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ABSTRACT

Cetylpyridinium chloride (CPC), a water-soluble, neutral pH, colorless compound, is widely used in oral hygiene products
to inhibit bacteria responsible for plaque. Previously, researchers have demonstrated that CPC not only reduces Salmonella
Typhimurium on poultry but also prevents cross-contamination. To determine the effectiveness of CPC against pathogens
associated with lean and adipose beef surfaces, several spray-washing experiments (862 kPa, 15 s, 35°C) with 1% (wt/vol)
CPC were conducted. On lean beef surfaces, CPC immediately reduced 5 to 6 log;o CFU/cm? of Escherichia coli O157:H7
and Salmonella Typhimurium to virtually undetectable levels (0 log;q CFU/cm?), as well as after 35 days of refrigerated (4°C),
vacuum-packaged storage. On adipose beef surfaces, 5 log;q CFU/cm? Salmonella Typhimurium and E. coli O157:H7 were
reduced immediately (>2.5 log;o CFU/cm?) with 1% CPC; by day 35 the reduction was <1.3 log;q CFU/cm?. Further plate
overlay analyses indicated that the effectiveness of CPC against pathogens on adipose surfaces was not hampered by the
presence of meat components or fatty acids. Additional chemical and microbiological analyses of 1% CPC-treated beef surfaces
subjected to a secondary water wash (following contact times of 0, 5, 10, 15, or 30 min) or grinding did reduce pathogenic
bacteria and CPC levels. However, residual CPC levels following any of the treatments were considered excessive for human
consumption. Despite the residual levels, this study is the first to demonstrate the effect of CPC on pathogenic bacteria
associated with beef surfaces immediately after treatment and also after long-term, refrigerated, vacuum-packaged storage.

The quaternary ammonium compound cetylpyridinium
chloride (CPC) is a water-soluble, colorless compound that
has been used for over 50 years in oral hygiene products
including toothpaste, throat lozenges, and mouthwashes
(18). Research in oral bacteriology has indicated that 0.05
to 0.5% CPC found in mouthwashes reduces or inhibits
bacterial gingivitis, biofilm, or plaque formation (2, 8, 15,
19, 23). Because of its low surface tension, hydrophilic,
and lipophilic properties, CPC works well in wetting and
penetrating tissue (12).

In general, quaternary ammonium compounds absorb
into the bacterial cell surface, permeate and destroy the cell
wall and cell membrane, and have a direct or indirect lethal
effect on the cell. However, specific types of quaternary
ammonium compounds may have different types of mech-
anisms (17). In the specific case of CPC and its closely
related analogues, it has been shown that they interact
strongly with negatively charged surfaces, e.g., blastospores
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of Candida albicans (20), and that their antibacterial activ-
ity is related to their hydrophobicity (14, 16). Electron mi-
croscopy has shown that CPC analogues damage the bac-
terial membrane and produce leakage of cellular materials
(16). Apparently the degree of damage to the bacterial
membrane is time and concentration dependent (13).

In a series of published studies, it has been demonstrat-
ed that CPC is efficacious for reducing populations of Sal-
monella spp. on poultry carcasses (3, 13, 22, 24). In 1996,
Kim and Slavik (13) demonstrated a 1.7-log;, reduction of
Salmonella Typhimurium after immersion of poultry in
0.1% CPC. In another study, a 30-s spray with 0.1% CPC
on chicken skins reduced Salmonella Typhimurium up to
2.5 logp (22). In an experiment designed to investigate
concentration and contact time, it was demonstrated that
0.4% CPC applied for 3 min exhibited a 4.9-log,o reduction
of viable Salmonella Typhimurium. In this same study,
CPC was effective in preventing bacterial contamination
when 0.8% CPC was applied to poultry surfaces for 10 min
and rinsed (3). When compared to other antimicrobials,
CPC affected a 1.9-logo reduction of Salmonella spp. on
chicken skins that was comparable to reductions associated
with 10% trisodium phosphate (2.2 log; ) or 2% lactic acid
(2.2 log;o) (24). These studies clearly illustrate that CPC is
an effective antimicrobial for reducing foodborne Salmo-
nella spp. on poultry, as well as preventing cross-contam-
ination.

To our knowledge, there is no published information
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pertaining to the use of CPC for reducing foodborne bac-
teria on lean or adipose beef surfaces. We present a study
to address the immediate and long-term effects of CPC
against two bacterial pathogens attached to beef surfaces

and to analyze lean, adipose, and ground beef samples for
residual CPC.

MATERIALS AND METHODS

Bacterial cultures and feces. A streptomycin-resistant strain
of Escherichia coli O157:H7 and a nalidixic acid resistant strain
of Salmonella Typhimurium were obtained from the Roman H.
Hruska U.S. Meat Animal Research Center (MARC) culture col-
lection and maintained in 75% glycerol at —20°C (7). E. coli
0157:H7 and Salmonella Typhimurium were propagated for 18 h
in trypticase soy broth (Difco, Detroit, Mich.) containing 500 p.g/
ml of streptomycin sulfate (Sigma, St. Louis, Mo.) or 250 p.g/ml
of nalidixic acid (Sigma), respectively, at 37°C for 18 h. Prior to
inoculation in feces (see below), overnight cultures were diluted
1:100 in sterile physiological saline (pH 7.0) to obtain a viable
cell population of approximately 6.0 log,, CFU/ml.

