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[57] ABSTRACT

The method of the invention uses live cells of non-fer-
menting and/or non-growing lactic acid bacteria to
deliver bacteriocin into edible food substances to inhibit
the growth of food spoilage and/or foodborne patho-
genic organisms. The method of the invention may be
used to inhibit growth of these organisms in raw food
substances and finished food products after processing.
The lactic acid bacteria within the food mixture are
capable of producing bacteriocin in the desired microbi-
al-inhibiting amounts under conditions of non-growth
and non-fermentation.

27 Claims, 3 Drawing Sheets
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COMPOSITION AND METHOD FOR INHIBITING
PATHOGENS AND SPOILAGE ORGANISMS IN
FOODS

BACKGROUND OF THE INVENTION

The presence of food spoilage organisms and patho-
gens in foods is a major concern to the food processing
industry, government regulatory agencies and food
consumers. Foodborne pathogens have been responsi-
ble for several food poisoning outbreaks, some of which
have resulted in serious illness and death. In addition,
the presence of pathogenic organisms in foods has led to
numerous product recalls, product losses, and consider-
able negative publicity to the food industry. For exam-
ple, a report of a case of listeriosis associated with the
consumption of turkey franks provided direct evidence
of the infection by Listeria monocytogenes linked to poul-
try products (Barnes et al., Morbid. Mortal. Weekly Rep.
38:267-268 (1989)). It has also been shown that L.
monocytogenes occurs commonly in seafoods, poultry,
and meats including cured and fermented meats. See,
for example, Buchanan et al, Appl. Environ. Microbiol.
55:599-603 (1989); Bailey et al., J. Food Prot. 52:148-150
(1989); M. Gitter, Vet. Res. 99:336 (1976); and Farber et
al., Can. Inst. Food Sci. Technol. J. 21:430-434 (1988).

Lactic acid bacteria are known to produce inhibiting
substances such as hydrogen peroxide, antibiotics and
bacteriocins. These bacteria are also capable of lower-
ing the oxidation/reduction potential of the growth
medium, and may compete with other lactic acid bac-
teria or pathogens and spoilage organisms for essential
nutrients.

Lactic acid bacteria, including Lactobacillus species,
and Pediococcus species, used as fermentation starter
cultures, have been screened and shown to produce
" bacteriocins. The spectrum of bacteriocin activity
against various microorganisms, including Listeria
monocytogenes and other bacterial strains, has also been
assessed (as cited in Richter et al.,, Abstract P8, 89th
Annual Meeting, American Society of Microbiology,
New Orleans, LA, May 14-18 (1989); and Richter, K.
S., M. 8. Thesis entitled *“Physical and Genetic Proper-
ties of a Bacteriocin Produced by a Pediococcus sp.
Active Against Listeria monocytogenes, University of
Nebraska-Lincoln (1989), the disclosure of which are
incorporated by reference herein). For example, pedio-
cin PA-1 produced by Pediococcus acidilactici PAC 1.0
has been found to inhibit a wide spectrum of gram posi-
tive organisms, including several genera of lactic acid
bacteria and various food isolates of Listeria monocyto-
genes. P. pentosaceus FBB63 also inhibited L. monocyto-
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genes, although to a lesser extent. Other bacteriocins of -

the genus Pediococcus and their spectrum of activity
have also been characterized, including pediocin AcH
by P. acidilactici H, and pediocin A by P. pentosaceus
FBB61, L7230 and FBB63 (as cited in K. S. Richter, M.
S. Thesis, page 41-43, Univ. Neb.-Lincoln (1989)). The
antimicrobial activity of pediocin AcH, was tested
against several pathogenic and food spoilage bacteria,
including Listeria monocytogenes (Bhunia et al., J. Appl
Bacteriol. 65:261-268 (1988)).

