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SUMMARY 
 

The objective of this study was to 
compare the antimicrobial efficacy of 
several reportedly effective hide 
decontamination interventions.  Whole 
beef hides were inoculated with 
Escherichia. coli O157:H7 and 
Salmonella  and decontaminated with 
acetic acid (AA; 10%, 55¡C), lactic 
acid (LA; 10%, 55¡C), sodium 
hydroxide (SH; 3%, 23¡C), sodium 
metasilicate (SM; 4%, 23¡C), 
potassium cyanate (PC; 2.4%, 30¡C), 
sodium sulfide (SS; 6.2%, 30¡C), 
sodium hydroxide (1.5%) followed by 
high pressure washing with hypo-
chlorinated (200 ppm) water (SHC; 
both applied at 23¡C) or water (W; 
23¡C).  The AA, LA, SH, SM and W 
treatments were applied for 30 s at 30 
psi, allowed to dwell for 2 min and 
neutralized with a 30 s deluging water 
rinse.  The PC and SS were dehairing 
treatments that consisted of a 3 L 
application, 90 s dwell, additional 3 L 
application, followed by a 60 s dwell 
and neutralization with hydrogen 
peroxide, phosphate buffer and water.  
The SHC treatment incorporated a 30 
s SH (1.5%) application at 30 psi 
followed by a hypo-chlorinated water 
wash for 30 s at 500 psi.  Following 
neutralization, hide samples were 
obtained for microbiological analysis.  
The PC, SS and SHC treatments 
resulted in the greatest (P < 0.05) 
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reductions of E. coli O157:H7 by 5.1, 
4.8 and 5.0 log CFU/cm2, respectively.  
Similarly, the SS and SHC also 
decreased Salmonella by 2.5 and 2.7 
log CFU/cm2 more than the water 
treatment (P < 0.05).  The SH, AA and 
LA treatments also lowered E. coli 
O157:H7 and Salmonella by at least 
2.0 log CFU/cm2.  These effective 
treatments deserve further 
consideration for commercial 
implementation as hide 
decontamination interventions. 
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INTRODUCTION 
 

Food safety concerns surrounding 
beef products surfaced in the early 
1980s when an outbreak of human 
illness characterized by severe 
abdominal cramps and bloody 
diarrhea was linked to undercooked 
ground beef contaminated with 
Escherichia coli O157:H7.  E. coli 
O157:H7 was again associated with 
human illness in 1992 and 1993 when 
contaminated ground beef caused 
several hundred human infections and 
subsequently four deaths.  Salmonella 
spp. have also become a concern for 
the beef industry as Mead et al. (1999) 
estimated that they are the leading 
bacterial cause of both hospitalizations 
(16,430 cases) and deaths (582 deaths) 
in the U.S. annually. 

In 1993, in an effort to improve 
the microbiological quality of 
carcasses, the Food Safety Inspection 
Service (FSIS) issued the ÒZero 
ToleranceÓ policy requiring strict 
enforcement of removal of all visible 
contamination from beef carcasses 
prior to chilling (Sofos and Smith, 
1998).  Another similar action 
occurred in 1996 when FSIS published 
a regulation requiring all harvest 
establishments to implement hazard 
analysis critical control point 
(HACCP) systems and to create 
microbiological performance criteria 
to allow for HACCP verification 
(FSIS 1996). 

