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Egg white lysozyme killed or prevented growth of Listeria monocytogenes Scott A in several foods. Lysozyme
was more active in vegetables than in animal-derived foods that we tested. For maximum activity in certain
foods, EDTA was required in addition to lysozyme. Lysozyme with EDTA effectively killed inoculated
populations of 104 L. monocytogenes per g in fresh corn, fresh green beans, shredded cabbage, shredded
lettuce, and carrots during storage at 5°C. Control incubations without lysozyme supported growth of L.
monocytogenes to 106 to 107/g. Lysozyme had less activity in animal-derived foods, including fresh pork sausage

(bratwurst) and Camembert cheese. In bratwurst, lysozyme with EDTA prevented L. monocytogenes from
growing for 2 to 3 weeks but did not kill significant numbers of cells and did not prevent eventual growth. The
control sausages not containing lysozyme supported rapid and heavy growth, which indicated that lysozyme

was bacteriostatic for 2 to 3 weeks in fresh pork sausage. We also prepared Camembert cheese containing 104
L. monocytogenes cells per g and investigated the changes during ripening in cheeses supplemented with
lysozyme and EDTA. Cheeses with lysozyme by itself or together with EDTA reduced the L. monocytogenes
population by -10-fold over the first 3 to 4 weeks of ripening. In the same period, the control cheese wheels
without added lysozyme with and without chelator slowly started to grow and eventually reached 106 to 107
CFU/g after 55 days of ripening. In the lysozyme-containing cheeses, however, L. monocytogenes also grew

after 3 to 4 weeks of curing, which indicated that lysozyme was initially bacteriostatic but later allowed growth
under the experimental conditions. Assay of lysozyme showed that lysozyme was still active in Camembert;
therefore, changes during ripening in the cheese or in the bacterium probably overcame the inhibitory activity
of lysozyme. In conclusion, results of this study suggest that egg white lysozyme could be useful as a

preservative to protect against L. monocytogenes contamination in several foods, especially those prepared
from fresh vegetables.

The four major outbreaks of listeriosis that have occurred
since 1981 (2, 4, 10, 19) have proven Listeria monocytogenes
to be an important pathogen. The incidents that occurred in
Nova Scotia in 1981, Los Angeles in 1985, and Vaud,
Switzerland, in 1988 confirmed by means of epidemiological
and microbiological evidence that L. monocytogenes was
transmitted by particular foods (28). In the Boston incident
(4), epidemiological evidence suggested pasteurized whole
milk as the vehicle, but microbiological confirmation was not
obtained. These carefully investigated outbreaks have
clearly demonstrated that L. monocytogenes can be trans-
mitted in foods. In addition to these proven outbreaks, other
listerioses have occurred in which epidemiological or micro-
biological evidence was unsatisfactory to prove food-borne
transmittal (28). One of the first well-described food-related
outbreaks of listeriosis occurred in 1979 in a Boston hospital,
when 20 patients developed listeriosis probably by eating
raw celery, tomatoes, and lettuce (8). Despite the lack of
confirming evidence in many observed listerioses, the avail-
able data indicate that occurrence of food-borne listeriosis is
increasing in several countries (28).
Food-borne transmission of listeriosis to humans probably

occurs mainly through environmental contamination be-
cause of the uncommon ability of L. monocytogenes to
colonize animals and food contact surfaces from environ-
mental sources (16, 26, 28). L. monocytogenes is widespread
in the environment and has been isolated by enrichment
techniques from many sources, including sewage, vegetable
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matter, soil, straw, silage, dust, milk, and the feces of
healthy animals and humans (3, 7, 13, 25, 27). Although
listeriosis was once believed to be mainly a zoonosis, many
experts now think that it contaminates food mostly from
environmental sources (28).

Microbiological surveys of foods and food-processing
plants have shown that the pathogen is thoroughly spread in
the food supply and in food-processing plants (16, 26, 28). L.
monocytogenes has been isolated from raw milk (1, 5, 16),
cheeses (1, 2, 10, 16, 24, 28), eggs (17), vegetables (17, 28),
prepared salads (17, 22), meat and poultry products (6, 7, 16,
19), and seafoods (16, 28).

