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ABSTRACT

Several organic acids or salts approved as food additives enhance the inac-
tivation of foodborne pathogens such as Listeria monocytogenes. Although there
has been research on the effects of individual organic acids on the inactivation
kinetics of L. monocytogenes, little information exists on their activity when us-
ed in combination with other food additives. We undertook to characterize the
effects of combinations of 90% sodium acetate or sodium propionate, two salts
that inhibit L. monocytogenes, with 8% EDTA (disodium salt) and 2% ascorbic
acid on the nonthermal inactivation of a three-strain mixture of L. monocytogenes.
Activity was assessed in Brain Heart Infusion broth (BHI) at various concentra-
tions (0.0-2.0% w/v), pH values (3.0-4.5) and temperatures (4-28C). Samples
were removed periodically for up to 175 days and viable counts determined. Sur-
vivor curves were generated using a logistics-based inactivation model and used
to calculate “‘time to a 4-D (99.99%) inactivation’’ (ta-p). The rate of inactiva-
tion was directly related to concentration of the acid mixture and temperature
of incubation and inversely related to pH. The primary factor effecting inactiva-
tion rates was pH, followed by the concentration of the undissociated form of
the primary organic acid (acetic or propionic). Evaluation of the mixture com-
ponents individually and in combination indicated the components acted largely
in an additive manner. The results indicate that combinations of primary and secon-
dary organic acids and EDTA may have advantages for enhancing the inactiva-



tion of L. monocytogenes in refrigerated, mildly acidic foods, while avoiding
organoleptic effects associated with excessive levels of single acids.

INTRODUCTION

The identification of foodborne transmission as an important vehicle for human
listeriosis has prompted extensive research into potential means for controlling
Listeria monocytogenes in foods. Various investigators have shown that organic
acids used as food acidulants can inhibit the growth or accelerate the inactivation

- of this foodborne pathogen (Ahamad and Marth 1989, 1990; Buchanan and Golden
1994; Buchanan et al. 1993, 1994; Conner et al. 1986, 1990; El-Shenawy and
Marth 1989a,b; Parish and Higgins 1989; Polla and Hutkins 1991; Siragusa and
Dickson 1992; Sorrels et al. 1989). The antimicrobial activity of organic acids
is dependent on a number of factors, including pH, buffering capacity of the
system, temperature, acid concentration and chemical structure of the acid (Cher-
rington et al. 1991, 1992). Different microorganisms, and even different strains,
display varying tolerances to different organic acids (Doores 1990; Eklund 1983).

While there has been extensive research on the effect of individual organic acids
and salts on growth or survival of L. monocytogenes and other pathogenic bacteria,
little work has been directed to evaluating the effectiveness of employing com-
binations of organic acids or combining organic acids with other food addititives.
Cherrington et al. (1992) reported that BioAdd, a commercial preparation of for-
mic and propionic acid, had greater bactericidal activity than either acid alone,
suggesting a possible synergy between the two acids. Schimdt and Leistner (1991)
observed that a combination of 90% sodium acetate, 8% citric acid and 2% ascor-
bic acid inhibited the growth of L. monocytogenes in brithwurst. When added
to brithwurst at 0.1-0.2%, this mixture did not adversely affect pH or sensory
attributes.

The mixture of Schmidt and Leistner (1991) was formulated to have minimal
change on the pH or taste of processed luncheon meats. Their results prompted
us to consider if the formulation could be used to enhance the inactivation of L.
monocytogenes under acidic conditions that would be encountered in fermented
meat foods or dairy products. However, recent studies at our lab and elsewhere
(Young and Foegeding 1993; Buchanan and Golden 1994) have indicated that
citric acid, which acts both as an acidulant and a chelating agent, may exhibit
a protective effect for L. monocytogenes at certain concentrations and pH values.
This suggested that the activity of the mixture of Schmidt and Leistner (1991)
might be enhanced by substituting a different chelating agent. EDTA has been
shown to inhibit growth of several pathogens (Bulgarelli and Shelef 1985; Kraniak
and Shelef 1988). It also acts synergistically with other antimicrobials (Gray and
Wilkinson 1965; Payne et al. 1994; Robach and Stateler 1980; Russell and Furr



1977; Wang and Shelef 1992), including ascorbic acid (Furia 1977). In addition
to substituting EDTA for citric acid, since propionic acid has been shown to be
effective for inhibiting the growth of L. monocytogenes (El-Shenawy and Marth
1989b, 1992) and preliminary studies in our laboratory have indicated that sodium
propionate is at least as effective as sodium acetate for inactivation of L.
monocytogenes, this suggested that substituting sodium propionate for sodium
acetate might also increase the effectiveness of the mixture. Accordingly, the ob-
jective of the current study was to evaluate the effectiveness of mixtures of sodium
acetate-EDTA-ascorbic acid and sodium propionate-EDTA-ascorbic acid on the
nonthermal inactivation of L. monocytogenes.

