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SUMMARY

The objective of this study wasto
compare theantimicrobial efficacy of
severa reportedly effective hide
decontaminationinterventions Whole
besf hides were inoaulated with
Escherichia. coli O157H7 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 cyanae (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;
23iC). TheAA, LA, SH, SM and W
treatments were applied for 30sat 30
pg, alowed to dwell for 2 min and
neutralized with a 30 s dduging water
rinse. ThePC and SSwere deharing
treatments that conssted of a3 L
application, 90 s dwell, additiond 3 L
application, followed by a 60 s dwell
and neutralization with hydrogen
peroxide, phophae buffer and water.
The SHC treatment incorporated a 30
s SH (1.5%) application at 30 ps
followed by a hypo-chlorinated water
wash for 30 sat 500pd. Following
neutralization, hide samples were
obtained for microbiological andysis.
ThePC, SS and SHC treatments
resulted in the greatest (P < 0.05)
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redudionsof E. coli O157H7 by 5.1,
4.8 and 5.0 log CFU/cm?, respectively.
Similarly, the SS and SHC aso
decreased Salmonella by 2.5 and 2.7
log CFU/cm? more than the water
treatment (P < 0.05). TheSH, AA and
LA treatments also lowered E. coli
O157H7 and Salmonella by at |east
2.0log CFU/cm?. These effective
treatments deserve further
condderation for commercial
implementation as hide
decontamination interventions
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INTRODUCTION

Foodsafety concernssurrounding
besf products surfaced in the early
1980swhen an outbreak of human
illness characterized by severe
abdonind crampsand bloody
diarrheawas linked to unde'cooked
groundbeef contaminated with
Escherichia coli O157H7. E. coli
0O157H7 was again assodated with
human illnessin 1992and 1993when
contaminated groundbeef caused
several hunded human infectionsand
subsequently four deaths Salmonella
spp. have aso become a concern for
thebeef indugry as Mead et al. (1999)
estimated that they are theleading
bacteria cause of both hoitalizations
(16430 cases) and deaths (582 deaths)
intheU.S. annudly.

In 1993,in an effort to improve
themicrobiological qudity of
carcasses, the Food Safety |ngpection
Service (FSIS) issued the (Zero
ToleranceOpolicy requiring strict
enforcement of removd of all visible
contaminaion from beef carcasses
prior to chilling (Sofosand Smith,
1998) Another similar action
occurred in 1996when FSIS published
aregulation requiring all harvest
establishments to implement hazard
andysiscritical control point
(HACCP) systems and to create
microbiological performance criteria
to allow for HACCP verification
(FSIS1996)

Muscle and fat tissue undernesth
thehideof hedthy animalsis
essentidly sterile (Sofos 1994) and
inadvertently becomes contaminaed
duringthenormal process of the
animal-to-carcass convasion. Many
sources can contribute to carcass
contamination such as contact with the
hide, gastrointestind contents, feces,
unsanitary workers or possibly
contamination from the plant®
environment. Recently published data
have implicated the hide as themajor
source of carcass microbial
contamination. Arthuret al. (2004)
reported tha 76% of hides of
incoming cattle were contaminated
with E. coli O157H7 and discovered a
postive correlation between the
prevalence of E. coli O157H7 onthe
hideand levelsfoundon
preeviscerated carcasses. Bacon et al.
(2000)reported similar data regarding
thelevel of microbiological hide
contamination and subsequent
microbial contaminaion of carcasses.
Histeam of researchers foundtotal
plate counts (TPC), total coliform
count (TCC) and Escherichia counts
(ECC) onthehideto bein theranges
of 8.2t0125,6.0t0 79and55t0 7.5
log CFU/100cm?, respectively. The
corresponding carcasses contained
levelsof TPC, TCC and ECC inthe
rangesof 6.1t09.1,3.0t06.0and 2.6
to 5.3, respectively, immediately
following hideremovad. Barkocy-
Gallaghe et al. (2003 sampled >1100
head of daughter-ready cattle and
reported that 60.6% of the hide
samples were postive for E. coli
0157H7. Ther daaaso showed that
the percentage of E. coli O157H7
postive hides was high (> 65%) from
the spring throughthefal months
They reported asimilar trendfor
Salmonella asthey foundit on 71% of
thehides and stated the prevalence on
hides was also high (> 60%) fromthe
spring through thefall months Many
in the beef harvest sector bdieve that
processing a high percentage of cattle
postivefor E. coli O157H7 or
Salmonella, or tha carry levels of
aerobic bacteria greater than 8 log
CFU/cm? ontheir hides can
verloadOthe plant@ antimicrobial



interventionsleading to aredudionin
the effectiveness of the microbial
interventions and possibly allowing
pahogesto contaminate carcasses.