On each day of the experiments, fresh feces were obtained
immediately after defecation from three cows fed a corn silage
ration. One hundred grams of each feces sample were obtained
and mixed together with 100 ml of sterile physiological saline
containing select bacterial organisms for a final concentration of
approximately 6 log,o CFU/g feces.

Experimental protocol—meat experiment 1. Prerigor beef
carcass shortplates were obtained within 15 min postexsanguina-
tion from beef carcass sides processed at a local cow and bull
slaughterhouse. Shortplates were removed from carcasses between
the 5th and the 13th rib and about 25 ¢cm from the vertebrae to
within 10 cm of the midline. The cutaneous trunci muscle (con-
sisting of lean tissue) covered the surfaces of the shortplates. In-
dividual shortplates were placed in plastic bags, stored in insulated
carriers to prevent rapid cooling, and transported to the Meat An-
imal Research Center and used within 2 h of slaughter (7).

Eight adjacent areas were marked on each short plate with a
sterile template (5 cm by 5 cm), a sterile cotton swab, and edible
ink before inoculation with bovine feces. Marked shortplates were
inoculated with the fecal slurry containing pathogens by paint-
brush inoculation (7) and left undisturbed for 15 min. The final
concentration of E. coli O157:H7 and Salmonella Typhimurium
on meat surfaces was approximately 6.0 and 5.0 log;, CFU/cm?,
respectively.

All spray washes were conducted in the insertable pod of a
biological safety hood (7). CPC (Zeeland Chemicals, Zeeland,
Mich.) was thoroughly mixed in 35°C tap water to obtain a final
concentration of 1% (wt/vol). The operation parameters for the
washer were as follows: spray nozzle oscillation speed, 60 cycles/
min; exposure to spray, 15 s; line pressure, 862 kPa; flow rate,
4.8 liters/min; temperature of spray at nozzle (35/10, Spraying
Systems Co., Wheaton, Ill.), 35 * 2°C (model 40605 automatic
10 point temperature scanner, Davis Instruments, Inc., Baltimore,
Md.).

After spray washing, shortplates were placed on sterile trays.
For enumeration of remaining populations, samples were taken
and processed within 1 h after spray washing (day 0). Additional
samples were obtained after 2 days of aerobic storage at 4°C. On
day 2, individual 25 cm? samples were aseptically excised from
the shortplates and vacuum packaged (Hollymatic model LV10G,
Countryside, Il1.) in a standard vacuum-packaging bag (3.2 mil
nylon/copolymer bag with oxygen transmission rate at 23°C of 52
cc/m?; Hollymatic, Inc.) and held at 4°C. Additional samples for
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bacterial enumeration (see below) were obtained at days 7, 21,
28, and 35. After excision of samples for enumeration, remaining
pieces of untreated and treated surface tissues were used to assess
surface pH values (flat electrode, Corning Instruments, Corning,
N.Y).

A fecal slurry containing no experimentally inoculated patho-
gens was applied to lean tissue of the shortplates, left untreated,
or subjected to spray-washing treatments with water or 1% CPC
as described above. Tissue samples were held at 4°C for 48 h,
excised, vacuum-packaged, and stored until the specified day, at
which time untreated and treated tissues were stored at —20°C
until shipped. All samples were transported at 4°C to the Univer-
sity of Arkansas for Medical Sciences (Little Rock, Ark.) and kept
at —20°C until chemical analyses were performed. Samples were
thawed overnight at 4°C and brought to room temperature prior
to analyses.

Experimental protocol—meat experiment 2. Prerigor adi-
pose tissues were obtained from the loin and brisket area within
15 min postexsanguination from beef carcass sides processed at
the Meat Animal Research Center. Tissues were cut to 7.5 cm by
7.5 cm prior to spray washing in order to fit on stainless steel
boards used in the insertable hood. Prior to washing, adipose sur-
faces were paint brush-inoculated with bovine feces containing
the pathogens as described above and allowed to remain undis-
turbed for 15 min. Using the spray-washing procedures described
in meat experiment 1, adipose surfaces were left untreated or
spray washed with water or 1% (wt/vol) CPC. After spray wash-
ing, tissues were placed on sterile trays. For enumeration of re-
maining populations, samples were taken and processed within 1
h after spray washing (day 0). Additional samples were obtained
after 2 days of aerobic storage at 4°C. On day 2, individual 25-
cm? samples were aseptically excised from the surface tissues and
vacuum-packaged in a standard vacuum-packaging bag, and held
at 4°C. Vacuum-packaged samples were refrigerated and enumer-
ated (see below) at day 35.

A fecal slurry containing no pathogens was applied to adi-
pose tissue, left untreated, or subjected to spray-washing treat-
ments with water or 1% CPC as described above. Tissue samples
were held at 4°C for 48 h, excised, vacuum-packaged, and stored
until the specified day, at which time untreated and treated tissues
were stored at —20°C until shipped. All samples were transported
at 4°C to the University of Arkansas and kept at —70°C until
chemical analyses were performed. Samples were thawed over-
night at 4°C and brought to room temperature prior to analyses.