MATERIALS AND METHODS

Preparation of the Test System

The tests were conducted in duplicate in milk dilution bottles containing Brain
Heart Infusion broth (BHI; Difco, Detroit, MI). A freshly made mixture of 9.0
g sodium acetate (J.T. Baker, Phillipsburg, NJ) or sodium propionate (Sigma;
St. Louis, MO), 0.8 g EDTA (Sigma), and 0.2 g ascorbic acid (Sigma) was added
to the BHI to achieve final concentrations of 0.2, 0.5, 1.0 or 2.0% (w/v). The
pH was adjusted to 4.5, 4.0, 3.5, or 3.0 with concentrated HCI, and brought
up to 20 ml per bottle volume. BHI adjusted to the appropriate pH with HCI was
used for the controls. All bottles were sterilized by autoclaving prior to use.
Previous studies have shown that the pH values were not changed a significant
amount by autoclaving. o

Microorganisms

A three strain mixture of L. monocytogenes (Scott A, V-7, HO-VJ-S) was us-
ed. Stock cultures were maintained in BHI and stored at S5C. Each strain was
cultured separately in 250-ml Erlenmeyer flasks containing 25 ml BHI (initial
pH = 7.2, final pH = 6.0) and incubated on a rotary shaker (150 rpm) for 24
h at 37C. The cultures were then combined achieving levels of approximately
10° CFU/ml (Buchanan et al. 1993).

Inactivation Studies

Each bottle was inoculated to a population density of 108 CFU/ml according
to the method of Buchanan et al. (1993). Bottles were stored on their sides at
28, 19 or 4C, without agitation. Periodically, samples were removed aseptical-
ly, diluted appropriately in 0.1% peptone water, and plated in duplicate on tryp-



tic soy agar (TSA, Difco) using a Spiral Plater (Spiral Systems, Inc., Cinncin-
nati, OH). All plates were incubated for 24 h at 37C, and enumerated using an
automated colony counter (Model 500A, Spiral Systems, Inc.). Sampling con-
tinued until the counts fell below the lower limit of detection (log;o < 1.03
CFU/ml) or 175 days had elapsed.

Survivor Curves

Survivor curves were generated by fitting the data to the logistics-based equa-
tion developed by Richard C. Whiting (Whiting and Buchanan 1992).
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Where: : ;
b, = 2.3/D, = Inactivation of major population group
b, = 2.3/D, = Inactivation of minor population group

F, = Fraction of population in major group
- (1 = F,) = Fraction of population in minor group
t. = Duration of lag period.
Y, Yo = log;o(CFU/ml) of population and initial population

The curves were fitted using ABACUS, a curve fitting program developed by
W. Damert (U.S. Department of Agriculture, Agricultural Research Service,

Eastern Regional Research Center) that uses a Gauss-Newton iterative procedure.
““Times to a 4-D (99.99) inactivation’’ (t4.p) were calculated based on the D,
and ty values using the following equation.

LN[((1 + e~°1')/0.0001) — 1] + bty
b,

t4-p =

RESULTS

The rate of L. monocytogenes inactivation at 28C was dependent on the con-
centration of the organic acid mixture, the identity of the primary acid (acetate
or propionate) and the pH (Fig. la,b). The propionate-based mixture was
somewhat more active at the higher pH levels. Depression of pH levels increased
inactivation rates, with the addition of the acid mixture accelerating the process.
The mixtures had relatively greater impacts on survival at the higher pH levels.
Particularly at the lower pH levels, increasing the acid mixture concentrations
from 1% to 2% had a relatively small effect on the rate of L. monocytogenes
inactivation.

- The inactivation of L. monocytogenes as a function of the concentration of the
undissociated form of the primary organic acid is depicted in Fig. 2a,b for acetate
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and propionate, respectively. Within a pH level, tsp values decreased with increas-
ing concentration of undissociated acid. This relationship was approximately linear
for the acetate-based mixture, except for pH 4.5. The relationship was more curvi-
linear for the propionate-based mixture, but approached a linear relationship at the
higher concentrations and lower pH levels. The relatively greater impact of increas-
ing acid levels at the higher pH levels was still apparent when expressed as a func-
tion of undissociated acid concentration. On an undissociated acid basis, the pro-
pionate-based mixture was somewhat more active than the acetate-based mixture.