Muscle and fat tissue underneath 
the hide of healthy animals is 
essentially sterile (Sofos, 1994) and 
inadvertently becomes contaminated 
during the normal process of the 
animal-to-carcass conversion.  Many 
sources can contribute to carcass 
contamination such as contact with the 
hide, gastrointestinal contents, feces, 
unsanitary workers or possibly 
contamination from the plantÕs 
environment.  Recently published data 
have implicated the hide as the major 
source of carcass microbial 
contamination.  Arthur et al. (2004) 
reported that 76% of hides of 
incoming cattle were contaminated 
with E. coli O157:H7 and discovered a 
positive correlation between the 
prevalence of E. coli O157:H7 on the 
hide and levels found on 
preeviscerated carcasses.  Bacon et al. 
(2000) reported similar data regarding 
the level of microbiological hide 
contamination and subsequent 
microbial contamination of carcasses.  
His team of researchers found total 
plate counts (TPC), total coliform 
counts (TCC) and Escherichia counts 
(ECC) on the hide to be in the ranges 
of 8.2 to 12.5, 6.0 to 7.9 and 5.5 to 7.5 
log CFU/100 cm2, respectively.  The 
corresponding carcasses contained 
levels of TPC, TCC and ECC in the 
ranges of 6.1 to 9.1, 3.0 to 6.0 and 2.6 
to 5.3, respectively, immediately 
following hide removal.  Barkocy-
Gallagher et al. (2003) sampled >1100 
head of slaughter-ready cattle and 
reported that 60.6% of the hide 
samples were positive for E. coli 
O157:H7.  Their data also showed that 
the percentage of E. coli O157:H7 
positive hides was high (> 65%) from 
the spring through the fall months.  
They reported a similar trend for 
Salmonella as they found it on 71% of 
the hides and stated the prevalence on 
hides was also high (> 60%) from the 
spring through the fall months.  Many 
in the beef harvest sector believe that 
processing a high percentage of cattle 
positive for E. coli O157:H7 or 
Salmonella, or that carry levels of 
aerobic bacteria greater than 8 log 
CFU/cm2 on their hides can 
ÒoverloadÓ the plantÕs antimicrobial 



interventions leading to a reduction in 
the effectiveness of the microbial 
interventions, and possibly allowing 
pathogens to contaminate carcasses. 

The present study was designed to 
determine the most effective 
intervention to reduce microbial 
contamination on the hides of 
incoming slaughter cattle, in an effort 
to reduce the possibility of 
subsequently contaminating carcasses 
with pathogenic bacteria. 

 
 

MATERIALS AND METHODS 
 

Fresh beef hides were obtained 
from a commercial beef processor and 
transported to the hide area within the 
property.  Upon arrival to the hide 
area, hides were stretched out and 
placed on the concrete floor to allow 
for template tracing and pathogen 
inoculation.  Once hides were 
stretched out on the floor, two separate 
areas, large enough to accommodate a 
100 cm2 pre- and post-treatment 
sample for both E. coli O157:H7 and 
Salmonella spp., were identified and 
marked with a non-toxic Paintstik¨  
livestock marker (LA-CO Industries, 
Elk Groove Village, IL) on the left 
side of the hideÕs midline to create 
two, approximately 300 cm2 sample 
areas to allow for accurate inoculation 
and precise template placement 
required for microbial sampling.  
Following the outlining of the 
inoculation areas, dedicated areas for 
each pathogen were inoculated by 
placing the corresponding allotment of 
the pre-measured, pathogen spiked 
fecal slurry (Carlson et al., 2004) on 
the outlined area and was spread with 
a sterile plastic spreader.  To be 
consistent, the area with the closest 
proximity to the head was always 
inoculated with E. coli O157:H7 with 
the remaining area inoculated with 
Salmonella spp.  Bacterial attachment 
was allowed to occur for at least 30 
min before hides were subjected to 
decontamination treatments. 

Following the allotted attachment 
time, the hide was placed on an A 
frame, positioned so that the midline 
ran horizontally along the top of the A 