In addition to its inherent contamination of many foods, L.
monocytogenes seems to have an exceptional ability to
colonize pasteurized or processed products and to be trans-
mitted on-line by processing machinery, such as during
slicing of meats or vegetables, filling of ice cream containers,
or preparation of salads (14, 16, 28). In a survey conducted
by the U.S. Food and Drug Administration beginning in
1986, 2.5% of 357 dairy processing plants were found to have
products containing L. monocytogenes (5, 16). Postpasteur-
ization contamination was thought to be mainly responsible
for contamination. L. monocytogenes can grow at tempera-
tures of 1 to 45°C (20), and refrigeration alone is not sufficient
to prevent growth in foods. It can withstand 25% NaCl and
acidic pHs for several months (21). The presence of L.
monocytogenes in raw and certain processed foods may be
currently unavoidable (28).

Safety of a food from L. monocytogenes depends on
meeting three processing criteria (14): (i) eliminating the
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organism to the highest achievable extent by pasteurization
or other processing methods, (ii) avoiding recontamination,
and (iii) adding needed antimicrobial protection when intrin-
sic protection is inadequate. If recontamination of a food
does occur, a secondary preservative is highly desired. Our
laboratory showed earlier (9) that egg white lysozyme killed
four pathogenic strains of L. monocytogenes in culture
media and in buffer. We have extended our tests to foods and
show in this study that lysozyme is effective in killing or

preventing growth of L. monocytogenes Scott A in several
foods.

MATERIALS AND METHODS

Materials. The sources of egg white lysozyme, Micrococ-
cus luteus, and other materials were the same as previously
described (9).

Organisms. L. monocytogenes Scott A was provided by E.
H. Marth, University of Wisconsin, Madison. This strain is
being used by the International Dairy Federation (group
E64) for development of methods to detect and enumerate L.
monocytogenes in foods (International Dairy Federation,
group E64, Detection and Enumeration of L. monocyto-
genes).

Penicillium camemberti was used for surface ripening of
cheese; it was originally subcultured from the Kenneth
Raper culture collection in the Department of Bacteriology,
University of Wisconsin, Madison. Spores were produced
by 2- to 4-week growth at 25°C on potato dextrose agar.

Bacterial media, growth, and enumeration. L. monocyto-
genes was routinely grown in static culture in brain heart
infusion broth (Difco Laboratories, Detroit, Mich.) at 37°C.
Growth in culture media was measured by optical density at
500 nm in a Spectronic 20 spectrophotometer (Bausch &
Lomb, Inc., Rochester, N.Y.). Optical density values of 0.1
and 1.0 represent viable cell counts of 2.7 x 108 and 2.0 x

109, respectively (Jean Schoeni, personal communication).
For growth studies in foods, L. monocytogenes Scott A

was first cultured in brain heart infusion broth at 37°C and
inoculated into the foods at a predetermined concentration
of cells. To adequately monitor loss of viability, we usually
used 104 cells per g of food. All food incubations were done
in duplicate, and 25-g samples of foods were sampled and
analyzed independently for L. monocytogenes.

L. monocytogenes was enumerated by direct plating
on lithium chloride-phenylethanol-moxalactam agar as de-
scribed previously (11, 12) except that glycine was used in
place of glycine anhydride. Food samples (25 g) were placed
in sterile plastic stomacher bags (model 400; Seward Medical
Co., London, United Kingdom), and 225 ml of Listeria
enrichment broth (see below for composition) was added.
The samples were homogenized in a stomacher (Stomacher
Lab Blender, model 400; Tekmar Co., Cincinnati, Ohio) for
2 min. Portions of 0.1 ml were plated on 10 lithium chloride-
phenylethanol-moxalactam plates. When cells were present
in high numbers (_104/g), samples were serially diluted in
0.01 M phosphate buffer (pH 7.2), and 0.1 mi was plated on

duplicate plates. The plates were incubated at 30°C for 5 to

7 days.
Enrichments were also performed to detect very low

numbers of L. monocytogenes. We modified the enrichment
procedure of McClain and Lee (12) by incubating cultures
for 5 to 7 days in the stomacher bags at 30°C. Listeria
enrichment broth (12) consisted of the following (per liter):
proteose peptone (Difco), 5 g; tryptone (Difco), 5 g; Lab
Lemco powder (Oxoid Ltd., Columbia, Md.), 5 g; yeast

