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ABSTRACT

1,3-Dibromo-5,5-dimethylhydantoin (DBDMH; 25°C) and hot water (85°C) spray treatments were evaluated for efficacy
in decontamination of pathogenic bacteria attached to beef carcass surfaces represented by cutaneous trunci (CT) muscle
sections and beef hearts. Treatments were evaluated using two different systems, a commercial carcass wash cabinet and a
model carcass washer. The effects were measured immediately after treatment and again after 48 h of storage at 4°C. Sections
of CT and beef hearts were inoculated with bovine fecal solution containing approximately 6 log CFU/cm? of Escherichia
coli O157:H7 and Salmonella. After DBDMH or hot water spray treatments, bacterial populations were enumerated immedi-
ately and after storage for 48 h at 4°C. DBDMH treatments reduced aerobic plate counts, Enterobacteriaceae, E. coli O157:
H7, and Salmonella by the same or slightly lower amounts relative to hot water treatment. DBDMH reduced aerobic plate
counts and Enterobacteriaceae by 2.8 to 3.6 log CFU/cm?, E. coli O157:H7 by 1.6 to 2.1 log CFU/cm?2, and Salmonella by
0.7 to 2.3 log CFU/cm? on CT sections and beef hearts. Hot water treatment reduced aerobic plate counts and Enterobacte-
riaceae by 3.0 to 4.1 log CFU/cm?, E. coli O157:H7 by 1.8 to 2.3 log CFU/cm?, and Salmonella by 2.5 to 2.8 log CFU/cm?.
After 48 h of storage, the reductions of organisms by DBDMH and hot water treatments were not different. This study
demonstrated that DBDMH spray washing could be effective as an antimicrobial intervention for beef carcasses and variety
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meats.

Antimicrobial interventions are a crucial step for food
industries to ensure that their products are safe before
reaching consumers. Hot water treatment has been found to
be effective against pathogens as well as spoilage bacteria
(2,7,8,9, 11, 16, 21), whereas the use of chlorinated water
has shown little or no effect (6, 12, 24). The disadvantage
of hot water treatment is the high-water-volume use and
high cost of maintaining such a high temperature. 1,3-Di-
bromo-5,5-dimethylhydantoin (DBDMH; CsHgBr,N,0,),
or Bromitize, and other organohalamine derivatives have
been widely used as disinfectants for water treatment and
for treating industrial or commercial water-cooling systems
(20, 22, 23). These halogenated hydantoin derivatives have
shown considerable efficacy against several species of mi-
croorganisms (13, 15, 26). In aqueous solution, DBDMH
hydrolyzes to hypobromous acid, an active antimicrobial
agent, and dimethylhydantoin (22). In the poultry industry,
DBDMH at a level of 100 ppm has been approved for use
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as an antimicrobial in chiller water during processing (25).
Although the use of DBDMH to decontaminate beef car-
casses or variety meats has been recently approved, the use
of bromine compounds for decontamination of red meat is
very limited. The objective of this study was to evaluate
the efficacy of DBDMH as an antimicrobial intervention in
reducing aerobic bacteria, Enterobacteriaceae, Escherichia
coli O157:H7, and Salmonella on inoculated fresh meat sur-
faces.

MATERIALS AND METHODS

Bacterial cultures. E. coli O157:H7 ATCC 43888 and
ATCC 43895 were obtained from the American Type Culture Col-
lection (Manassas, VA). E. coli O157:H7 FSIS EL50179, E. coli
O157:H7 CO50, E. coli O157:H7 SSNE1040, Salmonella New-
port 13324 POH2, Salmonella Newport 644AB2, Salmonella Ty-
phimurium 11241 PRBI1, and Salmonella Typhimurium 14218
PRH2 were obtained from the U.S. Meat Animal Research Center
(USMARGC; Clay Center, NE) culture collection. All strains were
maintained in 25% glycerol at —70°C and were propagated indi-
vidually in tryptic soy broth without dextrose, supplemented with
0.6% yeast extract (TSBY; Difco, Becton Dickinson, Sparks, MD)
at 37°C for 18 h.