The effect of storage temperature on the efficacy of the acid mixtures was assessed
by determining L. monocytogenes inactivation in BHI adjusted to pH 4.5 and incu-
bated at 5, 19, and 28C (Fig. 3a,b). Survival at pH 4.5 by the control cultures was
extended significantly by depression of incubation temperatures. Addition of either
acid mixture increased the rate of inactivation, with the greatest relative effect
occurring at 4C. Again, the propionate-based mixture was somewhat more ac-
tive. The greatest relative reduction in inactivation times were realized with acid
mixture levels of < 0.5% (5.0 g/L). Particularly at the higher incubation tempera-
tures, addition of higher levels of the acid mixtures had relatively little effect
on increasing inactivation rates.

The effects of each of the components on the inactivation of L. monocytogenes
at pH 3.5 and 28C were determined alone and in combination to assess their indivi-
dual impact and determine if the effects were additive or synergistic (Fig. 4). In
combination, the mixtures produced an approximate 70% decrease in t4p values as
compared to an HCI control. Approximately 85% of this activity could be directly
attributed to the effects of the primary organic acid alone, while the ascorbic acid
decreased t4.p values by 14% (Fig. 4). No decrease in ts.p was observed when
EDTA was used alone; however, an approximate 5% decrease in inactivation time
was observed when the chelating agent was used in combination with the organic
acids. With the exception of the effect of EDTA, the activities of the mixture
components were additive, as opposed to synergistic.

DISCUSSION

The current study was undertaken to determine if modifications of the sodium
acetate/citric acid/ascorbic acid mixture of Schmidt and Leistner (1991) could
be used to enhance the inactivation of L. monocytogenes in an acidic environ-
ment. The acetate-ascorbate-EDTA and propionate-ascorbate-EDTA formulations
substantially accelerated the inactivation of the pathogen, particularly under
mildly acidic (pH 4.0-4.5) conditions (Fig. 1a,b). The rate of inactivation was
dependent on the pH, the identity of the primary organic acid and the concentra-
tion of the mixture (Fig. 1). The primary factor responsible for inactivation was
pH (Fig. 1), with the enhanced inactivation in the presence of the mixtures being
largely the result of the primary organic acid (Fig 4). This activity was associated
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with the concentration of undissociated acid (Fig. 2a,b). At the pH levels ex-
amined in the study, the majority of the primary organic acids were in the un-
dissociated form. The ascorbic acid and EDTA further enhanced the activity of
the formulations (Fig. 4), largely in an additive manner.

The dependency of L. monocytogenes inactivation rates on the interaction of
pH, acidulant identity and acidulant concentration is in general agreement with
the results of various investigators (Ahamad and Marth 1989, 1990; Buchanan
and Golden 1994; Buchanan et al. 1993, 1994; Cole et al. 1990; El-Shenawy
and Marth 1989a,b, 1992; Sorrells et al. 1989). Propionic acid was somewhat
more effective than acetic acid for enhancing the inactivation of L. monocytogenes;
however, this relatively small advantage has to be counterbalanced by considera-
tion of propionate’s limiting organoleptic characteristics. The data indicate that,
used as part of a food’s formulation, the mixtures may be a means for enhancing
the inactivation of L. monocytogenes in products having a pH of 4.0-4.5.
However, the advantages are less clearcut at lower pH levels where the pH alone
was sufficient for relatively rapid inactivation of the pathogen.

The dramatic decrease in the rate of L. monocytogenes inactivation at refrigera-
tion temperatures for cultures adjusted to pH 4.5 using HCI (Fig. 3), reenforces
earlier work on the importance of temperature as a determinant for nonthermal
inactivation kinetics (Ahamed and Marth 1989, 1990; Buchanan et al. 1994; Cole
et al. 1990; Conner et al. 1990, El-Shenawy and Marth 1989a,b, 1992; Parish
and Higgins 1989; Sorrells er al. 1989). The addition of even 0.2% of either
acid mixture significantly enhanced inactivation at refrigeration temperatures. The
differential between inactivation rates at elevated and refrigeration storage
temperatures was minimized by increasing the level to 2.0%. Overall, the results
suggest that the formulations investigated would be most applicable in mildly

- acidic, refrigerated food products such as fermented lunch meats.