The production of bacteriocin by various strains of
Pediococcus species has been associated with the pres-
ence of plasmid DNA D. Graham and L. McKay, App!.
Envir. Microb. 50:532-534 (1985); C. Gonzalez and B.
Kunka, 4ppl. Envir. Microb. 53:2534-2538 (1987)). Bac-
teriocins associated with plasmid DNA from strains of
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Pediococcus acidilactici and P. pentosaceus have been
shown to inhibit Listeria monocytogenes, Streptococcus
faecalis and Leuconostoc mesenteroides (Hoover, et al., J.
Food Protection 51:29-31 (1988)).

Several ways of inhibiting Listeria and other food-
borne pathogens in food products using bacteriocins
have been reported. For example, bacteriocins isolated
from lactic acid bacteria have been separately added to
food products to inhibit foodborne organisms. U.S. Pat._
No. 4,929,445 to Vandenbergh et al. (issued May 19,
1990; filed Jan. 25, 1988) discloses a method of inhibit-
ing Listeria monocytogenes in unspoiled foods, such as
milk-based cheeses, ice cream, meats and fish, by adding
bacteriocin derived from Pedigcoccus acidilactici as a
dried powder to inhibit the Listeria at a pH range of
about pH 4-9. Pucci et al disclose that where a dried
powder of bacteriocin PA-1 produced by Pediococcus
acidilactici was used to inhibit Listeria monocytogenes, it
was found that the Listeria was inhibited due to a syner-
gistic effect of lactic acid and bacteriocin (Appl. Envir.
Microb. 54:2349-2353 (1988)). Since the production of
bacteriocin preparations can be time-consuming and
costly, it is desired that a system be developed in which
viable cells of bacteriocin-producing organisms may be
directly added to a food substance to provide inhibition
of pathogens and food spoilage organisms.

In food fermentations, bacteriocin-producing lactic
acid bacteria have been used as fermentation starter
cultures for fermenting meat and providing bacteriocins
to inhibit growth of pathogens and spoilage organisms.
For example, bacteriocin-producing Pediococcus spe-
cies were used as a fermentative starter culture to inhibit
Listeria monocytogenes in fermented summer sausage
(Richter, K. S.,, M. S. Thesis entitled “Physical and
Genetic Properties of a Bacteriocin Produced by a Ped-
iococcus sp. Active Against Listeria monocytogenes,
University of Nebraska-Lincoln (1989)). The preserva-
tion of the cured, dried, fermented sausage from spoil-
age and pathogenic microorganisms was due to a num-
ber of factors, including low water activity, sodium
chloride, sodium nitrite, and low pH due to the produc-
tion of lactic acid by the starter culture organisms.
However, while growth may be suppressed during
fermentation and the drying process, these organisms
may survive in the finished product. Therefore, there is
a need for a means of inhibiting growth of foodborne
pathogens and food spoilage organisms in fully pro-
cessed, and/or fermented or cured foods.

Psychrotrophic bacteria can grow at temperatures as
low as 4° C., so that even refrigeration offers relatively
minimal protection if a food product is contaminated
with these organisms. Viable cells of lactic acid bacteria
which produce hydrogen peroxide without fermenta-
tion havesbeen used to inhibit food-borne human patho-
gen or spoilage microorganisms in food during refriger-

- ated storage. Lactobacillus bulgaricus and L. lactis inhib-

ited psychrotrophic bacteria, Psendomonas fragi and
psychrotroph MC-60N, a Gram negative rod isolated
from raw milk, in ground beef stored at 5° C. by pro-
duction of hydrogen peroxide. (S. E. Gilliland and M.
L. Speck, J. Food Science 40:903-905 (1975)). In ground
and mechanically deboned poultry meat refrigerated at
3° C,, resting cells of meat starter cultures of Pediococcus
cerevisiage and/or Lactobacillus plantarum were shown
to inhibit psychrotrophic bacteria (Raccach et al, J.
Food Science 44:43-46 (1979)). In refrigerated, packaged
processed food, viable cells of a Lactobacillus which
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produced hydrogen peroxide without fermentation
were used to inhibit food-borne pathogens and spoilage
microorganisms (U.S. Pat. No. 4,874,704 to Boudreaux
et al. (issued Oct. 17, 1989; filed Mar. 14, 1988)). A
composition of a lactic acid-producing bacteria, such as
Streprococcus lactis subsp. diacetylactis, which produces
a diacetyl flavor, and a Pediococcus which generates
hydrogen peroxide, such as Pediococcus pentosaceus,
were disclosed for inhibiting psychrotrophic bacteria in
refrigerated milk or cream-based products, without
fermentation or increase in cell count (U.S. Pat. No.
4,880,743 to Matrozza et al. (issued Nov. 14, 1989; filed
Jul. 27, 1988)). However, since hydrogen peroxide can
adversely affect the organoleptic characteristics of a
food substance, there is a need for a non-destructive
means of controlling psychrotrophs in meat and other
food products under refrigeration conditions, by organ-
isms which do not produce hydrogen peroxide in signif-
icant amounts in the food product.

