuted, or formed 
meat food products 

Amounts Approved:  Applied as a spray or dip at a level not to exceed 3 ppm residual 
chlorine dioxide as determined by Method 4500-ClO2 E in the “Standard Methods for 
the Examination of Water and Wastewater,” 18th ed., 1992, or an equivalent method   

Labeling requirements:  None under the accepted conditions of use 

Scientific references: 

Stivarius et al., 2002 
• Chlorine dioxide sprayed at 200 ppm was effective against E. coli and S. 

typhimurium on beef trimmings 
• Beef trimmings were packaged and sampled at 0, 1, 2, 3, and 7 days 

 
Emswiller et al., 1976 

• 8,500 mL of chlorine dioxide was applied to beef forequarters as a spray at 0, 
50, 100, 200, 400 ppm 

• Chlorine dioxide did not significantly reduce total bacterial counts, but was 
most effective at 50 and 400  

 
Electrolytically generated hypochlorous acid 

Products:  Red meat carcasses down to a quarter of a carcass 

Amounts approved:  Applied as a spray at a level not to exceed 50 ppm calculated as free 
available chlorine 

Labeling requirements:  None under the accepted conditions of use  



  12 

Scientific references: 

Emswiller et al., 1976 
• 8,500 mL of electrolytically generated hypochlorous acid was applied to beef 

forequarters as a spray at 0, 50, 100, 200, 400 ppm 
• At 50 ppm there was only a slight reduction in total aerobes and 

psychotrophic bacteria 
• At 100, 200, and 400 ppm total aerobes and psychotrophic bacteria were 

significantly reduced 
 
Anhydrous ammonia 
 
Product(s):  Lean finely textured beef which is subsequently quick chilled to 28°F and 
mechanically “stressed” 
Amount approved:  In accordance with current industry standards of good manufacturing 
practice 
Labeling requirements:  None under the accepted conditions of use. 
 
Scientific references: 
Not able to locate any journal articles on anhydrous ammonia. 
 
 
 



  13 

References:  
(Most of the references include a link to the journal.  Just click on the reference, and if it 

is available electronically, you will be taken to the journal or to the article.  If the link 
does not work, please let us know.) 

 
Algino, R.J., Ingham, S.C., Zhu, J.  Survey of Antimicrobial Effects of Beef Carcass 

Intervention Treatments in Very Small State-Inspected Slaughter Plants.  Journal 
of Food Science 72(2007):M173-M179. 

 
Anderson, M.E. and Marshall, R.T. Interaction of Concentration and Temperature of 

Acetic Acid Solution on Reduction of Various Species of Microorganisms on 
Beef Surfaces. Journal of Food Protection 52(1989):312-315. 

 
Arthur, T.M., Kalchayanand, N., Bosilevac, J.M., Brichta-Harhay, D.M., Shackelford, 

S.D., Bono, J.L., Wheeler, T.L., and Koohmaraie, M.  Comparison of Effects of 
Antimicrobial Interventions on Multidrug-Resistant Salmonella, Susceptible 
Salmonella, and Escherichia coli O157:H7.  Journal of Food Protection 
71(2008)2177-2181. 

 
Beverly, R.L., Janes, M.E., and Oliver, G. Acidified Sodium Chlorite Treatment for 

Inhibition Listeria monocytogenes Growth on the Surface of Cooked Roast Beef. 
Journal of Food Protection 69(2006):432-435. 

  
Bosilevac, J.M., Nou, X., Barkocy-Gallagher, G.A., Arthur, T.M., and Koohmaraie, M. 

Treatments Using Hot Water Instead of Lactic Acid Reduce Levels of Aerobic 
Bacteria and Enterobacteriaceae and Reduce the Prevalence of Escherichia coli 
O157:H7 on Preevisceration Beef Carcasses.  Journal of Food Protection 
69(2006):1808-1813. 

 
Castillo, A., Lucia, L.M., Goodson, K.J., Savell, J.W., and Acuff, G.R. Comparison of 

Water Wash, Trimming, and Combined Hot Water and Lactic Acid Treatments 
for Reducing Bacteria of Fecal Origin on Beef Carcasses. Journal of Food 
Protection 61(1998):823-828.  

 
Castillo, A., Lucia, L.M., Goodson, K.J., Savell, J.W. and Acuff, G.R.  Use of Hot Water 

for Beef Carcass Decontamination.  Journal of Food Protection 61(1998a):19-25. 
 
Castillo, A., Lucia, L.M., Kemp, G.K., and Acuff, G.R. Reduction of Escherichia coli 

O157:H7 and Salmonella Typhimurium on Beef Carcass Surfaces Using 
Acidified Sodium Chlorite. Journal of Food Protection 62(1999):580-584. 