While a small degree of synergy appeared to be associated with the use of ED-
TA in combination with the other two components, the effects of the organic acids
were additive (Fig. 4). This lack of synergy implies that gains in activity would
not be achieved by using combinations of organic acids. However, it does alter-
natively suggest that combinations of acids and EDTA could be used to achieve
the same level of inactivation enhancement that could be achieved by a higher
concentration of a single acid. The use of lower levels of multiple acids could
be advantageous as a means of avoiding organoleptic limitations associated with
higher concentrations of a single organic acid.



S'¢ Hd ANV D8T LV SINTOOLAD
“ONOW VI¥ALSIT A0 NOILVALLOVNI HHL 404 SHNTVA % HL NO ‘NOILVNIFINOD NI ANV
ATIVAAIAIAONI ‘VIAE ANV DV JIGI0DSY ‘dIDV JINOIdO¥d ‘dIDV JIIADV 40 IOEHHH ' "OLd

PIOE 01qI00SE %Z0°0 + VLA %80°0 + P1oe ojuoidord %60 ¢
PIOE 2IqI03SE %Z0°0 + VL3 %80°0 + PIOE OJ90E %60 I=
pioe 21qi02se %200 + pioe ouoidoid %60 =

(4]
PIOE 2IQI0OSE %Z0'0 + PIOB OO0 %60 [
€S

V1A3 %80°0 + proe ojuoidoid %60 =

09
'V1A3 %80°0 + PIOB 98dk %60 &=

65

1y

pioe ojuoidoid %60
s9

PIOE 91}808 %60
, 99

P1d€ 01qI09se %200 + V1Ad3 %800 G
ploe 2IqI09se %zZ0°0 &

€51
V1d3 %80°0 ¢

91

05u0] IDH T

L .
| 1 1 | 1 1 1 | | 1

00 08L 09L OFkL OCL 0O0OL 08 09 OF  0O2Z 0

(u) 9




REFERENCES

AHAMAD, N. and MARTH, E.H. 1989. Behavior of Listeria monocytogenes
at 7, 13, 21, and 35C in tryptose broth acidified with acetic, citric, or lactic
acid. J. Food Protect. 52, 688-695.

AHAMAD, N. and MARTH, E.H. 1990. Acid-injury of Listeria monocytogenes.
J. Food Protect. 53, 26-29.

BUCHANAN, R.L. and GOLDEN, M. H. 1994. Interaction of citric acid con-
centration and pH on the kinetics of Listeria monocytogenes inactivation. J.
Food Protect. 57, 567-570.

'~ BUCHANAN, R.L., GOLDEN, M.H. and WHITING, R.C. 1993. Differentia-
tion of the effects of pH and lactic and acetic acid concentration on the kinetics
of Listeria monocytogenes inactivation. J. Food Protect. 56, 474-478.

BUCHANAN, R.L., GOLDEN, M.H. and WHITING, R.C. 1994. Non-thermal
inactivation models for Listeria monocytogenes. J. Food Protect. 59, 179-188.

BULGARELLI, M.A. and SHELEF, L.A. 1985. Effect of
ethylenediaminetetraacetic acid (EDTA) on growth from spores of Bacillus
cereus. J. Food Sci. 50, 661-664.

CHERRINGTON, C.A., ALLEN, V. and HINTON, M. 1992. The influence
of temperature and organic matter on the bactericidal activity of short-chain
organic acids on salmonellas. J. Appl. Bacteriol. 72, 500-503.

CHERRINGTON, C.A., HINTON, M., MEAD, G.C. and CHOPRA, 1. 1991.
Organic acids: Chemistry, antibacterial activity and practical applications. Adv.
Microbial Physiol. 32, 88-108.

- COLE, M.B., JONES, M.V. and HOLYOAK, C. 1990. The effect of pH, salt
concentration and temperature on the survival and growth of Listeria
monocytogenes. J. Appl. Bacteriol. 69, 63-72..

CONNER, D.E., BRACKETT, E. and BEUCHAT L. R. 1986. Effect of
temperature, sodium chloride, and pH on growth of Listeria monocytogenes
in cabbage juice. Appl. Environ. Microbiol. 52, 59-63.

