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SUMMARY

Processors include combinations
of sodium/potassium lactate and
diacetate in the formulation of ready-
to-eat meat and poultry products for
control of Listeria monocytogenes.
Lactate and diacetate are approved by
the Food Safety and Inspection
Service for use in these products at
levels up to 4.8% and 0.25%,
respectively. However, minimum
inhibitory concentrations (MIC) and
optimal combinations of these
compounds have not been well
established and potential variations in
resistance among strains of L.
monocytogenes need to be evaluated.
The objective of the present study was
to determine MIC of lactate (0-4.8%)
and diacetate (0-0.25%) combinations
in broth using 96-well microtiter
plates; four strains, classified from
previous studies as fast- (N7150 and
558) and slow-growing (Scott A and
NA1), were studied. Growth
responses at 86°F (24h), 45°F (15d)
and 40°F (60d) were determined
turbidimetrically (630 nm) with a
microplate reader. At 86°F, the MIC
of lactate was 4.0% and of diacetate
was 0.20%; the MIC of combinations
of lactate/diacetate (%) were 3.5/0.05,
2.0/0.10, or 1.0/0.15, and there was no
significant (P<0.05) difference among
strains. At 45°F, MIC of lactate and
diacetate ranged from 2.5 to 4.8%, and
0.15 to 0.20%, respectively,
depending on strain; the MIC of
combinations of lactate/diacetate (%)
were 3.0/0.10 and 1.5/0.15% for
strains N7150 and 558 and 1.5/0.10%

for strains Scott A and NA1. Tthis
suggests that lower lactate/diacetate
concentrations were effective for
slower growing strains. At 40°F, MIC
of lactate and diacetate ranged from
2.51t04.8%, and 0.15 to 0.25%,
respectively, depending on strain; the
MIC of combinations of
lactate/diacetate (%) were 1.5/0.10 for
strain NA1 and 4.5/0.15 and 3.0/0.20
for all other strains. Overall, without
accounting for strain, growth at 45°F
was inhibited by 4.8% lactate or
0.15% diacetate or by combinations of
2.5% lactate and 0.05% diacetate or
2.0% lactate and 0.10% diacetate,
while at 40°F the effective
concentration consisted of 4.8%
lactate or 0.20% diacetate or by
combinations of 3.5% lactate and
0.10% diacetate or 2.0% lactate and
0.15% diacetate. This investigation
also showed that MIC of
antimicrobials may differ among
strains. These results should be useful
in efforts to validate optimal
concentrations of lactate/diacetate for
control of L. monocytogenes.
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INTRODUCTION

Listeria monocytogenes is a
substantial problem for the ready-to-
eat meat industry (FSIS, 2003). It has
been implicated in various foodborne
related outbreaks, which involved
several deaths, including stillbirths
and miscarriages (Mead et al., 1999).
This pathogen becomes a problem
when it is introduced into food
products after postlethality treatment
and proliferates in the absence of
competition (Doyle, 1988).

Extensive research is currently
being carried out in order to discover
methods to eliminate, or at the very
least reduce post-processing
contamination with L. monocytogenes
on ready-to-eat products. Sodium
lactate and sodium diacetate are two
compounds being used and studied,

which have been found to inhibit
growth of this pathogen with varying
levels of success (Barmpalia et al.,
2004, Bedie et al., 2001, Mbandi and
Shelef, 2002a, Mbandi and Shelef,
2002b). The Food Safety and
Inspection Service, in 2001 allowed
the use sodium lactate and sodium
diacetate at levels of up to 4.8% and
0.25%, respectively, as antimicrobial
agents in meat and poultry products.
Previously their use was limited to
flavor enhancers and their maximum
concentrations were 2% and 0.1%
respectively (CFR 2001, CFR 2000).
Investigators and processors use these
effective antimicrobial compounds,
but there has not been a definite
consensus on how much is needed.
Very low concentrations may not be
effective; while high concentrations
may be costlier than necessary and
may sacrifice flavor. The objective of
this study was to determine the
minimum inhibitory concentrations of
sodium diacetate and sodium lactate
combinations to effectively minimize
growth of individual strains of L.
monocytogenes N7150, 558, Scott A
and NA, incubated at three different
temperatures: 40°F (4°C), 45°F (7°C)
and 86°F(30°C).