Lactobacillus sake 116706, a Lactobacillus species
which produces the bacteriocin sakacin A, was found to
inhibit Listeria monocytogenes in refrigerated meat. A
bacteriocin effect was observed in comminuted cured
pork at 15° C. and pH 5.7, but not in pork of pH 6.3-6.4,
nor in pasteurized minced meat held 6 days at 8° C.
(Lucke et al., FEMS Microb.Rev. 87:.P85 (Abstract E3)
(1990)). It was found that the use of L. sake as a “‘protec-
tive” culture in meats was limited by several factors
including the slow diffusion rate of sakacin A to target
cells, the inactivation of this bacteriocin over time, and
the lack of sensitivity of all strains of L. monocytogenes
to sakacin A.

Non-carbohydrate fermenting lactic acid bacteria
have also been used to inhibit spoilage of lactose-con-
taining food products. For example, cells of a non-lac-
tose fermenting Streptococcus lactis have been added to
lactose-containing foods, particularly milk products, to
inhibit spoilage (U.S. Pat. No. 4,599,313 to Gonzalez, C.
F. (issued Jul. 8, 1986)).

Therefore, an object of the invention is to provide a
system in which an organism capable of producing
bacteriocin will inhibit the growth of pathogens and
spoilage organisms in foods by producing bacteriocin
without cell growth and/or fermentation. Another ob-
ject is to provide a non-destructive method of inhibiting
pathogens and spoilage organisms in foods using living
cells of lactic acid bacteria wherein the organoleptic
properties of the food are not changed as a result of cell
growth and/or fermentation by the bacteriocin-produc-
ing organism. A further object is to provide a method in
which living cells of lactic acid bacteria are combined
with a food substance to inhibit the growth of patho-
gens and spoilage organisms by providing inhibiting
amounts of bacteriocin. Yet another object is to provide
a food mixture containing living cells of lactic acid
bacteria and a food substance, wherein the lactic acid
bacteria inhibit the growth of pathogens and/or spoil-
age organisms by producing bacteriocin without cell

_growth and/or fermentation.

SUMMARY OF THE INVENTION

These and other goals are met by the present inven-
tion which is directed to food mixtures for inhibiting the
growth of food spoilage and/or pathogenic organisms
in edible food substances, and methods of inhibiting
such growth. The invention involves a combination of
an edible food substance and a sufficient amount of a
non-growth concentration of living bacteriocin produc-

4

ing lactic acid bacterial cells that will nevertheless pro-
duce sufficient bacteriocin to substantially inhibit
growth of food spoilage or pathogenic organisms.

It has been surprisingly discovered that under certain
conditions or with certain modifications, lactic acid
bacteria within the food mixture will produce bacterio-
cin in the desired microbial-inhibiting amounts even
though there is little or no cell growth, fermentation, or
organic acid production by the lactic acid bacteria.
Accordingly, the living cells of the bacteriocin-produc-
ing lactic acid bacteria are combined with an edible
food substance under non-growing or non-fermenting
conditions, but which are able to produce bacteriocin
for inhibition of the growth of pathogens and food
spoilage organisms yet preserve the organoleptic prop-
erties of the food substance. The organoleptic proper-
ties of the food substance are not altered significantly by
the presence of the lactic acid bacteria.