extract (Difco), 5 g; NaCI, 20 g; Na2HPO4, 12 g; KH2PO4,
1.35 g; esculin (Sigma Chemical Co., St. Louis, Mo.), 1 g;
and nalidixic acid (sodium salt; Sigma), 20 mg. Acriflavine
hydrochloride (Sigma) (12 mg/liter) was filter sterilized and
added to the medium after autoclaving. For primary enrich-
ment, the food homogenates in the stomacher bags were
incubated at 30°C for 5 to 7 days. Then 0.1-ml portions of the
enrichments were inoculated into 10 ml of Listeria enrich-
ment broth plus acriflavine hydrochloride (25 mg/liter) and
incubated for 5 to 7 days as a secondary enrichment. These
samples were streaked directly on lithium chloride-phe-
nylethanol-moxalactam plates and also treated with KOH
solution (12) to select for L. monocytogenes.
To confirm identification, five presumptive colonies per

sample were examined for various phenotypic characteris-
tics, including lack of pigmentation, morphology on tryptose
agar, and positive catalase test. Three of the colonies were
then tested for characteristic end-over-end tumbling motility
in tryptose broth at ambient temperature and for umbrella
motility just below the surface in motility test medium
(Difco) at ambient temperature and at 37°C. One colony per
food sample was further tested for a positive methyl red
reaction in MRVP medium (Difco), for esculin hydrolysis in
bile-esculin agar (Difco), and for reduction of litmus milk
(Difco) after 2 days at 30°C. Serological analysis was also
performed, using Listeria 0 antiserum type 4 (Difco). List-
eria 0 antigen (type 4; Difco) was used as a positive control.
We also tested -15 isolates from the bratwurst experiment
for acid production in purple broth (Difco) containing 0.5%
(wt/vol) galactose, sorbitol, mannitol, dulcitol, maltose,
rhamnose, xylose, glucose, lactose, and melezitose, and we
found that the pattern of acid formation was the same as for
Scott A.
Food studies. Several foods were used as substrates for L.

monocytogenes. In all foods, we tested four conditions: (i)
control (no additions); (ii) lysozyme, 100 mg/kg; (iii) EDTA,
5 mM (except for Camembert, which had 1 mM); and (iv)
lysozyme plus EDTA. In each experiment, foods were
prepared and individually placed in several containers for
incubation. Two containers (duplicate samples) were tested
at each time point of sampling. All food samples were
incubated with and without experimentally inoculated L.
monocytogenes to examine for natural contamination.
Foods were qualitatively examined at the conclusions of

the experiments for lysozyme activity. M. luteus dried cells
(0.25 mg/ml; Sigma) were suspended in 2.9-ml portions of
0.067 M phosphate buffer (pH 6.6). Food samples were
diluted 10-fold with buffer and added to the M. luteus
suspension. The decrease in A540 was measured after 2 h. A
marked decrease in absorbance compared with that seen in
the food samples without added lysozyme indicated that
lysozyme activity was present. Also, fresh lysozyme (1 to 3
ppm [1 to 3 ,ug/ml]) was tested in buffer for comparison and
in foods without added lysozyme to ascertain that inhibition
was not occurring. The pH of each food sample was esti-
mated after 10 g of food was homogenized in 90 ml of
distilled water.

Preparations of foods. Fresh lettuce heads from a local
market were coarsely shredded and divided into 1,800-g
portions. Lysozyme was dissolved in 25 ml of 67 mM
phosphate buffer (pH 6.6), and EDTA (tetrasodium salt;
Sigma) was dissolved in 25 ml of distilled water. The
solutions were sprinkled onto the 1,800-g portions of lettuce.
The final concentrations of lysozyme and EDTA were 100
mg/kg and 5 mM, respectively. L. monocytogenes was
diluted and placed in 25 ml of 67 mM phosphate buffer at a
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concentration to give approximately 104 CFU/g of lettuce.
The lettuce was then well mixed by hand. Portions of 100 g
were placed in 8-oz (ca. 227-g) polystyrene containers (Miles
Scientific, Div. Miles Laboratories, Inc., Naperville, Ill.),
and the containers were incubated at 5°C. Duplicate contain-
ers were sampled for L. monocytogenes after 0, 3, 7, and 12
days.
Fresh green cabbage obtained from a local market was

processed as described above for lettuce. Duplicate contain-
ers were sampled after 0, 3, 7, 12, 20, 27, 34, 41, and 48 days.
Fresh ears of sweet corn were obtained at a local market,

and kernels were removed. Procedures for lysozyme,
EDTA, and L. monocytogenes additions and samplings were
as described above for lettuce. Samples were taken after 0,
2, 4, 9, 11, and 15 days.