Experimental protocol—meat experiment 3. Prerigor lean
tissues were obtained from the cutaneous trunci within 15 min
postexsanguination from beef carcass sides processed at the Meat
Animal Research Center. Tissues were cut to 15 cm by 15 cm
prior to spray washing in order to fit on stainless steel boards used
in the insertable hood. Lean surfaces were paint brush-inoculated
with bovine feces containing the pathogens as described above
and allowed to remain undisturbed for 15 min.

Using the spray-washing procedures described in meat ex-
periment 1, inoculated prerigor lean beef surfaces were spray
washed with 1% (wt/vol) CPC; held for 0, 5, 10, 15, or 30 min
at 25°C; and subjected to another water wash (15 s, 862 kPa,
35°C). After spray washing, tissues were placed on sterile trays.
For enumeration of remaining populations, samples were taken
and processed within 1 h after spray washing (day 0). Additional
samples were obtained after 2 days of aerobic storage at 4°C. On
day 2, individual 25-cm? samples were aseptically excised from
the surface tissues, vacuum-packaged in a standard vacuum-pack-
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aging bag, and held at 4°C. Vacuum-packaged samples were re-
frigerated and enumerated (see below) at days 7 and 50.

Experimental protocol—meat experiment 4. In addition to
analyses of surface tissue samples taken from meat experiments
1 through 3, analyses of residual CPC in ground beef samples
also were conducted. Frozen, intact postrigor beef loins were
sawed in half and thawed at 4°C for 4 days. Exposed lean and
adipose surfaces were washed with 1% CPC in a 15-s spray wash,
left undisturbed, and water-washed using the contact time (0, 5,
10, 15, or 30 min) and washing parameters described in meat
experiment 3. After the combination washes, treated loins were
stored at 4°C for 1 h to firm up before grinding. Approximately
80 cm? of the treated lean surfaces were excised and coarse
ground (4.5 mm head on a model MG12, 0.25-hp grinder; Davpol
Enterprises, Inc., New York, N.Y.) with ~800 g of non-CPC-
treated postrigor lean tissue. Approximately 20 cm? of the treated
adipose tissue were excised and ground with ~200 g of non-CPC-
treated postrigor adipose tissue. In doing this, the CPC-treated
tissue was diluted 1:10 with nontreated tissue. The lean and fat
were then coarse ground together once more, placed in a plastic
bag, and thoroughly mixed by hand kneading for 2 min to ensure
even distribution of the CPC throughout the final product. The fat
content of the resulting ground beef was determined to be ap-
proximately 18 to 22% by proximate analyses. The resulting
ground product was frozen at —20°C until shipped. All samples
were transported at 4°C to the University of Arkansas for Medical
Sciences and kept at —70°C until chemical analyses were per-
formed. Samples were thawed overnight at 4°C and brought to
room temperature prior to analyses.

Ground beef processed from loins treated with water or CPC
and allowed contact for 0 and 5 min were saved and frozen at
—20°C until needed. Prior to the experiment, frozen ground beef
was thawed overnight at 4°C. An overnight culture of E. coli
0157:H7 or Salmonella Typhimurium was diluted 1:1,000 in buf-
fered peptone water and the diluted culture added to approxi-
mately 200 g of thawed ground beef to obtain approximately 3 to
4 log;o CFU/g. Four 50-g samples of inoculated ground beef were
vacuum-packaged and held at 4°C. Remaining bacterial popula-
tions were determined by sampling 25 g of each sample at days
0 and 11 (see bacterial enumeration procedures below).

Bacterial enumeration. Following excision of 25-cm? (meat
experiments 1, 2, 3) or removal of 25-g samples (meat experiment
4) on the specified days, excised or ground beef was pummeled
for 2 min (Stomacher 400, Tekmar, Inc., Cincinnati, Ohio) in a
Sterefil Stomacher bag (Spiral Biotech, Bethesda, Md.) with 25
ml of buffered peptone water (pH 7.0; BBL, Cockeysville, Md.)
containing 0.1% Tween 20 (Fisher, St. Louis, Mo.) Each stoma-
chate was serially diluted in buffered peptone water and either
spiral plated (model D spiral plater; Spiral Biotech) in duplicate
or spread plated in quadruplicate on respective agar. For the de-
tection of E. coli O157:H7 or Salmonella Typhimurium, stoma-
chates were spiral plated in duplicate onto sorbitol McConkey
agar (Difco) containing 500 pg/ml of streptomycin (Sigma) or
Rambach agar (Merck, Darmstadt, Germany) containing 250 pg/
ml of nalidixic acid (Sigma), respectively. Trypticase soy agar
(Difco) was used for enumeration of mesophilic aerobic plate
counts (APC). All plates were enumerated manually or with the
CASBA 1V image analyzer (Spiral Biotech) after incubation for
48 h at respective temperatures. The lowest level of detection of
organisms was 1.30 log;o CFU/cm? using spiral plating proce-
dures; samples that were spread plated in quadruplicate were used
to detect total number of CFU/cm?.