MATERIALS AND METHODS

Bacterial Strains

Studies carried out by Lianou et
al. (2005) comparing growth rates of
25 strains of L. monocytogenes,
showed that N7150 and 558 were two
of the fastest growing, while Scott A
and NA1 were two of the slowest
growing due to longer lag phase.
Thus, it was decided to use these
strains in this study. Strains were
activated by transferring a single
colony of each strain from tryptic soy
agar (Difco, Becton Dickinson Co.,
Sparks, MD) supplemented with 0.6%
yeast extract (YE; Acumedia,
Baltimore, MD) into 10 ml tryptic soy
broth (TSB; Bacto, Becton Dickinson
Co., Sparks, MD) supplemented with
0.6% yeast extract. Test tubes were
incubated at 86°F for 24 hours.
Inocula were prepared by serially



diluting the 24 hour cultures in double
strength TSBYE to yield a
concentration of 2-3 log CFU/ml.
Double strength TSBYE was used as
the inoculum made up one-half of the
volume of each test sample.

Antimicrobial Compounds

The antimicrobial compounds
evaluated were sodium lactate (Pursal
® S/SP 60, Purac America,
Lincolnshire, IL) and sodium diacetate
(Niacet Corporation, Niagra Falls,
NIJ). Solutions were prepared by
dissolving compounds in sterile
distilled water, immediately before
use. Solutions were prepared at four
times the desired final concentration,
as each solution made up one-fourth
of the volume of the of each test
sample.

Inhibition Study

Combinations of sodium lactate
(final concentrations of 0-4.8%) and
sodium diacetate (final concentrations
of 0-0.25%) were tested in flat-
bottomed microtiter plates from BD
Biosciences (Becton Dickinson and
Company, Franklin Lakes, NJ). The
plates had 96 wells each, with 370 [J1
capacity. One hundred micro-liters of
a single diluted inoculum and fifty
micro-liters of each compound were
placed in each well, as illustrated in
Figure 1. Microtiter plates were
prepared in duplicate and incubated at
86°F for 24 hours, 45°F for 15 days or
40°F for 60 days. Growth, determined
as increases in absorbance readings of
0.020 units or higher, was measured
turbidimetrically using an ELx
microplate reader (630 nm filter) from
Biotek Instruments (Winooski, VT).
The complete experiment was
replicated at a later date. Data were
analyzed using Proc NLIN to
determine the least squares estimates
and produce contour graphs (SAS,
2002).

RESULTS AND DISCUSSION

The microplate reader is unable to
detect a difference between negative
controls and samples with up to 6 log

CFU of L. monocytogenes (Begot et
al., 1996). As aresult, what is
considered inhibition in this
investigation, could actually be a 6 log
unit concentration of Listeria.
However since up to 96 combinations
can be run simultaneously, the
microplate reader is advantageous for
investigations involving a large
number of samples. In addition, data
garnered from microtiter plates read
using the spectrophotometer, are
useful for relative comparisons. Table
1 shows the concentrations inhibitory
to the four strains of L. monocytogenes
incubated at 86°F. The growth rates
among the strains were not
significantly different (P<0.01). At
this incubation temperature, 4%
lactate alone or 0.2% diacetate alone
were able to inhibit growth. Several
combinations were found to be
effective. The determination of
various combinations allows
processors to have choices as to
potential inhibitory combinations. It
is possible that at this temperature, the
cells are expending all their energy on
growing and dividing, and as a result,
no cellular resources are available to
defend the cell against the effects of
the acid.

The results for L. monocytogenes
strains incubated at 45°F are shown in
Table 2. At this incubation
temperature, the optical density
readings between strains Scott A and
Na-1, as compared with strains N7150
and 558, were significantly different
(P<0.05). The latter strains, which
had been previously classified as “fast
growers”, required higher
concentrations of the antimicrobials in
order to be inhibited to the same
degree as the “slow growers”. For
strains Na-1 and Scott A, 2.5% lactate
alone or 0.15% diacetate alone or a
combination of 1.5% lactate and
0.10% diacetate were able to inhibit
growth. For strains N7150 and 558,
higher concentrations were required
and lactate alone was unable to inhibit
growth.