Fresh green beans were obtained from a local market and
were snapped by hand into pieces 1 to 1.5 in. (ca. 2.5 to 3.8
cm) long. Other procedures were as described above for
lettuce. Samples were taken after 0, 2, 5, 7, 9, and 15 days.

Fresh carrots were processed as described for fresh let-
tuce except that an inoculum of 103 CFU of L. monocyto-
genes per g was used. Samples were taken on days 0, 2, 5, 9,
and 16.
Frozen corn and frozen green beans were treated as

described above. Corn samples were taken on days 0, 2, 4, 7,
and 10; green beans were sampled after 0, 4, 7, and 11 days.
For bratwurst samples, coarsely ground frozen pork trim

(25 to 30% fat) was obtained from the Department of Muscle
Biology, University of Wisconsin, Madison. Semithawed
meat (15-lb [ca. 6.8-kg] samples) was placed in a Buffalo
Mixer (John E. Smith's Sons Co., Buffalo, N.Y.); an ice
slurry (750 ml) and 136 g of bratwurst spice (F. W. Witt and
Co., Yorkville, Ill.) were also added. Then 100 ml each of
distilled water with or without EDTA (5 mM, final concen-
tration) and 67 mM phosphate buffer with or without lyso-
zyme (100 ppm, final concentration) was added, and L.
monocytogenes was inoculated to 104/g. The samples were
mixed for 4 min with intermittent stops to shift the meat. The
meat was then ground and stuffed into rinsed 32- to 35-mm
natural hog casings (Vista International Packaging, Keno-
sha, Wis.) with a hand-cranked stuffing machine. Hand-
twisted links (-6 in. [-15 cm]) were cut apart and vacuum
packaged in 6.5-by-12-in. (ca. 16.5-by-30.5-cm) Curlon
(grade 550) vacuum bags (Curwood, Inc., Chicago, Il1.) in
portions of 0.75 to 1 lb (ca. 0.34 to 0.454 kg). The spice mix
was formulated such that the prepared sausages contained
approximately 20 oz (ca. 567 g) of NaCl per 100 lb (ca. 45.4
kg) of meat (F. W. Witt, personal communication). Through-
out preparation of the sausages, reagents and equipment
were kept cold and handling was minimized to keep the fat
and muscle particulate. The packages of links were stored at
5°C for the duration of the experiment. Duplicate packages
were examined for L. monocytogenes as described above
after 0, 2, 6, 9, 15, 23, 33, 37, and 44 days.
Camembert cheese was prepared according to a standard

protocol from the Cheese Research Institute (courtesy of
Mark Johnson, Cheese Research Institute, University of
Wisconsin, Madison). Safety precautions in preparation of
the cheese with L. monocytogenes were followed as de-
scribed by Ryser and Marth (18).

Fresh pasteurized whole milk (-60 lb [-27 kg]) was
obtained from the University Dairy Plant. The milk was
placed in a small cheese vat, and the temperature was
adjusted to 33°C. A 10-ml amount of Superstart starter
culture (Miles Laboratories, Inc., Madison, Wis.) and 6 ml
of Marzyme single-strength microbial rennet (Miles) were