Feces screening and preparation of fecal solution. Fresh
bovine fecal samples (10 g) were obtained from cattle at the US-
MARC feedlot and then screened for the prevalence of E. coli
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O157:H7 and Salmonella by methods described previously (7,
14). Only fecal samples that did not have both pathogens were
combined and frozen at —20°C. The fecal solutions used for in-
oculation were prepared by thawing the screened feces in a re-
frigerator overnight. Two grams of feces was placed in a filtered
stomacher bag (Whirl-Pak, Nasco, Ft. Atkinson, WI), mixed with
98 ml of phosphate buffered tryptic soy broth (Difco, Becton
Dickinson), and hand massaged thoroughly.

Preparation of inoculums. All bacterial strains were grown
in TSBY for 18 h at 37°C. For experiments utilizing the carcass
wash cabinet, strain 43888 was used as it does not produce Shiga
toxins (5), and the wash cabinet did not have containment facili-
ties to prevent environmental release of pathogens. This E. coli
culture was diluted 10-fold with fecal solution to achieve a final
concentration of approximately 5 X 108 CFU/ml. For the exper-
iments conducted in the model carcass washer installed in a bio-
logical containment hood, pathogenic bacteria were used. A four-
strain mixture of pathogenic E. coli O157:H7 and a four-strain
mixture of Salmonella were prepared separately by combining 1
ml of each strain into two 10-ml conical tubes. A cocktail mixture
containing a combination of four strains of E. coli O157:H7 and
four strains of Salmonella was then prepared by combining the E.
coli O157:H7 and Salmonella mixtures in a 2:1 ratio. This ratio
was empirically predetermined to ensure that nearly equal
amounts of both pathogens were in the mixture. The cocktail was
then diluted 10-fold with fecal solution to the concentration of
approximately 5 X 108 CFU/ml. All inoculums were maintained
on ice until used for inoculation onto fresh meats.

Fresh meat tissue preparation and inoculation. Fresh cu-
taneous trunci (CT) muscle and beef hearts from pre-rigor car-
casses were obtained during online processing from a commercial
processing plant, packed in insulated containers, and transported
to the USMARC laboratory. Approximately 30 to 120 min elapsed
between collection and use in the laboratory. Two replications
were conducted, and each replication was composed of 24 CT
sections and 48 beef hearts. For each CT section, 4 squares of
100 cm? were marked with edible ink and a template (10 by 10
cm). Each 100-cm? square was then divided into 4 25-cm? squares
for a total of 16 25-cm? areas for each treatment. The hearts were
cut lengthwise in half, and 2 100-cm? outlines on the outside
surface of each half were marked and divided into 4 25-cm? areas
for each heart. Therefore, two hearts were used to provide 16 25-
cm? areas for each intervention treatment. A set of 12 CT sections
and 24 beef hearts was inoculated with E. coli O157:H7 43888,
and another set was inoculated with the pathogenic cocktail mix-
ture. Two milliliters of each inoculum was applied over the
marked areas (4 100-cm? areas) with either a disposable cell
spreader or the back of a sterile plastic spoon. The inoculated CT
sections and beef hearts were allowed to stand at room tempera-
ture for 15 min to allow bacterial attachment before applying any
treatment.

Spray washing cabinets and washing procedures. Two
spray wash cabinets were used to apply hot water or DBDMH in
this study. A carcass wash cabinet was used for the E. coli O157:
H7 43888 inoculation. The cabinet was a top half of a standard
commercial beef carcass wash cabinet (Chad Co., Olathe, KS).
Four nozzles (SS2510, Spraying Systems Co., Wheaton, IL) were
positioned to spray from a 30° angle onto the tissue sample and
were oscillated at 80 cycles per min, giving an up-and-down
sweeping motion of the flat spray over the tissue sample. For the
pathogenic-bacteria inoculation, a model carcass washer installed
in a biological containment hood was used to apply treatments.