On day 35 of meat experiment 1, 1 ml of each CPC-treated
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stomachate was enriched in 9 ml of EC broth (Bioproducts, Se-
attle, Wash.) for E. coli O157:H7, and selenite cystine broth (Dif-
co) or tetrathionate broth (Accumedia, Baltimore, Md.) for Sal-
monella Typhimurium and incubated at 37°C (EC broth, selenite
cystine) or 42°C (tetrathionate) for 24 h. After growth, samples
were subcultured by streaking a loopful of broth onto duplicate
plates of sorbitol McConkey agar or Rambach agar, respectively,
containing appropriate antibiotic and incubated at 37°C for 24 h.

Plate overlay assays. The antimicrobial activity of 1% CPC
under various conditions was determined in a series of plate over-
lay assays. In the first experiment, CPC was added to water to a
final concentration of 1%. Twenty microliters of 1% CPC were
spotted onto lawns of E. coli O157:H7 or Salmonella Typhimu-
rium made as follows. Briefly, tryptic soy agar plates were over-
laid with 8 ml of semisoft tryptic soy agar (0.5% wt/vol agar)
seeded with 80 pl of an overnight broth culture of E. coli O157:
H7 or Salmonella Typhimurium. The seed density was approxi-
mately 6 log,o CFU/ml of overlay. Duplicate plates were scored
(=) for zones of inhibition after 24 h of incubation at respective
temperature, and scores were recorded (20).

In the second experiment, a final concentration of 1% CPC
was added to solutions of 0, 2, 1, 0.5, 0.05, 0.025, 0.013, 0.006,
and 0.003% Tween 20 and allowed to remain undisturbed for 15
min. Twenty microliters of each of the CPC-treated solutions were
spotted directly onto a lawn of E. coli O157:H7 or Salmonella
Typhimurium, as described in the first plate overlay experiment.

In the third experiment, 1% CPC was added to swabbings
from lean and adipose tissues as follows. Lean and adipose surface
tissues were obtained from prerigor beef carcasses, vacuum-pack-
aged, stored at 4°C for 24 h, and frozen at —20°C until needed.
On the day of the experiment, tissues were thawed at 4°C and
allowed to equilibrate to room temperature. Individual sterile
sponges (NASCO, Ft. Atkinson, Wis.) were premoistened in 25
ml of sterile physiological saline and the liquid expressed prior to
swabbing. Using a premoistened sponge and a stainless steel tem-
plate, samples from each tissue type were taken as follows: 100
cm? of the lean or adipose surfaces were swabbed 10 times in a
horizontal direction, the sponge flipped, and swabbed 10 times in
a vertical direction. The sponge was returned to the NASCO bags,
stomached for 2 min (model 400 stomacher, Tekmar), and the
remaining liquid expressed from the sponge (approximately 15
ml). The expressed liquid was transferred to a 50-ml conical cen-
trifuge tube and stored at 4°C until needed (4). CPC was added
to each of the swabbings for a final concentration of 1%, remained
undisturbed for 15 min, and 20 pl spotted onto lawns of E. coli
O157:H7 or Salmonella Typhimurium as described in the first
plate overlay experiment.

In the fourth experiment, approximately 50 ml of purge was
obtained from postrigor beef trim, frozen at —20°C until needed,
and thawed overnight at 4°C prior to the experiment. One-milli-
liter aliquots of the thawed purge were dispensed into microcen-
trifuge tubes and allowed to equilibrafe to room temperature
(25°C). CPC was added to the purge to a final concentration of
1% and remained undisturbed for 0, 5, 10, 15, and 30 min. After
the specified time, 20 pl was spotted onto a lawn of E. coli O157:
H7 or Salmonella Typhimurium as described in the first plate
overlay experiment.

Analytical methods for CPC residue determination. CPC
residues in all beef samples were determined using a high-perfor-
mance liquid chromatography assay developed at the University
of Arkansas for Medical Sciences (11). For the analysis of beef
samples, about 25 g were extracted with 70 ml of 95% ethanol at
60°C for 1 h with mixing in an orbital shaker at 200 rpm. After
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TABLE 1. Meat experiment 1°
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Day of vacuum-packaged, 4°C storage

Organism Treatment 0 2 7 21 28 35
E. coli O15T:H7 Untreated 6.4 A 5.10 A 50aA 42 A 4.1 A 34 A
E. coli O157:H7 Water 398 328 28 B 178 168 188
E. coli O157:H7 1% CPC ND ¢ ND ¢ ND c ND c 01c ND c
Salmonella Typhimurium Untreated 49 A 44 A 4.0 A 40 A 34 A 30 A
Salmonella Typhimurium Water 298 288 198 1.8 128 118
Salmonella Typhimurium 1% CPC NDc ND c ND c ND B 018 ND B
APC Untreated 64 A 59 a 6.1 a 6.8 A 85a 85a
APC Water 418 408 418 508 598 658
APC 1% CPC 06 cC 03c 0.6 c 15¢ 14 c 17 ¢

2 Remaining bacterial populations (log;o CFU/cm?) of E. coli 0157:H7, Salmonella Typhimuium, and APC from beef shortplates left
untreated or immediately following spray washes (15 s, 862 kPa, 35 + 2°C) with water or 1% CPC and after long-term, vacuum-
packaged, 4°C storage. Different letters denote significant differences between treatments within columns for a given organism (P <
0.05). ND, not detected; cell counts were below the detectable level (0 log;q CFU/cm?).

cooling to room temperature the extract was transferred to a vol-
umetric flask and diluted with 95% ethanol to a final volume of
100 ml.