added. Lysozyme in 67 mM phosphate buffer and EDTA in
distilled water were added to designated vats at 100 mg/kg
and 1 mM, respectively (1 mM instead of 5 mM EDTA was
used because the higher concentration inhibited curd forma-
tion). Finally, L. monocytogenes was suspended in 10 ml of
sterile skim milk and added at 104 CFU/ml to designated
batches. The contents of the vats were well mixed with a
straining spoon, and curd was allowed to form for 50 min.
The curd was cut into 0.75-in. (ca. 1.9-cm) cubes with cheese
knives and allowed to heal for 15 to 20 min while being
frequently stirred. The curds were poured into 12 cheese
hoops (5 and 0.5 in. [ca. 12.7 and 1.3 cm]), which were
placed on a draining board covered with cheesecloth. The
hoops were covered with cheesecloth and turned after 1 and
5 h. The covered cheese wheels were left overnight at
ambient temperature, and the next morning they were
coated with cheese salt to achieve a salt content of -2.5o%.
The wheels were left covered at 5°C on the second night. On
the third morning, the wheels were dipped into 100 ml of
sterile saline containing P. camemberti spores. The cheese
wheels were placed on a cleaned draining board, covered
with fresh cheesecloth, and incubated in the University of
Wisconsin Biotron facility in an incubator held at 15°C and
90 to 95% relative humidity. The wheels were turned every
1 to 2 days for 14 days, at which time the wheels were
individually wrapped in aluminum foil and stored at 5°C for
the duration of the experiment. The curds were sampled on
day 0, and duplicate slices were taken from single wheels of
the ripening cheeses on days 2, 6, 13, 20, 27, 34, 48, 55, and
67. In addition, a cheese wheel was removed on day 2 just
before mold inoculation and tested for salt and moisture
contents. The salt concentrations were determined by using
Quantab Chloride Titrators (no. 1176; Miles); individual
determinations ranged from 1.5 to 2.7%. The moisture
content was estimated by crumbling a slice and then mixing
and placing 2- to 3-g portions into each of three tared
aluminum boats, which were dried overnight at 94°C in a
vacuum oven, allowed to cool in a desiccator, and weighed.
Moisture contents ranged from 49.6 to 55.6%. Sampling and
enumeration of L. monocytogenes in duplicate cheese slices
were carried out as described above for the other foods.

RESULTS

Activity of lysozyme in vegetables. The antibacterial activ-
ity of lysozyme against L. monocytogenes Scott A was
evaluated in several foods, especially those that have been
shown or suspected to transmit listeriosis or to harbor the
pathogen. Of the three confirmed food-borne outbreaks of
listeriosis since March 1981 (28), two resulted from contam-
ination of soft-ripened cheeses (2, 10) and one was attributed
to coleslaw contaminated with infected cabbage (19). We
first examined the activity of lysozyme in several vegetables,
including cabbage.

L. monocytogenes grew well in shredded cabbage (Fig. 1);
in the absence of inhibitory agents, the organism rapidly
reached 3.5 x 106 CFU/g and then further increased to 108
CFU/g. (In all samplings, we examined duplicate containers
at each time point. Duplicate enumerations of L. monocyto-
genes from individual containers varied <2-fold from the
mean of the two determinations.) In incubations containing
cabbage with 100 mg of lysozyme per kg or lysozyme with 5
mM EDTA, L. monocytogenes Scott A (CFU per gram)
declined by approximately 10- or 100-fold, respectively,
after 7 days of incubation at 5°C. L. monocytogenes in the
cabbage samples with lysozyme grew marginally after 7 days
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FIG. 1. Effect of lysozyme and EDTA on growth of Listeria

monocytogenes in shredded cabbage. See Materials and Methods
for experimental details.

and later declined, whereas growth in the incubations with
lysozyme and EDTA declined throughout the experiment.
Bacteria in the treatments containing EDTA alone grew well
and paralleled numbers in the control for 30 days, after
which the population rapidly dropped. The unusual growth
patterns of L. monocytogenes in cabbage containing EDTA
were often seen in other foods as well (see below).
The loss in viability of L. monocytogenes in cabbage in the

presence of lysozyme was not due to changes in pH, since all
four incubation conditions gave approximately the same pH
profiles. The initial pH of the cabbage medium was 4.8,
which increased to 6.6 to 6.8 after 7 days and remained at
this pH until 20 days of incubation. The pHs then dropped to
4.3 to 4.9 in the samples containing lysozyme, whereas the
controls had final pHs of 5.8 to 5.85 after 40 days. The
samples supplemented with EDTA alone had pHs ranging
from 5.0 to 5.5 after 40 days. The unusual changes in pH may
have been caused by changes mediated by L. monocyto-
genes and other bacterial flora in the refrigerated conditions,
in which lactic acid fermentation may have been suppressed.
Visible changes of the cabbage, including browning and
softening, were noticed after 1 to 2 weeks.
The incubations with lettuce (Fig. 2) showed patterns of L.