 
Castillo, A., Lucia, L.M., Mercado, I., and Acuff, G.R.  In-plant Evaluation of a Lactic 

Acid Treatment for Reduction of Bacteria on Chilled Beef Carcasses.  Journal of 
Food Protection 64(2001):738-740.  

 

http://www.ingentaconnect.com/search/article?title=beef&title_type=tka&author=ingham&year_from=2004&year_to=2009&database=1&pageSize=20&index=6
http://www.ingentaconnect.com/content/iafp/jfp/2008/00000071/00000011/art00002
http://www.ingentaconnect.com/content/iafp/jfp/2006/00000069/00000002/art00028
http://www.ingentaconnect.com/content/iafp/jfp/2006/00000069/00000008/art00006
http://www.ingentaconnect.com/content/iafp/jfp/1998/00000061/00000007/art00008
http://www.ingentaconnect.com/search/article?title=hot+water&title_type=tka&author=castillo%2C+a&year_from=1998&year_to=2009&database=1&pageSize=20&index=7
http://www.ingentaconnect.com/content/iafp/jfp/1999/00000062/00000006/art00003
http://www.ingentaconnect.com/search/article?title=beef&title_type=tka&author=castillo%2C+a&year_from=1998&year_to=2009&database=1&pageSize=20&index=3


  14 

Castillo, A., Lucia, L.M., Roberson, D.B., Stevenson, T.H., Mercado, I., and Acuff, G.R.  
Lactic Acid Sprays Reduce Bacterial Pathogens on Cold Beef Carcass Surfaces 
and in Subsequently Produced Ground Beef.  Journal of Food Protection 
64(2001a)58-62.   

  
Castillo, A., McKenzie, K.S., Lucia, M. and Acuff. G.R.  Ozone Treatment for Reduction 

of Escherichia coli O157:H7 and Salmonella Serotype Typhimurium on Beef 
Carcass Surfaces. Journal of Food Protection 66(2003):775-779. 

 
Dickson, J.E. Acetic Acid Action on Beef Tissue Surfaces Contaminated with Salmonella 

typhimurium. Journal of Food Science 57(1992):297-301. 
 
Dorsa, W.J., Cutter, C.N., and Siragusa, G.R. Effects of Acetic Acid, Lactic Acid and 

Trisodium Phosphate on the Microflora of Refrigerated Beef Carcass Surface 
Tissue Inoculated with Escherichia coli O157:H7, Listeria innocua, and 
Clostridium sporogenes. Journal of Food Protection 60(1997):619-624. 

 
Ellebracht, J.W., King, D.A., Castillo, A., Lucia, L.M., Acuff, G.R., Harris, K.B., and 

Savell, J.W. Evaluation of peroxyacetic acid as a potential pre-grinding treatment 
for control of Escherichia coli O157:H7 and Salmonella Typhimurium on beef 
trimmings. Meat Science 70(2005):197-203. 

 
Emswiler, B.S., Kotula, A.W., and, Rough, D.K. Bactericidal Effectiveness of Three 

Chlorine Sources Used In Beef Carcass Washing. Animal Science 42(1976):1445-
1450. 

 
Gill, C.O. and Badoni, M. Effects of peroxyacetic acid, acidified sodium chlorite or lactic 

acid solutions on the microflora of chilled beef carcasses. International Journal of 
Food Microbiology 91(2004):43-50. 

 
Hamby, P.L., Savell, J.W., Acuff, G.R., Vanderzant, C., and Cross, H.R. Spray-chilling 

and Carcass Decontamination Systems Using Lactic and Acetic Acid. Meat 
Science 21(1987):1-14. 

 
Hardin, M.D., Acuff, G.R., Lucia, L.M., Oman, J.S., and Savell, J.W.  Comparison of 

Methods for Decontamination from Beef Carcass Surfaces.  Journal of Food 
Protection 58(1995)368-374. 

 
Heller, C.E., Scanga, J.A., Sofos, J.N., Belk, K.E., Warren-Serna, W., Bellinger, G.R., 

Bacon, R.T., Rossman, M.L., and Smith, G.C. Decontamination of Beef 
Subprimal Cuts Intended for Blade Tenderization or Moisture Enhancement. 
Journal of Food Protection 70(2007):1174-1180. 