CPC residues in all beef samples were measured in a Waters
(Milford, Mass.) high-pressure liquid chromatography system
consisting of a 600E multisolvent delivery system, 490E program-
mable multi-wavelength detector, 746 data module, and 600E sys-
tem controller. The analyses were conducted using an Alltima cy-
ano column (250 by 4.6, 5 pum) and guard column (7.5 by 4.6, 5
pm) (Alltech Associates, Deerfield, Il1.). The following parame-
ters were used in the analyses: mobile phase was methanol: 0.008
M tetramethylammonium hydroxide pentahydrate/acetic acid buff-
er with pH 3.6 (37/63) at a flow rate of 2 ml/min; molarity of
acetic acid in the buffer was 0.14 M; ultraviolet absorbance de-
tection was at 260 nm; dodecylpyridinium chloride was used as
an internal standard for the assays. The method was validated by
constructing a seven-point calibration curve over the concentra-
tion range of 3 to 200 wg/ml with linearity established by: y =
0.03108x — 0.03234, where x is the concentration and y is the
peak/area ratio between CPC/dodecylpyridinium chloride. Addi-
tional parameters for analyses include: goodness of fit (2) =
0.9998; interassay precision and accuracy determined by analyz-
ing replicate (n = 5) blank extracts containing CPC at 3.57, 91.3,
and 183 pg/ml and with the addition of 26.9 pg/ml DPC as in-
ternal standard; and error at less than 5% for the medium and high
concentrations. The intra-assay error for the lower concentration,
3.57 pg/ml, was 9.5% while coefficient of variation was less than
7% for all the concentrations used. The recoveries obtained fol-
lowing the application of 0.6 or 3.0 mg of CPC on the surface of
CPC-free cubed beef samples and extracting with ethanol were
101.6 * 6.64 or 102.2 * 6.63% (n = 5), respectively.

Calculations and statistical analyses of population data.
The lowest level of detection of APC or pathogen was 1.3 log,
CFU/cm? using spiral plating procedures; samples that were
spread plated in quadruplicate were used to detect total number
of CFU/cm?. After enumeration, bacterial populations from du-
plicate plates were averaged and converted to log;o CFU/cm?.
Least squared means of bacterial populations (log,; CFU/cm?)
from each treatment were calculated from six samples for exper-
iments 1 and 2 and three samples for experiment 3. Statistical
analyses were performed using Analysis of Variance procedure of
SAS (SAS for Windows, release version 6.12, SAS Institute, Inc.,
Cary, N.C.). Inoculum counts were used as a covariant to nor-

malize data between treatment replications. Statistical significance
was defined as P = (.05, unless otherwise noted.

RESULTS

Preliminary experiments were conducted to determine
the concentration of CPC to be used for the duration of the
study. Lean surfaces were experimentally inoculated with a
fecal slurry containing the pathogens; treated with 0.4, 0.8,
and 1.6% CPC or water; and stored under refrigerated, vac-
uum-packaged conditions for up to 35 days. Preliminary
data indicated that E. coli O157:H7 and Salmonella Typhi-
murium were reduced immediately to undetectable levels
when treated with 1.6% CPC, and virtually no growth (0
log;o CFU/cm?) was detected after 35 days of refrigerated,
vacuum-packaged storage. Similar results were observed
with 0.8% CPC that exhibited virtually no growth (0 log;,
CFU/cm?) at days O or 35. In another experiment, lean beef
tissue was treated with 0.8, 1, 1.2, 1.4, or 1.6% CPC, and
APCs were determined immediately after treatment. APCs
remaining after treatments with 1, 1.2, 1.4, and 1.6% CPC
were not statistically different from each other. Based on
this preliminary information, the remaining spray-washing
and plate overlay experiments were conducted using 1%
CPC.

Meat experiment 1. Spray treatments with a 1% con-
centration of CPC effectively reduced bacterial populations
of E. coli O157:H7, Salmonella Typhimurium, and APC
(Table 1) on lean beef tissue immediately after treatments
and after long-term refrigerated, vacuum-packaged storage.
Specifically, spray washing with 1% CPC immediately re-
duced E. coli O157:H7 from 6.4 log;, CFU/cm? to unde-
tectable levels and Salmonella Typhimurium from 4.9 log,g
CFU/cm? to undetectable levels. After 35 days of refrig-
erated, vacuum-packaged storage, 1% CPC-treated samples
did not exhibit significant growth of E. coli O157:H7 or
Salmonella Typhimurium, such that selective enrichment of
stomachates from CPC-treated samples obtained on day 35
did not reveal the presence of either pathogen. In addition
to the observed reductions in pathogen populations, 1%
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TABLE 2. Meat experiment 1¢

Day of vacuum-packaged, 4°C storage

Treatment 0 2 7 21 28 35

Untreated 682 659 610 578 574 573
Water 664 626 590 578 591 5.76
1% CPC 653 628 597 594 597 583

2 The pH of beef shortplates and samples left untreated or im-
mediately following spray washes (15 s, 862 kPa, 35 + 2°C)
with water or 1% CPC and after long-term, vacuum-packaged,
4°C storage. No significant differences (P = 0.05) were observed
between treatments within columns.