monocytogenes survival similar to those seen with cabbage.
The combination of lysozyme and EDTA was actively
listericidal, whereas lysozyme alone was listeristatic. The
controls and the samples with EDTA alone grew to popula-
tions of 3.4 x 105 and 1.6 x 105. In contrast, samples with
EDTA and lysozyme had no detectable L. monocytogenes
after 12 days. The lysozyme samples had -2.5 x 103
organisms, a 2-fold decrease from the initial cell count. In
the lettuce samples, there was little variation among the pH

0
WW

0 5 10 15

days
FIG. 2. Effect of lysozyme and EDTA on growth of L. monocy-

togenes in shredded lettuce.

profiles except for the negative control, which had a lower
final pH (4.8) than did the other incubations (pH range, 5.6 to
5.8). Therefore, lysozyme was actively listericidal in lettuce.
Lysozyme with EDTA was bactericidal in snapped green

beans; after 1 week, a decrease of -100-fold was observed
(Fig. 3). In the other experimental variations growth oc-
curred, although lysozyme slowed growth considerably
compared with results for the control or EDTA incubations
(Fig. 3). It appears that lysozyme with or without EDTA was
less effective in green beans than in cabbage or lettuce. The
initial pHs of the green beans varied from 5.94 to 6.07, and
the final pHs of the different samples changed by less than
0.4 pH units. Possibly, the absence of pH stress during
incubation supported survival of L. monocytogenes. Alter-
natively, since the green beans were snapped into fairly large
pieces, it is possible that lysozyme did not rapidly penetrate
to the interior and L. monocytogenes could colonize the
center and grow in isolation.
Treatment of fresh corn kernels with lysozyme with and

without EDTA resulted in a pattern of L. monocytogenes
survival similar to that described above for green beans. The
decline rates were much slower than on lettuce and cabbage,
but it was still evident that lysozyme plus EDTA was
listericidal whereas lysozyme alone was listeristatic (Fig. 4).
In contrast, L. monocytogenes in the negative controls
without any additions and the incubations containing EDTA
alone grew to 1.0 x 107 and 1.8 x 105, respectively, after 9
days. Initial pHs of the fresh corn samples varied from 6.6 to
6.7 and did not change through day 9, but dropped to 4.5 to
5.0 after 15 days in the samples not containing EDTA. With
EDTA present, the pHs did not drop below 6.0 after 15 days.
EDTA seemed to affect subsequent bacterial spoilage but did
not influence survival of L. monocytogenes. As with the
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FIG. 3. Effect of lysozyme and EDTA on growth of L. monocy-

togenes in fresh snapped green beans.

other fresh vegetables tested, lysozyme had a negative effect
on L. monocytogenes growth in fresh corn. The slower rates
of decline could have resulted from differences in food
composition, such as the presence of high concentrations of
carbohydrates, which could promote growth.

In fresh shredded carrots, incubation of lysozyme with
and without EDTA and L. monocytogenes resulted in un-
usual responses of growth and killing (Fig. 5). In this
experiment, L. monocytogenes was used at lower initial
levels (-1,000 colonies per g). Lysozyme alone or with
EDTA very rapidly killed L. monocytogenes in the carrot
medium (Fig. 5). Bacteria in the control with no additions
initially grew for approximately two doublings, and then
detectable numbers also fell to zero after day 9. In contrast,
EDTA initially supported a large increase in viable cell
counts, which then rapidly declined after day 9. These
results suggest that there may be factors in carrots, perhaps
limiting metal ions or listericidal factors, that encourage the
activity of lysozyme against L. monocytogenes. The pHs of
the carrot samples were initially 6.2 to 6.4; these dropped
steadily to 4.1 to 4.4 after 9 days. The change in pH did not
appear to influence L. monocytogenes survival.

Overall, lysozyme was very effective in killing L. mono-

cytogenes in most fresh vegetable products. During the
winter, we also tested frozen commercial green beans and
corn; in both cases, lysozyme did not kill the inoculated L.
monocytogenes, although it did (in combination with EDTA)
prevent growth (data not shown). We noticed that with the
frozen green beans, but not with the corn, the pH of the
frozen product dropped much faster than it did with fresh
green beans, perhaps because of more rapid growth by acid
formers. The reasons that lysozyme was not effective in
thawed frozen products is not known, but they may be

5

4 +lysozyme

3

+Iysozyme +EDTA
2
0 10 20

days
FIG. 4. Effect of lysozyme on growth of L. monocytogenes in

fresh corn.

related to inactivation of enhancing factors during process-
ing of the fresh vegetables.