The present study was designed to
determinethe mog effective
intervention to reduce microbial
contamination on the hides of
incoming daughter cattle, in an effort
to reduce the possibility of
subsequently contaminaing carcasses
with pathogenic bacteria.

MATERIALSAND METHODS

Fresh beef hides were obtained
fromacommercia besf processor and
trangorted to the hide area within the
propety. Uponarrival to thehide
area, hides were stretched outand
placed onthe conaete floorto alow
for template tracing and pathogen
inoaulation. Once hides were
stretched outonthefloor, two separate
areas, large enoughto accommodéde a
100cm? pre- and pog-treatment
sample for both E. coli O157H7 and
Salmonella spp., were identified and
marked with a nontoxic Paintstik
livestock marker (LA-CO Indugries,
Elk GrooveVillage IL) ontheleft
sideof the hide@ midlineto create
two, approximately 300cm? sample
areasto alow for accurate inoaulation
and precise template placement
required for microbia sampling.
Following the outlining of the
inoaulation areas, dedicated areas for
each pathogen were inoaulated by
placing the corresponding allotment of
the pre-measured, pahoge spiked
fecal durry (Carlsonet al., 2004)on
theoutlined area and was spread with
asterile plastic spreader. To be
congstent, the areawith theclosest
proximity to the head was always
inoaulated with E. coli O157H7 with
theremaining areainoaulated with
Salmonella spp. Bacterial attachment
was allowed to occur for at least 30
min before hides were subjected to
decontamination treatments.

Following theallotted attachment
time, thehidewas placed onan A
frame, postioned so tha themidline
ran horizontaly alongthetop of the A

frame with both sides of the hide
draping down the sides of the A-
frame. Initial microbiological levels
were established by attachinga 100
cm?’ sterile template to aboad tha
was placed paralel aongthemidline
so tha thetemplate covered the hdf of
theE. coli O157H7 inoaulated area
that was closest to the head.
Subsquently, the exposed 100cm?
areawithin thetemplate was
aseptically swabbed with 10
horizontal and 10 vertical passes (1
passisequd to thedown and back
motion of thearm) utilizing a sterile
spongepre-moistened with buffered
peptonewater (Bio Pro Sampling
System, Internaiond BioProduds,
Redmond,WA). Thesame procedure
was repeated with a different 100cm?
sterile template placed onthe
equivaent part of the Salmonella spp.
inoaulated area and swabbed with a
separate sterile sponge After initial
microbial sampling, hides (n = 12)
were subjected to oneof thefollowing
treatments: 1) Water control (23;C,
pH-8.30, W), 2) 4% sodium
metasilicate (23iC, pH-1294; SM), 3)
3% sodium hydroxide (23;C, pH-
1358; SH), 4) 10% acetic acid (55iC,
pH-2.04; AA), 5) 10% lactic acid
(55iC, 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 + chlorinaed (200
ppm) high pressure wash (both applied
at 23jC, NaOH pH-13.15, Cl pH-9.22;
SHC).

Treatments 1 B5 condsted of a 30
s chemical application (water
application for treatment 1) applied
simultaneoudy to both inoaulated
areas at 30 ps with astainless steel,
compressed air sprayer (Chad Co.,
Olathe, KS) utilizingtwo 1/80OMEG
Washjet 2510nozles (Spraying
Systems Co., Whegton, IL) spaced 16
in. apart. Following chemical
application, hides were allowed to
dwell for 2 min before they were
dduged with water (20;C) froma
water hose (6 gd/min) for 30s.
Consquently, find microbiological
levels were evaluaed after the water
rinse by attaching a 100cm? sterile

template to the previoudy described
boad at a point that was andogousto
thehdf of the Escherichia coli
0157H7 inoaulated area tha was
closest to thetail. Theexposed 100
cm? area within thetemplate was
sampled as depicted above Thesame
procedure was repeated with a
separate sterile template and pre-
moistened sterile spongeto obtain
find Salmonella spp.levels.