CPC immediately reduced levels of APC from 6.4 to 0.60
log;s CFU/cm?, After 35 days of refrigerated, vacuum-
packaged storage, CPC-treated surfaces exhibited a remain-
ing APC of 1.7 log;y CFU/cm?, as compared to untreated
surfaces with APC of 8.5 log;q CFU/cm?. This information
clearly suggests that 1% CPC can effectively reduce patho-
gens immediately after treatment as well as suppress bac-
terial populations on lean beef surfaces during long-term
refrigerated storage.

In addition to bacterial enumeration, analyses of pH
and residual CPC from the treated lean beef samples were
conducted. A solution of 1% CPC exhibited a pH of 6.4
and water exhibited a pH of 6.6. When applied to beef lean
surfaces, the pH readings of CPC-treated samples were not
statistically different than untreated or water-treated tissues
on any of the days examined (Table 2). The results of the
residue determination indicated that CPC-treated lean sur-
faces exhibited CPC residue levels of: 0.405 mg/cm? im-
mediately after treatment, 0.425 mg/cm? after 21 days of
storage; and 0.340 mg/cm? after 35 days of storage. No
residual CPC was detected in untreated or water-treated
samples.

Meat experiment 2. Spray treatments with a 1% con-
centration of CPC reduced bacterial populations of E. coli
0157:H7, Salmonella Typhimurium, and APC (Table 3) on

TABLE 3. Meat experiment 2¢

CPC TREATMENTS OF BEEF 597

adipose beef tissue immediately after treatments and after
long-term refrigerated, vacuum-packaged storage. Popula-
tions of E. coli 0157:H7 and Salmonella Typhimurium im-
mediately following CPC treatments were reduced signifi-
cantly by 4.9 and 3.8 log,o CFU/cm?, respectively, and re-
mained lower than populations from untreated or water-
treated tissues at day 2. However, by day 35, populations
of E. coli O157:H7 and Salmonella Typhimurium from
CPC-treated tissues were not different than populations
from water-treated tissues. While APC from CPC-treated
tissues (3.8 log;o CFU/cm?2) were not statistically different
from APC from water-treated tissues (4.2 log;, CFU/cm?)
at day 0, populations were significantly lower at days 2 and
35.

Analysis of residual CPC from treated adipose beef
samples indicated that these surfaces exhibited residual lev-
els of 0.295 mg/cm? after CPC treatment and 7 days stor-
age. No residual CPC was detected in untreated or water-
treated samples. Despite the efficacy of CPC against food-
borne pathogens, residual chemical analyses on treated lean
and adipose beef surfaces indicated an unacceptable CPC
level for human consumption. Therefore, another experi-
ment was devised to determine if an application of CPC,
followed by a contact time up to 30 min and a secondary
water wash, could inhibit pathogen populations on lean beef
surfaces while also reducing residual compound.

Meat experiment 3. In the next experiment, a 15-s
spray with CPC was applied to experimentally inoculated
lean beef tissues; allowed contact for 5, 10, 15, and 30 min;
and then subjected to a secondary, 15-s water wash. On day
0, remaining populations of E. coli O157:H7, Salmonella
Typhimurium, and APC from tissues subjected to a CPC
wash, but no water wash (C) and treatments that allowed
contact for 5 (CS5), 10 (C10), or 15 (C15) minutes were not
statistically different from each other (Table 4). However,
tissues that were contacted for 30 min (C30) prior to the
secondary water wash exhibited higher bacterial popula-
tions in all instances. Populations of E. coli O157:H7 and
Salmonella Typhimurium were not statistically different

Day of vacuum-packaged, 4°C storage

Organism Treatment 0 2 35
E. coli O157:H7 Untreated 58 a 50a 44 A
E. coli O157:H7 Water 398 408 3.7 aB
E. coli O157:H7 1% CPC 09c 25c¢ 308
Salmonella Typhimurium Untreated 54 A 49 A 39 a
Salmonella Typhimurium Water 348 38a 43 A
Salmonella Typhimurium 1% CPC 16 ¢ 248 38 A
APC Untreated 6.5 A 63 A 65 A
APC Water 428 528 62 A
APC 1% CPC 388 43¢ 558

@ Remaining bacterial populations (log;; CFU/cm?) of E. coli O157:H7, Salmonella Typhimurium, and APC from beef adipose tissue
left untreated or immediately following spray washes (15 s, 862 kPa, 35 + 2°C) with water or 1% CPC and after long-term, vacuum-
packaged, 4°C storage. Different letters denote significant differences between treatments within columns for a given organism (P <