The results for L. monocytogenes
strains incubated at 40°F are shown in
Table 3. At this incubation
temperature, strain variation was also

observed. Strain Na-1 was inhibited
by markedly lower concentrations of
antimicrobials, than the other three
strains required. Strain Na-1 was
inhibited by 2.5% lactate alone or
0.15% diacetate alone or by a
combination of 1.5% lactate and
0.10% diacetate. These
concentrations were the same that
were effective at 45°F. Strain Scott A
was inhibited by 4.8% lactate or
0.25% diacetate alone. These are the
highest concentrations allowed in
food. Strains N7150 and 558 were not
inhibited by lactate alone, at the
concentrations tested. These strains,
like Scott A were inhibited by the
highest concentration of diacetate
alone. In addition, inhibitory
combinations were the same as for
strain Scott A.

Storage of ready-to-eat meats at
86°F and 45°F would be classified as
temperature abuse. However, at these
temperatures, the inhibitory
concentrations of antimicrobials are
lower than what would be needed at
40°F storage. Again, this could be
explained by an increased cellular
metabolic rate, whereby the cell’s
energy is expended on reproducing
itself, and as a result the cell is unable
to protect itself from external stress.

IMPLICATIONS

In this investigation, as the
temperature changed, variations in the
level of inhibition for the
antimicrobials and their combinations
were observed. This suggests that a
single formulation that works at one
temperature may not have quite the
same effect at another. Ideally
temperature abuse of refrigerated
products should never occur, but
processors do have to consider the
possibility of occurrence. As a result
processors need to determine if certain
deviations would be most likely to
occur with their products, and apply
antimicrobials accordingly. In
addition, processors may see fit to use
the combinations that were effective
across a broader range of
temperatures. A combination of 2.0%



lactate and 0.15% diacetate was
shown to be effective in broth at the
abuse temperatures investigated.

The antilisterial effect of
lactate/diacetate combinations may
vary depending on the actual strain
present. In this study, growth rate was
the only parameter observed; however,
other parameters, for example acid
resistance and salt tolerance of the
strain may also be determinants in the
effectiveness of a lactate/diacetate
combination. In a plant production
setting, one would not know
specifically which strain may be
present, and, therefore the
recommended combination would
have to be effective for the most
resistant strain present. In addition,
product factors such as the food
matrix, inoculum level, packaging and
storage temperature may also
influence the effectiveness of the
selected lactate/diacetate combination.
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Figure 1. Schematic of sodium lactate and sodium diacetate solutions tested in microtiter plates (each blank cell represents a

well on the plate).
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Table 1. Concentrations of sodium lactate and sodium diacetate, used alone or in combination, inhibitory to various strains of

L. monocytogenes in broth during incubation at 86°F for 24 hours.

Antimicrobial

Strains

Additive (%) Na-1 Scott A N7150 558
Lactate 4 4 4 4
Diacetate 0.20 0.20 0.20 0.20
Lactate/Diacetate 1.0/0.15 1.0/0.15 1.0/0.15 1.0/0.15
2.0/0.10 2.0/0.10 2.0/0.10 2.0/0.10
3.5/0.05 3.5/0.05 3.5/0.05 3.5/0.05

Table 2. Concentrations of sodium lactate and sodium diacetate, used alone or in combination, inhibitory to various strains of

L. monocytogenes in broth during incubation at 45°F for 15 days.

Antimicrobial Strains
Additive (%) Na-1 Scott A N7150 558
Lactate 2.5 2.5 >4.8 >4.8
Diacetate 0.15 0.15 0.20 0.20
Lactate/Diacetate 1.5/0.10 1.5/0.10 1.5/0.15 1.5/0.15
2.0/0.10 2.0/0.10

Figure 4. Concentrations of sodium lactate and sodium diacetate, used alone or in combination, inhibitory to various strains
of L. monocytogenes in broth during incubation at 40°F for 60 days.

Antimicrobial Strains
Additive (%) Na-1 Scott A N7150 558
Lactate 2.5 4.8 >4.8 >4.8
Diacetate 0.15 0.25 0.25 0.25
Lactate/Diacetate 1.5/0.10 4.5/0.15 4.5/0.15 4.5/0.15
3.0/0.20 3.0/0.20 3.0/0.20