J. Food Prot., Vol. 72, No. 1

Three spray nozzles (SS2510; Spraying Systems) were oscillated
at 60 cycles per minute. For both cabinets, all of the CT sections
were spray washed either with hot water (85°C at nozzles) at 20
1b/in?, with a flow rate of 6.8 liters (1.8 gal) per min or DBDMH
(25 * 2°C) for 12 s at 35 1b/in?, while all of the beef hearts were
spray washed for 28 s. The 12- and 28-s exposure times were
based on carcass chain speed (300 head per hour) and the variety
meat chain speed of a typical processing plant, respectively. The
spraying pressure was based on the pressure for hot water and
organic acid currently used in beef cattle processing plants. The
pressure for hot water was 20 Ib/in? in order to maintain the water
temperature at 85°C. A higher pressure causes smaller droplets,
which exchange temperature rapidly with the environment. The
concentration of DBDMH (75, 175, or 270 ppm; Solution Bio-
Sciences, Inc., Chatham, NJ) was determined with a bromine
pocket colorimeter II test kit (Hach, Loveland, CO). With the car-
cass wash cabinet, each DBDMH concentration was applied
through a vertical spray line via two fixed nozzles (SS9530,
Spraying Systems) that delivered 9.8 liters (2.6 gal) per min at 35
Ib/in2. With the model carcass washer, beef hearts and CT sections
inoculated with a cocktail mixture of pathogens were sprayed with
DBDMH at 35 Ib/in?, with a flow rate of 7.6 liters (2.0 gal) per
min. The pH values for DBDMH were 6.84, 6.76, and 6.71 for
75, 175, and 270 ppm, respectively. For all treatments, the excess
liquid was allowed to drip off for 30 s before sampling for mi-
crobiological analyses.

Microbiological and statistical analyses. Samples from
both tissues were collected before (controls) and after applying
treatments. To avoid sampling bias, the four 25-cm? sections in
each inoculation area were rotated clockwise during each collec-
tion. Before treatment, one of the four 25-cm? sections was asep-
tically excised and placed into a sterile filtered Whirl-Pak bag.
After treatments, two additional 25-cm? sections were excised.
One section was used for microbiological analyses on the same
day. The other section was stored at 4°C for 48 h to determine
the residual effect of the treatments. The time between spray treat-
ment and microbiological analyses was approximately 15 min. A
50-ml aliquot of Dey-Engley neutralizing broth (Difco, Becton
Dickinson) supplemented with 0.3% Soytone (Difco, Becton
Dickinson) and 0.25% sodium chloride (Sigma, St. Louis, MO)
was aseptically added into each tissue sample bag. Each bag was
homogenized (540 rpm) for 1 min with a stomacher (InterScience,
Markham, Ontario, Canada). An aliquot of 0.1 ml of each ho-
mogenate from the control bags was used to determine aerobic
plate counts (APC) and Enterobacteriaceae counts (EBC) by us-
ing a Bactometer (bioMérieux, Hazelwood, MO), as described
previously (3). Each homogenate from treated tissue samples was
10-fold serially diluted and appropriate dilutions were plated on
Petrifilm Aerobic and Enterobacteriaceae Count Plates (3M
Health Care, St. Paul, MN). The plates were incubated as rec-
ommended by the manufacture and counted with a Petrifilm plate
reader (3M Health Care). The homogenates from both control and
treated tissue samples also were enumerated on selective media
for E. coli O157:H7 and Salmonella, as previously described (3)
by using a spiral plater (Spiral Biotech, Inc., Norwood, MA) with
the limit of detection 60 CFU/cm?2. The bags from treated tissue
samples were enriched by incubating at 25°C for 2 h, 42°C for 6
h, and stored at 4°C overnight in order to test for the recovery of
viable but injured microorganisms. Tissue samples that showed
no count on selective media were subjected to immunomagnetic
separation. One milliliter from the enrichments was subjected to
immunomagnetic separation for E. coli O157:H7 and Salmonella
as described previously (7, 14). Three presumptive colonies of E.
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TABLE 1. Effectiveness of DBDMH on APC, EBC, and E. coli O157:H7 43888 compared with hot water treatment of inoculated beef
tissues using a commercial carcass wash cabinet

Bacterial population, log CFU/cm? (log reduction/cm?)