0.05).
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TABLE 4. Meat experiment 3¢
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Day of vacuum-packaged, 4°C storage

Organism Treatment 0 2 7 50
E. coli O15T:H7 C = 1% CPC applied, no water wash 13 a 1.14 032A NDaA
E. coli O157:H7 C5 = 1% CPC applied, contact 5 min, water washed 16 A 1.1a 06 A ND a
E. coli O157:H7 C10 = 1% CPC applied, contact 10 min, water washed 15a 0.8 A 0.8 A ND a
E. coli O157:H7 C15 = 1% CPC applied, contact 15 min, water washed 1.6 A 0.8 A 02a ND a
E. coli O157:H7 C30 = 1% CPC applied, contact 30 min, water washed 278 09 A 168 ND a
Salmonella Typhimurium C = 1% CPC applied, no water wash 154 1.1 A 05 a ND a
Salmonella Typhimurium C5 = 1% CPC applied, contact 5 min, water washed 14 A 1.6 A 10 A ND A
Salmonella Typhimurium C10 = 1% CPC applied, contact 10 min, water washed 134 1.1 A 0.8 A ND a
Salmonella Typhimurium C15 = 1% CPC applied, contact 15 min, water washed 154 0.8 A 08 A ND A
Salmonella Typhimurium C30 = 1% CPC applied, contact 30 min, water washed 278 12 A 18B 0.1a
APC C = 1% CPC applied, no water wash 24 A 28 a 30aA 36 A
APC C5 = 1% CPC applied, contact 5 min, water washed 24 A 29 A 398 39a
APC C10 = 1% CPC applied, contact 10 min, water washed 23 A 28 A 368 39 A
APC C15 = 1% CPC applied, contact 15 min, water washed 26 A 31a 378 36 A
APC C30 = 1% CPC applied, contact 30 min, water washed 35B 38B 38B 39aA

2 Remaining bacterial populations (log;, CFU/cm?) of E. coli O157:H7 from prerigor beef lean tissue treated with 1% CPC (15 s, 862
kPa, 35 * 2°C), left undisturbed or sprayed with water after 5, 10, 15, or 30 min (15 s, 125 psi, 35 * 2°C), and after long-term,
vacuum-packaged, 4°C storage. Different letters denote significant differences between treatments within columns for a given organism
(P = 0.05). ND, not detected; cell counts were below the detectable level (0 log;q CFU/cm?).

and virtually undetectable by day 35. By day 35 of the
experiment, remaining APCs were not statistically different
for any of the different contact times and ranged from 3.6
to 3.9 log;, CFU/cm?.

Residual CPC determination indicated the C5-, C10-,
C15-, and C30-treated and water-washed lean surfaces ex-
hibited average residue levels of 0.139, 0.183, 0.125, and
0.152 mg/cm?, respectively, after 50 days of refrigerated,
vacuum-packaged storage. The treated but unwashed con-
trol (C) had a residue level of 0.204 mg/cm?.

Because the surfaces of beef carcasses can be incor-
porated into ground beef during the fabrication process, we
conducted an additional experiment to determine if residual
CPC could be diluted by processing the adipose and lean
treated beef tissues with nontreated tissues in a ground
product. The results from this experiment demonstrated that
residual CPC levels from C5-, C10-, C15-, and C30-treated,
diluted 1/10 with untreated lean and adipose surfaces and
subsequently ground product were 103.2, 80.9, 95.7, and

TABLE 5. Meat experiment 4¢

84.0 mg/kg, respectively. The ground beef from the treated
but unwashed control (C) had a residue level of 157.9 mg/
kg.

Meat experiment 4. To determine if residual CPC ac-
tivity could suppress bacterial populations in ground beef,
CPC-treated ground beef samples with residual concentra-
tions of 0, 47, 111, and 136 ppm were inoculated with 3
to 4 log;o CFU/g of E. coli O157:H7 and Salmonella Ty-
phimurium, and bacterial populations were monitored at
days O and 11 under vacuum-packaged, refrigerated stor-
age. The results indicated that residual CPC, even up to
136 ppm did not affect any reductions in either pathogen
in ground beef (Table 5). '

Plate overlay assays. In initial studies, 1% CPC ef-
fectively inhibited E. coli O157:H7 and Salmonella Typhi-
murium in plate overlay assays. While CPC did inhibit
pathogens on adipose surfaces (meat experiment 2), the re-
ductions were not as great as was observed on lean surfaces

Concentration of residual

Organism CPC (ppm/g) Day 0 Day 4 Day 11
E. coli O157T:H7 0 43 43 42
E. coli O157:H7 47 39 42 44
E. coli O157:H7 111 47 49 39
E. coli O157:H7 136 4.0 4.1 44
Salmonella Typhimurium 0 39 39 3.6
Salmonella Typhimurium 47 3.7 37 34
Salmonella Typhimurium 111 39 4.0 39
Salmonella Typhimurium 136 4.3 37 3.6

@ Bacterial populations (log;; CFU/g) of E. coli O157:H7 in ground beef containing varying levels of residual CPC after vacuum-

packaged, 4°C storage.
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(meat experiment 1). To determine whether fatty acids in-
terfered with CPC activity, two experiments were conduct-
ed. Different concentrations of Tween 20 (0, 2, 1, 0.5, 0.05,
0.025, 0.013, 0.006, 0.003%) added to 1% CPC did not
affect antimicrobial activity of CPC in plate overlay assays.
Additionally, the presence of meat components obtained
from purge or taken from carcass swabbings of lean or
adipose tissues did not appear to affect CPC activity be-
cause zones of inhibition were detected equally in all cases.