CONNER, D.E., SCOTT, V.N. and BERNARD D.T. 1990. Growth, inhibi-
tion, and survival of Listeria monocytogenes as affected by acidic conditions.
J. Food Protect. 53, 652-655. :

DOORES, S. 1990. pH control agents and acidulants. In Food Additives, (A.L.
Branen, P.M. Davidson and S. Salminen, eds.) pp. 477-510, Marcel Dek-
ker, New York, NY.

EKLUND, T. 1983. The antimicrobial effect of dissociated and undissociated
sorbic acid at different pH levels. J. Appl. Bacteriol. 54, 383-389. ’

EL-SHENAWY, M.A. and MARTH E.H. 1989a. Inhibition or inactivation of
Listeria monocytogenes by sodium benzoate together with some organic acids.
J. Food Protect. 52, 771-776.



EL-SHENAWY, M.A. and MARTH E.H. 1989b. Behavior of Listeria
monocytogenes in the presence of sodium propionate. Int. J. Food Microbiol.
8, 85-94.

EL-SHENAWY, M.A. and MARTH E.H. 1992. Behavior of Listeria
monocytogenes in the presence of sodium propionate together with food acids.
J. Food Protect. 55, 241-245.

FURIA, T.E. 1977. Sequestrants in food. In CRC Handbook of Food Additives,

- 2nd Ed., Vol. I, (T.E. Furia, ed.) CRC Press, Cleveland, Ohio.

GRAY, G.W. and WILKINSON, S.G. 1965: The action of ethylenediaminetetra-
acetic acid on Pseudomonas aeruginosa. J. Appl. Bacteriol. 28, 153-169.

KRANIAK, J.M. and SHELEF, L.A. 1988. Effect of ethylenediaminetetraacetic
acid (EDTA) and metal ions on growth of Staphylococcus aureus 196E in
culture media. J. Food Sci. 53, 910-913.

PARISH, M.E. and HIGGINS, D.P. 1989. Survival of Listeria monocytogenes
in low pH model broth systems. J. Food Protect. 52, 144-147.

PAYNE, K.D., OLIVER, S.P. and DAVIDSON, P.M. 1994. Comparison of
EDTA and apo-lactoferrin with lysozyme on the growth of foodborne
pathogenic and spoilage bacteria. J. Food Protect. 57, 62-65.

POLLA, S.I. and HUTKINS, R.W. 1991. Intracellular pH and survival of Listeria
monocytogenes Scott A in tryptic soy broth containing acetic, lactic, citric and
hydrochloric acids. J. Food Protect. 54, 15-19.

ROBACH, M.C. and STATELER, C.L. 1980. Inhibition of Staphylococcus
aureus by potassium sorbate in combination with sodium chloride, tertiary
butylhydroquinone, butylated hydroxyanisole or ethylenediaminetetraacetic
acid. J. Food Protect. 43, 208-211.

RUSSELL, A.D. and FURR, J.R. 1977. The antibacterial activity of a new
chloroxylenol preparation containing ethylenediaminetetraacetic acid. J. Appl.
Bacteriol. 43, 253-260. .

SCHMIDT, U. and LEISTNER, L. 1991. Vorkommen und verhalten von listerien
bei unverpacktem Bruhwurstaufschnitt (Bediennungsware). Mitteilungblatt
Bundesanstalt Fleischforschung 30, 178-185.

SIRIGUSA, G.R. and DICKSON, J.S. 1992. Inhibition of Listeria monocytogenes
on beef tissue by application of organic acids immobilized in a calcium alginate
gel. J. Food Sci. 57, 293-296.

SORRELLS, K.M., ENIGL, D.C. and HATFIELD J.R. 1989. Effect of pH,
acidulant, time, and temperature on the growth and survival of Listeria
monocytogenes. J. Food Protect. 52, 571-573.

WANG, C. and SHELEF, L.A. 1992. Behavior of Listeria monocytogenes and
the spoilage microflora in fresh cod fish treated with lysozyme and EDTA.
Food Microbiol. 9, 207-213.



WHITING, R.C. and BUCHANAN, R.L. 1992. Use of predictive microbial
modeling in a HACCP program. Proceedings of the Second ASPET Interna-
tional Conference: Predictive Microbiology and HACCP, pp. 125-141.
ASEPT. Laval Cedex, France.

YOUNG, K.M. and FOEGEDING, P.M. 1993. Acetic, lactic, and citric acids
and pH inhibition of Listeria monocytogenes Scott A and the effect on in-
tracellular pH. J. Appl. Bacteriol. 74, 515-520.



