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ABSTRACT

Beef muscle and fat tissue were inoculated with either Lis-
teria monocytogenes, Salmonella typhimurium, Staphylococcus
aureus, or Serratia marcescens and washed with various com-
pounds. There were no significant (P>0.05) differences in detach-
ment and/or destruction of bacteria from lean tissue with phos-
phate buffer, ethanol, and NaCl, with all of the reductions being
<1 log cycle. NaOH and KOH were effective in removing bacte-
ria from both fat and lean tissue, reducing the populations of S.
typhimurium and S. marcescens on the tissue by as much as 4 log
cycles. For all of the bacteria tested, there were significantly more
(P<0.05) bacteria removed or destroyed from fat tissue than from
lean tissue. There was no significant difference (P>0.05) between
NaOH and KOH. Concentration (1%, 5%, and 10%) of the wash
solution had a significant (P<0.05) effect on all four of the bac-
teria. D values were determined for the bacteria in the three
concentrations of NaOH. The values ranged from a high of 41 sec
for S. aureus in 1% to <1.2 sec for L. monocytogenes in 10%
NaOH.

Animal carcasses are known to be contaminated with a
variety of pathogenic bacteria, including Salmonella (9),
Campylobacter (5), Escherichia coli (10), and Listeria (7).
A variety of methods or treatments have been proposed to
control these pathogens. Proper slaughtering and dressing
procedures, combined with good sanitation, are effective in
preventing initial contamination of the carcass (4,6). Other
researchers have investigated the use of washes or sprays to
remove or destroy surface contamination on the animal
carcasses (2). Most of this research has focused on the use
of high pressure water rinsing or the use of chemical sani-
tizers.

High pressure washing with only water (no sanitizer)
has been found to reduce the total aerobic and Enterobacteri-
aceae counts on beef by approximately 1 (3) and 1.5 log
cycles (8), respectively. Some of the sanitizing compounds
which have been evaluated include chlorine and organic

'Mention of trade names, proprietary products or specific equipment does
not constitute a guarantee or warranty of the product by the USDA and
does not imply its approval to the exclusion of other products that may
also be suitable.

acids, such as acetic and lactic. Stevenson et al. (21) re-
ported that carcasses washed with 200 mg/L. sodium hy-
pochlorite spray had lowered total aerobic counts from the
controls, but that these differences were not significant.
Several researchers have demonstrated the bactericidal ef-
fects of organic acids on the microflora of meat (17,19,23),
although the reductions in total aerobic counts have gener-
ally not been significant (1,75). The use of alkaline solu-
tions has been explored by Humphrey et al. (/3), who
reported that poultry scald water adjusted to pH 9 with
NaOH significantly reduced the total aerobic counts on
poultry carcasses.

Most of the previous research has focused on intact
carcasses. The differences, if any, between beef fat and lean
tissue have not been adequately addressed. In addition, other
compounds have not been evaluated for their effectiveness
in meat systems. The objective of this study was to deter-
mine the effect of ethanol, NaCl, NaOH and KOH on
bacteria on fat or lean tissue surfaces.

MATERIALS AND METHODS

Bacterial cultures

Cultures of Salmonella typhimurium (ATCC 14028), Serra-
tia marcescens (ATCC 8100), Staphylococcus aureus (ATCC
25923), and Listeria monocytogenes (strain Scott A; Bacterial
Physiology Branch, Division of Microbiology, FDA, Cincinnati,
OH) were grown and maintained in tryptic soy broth (TSB, Difco
at 37°C). Cultures were inoculated approximately 18 h prior to
use, and incubated quiescently at 37°C with the exception of L.
monocytogenes, which was incubated at ambient temperature (ca.
23°C).