frame with both sides of the hide 
draping down the sides of the A-
frame.  Initial microbiological levels 
were established by attaching a 100 
cm2 sterile template to a board that 
was placed parallel along the midline 
so that the template covered the half of 
the E. coli O157:H7 inoculated area 
that was closest to the head.  
Subsequently, the exposed 100 cm2 
area within the template was 
aseptically swabbed with 10 
horizontal and 10 vertical passes (1 
pass is equal to the down and back 
motion of the arm) utilizing a sterile 
sponge pre-moistened with buffered 
peptone water (Bio Pro Sampling 
System, International BioProducts, 
Redmond, WA).  The same procedure 
was repeated with a different 100 cm2 
sterile template placed on the 
equivalent part of the Salmonella spp. 
inoculated area and swabbed with a 
separate sterile sponge.  After initial 
microbial sampling, hides (n = 12) 
were subjected to one of the following 
treatments: 1) Water control (23¡C, 
pH-8.30, W), 2) 4% sodium 
metasilicate (23¡C, pH-12.94; SM), 3) 
3% sodium hydroxide (23¡C, pH-
13.58; SH), 4) 10% acetic acid (55¡C, 
pH-2.04; AA), 5) 10% lactic acid 
(55¡C, pH-1.47; LA), 6) 2.4% 
potassium cyanate (30¡C, pH- >13; 
PC), 7) 6.2% sodium sulfide (30¡C, 
pH-13.29; SS), and 8) 1.5% sodium 
hydroxide applied + chlorinated (200 
ppm) high pressure wash (both applied 
at 23¡C, NaOH pH-13.15, Cl pH-9.22; 
SHC). 

Treatments 1 Ð 5 consisted of a 30 
s chemical application (water 
application for treatment 1) applied 
simultaneously to both inoculated 
areas at 30 psi with a stainless steel, 
compressed air sprayer (Chad Co., 
Olathe, KS) utilizing two 1/8Ó MEG 
Washjet 2510 nozzles (Spraying 
Systems Co., Wheaton, IL) spaced 16 
in. apart.  Following chemical 
application, hides were allowed to 
dwell for 2 min before they were 
deluged with water (20¡C) from a 
water hose (6 gal/min) for 30 s.  
Consequently, final microbiological 
levels were evaluated after the water 
rinse by attaching a 100 cm2 sterile 

template to the previously described 
board at a point that was analogous to 
the half of the Escherichia coli 
O157:H7 inoculated area that was 
closest to the tail.  The exposed 100 
cm2 area within the template was 
sampled as depicted above.  The same 
procedure was repeated with a 
separate sterile template and pre-
moistened sterile sponge to obtain 
final Salmonella spp. levels. 

Treatment 8 consisted of a 30 s 
application of a 1.5% sodium 
hydroxide solution that was applied 
with the same equipment and in the 
same manner as described above for 
treatments 1-5.  Following chemical 
application the hide was allowed to 
dwell for 2 min before the hide was 
subjected to a 30 s application of 
chlorinated (200 ppm) water applied at 
500 psi with a commercial pressure 
washer.  Final samples for 
microbiological analysis were 
obtained following the high pressure 
hypo-chlorinated water wash, as 
previously described. 

Before the application of 
treatments 6 and 7 the A frame was 
modified to allow the hides to hang 
with a 30¡ slope from the midline so 
that the treatment would be more 
likely to penetrate the hide rather than 
running off of it.  Treatments 6 and 7 
were both chemical dehairing 
protocols that were applied similarly 
with the exception of the 
neutralization process for treatment 7.  
Both treatments consisted of a 3 L 
application of the chemical solution 
over the inoculated areas with a 
common variety garden watering can 
(Model: WC81GLZ1, Dynamic 
Designs, Inc., New York).  The 
solution was allowed to act on the hide 
for 90 s at which time an additional 3 
L of solution was poured over the 
inoculated areas.  The solution was 
allowed to act on the hide for another 
60 s before neutralization was 
initiated.  Neutralization of treatment 
6 was a simple deluging water rinse 
followed by removal of liquid and 
debris.  Treatment 7 was neutralized 
by removal of excess liquid and debris 
followed by a 3 L application of a 1% 
hydrogen peroxide solution over the 



dehaired area.  The dehaired area was 
then subjected to an application of 3 L 
of sodium phosphate to further reduce 
the alkalinity of the hide.  After the 
phosphate buffer, the hide was 
subsequently rinsed with the deluging 
water rinse.  The final microbiological 
samples for treatments 6 and 7 were 
accomplished following the final 
neutralization, replicating the same 
process as stated above. 