One embodiment of the method of the invention,
involves combining an edible food substance with modi-
fied lactic acid bacteria to produce the food mixture.
The edible food substance contains a substrate that is
fermentable by lactic acid bacteria. The added popula-
tion of living, bacteriocin-producing lactic acid bacte-
rial cells, however, has been modified so that it is ren-
dered incapable of significantly fermenting or metabo-
lizing the substrate. The substrate may be a nutrient,

. carbohydrate, and/or other nutrient substance required
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for growth of unmodified lactic acid bacteria.

This embodiment of the method may preferably use
non-fermentative lactic acid bacteria or derivative
thereof which is incapable of significantly fermenting a
nutrient, carbohydrate such as glucose, lactose, sucrose,
raffinose, xylose, and the like, and/or other substance
which is contained in the food substance and required
for fermentation, as for example, a vitamin, and the like.
For example, the method may use a non-sucrose fer-
menting lactic acid bacteria such as Pediococcus acidilac-
tici JDM1, a non-sucrose-fermenting derivative of P.
acidilactici JD1-23. Additionally, this embodiment of
the method may combine the food substance and lactic
acid bacteria with substances which inhibit fermenta-
tion by the lactic acid bacteria, including such sub-
stances as sodium chloride, flavorings, antioxidants,
antimicrobials, and the like.

A second embodiment of the method of the invention
involves combining a modified edible food substance
with bacteriocin-producing lactic acid bacteria. The
added population of living, bacteriocin-producing lactic
acid bacterial cells is unmodified. The edible food sub-
stance, however, is substantially free of a substrate that
the lactic acid bacteria need for fermentation. The cell
concentration is effective to provide bacteriocin to sub-
stantially inhibit growth of the food spoilage and/or
pathogenic organism. : -

A third embodiment of the method of the invention

- involves subjecting the combination of edible food sub-
‘'stance and bacteriocin-producing lactic acid bacteria to

conditions that inhibit the growth or fermentation activ-
ity of the bacteriocin-producing bacteria but permit
their production of bacteriocin. Those conditions,
which include refrigeration temperatures, such as about
1°-7° C., preferably 3°-5° C., most preferably about 4°
C., as well as use of other substances which inhibit cell
growth of the lactic acid bacteria, such as flavorings,
antioxidants, antimicrobials, sodium chloride, and the
like, which either alone or in combination are combined
into the food mixture, maintain the population of cells
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of the lactic acid bacteria at non-growth levels of more
than about .10-100%, preferably about 10-50%, in the
food mixture.

Storing the food mixture at refrigeration tempera-
tures may contribute to the inhibition of an undesirable
pathogen and/or food spoilage organism in the food
mixture by slowing down the rate of growth of the
organism. For example, Listeria monocytogenes was
found to grow at a faster rate at 15° C. than 4° C. (See
Example 1, infra). Although, according to the present
method, foodborne pathogens and/or food spoilage
organisms may be inhibited in a food mixture stored at
room temperature, particularly with respect to the first
and second embodiments of the method, it is preferred
that the method of the invention further include main-
taining the food mixture at refrigeration temperatures.

Although the food mixture may be stored under ei-
ther anaerobic or aerobic conditions, anaerobic condi-
tions are preferred. It has been found that greater inhibi-
tion of pathogens and/or food spoilage organisms in a
food mixture can occur under anaerobic, or vacuum
conditions because many pathogens and/or food spoil-
age organisms are know to grow better under aerobic
conditions.

It is preferred that the cells of the lactic acid bacteria
are combined with the food substance to provide a food
mixture containing about 105-108 CFU/gram of the
food mixture, or about 0.1-1.0 wt-% lactic acid bacteria
cells based on the total weight of the food mixture. The
cell count of the lactic acid bacteria fraction, at the time
it is combined with the food substance, preferably does
not increase by more than about 10-100% more prefera-
bly 10-50%, as part of the food mixture.