Activity of lysozyme in fresh sausages. We next examined
the effectiveness of lysozyme against L. monocytogenes in
bratwurst, which is a fresh meat sausage common in Wis-
consin. Initial counts of L. monocytogenes in the sausages
were 4 x 103 CFU/g. We found that the incubations contain-
ing lysozyme alone did not affect growth significantly com-
pared with the negative control without lysozyme (Fig. 6).
Both incubations grew to _-107 CFU/g in 1 to 2 weeks. The
sausages containing EDTA alone were listeristatic for 2
weeks, after which L. monocytogenes grew to very high
numbers. The most effective variation that inhibited L.
monocytogenes was the combination of lysozyme and
EDTA. When these two substances were included together,
initial numbers fell from 3.9 x 103 to 1.4 x 103 after 9 days,
and then L. monocytogenes slowly began to grow over the
44-day duration of the experiment. The pH remained at
approximately 6 in all of the incubations.

In control sausages without inoculated L. monocytogenes
Scott A, but not in the sausages containing EDTA, we
detected and confirmed Listeria colonies in the absence or
presence of lysozyme. Carbohydrate tests showed that a
proportion of these colonies reacted differently than did L.
monocytogenes Scott A, especially in assimilation of melez-
itose. We assume that the pork trim contained Listeria cells
as inherent contaminants. These comprised <0.1% of the
inocula we added and probably did not affect our results.

It is evident that in fresh pork sausages EDTA and
lysozyme acted synergistically in preventing growth. Since
the shelf life of fresh bratwurst is <2 weeks, it is likely that
lysozyme together with a food-approved chelator could
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FIG. 5. Effect of lysozyme and EDTA and lysozyme on growth

of L. monocytogenes in carrots.

provide needed protection. We are currently examining
other meats, including fresh frankfurters. Various chelators,
including natural substances such as conalbumin and lacto-
ferrin, are also being tried in combination with lysozyme.

Effectiveness of lysozyme in mold-ripened Camembert
cheese. Soft-ripened cheeses have been associated with
transfer of listeriosis to humans. These products could
benefit by inclusion of a safe preservative active against L.
monocytogenes.
We prepared several wheels of Camembert cheese con-

taining lysozyme, EDTA, and L. monocytogenes. Initial
counts of L. monocytogenes from seven cheese wheels made
in separate weeks ranged from 2.9 x 104 to 3.3 x 104. Figure
7 shows the results of including lysozyme with and without
EDTA in the cheeses. The control cheeses harboring L.
monocytogenes but not lysozyme or EDTA initially showed
a slight decline in numbers during the first 3 weeks of curing,
but thereafter L. monocytogenes grew steadily and reached
5 x 106 CFU/g after 55 days. After the 55-day sampling,
detection in several of the experimental variations gave
sporadic numbers from sample to sample, perhaps because
of nonuniform spatial distribution of L. monocytogenes in
the cheeses.
The cheeses containing L. monocytogenes and lysozyme

also exhibited an initial decline that continued until the
31-day sampling. The initial numbers were 3.3 x 104CFU/g,
which dropped to 4.2 x 103 (range, 3.4 x 103 to 5.0 x 103)
after 31 days of aging. L. monocytogenes then started to
grow and reached 2.5 x 104 (range, 5.0 x 103 to 4.5 x 104)
after 55 days (range, 4.5 x 104 to 5.0 x 104). Viable counts
eventually declined to 2.5 x 104 (range, 5.0 x 103 to 4.5 x
104) after a climb in population to 2.3 x 105 to 3.5 x 105/g.
The wheels containing EDTA showed an unusual growth

pattern in which populations initially rose and then fell
precipitously. These results have been seen with some other
foods. Growth during the initial 41 days of cheese curing
without inhibitory agents occurred steadily, and -4.9 x 105
CFU/g was obtained. After this time, viable counts de-
creased to _104 CFU/g. Unusual patterns of growth were
also seen in the wheels containing L. monocytogenes with
EDTA and lysozyme. During the initial 27 days of cheese
ripening, counts dropped from 3.0 x 104 to 6.4 x 103 (range,
3.7 x 103 to 9.2 x 103). After this period, L. monocytogenes
grew until 41 days and then dropped again to -6 x 103.
Eventually, relatively high counts were obtained (4.0 x 106).
It is evident that numbers of L. monocytogenes varied
considerably after 30 to 40 days of aging in the cheeses
containing lysozyme with or without EDTA but not in the
control. Soft-ripened cheese is a complex substrate, and
more work is necessary to evaluate the effectiveness of
lysozyme.