Sponge samples were pummeled 
for 2 min prior to microbiological 
analysis.  Samples were serially 
diluted in buffered peptone water 
(BPW; BD) with appropriate dilutions 
spread plated onto XLT4 for 
Salmonella spp. samples and SMAC-
ct for E. coli O157:H7 samples.  All 
plates were incubated for 24 h at 35¡C 
prior to enumeration. 

Data were analyzed using the 
mixed model procedure of SAS (SAS 
Institute Inc., Cary, N.C.).  Least 
squares means (n = 12) were 
compared at a common (or Òthe 
averageÓ) initial bacteria level using 
analysis of covariance techniques.  
Statistical inferences were reported 
when differences between means were 
P !  0.05. 

 
 

RESULTS AND DISCUSSION 
 

Initial levels and reductions of E. 
coli O157:H7 and Salmonella spp. are 
presented in Table 1.  All treatments 
reduced O157:H7 by at least 1.9 log 
CFU/cm2 and Salmonella spp. by at 
least 0.7 log CFU/cm2.  The SHC 
treatment along with both of the 
dehairing treatments resulted in the 
greatest reductions of E. coli 
O157:H7, significantly reducing the 
pathogen by at least 4.8 log CFU/cm2.  
The SS dehairing treatment and the 
SHC treatment also resulted in the 
greatest reduction of Salmonella spp. 
by lowering populations by at least 4.2 
log CFU/cm2.  However, the PC 
dehairing treatment was found to be 
ineffective at reducing Salmonella 
spp. as it resulted in a less than 1.0 log 
CFU/cm2 reduction.  The results of the 
SS treatment are consistent with those 
reported by Castillo et al. (1998) and 

Nou et al. (2003) as both reported the 
treatment is extremely effective at 
lowering populations of E. coli 
O157:H7 and Salmonella spp. on hide 
surfaces.  The PC treatment was 
developed by Marmer et al. (2003) as 
an environmentally and worker 
conscientious alternative of hair 
removal as opposed to the potentially 
dangerous SS treatment, but to date, it 
has never been evaluated for its 
antimicrobial efficacy.  The PC 
treatment was effective at removing 
hair and lowering E. coli O157:H7 but 
was found to be ineffective at 
reducing levels of Salmonella spp.  
Dehairing treatments are effective 
antimicrobials due to their caustic 
properties and that they remove the 
hair and organic material that 
pathogenic bacteria attach to.  The PC 
treatment successfully removed the 
hair and organic material from the 
hide but did not lower populations of 
Salmonella spp.  Investigators believe 
that the treatmentÕs failure to reduce 
Salmonella spp. was due to sampling 
error or the ability of the pathogen to 
penetrate the hair and attach to the 
underlying hide.  Further research is 
needed to investigate the PC 
treatmentÕs inability to reduce 
Salmonella spp.   Previous research 
completed by Bosilevac et al. (2005) 
concluded that an application of 
sodium hydroxide followed by a 
sanitizing high pressure wash of 
chlorinated (200 ppm) water was 
effective at lowering bacterial 
contamination.  The current research 
also found this treatment to be 
extremely efficacious at reducing both 
E. coli O157:H7 and Salmonella spp.  
The SHC treatment was the only non-
dehairing treatment found to lower 
pathogenic bacteria by at least 4.4 log 
CFU/cm2. 

The treatments identified by 
Carlson et al. (2004) were also 
evaluated for their efficacy at lowering 
E. coli O157:H7 and Salmonella spp.  
All four treatments reduced E. coli 
O157:H7 and Salmonella spp. by at 
least 1.9 and 2.0 log CFU/cm2, 
respectively.  When compared to the 
water treatment the SH, AA and LA 
treatments achieved significantly 

greater reductions of E. coli O157:H7.  
Nonetheless, the SH, AA and LA 
treatments resulted in significantly 
inferior reductions of E. coli O157:H7 
when compared to both dehairing and 
the SHC treatments.  Salmonella spp. 
were significantly more, deleteriously 
affected by the SM, SH and LA than 
the water and AA treatments.  As 
reported by Carlson et al. (2004), the 
most effective treatments, 
numerically, for lowering both E. coli 
O157:H7 and Salmonella spp. were 
the SH and LA treatments.  
Koohmaraie et al. (2005) has reported 
on the efficacy of lactic acid and its 
industry-wide acceptance as a cost 
effective carcass antimicrobial 
intervention.  The data generated by 
this research confirms that lactic acid 
is also a very effective antimicrobial 
that could be utilized for hide 
decontamination. 