The method is useful in inhibiting the growth of any
foodborne pathogen and/or food spoilage organism,
including psychrotrophic bacteria, which may be a
contaminant in the food substance, including such
pathogens as Listeria monocytogenes, Staphylococcus
aureus, clostridium perfringens, Clostirdium, botulinum,
Bacillus cereus, and the like, and food spoilage organ-
isms such as Streptococcus faecalis, Leuconostoc mesenter-
oides, and the like. By inhibiting the growth of food
spoilage organisms, the method may be used to extend
the shelf-life of a food product.

The invention also provides for a food mixture which
contains an edible food substance combined with a pop-
ulation of living cells of a bacteriocin-producing lactic
acid bacteria. The food mixture contains a cell concen-
tration of the lactic acid bacteria which is effective to
provide bacteriocin at a level which will inhibit growth
of a food spoilage or pathogenic organism in the food
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mixture. The organoleptic characteristics of the edible

substance are not significantly altered by the presence
of the lactic acid bacteria.

It is preferred that the cell count, or concentration, of
the lactic acid bacteria when added to the food sub-
stance does not increase by more than about 10-100%,
more preferably about 10-50%, within the food mix-
ture. The food mixture preferably contains about
105-108 CFU/gram cells of the lactic acid bacteria, or
about 0.1-1.0 wt-% cells of lactic acid bacteria based on
the total weight of the food mixture.

The food mixture is capable of inhibiting the growth
of foodborne pathogens such as Listeria monocytogenes
and Staphylococcus aureus, and/or food spoilage organ-
isms such as Streptococcus faecalis, which may be a con-
taminant in the food substance.
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In one embodiment, the food mixture includes an
edible food substance containing a fermentable sub-
strate for lactic acid bacteria (nutrient, a carbohydrate
substance such as sucrose, glucose, lactose, and the like
and/or other substance) in combination with living
bacteriocin-producing lactic acid bacterial cells which
have been modified to render them incapable of signifi-
cantly fermenting the substrate. The modified lactic
acid bacteria are present in the food mixture in a cell
concentration effective to provide bacteriocin to sub-
stantially inhibit growth of the food spoilage and/or
pathogenic organism.

In a second embodiment, the food mixture includes a
population of living cells of a bacteriocin-producing
lactic acid bacteria and a food substance which is sub-
stantially free of a substrate (nutrient, carbohydrate
substance and/or other substance) whi¢h is required for
fermentation by the lactic acid bacteria. The lactic acid
bacteria are present in the food mixture in a cell concen-
tration effective to provide bacteriocin to substantially
inhibit growth of the food spoilage and/or pathogenic
organism.

In a third embodiment, the food mixture includes an
edible food substance and a population of living cells of
bacteriocin-producing lactic acid bacteria combined
under conditions that substantially prevent fermenta-
tion by the lactic acid bacteria but maintain viability. As
in the other embodiments, the lactic acid bacteria are
combined with the food substance at a cell concentra-
tion effective to provide sufficient bacteriocin to inhibit
growth of a food spoilage or pathogenic organism in the
food mixture without significant fermentation of any
fermentable substrate present in the food substance. The
conditions are those indicated above.

The edible food substance may be a raw food, or a
food which is fully processed, cured or fermented, prior
to the addition of the lactic acid bacteria, including fish,
meats such as ham, beef, sausage, bologna, frankfurters,
and the like, vegetables, and milk-based or cream-based
foods such as ice cream or cottage cream.

Preferably, the pH of the food mixture is maintained
at about pH 5 to less than about 7. The food mixture
may be vacuum-packaged or sealed, or maintained
under aerobic conditions, or packaged under modified
atmosphere conditions.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a is a graphical representation of growth and
survival of Listeria monocytogenes on frankfurters inocu-
lated with high levels of Pediococcus acidilactici strain
JD1-23 and strain JD-M (Study 1).

FIG. 1b is a graphical representation of growth and
survival of L.’ monocytogenes on frankfurters inoculated
with lowievels of P. acidilactici strain JD1-23 and-strain

JD-M (Study 1). :

FIG. 2a is a graphical representation of growth and
survival of L. monocytogenes on frankfurters inoculated
with P. acidilactici strains JD1-23 and JD-M, and held at
4° C. under aerobic conditions (Study 2). _

FIG. 2b is a graphical representation of growth and
survival of L. monocytogenes on frankfurters inoculated
with P. acidilactici strains JD1-23 and JD-M, and held at
4° C. under anaerobic conditions (Study 2).