Tissue Treatment® APC EBC E. coli O157:H7
Cutaneous trunci” Control 8.6 A 8.6 A 6.1 A
Hot water 5.0 B (3.5 D)¢ 47 B (3.9 D) 43 B (1.8 D)
Control 8.8 A 8.2 A 6.2 A
DBDMHY, 75 ppm 5.7B (3.0 E) 5.5B (2.8 E) 4.5 B (1.6 D)
Control 8.7 A 8.2 A 6.3 A
DBDMH, 175 ppm 5.8 B (2.9 E) 55B (2.8 E) 4.7 B (1.6 D)
Control 9.0 A 8.6 A 6.4 A
DBDMH, 270 ppm 5.7 B (3.3 DE) 55B (3.1 E) 4.6 B (1.8 D)
Heart Control 8.0 G 7.7 G 58 G
Hot water 39H 4.1X) 3.6 H (4.1 X) 3.6 H (2.2 X)
Control 8.0 7.6 G 6.0 G
DBDMH, 75 ppm 45H(BSY) 43H (33Y) 42 H (1.7 Y)
Control 8.0G 7.4 G 58 G
DBDMH, 175 ppm 4.5 H (3.6 XY) 42 H (3.2Y) 42 H (1.7 Y)
Control 79 G 7.6 G 6.1 G
DBDMH, 270 ppm 4.3 H (3.6 XY) 42 H (B34Y) 4.1HQ2.1X)

@ Hot water (85°C) was sprayed at 20 Ib/in? for 12 s for CT sections and 28 s for beef heart. Al DBDMH treatments (25 = 2°C) were
sprayed at 35 Ib/in? for 12 s for CT sections and 28 s for beef hearts.

b Representing carcass surface tissue.

¢A and B, and G and H (log CFU per square centimeter) denote means in the same column within the treatment group (control versus
treatment), and tissue types bearing the common letter do not differ significantly at P = 0.05. D and E, and X and Y (log reduction
per square centimeter) denote means in the same column within the column, and tissue types across treatments bearing the common

letter do not differ significantly at P = 0.05.
4 DBDMH, 1,3-dibromo-5,5-dimethylhydantoin.

coli O157:H7 and Salmonella were confirmed by PCR (10, 17).
Colony counts were transformed to values expressed in log CFU
per centimeter squared from two experimental replications.

One-way statistical analysis of variance was performed using
the General Linear Model procedure of SAS (SAS Institute, Inc.,
Cary, NC). Least-squares means were calculated, and pairwise
comparisons of means were determined using Tukey-Kramer test
method, with the probability level at P = 0.05.

RESULTS AND DISCUSSION

Spray treatments with a carcass wash cabinet. In
this study, DBDMH was compared with hot water for its
efficacy in reduction of inoculated CT sections and beef
hearts. To demonstrate the effectiveness of these treatments
on the target bacteria, high levels of organisms were in-
oculated on both tissues. The efficacy of hot water and
DBDMH on APC, EBC, and E. coli O157:H7 43888 counts
is presented in Table 1. Both hot water and DBDMH re-
duced (P < 0.05) all target bacteria on inoculated surfaces
of CT sections and beef hearts. Hot water reduced APC
and EBC on the CT sections by 3.5 and 3.9 log CFU/cm?,
respectively. Hot water treatment produced a 1.8-log re-
duction of E. coli O157:H7 43888—inoculated CT sections.
Bosilevac et al. reported that hot water caused 2.7-log re-
ductions of both APC and EBC (2). Hot water treatment
also caused approximately 2.0-log reductions on E. coli
O157:H7-inoculated bovine heads (/7). Treatment with
DBDMH at 270 ppm resulted in the same APC reduction
as did treatment with hot water. Slightly lower (P < 0.05)
reductions in APC were obtained with 75 and 175 ppm

DBDMH than with 270 ppm DBDMH. All levels of
DBDMH had slightly lower (P < 0.05) reductions in EBC
compared with hot water. DBDMH treatments on CT pro-
duced significant reductions in E. coli O157:H7 43888,
which ranged between a 1.6- and a 1.8-log reduction com-
pared with controls, which did not differ (P > 0.05) from
reductions due to hot water treatment.