DISCUSSION

For the last 50 years, CPC has been used in oral hy-
giene products ranging from mouthwashes to throat loz-
enges. Recent studies have clearly demonstrated that CPC
is an effective poultry decontaminant (3, 13, 22, 24). To
determine the effectiveness of CPC against pathogens as-
sociated with beef surfaces, a series of experiments was
devised and presented. We have demonstrated that spray
treatments with 1% CPC reduce populations of mesophilic
APC, E. coli O157:H7, and Salmonella Typhimurium from
lean and adipose beef surfaces immediately after spray
treatments and after extended, refrigerated, vacuum-pack-
aged storage. Previous studies have determined that spray
treatments with organic acids or trisodium phosphate also
are effective for the immediate and longterm reduction of
E. coli O157:H7 and Salmonella Typhimurium on beef sur-
faces (6, 7). In these studies, populations of APC grew over
the course of refrigerated storage such that populations
were no different from controls. In the present study, spray
treatments with 1% CPC reduced APC substantially on
both lean and adipose surfaces, as compared to tissues left
untreated or water-treated. More importantly, APC and
pathogen populations remained suppressed following CPC
treatments and 35 days of refrigerated, vacuum-packaged
storage. Additional experiments indicated that CPC does
not appear to be inactivated by beef lean or adipose com-
ponents. Based on this limited information, we can offer
no explanation as to why immediate reductions and long-
term suppression of APC and pathogen populations were
not as great on beef adipose surfaces as compared to lean
beef surfaces. However, previous studies have demonstrated
that other antimicrobial compounds behave differently on
adipose versus lean surfaces (5).

In this study, a single, 15-s spray at 862 kPa delivered
approximately 2 liters of 1% CPC to the beef surfaces.
While there are different technologies available to apply
antimicrobials to carcasses, most large plants utilize a two-
step spray-washing system. After evisceration, carcasses
undergo a high-pressure water wash (2,069 to 2,758 kPa)
applied for 15 to 45 s, followed by a low-pressure (138 to
345 kPa) antimicrobial rinse or wash for 15 to 30 s. De-
pending upon droplet size, the 15-s, secondary antimicro-
bial rinse could deliver approximately 0.9 to 1 liter/carcass
(9). Based on this information, the authors calculated that
CPC applied in a secondary antimicrobial rinse would cost
approximately $0.17/carcass or <$0.01 per pound of pro-
cessed beef.

Contact times up to 15 min followed by a secondary
water wash immediately suppressed APC and pathogen
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populations as well as reduced overall CPC concentration
on treated surfaces. Subsequent grinding of CPC-treated
surfaces with nontreated beef tissues also resulted in a di-
lution of CPC concentration in the final product. However,
residual CPC in ground beef was found not to be effective
for inhibiting pathogens after contamination. It appears that
the direct application of 1% CPC for up to 15 min followed
by a water wash is effective for reducing APC, E. coli
O157:H7, and Salmonella Typhimurium on beef surfaces,
as well as in ground beef.

The CPC residue levels for equal areas of lean and
adipose surfaces were very similar in this study. Long-term
refrigerated and vacuum-packaged storage of the samples
did not produce a significant difference in the residue lev-
els. As indicated in meat experiments 3, CPC residues also
appear to be unaffected by the time between CPC treatment
or the application of a secondary water wash. The presence
of residual CPC observed even after washing is probably
sufficient to inhibit remaining bacterial populations over the
50 days of refrigerated, vacuum-packaged storage.

Although no regulatory action exists in regard to CPC
in foods, the average levels determined in ground beef after
washing (91.0 mg/kg) seem to be in excess of what is ac-
ceptable or safe. For example, according to established cri-
teria, the allowed daily intakes of food additives would be
1% of the amount found not to produce deleterious effects
when the additive is chronically administered (/). For CPC
it has been reported that 6.25 mg/kg body weight per day
did not produce any adverse effects in rats when orally
administered for up to 90 days (10). Thus, according to this
criterion for an average adult (70 kg body weight), the al-
lowed daily intake would be 4.4 mg per day for an adult,
and for a 4- to 5-year-old child (20 kg) it would be 1.25
mg per day. In contrast, a 114-g hamburger containing the
CPC residues found in this study would yield about 10 mg
of CPC, clearly surpassing the allowed daily intake.

Further research on the application of CPC to inhibit
foodborne pathogens might address better delivery systems
of CPC or technologies to reduce the levels of residual CPC
in beef products without affecting antimicrobial activity.
Despite the limitations presented in this study, CPC has the
potential to be used as a carcass decontamination agent to
improve the microbiological safety of beef products.
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