FIG. 3a is a graphical representation of growth and
survival of L. monocytogenes on frankfurters inoculated
with P. acidilactici strains JD1-23 and JD-M, and held at
15° C. under aerobic conditions (Study 2).
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FIG. 3b is a graphical representation of growth and
survival of L. monocytogenes on frankfurters inoculated
with P. acidilactici strains JD1-23 and JD-M , and held
at 15° C. under anaerobic conditions (Study 2).

DETAILED DISCUSSION OF THE INVENTION

This invention is based upon the discovery that some
species of lactic acid bacteria will produce bacteriocin
in an amount effective to inhibit growth of foodborne
pathogens and food spoilage organisms even though the
lactic acid bacteria are maintained under conditions that
inhibit their cell growth and fermentation of carbohy-
drates and/or other substances to lactic acid and/or
organic acids. The invention provides a method of in-
hibiting the growth of food spoilage and/or foodborne
pathogenic organisms in edible food substances by com-
bining the food substance with living cells of lactic acid
bacteria capable of producing substances known as
bacteriocins. Inhibitory amounts of bacteriocin are pro-
duced in the resulting food mixture under conditions in
which the lactic acid bacteria population in the food
mixture is not significantly growing and/or fermenting,
or producing detectable flavor, aroma, textural or other
organoleptic changes in the food substance.

As used herein, the term “fermentation” means lactic
acid fermentation, that is, the anaerobic, enzymatic
decomposition of carbohydrates to form considerable
amounts of lactic acid and/or other organic acids. The
term “lactic acid bacteria” includes species from the
genera Lactobacillus, Lactococcus, Leuconostoc,
Streptococcus, and Pediococcus, and the like. The term
“bacteriocin” means a protein substance produced by a
bacteria that kills or inhibits closely related strains of
bacteria, including, but not limited to, subtilin, nisin,
diplococcin, pediocin, and the like. The term “food
mixture,” as used herein, means the lactic acid bacteria
in combination with the edible food substance.

Any organism which is capable of producing bacte-
riocin in the desired microbial-inhibiting amounts under
conditions of non-growth and non-fermentation may be
used according to the invention. For example, many
pediococci, some species of which are widely used as
meat starter cultures, have been shown to produce bac-
teriocins that are inhibitory to L. monocytogenes. See,
for example, Bhunia et al., J. Appl. Bacteriol. 65:261-268
(1988); Hoover et al, J. Food Prot. 51:29-31 (1988); and
Pucci et al., 4ppl. Environ. Microbiol. 54:2349-2353
(1988) the disclosures of which are incorporated herein
by reference.

To develop a bacteriocin-producing derivative of a
lactic acid bacteria, the plasmid DNA coding for bacte-
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riocin production may be conjugally transferred into

the target organism. Also, the gene coding for bacterio-
cin production may be cloned directly into the target
organism using the appropriate restriction enzymes and
cloning vectors, as described by Maniatis et al. (Molec-
ular Cloning: A Laboratory Manual (1982)).

By “growth- or microbial-inhibiting amounts™ it is
meant that the numbers or cell count of the food spoil-
age organisms or pathogens is decreased or does not
increase. By “non-growth” of the lactic acid bacteria
population, it is meant that the cell count of the lactic
acid bacteria increases by no more than about 10-100%,
more preferably about 10-50%, after being combined
with the food substance to form the food mixture. By
“non-fermentation,” it is meant that the lactic acid bac-
teria does not produce more than about 0.1-0.2 g/100 g

55

65

8

lactic acid in the food mixture by the break-down of
carbohydrates in the food substance.