Increasing the concentration of DBDMH from 75 to
270 ppm did not increase the inactivation effect on APC,
EBC, or E. coli O157:H7 ATCC 43888. This may be due
to organic materials that could react with hypobromous
acid. Hypobromous acid is a strong oxidant and is highly
reactive with heme groups, amines, and amino acids (4).
The nitrogen—bromine bond is relatively unstable (27) and
can react further with other biological molecules (4). The
pH values of DBDMH solution at 75, 175, and 270 ppm
were 0.84, 6.76 and 6.71, respectively. The pH values of
the solution dropped slightly as the concentration of
DBDMH increased. The hydrolysis of DBDMH to hypo-
bromous acid in water was critically dependent on its pH
value (22). Because hypobromous acid is a very weak acid,
the hydrolysis of DBDMH results in the slightly decreased
pH (22). This suggests that a similar amount of hypobrom-
ous acid probably was generated, even though a higher con-
centration of DBDMH was used.

Hot water significantly reduced APC and EBC on beef
hearts by 4.1 log CFU/cm?, and reduced E. coli O157:H7
43888 by 2.2 log CFU/cm? compared with controls (Table
1). DBDMH caused reductions on hearts ranging between
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TABLE 2. Effectiveness of DBDMH on APC, EBC, E. coli O157:H7, and Salmonella compared with hot water treatment of inoculated

beef tissues, using a model carcass washer

J. Food Prot., Vol. 72, No. 1

Bacterial population, log CFU/cm? (log reduction/cm?)

Tissue Treatment® APC EBC E. coli O157 Salmonella

Cutaneous trunci”  Control 8.4 A 7.6 A 6.3 A 6.6 A
Hot water 5.4 B (3.0 D)¢ 43 B (3.3 D) 39B (2.3 D) 4.1 B (2.5 D)
Control 8.5 A 7.7 A 6.3 A 6.6 A
DBDMH,? 75 ppm 6.3 B (2.2 E) 5.9 B (1.8 E) 5.2 B (1.1 B) 5.9 B (0.7 B)
Control 8.4 A 7.5 A 6.2 A 6.8 A
DBDMH, 175 ppm 6.2B (2.2 E) 5.8 B (1.8 E) 5.0B (1.2 E) 5.7 B (1.1 EF)
Control 85 A 7.8 A 6.3 A 6.8 A
DBDMH, 270 ppm 6.0 B (2.5 E) 5.7B (2.1 E) 48 B (1.5F) 55B (1.3 F)

Heart Control 79 G 6.7 G 5.6 G 58 G
Hot water 4.1 H (3.8 x) 33 H(3.4X) 32H24X) 3.0H (2.8 X)
Control 78 G 6.6 G 5.6 G 58 G
DBDMH, 75 ppm 46 H (3.2Y) 42 H (24 2) 39H (1.7 v) 3.8 H(2.072)
Control 7.7 G 6.7 G 5.6 G 58 G
DBDMH, 175 ppm 45H3B2Y) 4.1H 2.6 Y2) 3.8H(1.8Y) 3.6 H (2.2 YZ)
Control 7.7 G 6.8 G 5.6 G 59 G
DBDMH, 270 ppm 46 H(B.0Y) 41HQ2.7Y) 37H (19 v) 3.6 H(23Y)

@ Hot water (85°C) was sprayed at 20 Ib/in? for 12 s for CT sections and 28 s for beef heart. Al DBDMH treatments (25 = 2°C) were
sprayed at 35 Ib/in? for 12 s for CT sections and 28 s for beef hearts.

b Representing carcass surface tissue.