Treatment 8 condsted of a30s
application of a 1.5% sodium
hydroxide solution tha was applied
with the same equipment and in the
same manne as described abovefor
treatments 1-5. Following chemical
application the hide was allowed to
dwell for 2 min before the hidewas
subjected to a 30 s application of
chlorinated (200 ppm) water applied at
500ps with acommercial pressure
washer. Find samplesfor
microbiological andysiswere
obtained following the high pressure
hypo-chlorinaed water wash, as
previoudy described.

Before the application of
treatments 6 and 7 the A frame was
modified to allow the hides to hang
with a30j dopefromthemidline so
tha thetreatment would bemore
likely to pendrate the hiderather than
running off of it. Treatments 6 and7
were both chemical dehairing
protocols that were applied similarly
with the exception of the
neutralization process for treatment 7.
Both treatments condsted of a3 L
application of the chemical solution
over theinoaulated areas with a
common variety garden watering can
(Modd: WCB1GL.Z1, Dynamic
Designs Inc., New York). The
solution was alowed to act onthehide
for 90 s at which time an additiond 3
L of solution was poured over the
inoaulated areas. Thesolutionwas
allowed to act onthe hidefor another
60 s before neutralization was
initiated. Neutralization of treatment
6 was a smple dduging water rinse
followed by removd of liquid and
debris. Treatment 7 was neutralized
by removd of excessliquid and debris
followed by a3 L application of a 1%
hydrogen peroxide solution over the



dehared area. Thedehdred areawas
then subjected to an application of 3L
of sodium phoghéaeto further reduce
thealkalinity of thehide After the
phophae buffer, the hidewas
subsequently rinsed with the dduging
water rine. Thefind microbiological
samples for treatments 6 and 7 were
accomplished following thefind
neutralization, replicating the same
process as stated above

Spongesamples were pummeled
for 2 min prior to microbiological
andysis. Sampleswere serialy
diluted in buffered peptonewater
(BPW; BD) with appropriate dilutions
spread plated onto XL T4 for
Salmonella spp. samples and SMAC-
ct for E. coli O157H7 samples. All
plateswereincubaed for 24 h at 35;C
prior to enumeration.

Datawere andyzed usng the
mixed modd procedure of SAS (SAS
Inditute Inc., Cary, N.C.). Least
squaes means(n = 12) were
compared at acommon (or Qhe
averageQ) initial bacterialevel using
andysis of covariance techniques.
Statistical inferences were reported
when differences between meanswere
P! 0.05.

RESULTS AND DISCUSSION

Initial levels and redudionsof E.
coli O157H7 and Salmonella pp. are
presented in Table 1. All treatments
reduced O157H7 by at least 1.9 log
CFU/cm? and Salmonella spp. by at
least 0.7 log CFU/cm?. The SHC
treatment alongwith both of the
deharing treatments resulted in the
greatest redudionsof E. coli
0157H7, significantly redudng the
pahogen by at least 4.8 log CFU/cm?.
The SS dehairing treatment and the
SHC treatment also resulted in the
greatest redudion of Salmonella Sp.
by lowering popuktionsby at least 4.2
log CFU/cm?. However, thePC
deharing treatment was foundto be
ineffective at redudng Salmonella
spp. asit resulted in alessthan 1.0 log
CFU/cm? redudion. Theresults of the
SS treatment are condgstent with those
reported by Castillo ef al. (1998 and

Nou et al. (2003 as both reported the
treatment is extremely effective at
lowering popuktionsof E. coli
0157H7 and Salmonella spp.on hide
surfaces. ThePC treatment was
developed by Marmer et al. (2003)as
an environmentally and worker
congientiousalterndive of har
removd as oppo®d to thepatentialy
dangerousSS treatment, butto date, it
has never been evaluaed for its
antimicrobial efficacy. ThePC
treatment was effective at removing
har and lowering E. coli O157H7 but
was foundto beinefective at
redudng levels of Salmonella pp.
Deharing treatments are effective
antimicrobials due to ther caugic
propeties and that they removethe
hair and organic material that
pahogeic bacteria attach to. ThePC
treatment successfully removed the
hair and organic material fromthe
hide but did not lower popuktionsof
Salmonella spp. Investigaors bdieve
tha thetreatment@ failure to reduce
Salmonella pp. was dueto sampling
error or theability of thepahogen to
pendrate the har and attach to the
undelying hide. Further researchis
needed to investigae the PC
treatment® inability to reduce
Salmonella spp. Previousresearch
completed by Bodlevac et al. (2005)
conduded that an application of
sodium hydroxidefollowed by a
sanitizing high pressure wash of
chlorinaed (200 ppm) water was
effective at lowering bacteria
contaminaion. The current research
also foundthis treatment to be
extremely efficaciousat reduang both
E. coli O157HT7 and Salmonella spp.
The SHC treatment was the only non
deharing treatment foundto lower
pahogeic bacteria by at least 4.4 1og
CFU/cm?,