DISCUSSION

An important contributing factor for the control of L.
monocytogenes in foods is the absence of technologies to
thoroughly and permanently eliminate the pathogen from the
processing plant environment (26, 28). The pathogen tena-
ciously contaminates processing plants despite extensive
efforts to eliminate it through vigorous sanitation. Postpro-
cessing contamination is an important factor in transmission
of the pathogen to foods and is currently thought to be the
major route of contamination (14, 16, 26, 28). Safe preser-
vatives that can be added to foods to kill the organism if
postprocessing contamination occurs are urgently needed.
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FIG. 6. Effect of lysozyme and EDTA on growth of L. monocy-

togenes in fresh sausages (bratwurst).
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FIG. 7. Growth of L. monocytogenes in Camembert cheese

containing lysozyme and EDTA.

The results of this study indicate that lysozyme is an
effective preservative against L. monocytogenes Scott A in
certain foods, especially fresh vegetables. In many of the
vegetables we tested, lysozyme effectively killed high initial
numbers of L. monocytogenes. In several vegetable foods,
EDTA enhanced the activity of lysozyme and resulted in
rapid and complete extermination of L. monocytogenes.

In the two foods of animal origin that we tested (fresh
sausage and Camembert cheese), lysozyme with EDTA was

bacteriostatic but did not rid the foods of viable L. monocy-
togenes, as occurred in many vegetables. Evidently, the
growth substrates are critically important for bacterial
growth and the effectiveness of lysozyme. Perhaps the
presence of relatively high concentrations of certain nutri-
ents such as heme, fat, or others are helpful to L. monocy-
togenes in avoiding killing by lysozyme.
The interaction of lysozyme with chelators needs more

extensive study. The mechanism(s) by which they interact is
not presently understood. There are at least two possibilities
for the enhancing effect of a chelator: (i) it may slow growth
by binding an important metal necessary for growth (e.g.,
iron [23]), thus allowing lysozyme to digest the cell wall
faster than it can be synthesized, or (ii) it may disrupt the cell
wall structure and enable better attack by lysozyme. Perrau-
din and Prieels (15) have shown that lactoferrin binds more
readily to M. luteus cells to which lysozyme has previously
bound. EDTA was used as a model chelator in our studies,
and it is likely that other chelators, especially those that
occur naturally with lysozyme in mammalian secretions,
such as conalbumin, transferrin, ceruloplasmin, or lactofer-
rin, would work more effectively. Lactoferrin occurs natu-
rally in bovine milk at lower concentrations than it occurs in
milks of some other mammals. Preliminary experiments
have shown that conalbumin enhances the activity of lyso-
zyme against L. monocytogenes (V. L. Hughey, P. A.
Wilger, and E. A. Johnson, experiments in progress). Con-
albumin specifically binds iron, as opposed to EDTA, which

prefers divalent alkaline earth metals. Iron is quite important
for growth and virulence of L. monocytogenes (23).
A second potential processing method for increasing the

activity of lysozyme is to heat L. monocytogenes during or
before exposure to lysozyme. Preliminary experiments have
shown that this procedure dramatically increases the suscep-
tibility of L. monocytogenes to lysis (A. DiNardo, V. L.
Hughey, and E. A. Johnson, unpublished data).
Although lysozyme has been suggested to have many roles

as a preservative (see reference 17 for review), it is currently
used mainly in certain European cheeses to prevent blowing
by sporeformers (17). Our previous findings that egg white
lysozyme is highly effective against L. monocytogenes and
some other pathogens (9), and the results presented here,
showing that it is active in several foods, suggest that further
applications can be found. Because lysozymes occur natu-
rally in humans, and since egg white lysozyme is destroyed
in the human stomach and during cooking of foods, it is
likely that lysozyme could serve as a safe and widely used
food preservative to protect against L. monocytogenes con-
tamination.
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