¢A and B, and G and H (log CFU per square centimeter) denote means in the same column within the treatment group (control versus
treatment), and tissue types bearing the common letter do not differ significantly at P = 0.05. D, E, and F and X, Y, and z (log reduction
per square centimeter) denote means in the same column within the column, and tissue types across treatments bearing the common

letter do not differ significantly at P = 0.05.
4 DBDMH, 1,3-dibromo-5,5-dimethylhydantoin.

3.2 and 3.6 log cycles for APC and EBC, respectively, and
reductions between 1.7 and 2.1 log cycles for E. coli O157:
H7 43888. The larger reductions for APC, EBC, and E.
coli O157:H7 43888 by DBDMH on beef hearts can be
attributed to a longer exposure time than was used for CT
(28 versus 12 s). DBDMH at 175 and 270 ppm provided a
similar (P > 0.05) reduction in APC on hearts as did hot
water. Hot water treatment reduced EBC on hearts more (P
< 0.05) than did any level of DBDMH. Hot water and 270
ppm DBDMH reduced E. coli O157:H7 43888 on hearts
more than did 75 and 175 ppm DBDMH. The slight ad-
vantage of using hot water is probably due to killing bac-
teria by denaturing of enzymes and damaging functional
and structural components (/8). Organic and other acids
need to enter the bacterial cells through the membrane be-
fore killing bacterial cells (79).

Spray treatments with a model carcass washer. In
this study, a cocktail of pathogenic bacteria, E. coli O157:
H7 and Salmonella, was inoculated onto surfaces of CT
sections and beef hearts. Spray treatments with hot water
or DBDMH significantly reduced all target organisms on
inoculated CT sections and beef hearts compared with un-
treated controls (Table 2). Hot water treatment of CT sec-
tions reduced APC, EBC, E. coli O157:H7, and Salmonella
by 3.0, 3.3, 2.3, and 2.5 log, respectively. Log reductions
on CT sections treated with DBDMH ranged from 1.8 to
2.5 for APC and EBC, and from 0.7 to 1.5 for Salmonella
and E. coli O157:H7, respectively. Compared with hot wa-
ter treatment, DBDMH treatments, regardless of level, re-

sulted in smaller (P < 0.05) reductions in all target organ-
isms on surfaces of CT sections. Concentration of DBDMH
did not alter (P > 0.05) its effectiveness against APC or
EBC on CT. However, treatment with 270 ppm DBDMH
reduced E. coli O157:H7 and Salmonella on CT more than
did treatment with 75 ppm.

For beef hearts, APC, EBC, E. coli O157:H7, and Sal-
monella treated with hot water or DBDMH were signifi-
cantly lower than untreated controls were (Table 2). Hot
water treatment resulted in the reduction of all target or-
ganisms slightly more (P < 0.05) than did any level of
DBDMH. Level of DBDMH did not affect (P > 0.05) the
reduction of APC or E. coli O157:H7 on hearts. However,
270 ppm DBDMH reduced EBC and Salmonella on hearts
more than did 75 ppm DBDMH. In both studies, hot water
reduced more target bacteria than DBDMH did.

Effect of treatments after storage at 4°C. The third
25-cm? section of each inoculation was held at 4°C for 48
h to examine the residual activity of the treatments (Table
3). The differences in populations of APC, EBC, and E.
coli O157:H7 43888 inoculations after DBDMH treatments
of CT sections and beef hearts, which was followed by 48
h storage at 4°C, showed no further reduction (P > 0.05)
compared with hot water treatment. For the CT sections
inoculated with a mixture of pathogenic bacteria, DBDMH
treatments caused a slightly greater decrease (P < 0.05) in
APC (all levels) and Salmonella (175 ppm) after storage
for 48 h at 4°C than did hot water treatment. For hearts
inoculated with pathogenic bacteria, DBDMH treatment
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TABLE 3. Reduction of microbiological populations on inoculated beef tissue storage for 48 h at 4°C*

Difference in population (log CFU/cm?2)?