Thetreatmentsidentified by
Carlsonet al. (2004)were aso
evaluaed for ther efficacy at lowering
E. coli O157H7 and Salmonella spp.
All fourtreatmentsreduced E. coli
0157H7 and Salmonella $pp.by at
least 1.9 and 2.0 log CFU/cm?,
respectively. When compared to the
water treatment the SH, AA andLA
treatments achieved significantly

greater redudionsof E. coli O157H7.
Nondhdess, theSH, AA andLA
treatments resulted in significantly
inferior redudionsof E. coli O157H7
when compared to both deharing and
the SHC treatments. Salmonella spp.
were significantly more, ddeterioudy
affected by the SM, SH and LA than
thewater and AA treatments. As
reported by Carlson et al. (2004, the
mog effective treatments,
numerically, for lowering both E. coli
O157H7 and Salmonella spp.were
theSH and LA treatments.
Koohrreraie et al. (2005 has reported
ontheefficacy of lactic acid and its
indugry-wide acceptance as a cos
effective carcass antimicrobia
intervention. Thedaa generated by
this research confirms that lactic acid
isalso avery effective antimicrobial
that could beutilized for hide
decontamination.

Literature suggests that the
microbiological qudity of carcasses
can besignificantly improved when
they are subjected to multiple
sequential decontamination
interventions(Bacon et al. 2000) aso
known as Onultiple-hurdleO
technology (Leistner and Gould,
2002) Thelogic behindthe multiple-
hurdle technology is to subject
bacteriato a series of lethd
interventionsto create a synergistic or
additive bactericidd effect. An
additiond hurdle can beadded to a
plant@ series of interventionswith the
indugon of a hidedecontamination
intervention. Hide decontamination
interventionspose two bactericidd
actionswhen taking into consderation
the physcal washing effect and the
effect of extreme pH; many treatments
identified during this research possess
avery akainepH. Thelargerangeof
pH values experienced when subjected
to hide decontaminaion interventions
utilizing alkaline solutionsand
subsequent carcass decontaminaion
interventionsemploying acidic
solutionscould improvetheefficacy
of the entire series of decontamination
interventionsas surviving bacteria
exposed to the extreme pHs, both high
and low, would be more susceptible to



any further antimicrobial
interventions

IMPLICATIONS

Thehidedecontamination
interventionsidentified in this
research project show promise as
effective meansof redudang microbial
contaminaion on hides, therefore
deserving consderationto be
incorporated within a plant® series of
antimicrobial interventions
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Table1. Least squares means+ standad error for redudionsand means (standard deviationg of initial levels (log CFU/cm?)
of E. coli O157H7 and Salmonella spp.frominoailated beef hides subjected to oneof thefollowingtreatments: water (W),
sodium metasilicate (SM), sodium hydroxide (SH), acetic acid (AA), lactic acid (LA), potassium cyanate (PC), sodium
sulfide (SS) and sodium hydroxide + chlorinewash (SHC).

E. coli O157.H7 Salmonella p.

Treatment Source Initial® Reduction Initial® Reduction
W 51(035  23+017¢ 34(018  1.7+0.23
SM 4% SaratogaSpecidities, Elmhurst, I~ 5.2(040)  1.9+018"  43(021) 26+0.22°
SH 3% SaratogaSpecidities, Elmhurst, I~ 5.2(0.27) 344018  44(035  2.6+0.23°
AA 10% Pro Chemical, Green Bay, WI 43054  26+01F 29055  2.0+0.29"
LA 10% SaratogaSpecidities, EImhurst, IL~ 45(0.65 342019 32032  28+0.26°
PC 2.4% Sigma-Aldrich, St. Louis, MO 54054  51+0.18  38(060  0.7+0.21°
SS 6.2% Pro Chemical, Green Bay, WI 47032  48+018 44037 424023
SHC (SH 1.5%+ Cl 0.2%ppm) SaratogaSpecidities, Elmhurst, Il 52(025 504018  53(034)  4.4+034

abadeMeans, within a column, lacking a common supescript letter, differ (P < 0.05).

% Initial levels were obtained from the pre-treatment sample for each treatment but set to acommon level usng anaysis of
covaiance during statistical andysis to allow for mean comparison.