Washing experiments

Solutions of NaCl, KOH, and NaOH (1%, 5%, and 10%;
Fisher Scientific) were prepared on a wt/vol basis with distilled
water and sterilized by autoclaving. The ethanol solutions (5%,
10%, and 20%) were prepared on a vol/vol basis with distilled
water and filter sterilized through a 0.45 um nucleopore filter. All
solutions were prepared in 20-ml volumes in 25mm X 150mm
glass tubes.
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Preparation of meat tissue

Fresh lean muscle and fat tissue (boneless beef trim) were
obtained from the abattoir at the U.S. Meat Animal Research
Center. Tissues were cut into 0.5-cm thick slices and frozen in
sterile bags (Nasco, Fort Atkinson, WI) until use (maximum of 4
weeks). Immediately prior to use 1.0 X 1.0 x 0.5 cm cubes were
cut from the tissue slices with a sterile scalpel. These slices typically
contained <100 colony forming units (CFU).

The bacteria were harvested by centrifugation (3000G x 10
min. 4°C) and the pellets resuspended in 10 ml Butterfield’s
phosphate buffer (11). Two ml of the resuspended bacteria was
added to 20 ml attachment medium (/6), which consisted of 8.7g
NaCl, 1.66g Na,HPO,, 0.33g NaH,PO,, and 0.37g EDTA per liter
of distilled water to yield an approximate concentration of 107
CFU/ml. The tissue samples were transferred one at a time to the
inoculated attachment medium and allowed to stand at ambient
temperature for 10 min. After 10 min, the samples were trans-
ferred to tubes of the appropriate washing solution and vortexed
on a Vortex Genie 2 (Scientific Industries, Bohemia, NY) set at
75% of the maximum speed setting for 10 sec.

Enumeration of bacteria

The washed samples were immediately stomached for 2 min
with sterile Butterfield’s phosphate buffer in a Stomacher 400
(Tekmar Co., Cincinnati OH). The samples were serially diluted
in phosphate buffer and plated on tryptic soy agar (TSA, Difco)
using the pour plate technique (20). The plates were incubated at
37°C for 24 h, with the exception of the L. monocytogenes plates,
which were incubated at 32°C.

Determination of D values

Pure cultures of the bacteria were harvested as outlined above,
and 1-ml portions were transferred to 20 ml of the appropriate
concentration of NaOH or KOH and vortexed for 5 sec at ambient
temperature. At selected time intervals, 1 ml of the mixture was
transferred to 99 ml Butterfield’s phosphate buffer containing
sufficient 1 N HCI (ca. 1.4 ml for 10% solutions) to neutralize the
NaOH. Time intervals for transfer (in seconds) were determined
by trial and error. The neutralized solution was serially diluted
and enumerated using plate count agar (PCA, Difco) and the pour
plate technique. Death rate curves were constructed by linear
regression, plotting the average log CFU vs. time. When possible,
D values were averaged over a three log cycle reduction.

Statistical analysis

Statistical analysis was performed using SAS (18). Unless
other wise noted, significance is expressed at the 5% level. Each
experiment was performed in duplicate at a minimum, with most
being performed in triplicate.

RESULTS

Effects of NaCl, phosphate buffer, and ethanol

The results of the washing experiments with NaCl,
phosphate buffer and ethanol on lean tissue are presented in
Table 1. The average inoculum level for L. monocytogenes
and S. typhimurium was log 6.95 and 7.12 CFU/sample,
respectively. There was no significant difference between
the responses of either bacterium to the treatments, irre-
spective of treatment concentration. The average reduction
in the population of S. typhimurium was 0.69, 0.66, and
0.61 log cycles for NaCl, phospate buffer, and ethanol,
respectively. The average reduction in the population of L.

TABLE 1. Effect of NaCl, phosphate buffer, and ethanol on
bacteria attached to lean meat tissue.

Net Reduction®

Compound Concentration . Salmonella Listeria
NaCl 1% 0.85 . 0.79
5% 064 084
10% " 0.57 0.52
Ethanol 5% 0.66 0.49
10% 0.55 0.61
20% 0.61 0.52
Buffer NAP 0.66 0.61

“Logw (control mean) - logIO (treatment mean).
®Not applicable.

monocytogenes was 0.72, 0.61 and 0.54 log cycles for NaCl,
phosphate buffer, and ethanol, respectively.