Pathogenic inoculation

Nonpathogenic inoculation

Treatment¢ APC EBC E. coli O157:H7 43888 APC EBC E. coli O157:H7 Salmonella

Tissue

0.18 £ 0.69 A
043 £ 041 aB
0.53 £ 046 B
0.47 = 0.49 aB

—0.09 = 0.69 A

0.16 £ 0.71 A
024 =049 A

0.23 = 047 A

022 £ 0.61 A

—0.57 = 0.72 A

0.03 £ 0.75 A

0.11 £0.75 A
0.20 = 0.46 A

027 = 0.54 A

0.14 = 0.76 a°
0.15 £ 044 A
0.18 = 0.45 A
0.19 = 0.58 A

0.07 £ 1.24 A

Hot water

Cutaneous tunci?

0.32 £ 0.51 A

0.18 = 0.31 B

0.04 = 0.54 A

DBDMH;/ 75 ppm

0.24 = 0.38 B 0.28 = 0.55 A

0.10 = 045 A
—0.03 = 044 A

DBDMH, 175 ppm

0.03 = 0.68 A
—0.29 = 0.65 A

0.31 £ 0.63 A
0.39 £ 0.83 A
0.72 £ 0.64 A

0.56 = 0.53 A

025 = 044 B
—0.17 = 0.52 A

0.19 = 0.69 A
021 = 1.04 A
0.35 £ 098 A

046 *= 0.78 A

DBDMH, 270 ppm

0.24 = 0.78 A

Hot water

Heart

0.56 £ 0.72 B

0.63 = 0.58 B

0.52 = 0.65 B

0.37 £ 0.76 A
0.54 = 0.78 A

042 = 1.19 A

DBDMH, 75 ppm

0.49 = 0.62 AB
0.29 = 0.62 AB

0.58 = 0.70 B
0.46 = 0.66 B

0.28 = 0.48 B

0.40 = 0.83 A
—0.06 = 0.69 A

DBDMH, 175 ppm

0.57 £ 0.62 A

044 = 032 B

0.28 = 0.72 A

0.38 £ 0.72 A

DBDMH, 270 ppm

@ Greater values indicate larger reductions in bacterial populations.

b The difference in population was calculated by subtracting the viable population after 48 h storage from 0 h.

¢ Hot water (85°C) was sprayed at 20 Ib/in? for 12 s for CT sections and 28 s for beef heart. All DBDMH treatments (25 + 2°C) were sprayed at 35 1b/in? for 12 s for CT sections and 28 s

for beef hearts.
4 Representing carcass surface tissue.

¢ A and B denote means in the same column within the treatment group, and tissue types bearing the common letter do not differ significantly at P = 0.05.

/DBDMH, 1,3-dibromo-5,5-dimethylhydantoin.
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caused a slightly greater decrease (P < 0.05) in APC and
E. coli O157:H7 (all levels) and Salmonella (75 ppm only)
after 48 h storage at 4°C than did hot water. This is prob-
ably due to injured bacterial cells that could not be enu-
merated on selective media. Hypobromous acid has been
shown to react with double bonds of unsaturated fatty acids
of bacterial membranes, forming bromohydrins, which con-
tribute to disruption of cell membranes (4). Thirty-six per-
cent of hot water—treated and 43% of DBDMH-treated sam-
ples could not be enumerated for the pathogens (data not
shown). These samples were enriched, immunomagnetic
separated, and confirmed by PCR. Both pathogens were
recovered from all of these samples. This indicated that hot
water and DBDMH treatments reduced the number of un-
injured or viable cells to a level below the limit of detection
of our enumeration assay.

Although hot water treatment has been found to be
effective for carcass decontamination, the disadvantage of
this treatment is the high-water-volume use and high cost
of maintaining such a high temperature. DBDMH requires
no additional energy resources for treatment, and waste-
water from the wash cabinet can be recirculated. This study
demonstrated that spray treatments with the bromine com-
pound DBDMH at 25°C could improve the microbiological
safety of beef carcasses and variety meats by killing and
inflicting injury to pathogenic bacteria.
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