 
Kalchayanand, N., Arthur, T.M., Bosilevac, J.M., Brichta-Harhay, D.M., Guerini, M.N., 

Wheeler, T.L., and Koohmaraie, M.  Evaluation of various antimicrobial 
interventions for the reduction of Escherichia coli  O157:H7 on bovine heads 
during processing.  Journal of Food Protection 71(2008):621-624. 

http://www.ingentaconnect.com/search/article?title=beef&title_type=tka&author=castillo%2C+a&year_from=1998&year_to=2009&database=1&pageSize=20&index=4
http://www.ingentaconnect.com/search/article?title=beef&title_type=tka&author=castillo%2C+a&year_from=1998&year_to=2009&database=1&pageSize=20&index=2
http://www3.interscience.wiley.com/journal/119319514/abstract
http://www.ingentaconnect.com/content/iafp/jfp/1997/00000060/00000006/art00003
http://www.sciencedirect.com/science/journal/03091740
http://www.sciencedirect.com/science/journal/01681605
http://www.sciencedirect.com/science/journal/03091740
http://www.ingentaconnect.com/search/article?title=beef&title_type=tka&author=acuff%2C+g&year_from=1998&year_to=2009&database=1&pageSize=20&index=16
http://www.ingentaconnect.com/content/iafp/jfp/2007/00000070/00000005/art00015
http://www.ingentaconnect.com/content/iafp/jfp/2008/00000071/00000003/art00025


  15 

 
Koohmaraie, M., Arthur, T.M., Bosilevac, J.M., Brichta-Harhay, D.M. Kalchayanand, N., 

Shackelford, S.D., and Wheeler, T.L.  Interventions to reduce/eliminate 
Escherichia coli O157:H7 in ground beef.  Meat Science 77(2007)90-96. 

 
King, D.A., Lucia, L.M., Castillo, A., Acuff, G.R., Harris, K.B., and Savell, J.W. 

Evaluation of peroxyacetic acid as a post-chilling intervention for control of 
Escherichia coli O157:H7 and Salmonella Typhimurium on beef carcass surfaces. 
Meat Science 69(2005):401-407. 

 
Kotula, K.L., and Thelappurate, R. Microbiological and Sensory Attributes of Retail Cuts 

of Beef Treated with Acetic and Lactic Acid Solutions. Journal of Food 
Protection 57(1994):665-670. 

 
Lim, K., and Mustapha, A.. Inhibition of Escherichia coli O157:H7, Listeria 

monocytogenes and Staphylococcus aureus on sliced roast beef by 
cetylpyridinium chloride and acidified sodium chlorite. Food Microbiology 
24(2007):89-94. 

 
Podolak, R.K., Zayas, J.F., Kastner, C.L., and Fung, D.Y.C. Inhibition of Listeria 

monocytogenes and Escherichia coli O157:H7 on Beef by Application of Organic 
Acids. Journal of Food Protection 59(1996):370-373. 

 
Pohlman, F.W., Stivarius, M.R., McElyea, K.S., Johnson, Z.B., and Johnson, M.G. 

Reduction of microorganisms in ground beef using multiple intervention 
technology. Meat Science 61(2002):315-322. 

 
Prasai, R.K., Kastner, C.L., Kenney, P.B., Kropf, D.H., Fung, D.Y.C., Mease, L.E., Vogt, 

L.R., and Johnson, D.E. Microbiological Quality of Beef Subprimals as Affected 
by Lactic Acid Sprays Applied at Various Points during Vacuum Storage. Journal 
of Food Protection 60(1997):795-798. 

 
Stivarius, M.R., Pohlman, F.W., McElyea, K.S., and Apple, J.K. Microbial, instrumental 

color and sensory color and odor characteristics of ground beef produced from 
beef trimmings treated with ozone or chlorine dioxide. Meat Science 
60(2002):299-305. 

 
Tinney, K.S., Miller, M.F., Ramsey, C. B., Thompson, L.D., and Carr, M.A.  Reduction of 

Microorganisms on Beef Surfaces with Electricity and Acetic Acid.  Journal of 
Food Protection.  60(1997)625‐628. 

 

http://www.sciencedirect.com/science/journal/03091740
http://www.sciencedirect.com/science/journal/03091740
http://www.ingentaconnect.com/content/iafp/jfp/1994/00000057/00000008/art00002
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WFP-4JW0WRV-1&_user=10&_coverDate=02%2F28%2F2007&_rdoc=12&_fmt=high&_orig=browse&_srch=doc-info(%23toc%236800%232007%23999759998%23629595%23FLA%23display%23Volume)&_cdi=6800&_sort=d&_docanchor=&_ct=16&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=1ec1573b90e605ea5d24bb4646b8047b
http://www.ingentaconnect.com/content/iafp/jfp/1996/00000059/00000004/art00007
Pohlman, F.W., Stivarius, M.R., McElyea, K.S., Johnson, Z.B., and Johnson, M.G. Reduction of microorganisms in ground beef using multiple intervention technology. Meat Science 61(2002):315-322.
http://www.ingentaconnect.com/content/iafp/jfp/1997/00000060/00000007/art00008
http://www.sciencedirect.com/science/journal/03091740
http://www.ingentaconnect.com/content/iafp/jfp/1997/00000060/00000006/art00004