Effects of NaOH and KOH

D values: The average D values for the different bac-
teria exposed to NaOH are given in Table 2. Similar results
were obtained with KOH solutions (data not shown). When
no viable cells could be recovered after 10 sec (in excess of
a 7 log cycle reduction) an estimated value was calculated
assuming a linear decline with time. The theoretical reduc-
tions in population for a 10 sec exposure are shown for
comparison with the washing treatments for lean and fat
tissue shown in Figures 1-4. For every bacterium tested, the
5% and 10% solutions produced virtually instant destruction.
L. monocytogenes and S. aureus were significantly more
resistant to the 1% concentration than either S. typhimurium
or S. marcescens.

Salmonella typhimurium: Experiments were carried out
using high (ca. 107 CFU) and low (ca. 10* CFU) inoculum
levels on both fat and lean tissue. These results are shown
in Figure 1. There was no significant difference between
the effects of KOH and NaOH for either of the tissue types.
However, there was a significant difference in the effects
between fat and lean tissue. With the high inoculum, there
was a 2 to 3 log reduction in the bacterial count on fat
tissue with the higher concentrations of washing solutions,
while the reduction on the lean tissue was in the range of
1 to 2 logs. There were significant differences between the
three concentrations at the higher inoculum level.

The results for the lower inoculum level were similar
to those of the high level. There was significant difference
between 1% and 5% concentrations, although there was no
difference between 5% and 10%. ‘Reductions in bacterial
numbers ranged from 1 to 2 log cycles with the lean tissue
to 2 to 3 log cycles with the fat tissue.

Listeria monocytogenes: The results of the L. monocy-
togenes experiments are shown in Figure 2. These experi-
ments were also carried out with both high and low inocu-
lum levels, similar to those for S. typhimurium. The results
were similar to those of the S. typhimurium experiments.
There were no significant differences between KOH and
NaOH at either inoculum level, although there was a sig-
nificant difference between fat and lean tissues. At the high
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TABLE 2. Effect of NaOH concentration on_the D values of selected bacteria.

D Value? (sec)

Concentration Listeria Salmonella Staphylococcus Serratia
of NaOH monocytogenes typhimurium aureus marcescens
1% 8.13 <1.34 41.51 <1.35
5%° <1.28° <1.34 <1.35 <1.35
Sec. required to reduce population by 1 log cycle.
®Results from 10% concentration are identical to 5%.
‘No viable cells recovered after 10 sec; value estimated assuming a linear decline with time.
Calculated Reduction® for washing treatments
Concentration Listeria Salmonella Staphylococcus Serratia
of NaOH monocytogenes typhimurium aureus marcescens
1% 1.23 >7.00 0.24 >7.00
5%¢ >7.00 >7.00 >7.00 >7.00
10% >7.00 >7.00 >7.00 >7.00
“Calculated reduction based on D value and 10 sec exposure, expressed as log,, CFU.
‘Results from 10% concentration are identical to 5%.
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Figure 1. Effect of NaOH and KOH on S. typhimurium attached
to lean and fat tissues (log CFU/2 cm?. Concentration expressed
as percent. (a) lean tissue (b) lean tissue, low inoculum (c) fat
tissue (d) fat tissue, low inoculum.
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Figure 2. Effect of NaOH and KOH on L. monocytogenes at-
tached to lean and fat tissues (log CFU/2 ¢cm?). Concentration
expressed as percent. (a) lean tissue (b) lean tissue, low inoculum
(c) fat tissue (d) fat tissue, low inoculum.
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Figure 3. Effect of NaOH and KOH on S. aureus attached to lean
and fat tissues (log CFUI2 cn?). Concentration expressed as
percent. (a) lean tissue (b) fat tissue.

inoculum level, there was a significant difference between
1%, 5% and 10% concentrations with the fat tissue. There
was no significant difference between the concentrations
with lean tissue. The reductions in bacterial counts followed
the same pattern as S. typhimurium, although the reductions
were not as large. Typically, there was less than a 1 log
reduction on the lean tissue and approximately a 2 log
reduction on the fat tissue with the high inoculum.
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Figure 4. Effect of NaOH and KOH on S. marcescens attached to
lean and fat tissues (log CFU/2 cm?). Concentration expressed as
percent. (a) lean tissue (b) fat tissue.