Literature suggests that the 
microbiological quality of carcasses 
can be significantly improved when 
they are subjected to multiple 
sequential decontamination 
interventions (Bacon et al. 2000), also 
known as Òmultiple-hurdleÓ 
technology (Leistner and Gould, 
2002).  The logic behind the multiple-
hurdle technology is to subject 
bacteria to a series of lethal 
interventions to create a synergistic or 
additive bactericidal effect.  An 
additional hurdle can be added to a 
plantÕs series of interventions with the 
inclusion of a hide decontamination 
intervention.  Hide decontamination 
interventions pose two bactericidal 
actions when taking into consideration 
the physical washing effect and the 
effect of extreme pH; many treatments 
identified during this research possess 
a very alkaline pH.  The large range of 
pH values experienced when subjected 
to hide decontamination interventions 
utilizing alkaline solutions and 
subsequent carcass decontamination 
interventions employing acidic 
solutions could improve the efficacy 
of the entire series of decontamination 
interventions as surviving bacteria 
exposed to the extreme pHs, both high 
and low, would be more susceptible to 



any further antimicrobial 
interventions. 

 
IMPLICATIONS 

 
The hide decontamination 

interventions identified in this 
research project show promise as 
effective means of reducing microbial 
contamination on hides, therefore 
deserving consideration to be 
incorporated within a plantÕs series of 
antimicrobial interventions. 
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Table 1.  Least squares means ± standard error for reductions and means (standard deviations) of initial levels (log CFU/cm2) 
of E. coli O157:H7 and Salmonella spp. from inoculated beef hides subjected to one of the following treatments: water (W), 
sodium metasilicate (SM), sodium hydroxide (SH), acetic acid (AA), lactic acid (LA), potassium cyanate (PC), sodium 
sulfide (SS) and sodium hydroxide + chlorine wash (SHC). 

  E. coli O157:H7 Salmonella spp. 

Treatment Source Initialz Reduction Initialz Reduction 
W  5.1(0.35) 2.3±0.17cd 3.4(0.18) 1.7±0.23d 

SM 4% Saratoga Specialities, Elmhurst, IL 5.2(0.40) 1.9±0.18d 4.3(0.21) 2.6±0.22bc 

SH 3% Saratoga Specialities, Elmhurst, IL 5.2(0.27) 3.4±0.18b 4.4(0.35) 2.6±0.23bc 

AA 10% Pro Chemical, Green Bay, WI 4.3(0.54) 2.6±0.19c 2.9(0.55) 2.0±0.29cd 

LA 10% Saratoga Specialities, Elmhurst, IL 4.5(0.65) 3.4±0.19b 3.2(0.32) 2.8±0.26b 

PC 2.4% Sigma-Aldrich, St. Louis, MO 5.4(0.54) 5.1±0.18a 3.8(0.60) 0.7±0.21e 

SS 6.2% Pro Chemical, Green Bay, WI 4.7(0.32) 4.8±0.18a 4.4(0.37) 4.2±0.23a 

SHC (SH 1.5% + Cl 0.2% ppm) Saratoga Specialities, Elmhurst, IL 5.2(0.25) 5.0±0.18a 5.3(0.34) 4.4±0.34a 

a,b,c,d,e Means, within a column, lacking a common superscript letter, differ (P < 0.05). 
z Initial levels were obtained from the pre-treatment sample for each treatment but set to a common level using analysis of 
covariance during statistical analysis to allow for mean comparison. 
 

 