With the low inoculum, there was significant differ-
ence between the 1% and 5% concentrations, but not be-
tween 5% and 10%. The reduction with the lean tissue and
low inoculum was greater than the high inoculum, falling in
to the 2 to 3 log range. The reductions on the fat tissue were
similar to those seen with the high inoculum.

Staphylococcus aureus: The effects of NaOH and KOH
on S. aureus are shown in Figure 3. With an average inocu-
lum level of 105, there was a significant difference between
the two types of tissues. The 10% concentrations reduced
the bacterial counts approximately 1 log cycle on the lean
tissue and 1.5 to 2.5 logs on the fat tissue. There was a
significant difference between 1% and 5%, but not between
5% and 10%. NaOH removed or destroyed significantly
more cells than KOH with fat tissue at the 5% and 10%
concentrations.

Serratia marcescens: The results of the washing ex-
periments with S. marcescens are shown in Figure 4. As
with the other bacteria in this study, there was a significant
difference between the effects on fat and lean tissue. The
effects, however, were more pronounced, particularly with
the fat tissue. There was a significant difference between all
three concentrations, with the 10% concentration removing

or destroying approximately 2 log cycles with the lean tissue
and 4 to 5 logs with the fat tissue. There was significant
(P<0.10) compound by tissue interaction, with NaOH being
more effective at 5% and 10% on fat tissue than KOH.

DISCUSSION

The effects of the buffer, ethanol, and NaCl solutions
on the attached bacteria were minor. Thomas and McMeekin
(22) had reported that 0.9% saline prevented the firm at-
tachment of salmonellae to poultry muscle and that rinsing
with the same concentration of saline removed many of the
attached cells. However, this research was based on direct
observation with electron microscopy. Lillard (14) was
unable to duplicate the results using conventional microbio-
logical methods (i.e. plating) and demonstrated that most of
the bacteria were in fact hidden in crevices on the surface
of the muscle and, therefore, not visible by electron mi-
croscopy. The results presented in this paper agree with
the findings of Lillard, indicating that even high concen-
trations of NaCl have relatively little effect on the detach-
ment of bacteria used in this experiment from muscle
surfaces.

Both NaOH and KOH were effective in destroying and/
or removing bacteria from the surface of the muscle and fat
tissues although the Gram-positive bacteria were more
resistant to the bacteriocidal effects. This may be attribut-
able to differences in the cell wall structure. For every
bacterial species studied, there was a greater reduction in
numbers on fat tissue than on lean tissue. This difference
could be attributed to the bacteria being more protected
from the toxic effects of the compounds on muscle tissue
than on fat or that saponification of fat might make the
bacteria physically more accessible to the sanitizer. It is
likely that the reduction in numbers on muscle tissue is due
to the bacteriocidal action of the compounds, since the results
for muscle tissue are similar to those reported by Humphrey
et al. (12), who reported the reduction of total aerobic
bacteria and ‘‘coli-aerogenes’’ in poultry scald water treated
with NaOH. The poultry scald water contained high levels
of organic material, which may have provided some protec-
tive effect for the bacteria. The difference between the
reduction on muscle tissue and the reduction on fat tissue
may also be partially attributed to enhanced physical re-
moval of the bacteria by saponification of the fat in addi-
tion to the bactericidal effects.

While effective from a micrabiological perspective, the
higher concentrations (5% & 10%) of NaOH and KOH are
extreme treatments. To be useful on meat intended for human
consumption, the alkalis would have to be neutralized and
rinsed off the meat surface. In addition, there was some
discoloration (greying) of the lean tissue at these concentra-
tions. Further studies would be required to determine if this
was a temporary or permanent color shift. This discolora-
tion appeared to be on the surface of the meat, and probably
would not affect the deep muscle tissue on a carcass.

When the treatment effects are considered in light of
the D values, it is obvious that both muscle and fat tissue
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provide considerable protection for the attached bacteria.
With the exception of the 1% concentration of alkali with
S. aureus on both tissues and L. monocytogenes on fat tissue,
all of the treatment effects were substantially less than the
effects which might be anticipated from the D values in
solution. The differences between the predicted and observed
effect for the two exceptions indicated were relatively minor.
The nature of the observed protective effect requires further
investigation.
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