According to the invention, preferred bacteriocin-
producing lactic acid bacteria are Pediococcus species,
more preferably Pediococcus acidilactici, P. cerevisiae, P.
pentosaceous, or other unspecified Pediococcus. Also
useful according to the invention, are derivatives of
lactic acid bacteria which have been modified to pro-
duce bacteriocin, for example by the transfer of a plas-
mid which codes for bacteriocin production from one
strain to another via conjugation, transduction, and
transformation techniques, or electroporation (K. S.
Richter, M. S. Thesis, page 105 Univ. Neb.-Lincoln
(1989) the disclosure of which is incorporated herein by
reference). Examples of lactic acid bacteria derivatives,
suitable according to the invention, which have been
modified to produce bacteriocin, include but are not
limited to Lactobacillus acidophilus which has been
modified by conjugal transfer of a bacteriocin lactacin
F, and lactococci into which bacteriocin genes from
Lactococcus have been directly cloned (Muriana and
Klaenhammer, Appln Environ. Microbiol. 53:553-560
(1987); and Belkum et al., Appl. Environ. Microbiol.
55:1187-1191, respectively) the disclosures of which are
incorporated herein by reference.

The lactic acid bacteria are added to the edible food
substance at a cell concentration sufficient to provide an
amount of bacteriocin to inhibit growth of the food
spoilage and/or pathogenic bacteria in the food mix-
ture, under conditions in which the cell count of the
population of lactic acid bacteria does not significantly
increase after it has been combined with the food sub-
stance. Preferably, the lactic acid bacteria are added to
the food substance in amount to provide about 103-10°
CFU cells bacteria per gram food substance, more pref-
erably about 105-108 CFU cells bacteria per gram food
substance, or in an amount to provide about 0.1-1.0
wt-%, more preferably about 0.1-0.5 wt-%, of the total
weight of the combined food mixture. It is preferred
that the cell count of the population of lactic acid bac-
teria in the food mixture does not increase by more than
about 10-100%, more preferably about 10-50%, based
on the total cell count in the food mixture when the
bacteria are initially combined with the food substance.

Cell growth of the lactic acid bacteria in the food
mixture may be curtailed by several means. For exam-
ple, the food mixture may contain a food substance"
which does not contain significant amounts of a nutrient
such arginine, carbohydrate such as sucrose, glucose,
lactose, starch and the like and/or other substance such
as a required vitamin, which is required for cell growth
by the lactic acid bacteria. Also, the lactic acid bacteria
may be incapable of fermenting or metabolizing a nutri-
ent such“as arginine, a carbohydrate such as sucrose,
glucose, starch and the like, or other substance such as

- a vitamin contained in the food substance and required

for cell growth by the lactic acid. bacteria used in the
food mixture. Cell growth of the lactic acid bacteria
may also be inhibited by storing or maintaining the food
mixture at refrigeration temperatures of about 1:-7° C,,
preferably 3°-5° C., most preferably about 4° C. In
addition, other substances such as sodium: chloride,
flavorings, antioxidants, antimicrobials, acids, humec-
tants, stabilizers, emulsifiers, spices, and the like, which
inhibit cell growth of the lactic acid bacteria, may also
be combined into the food mixture, either alone or in
combination.
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According to the invention, it is preferred that any
increase in cell count of the lactic acid bacteria in the
food mixture, or any fermentation of the food substance
by the lactic acid bacteria, does not significantly alter
the pH or the organoleptic characteristics such as fla-
vor, aroma, color, or texture of the food substance.

To optimize bacteriocin production by the lactic acid
bacteria and the growth inhibitory activity of the bacte-.
riocin in the food mixture, it is preferred that the pH of
the food mixture is maintained at about pH 4-8, more
preferably a pH of about 5-7. The pH may be main-
tained at the desired level, as for example, by inherent
buffers in the food mixture.

When lactic acid bacteria, such as the pediococci and
lactobacilli, ferment carbohydrates in a food substance,
they produce acid and reduce the pH of the food sub-
stance, resulting in changes in the organoleptic charac-
teristics of the food substance. Fermentation of the food
substance by the lactic acid bacteria may be controlled
by several means. For example, the bacteria can be
added to a food substance which does not contain a
significant amount of a nutrient such as arginine, a car-
bohydrate such as sucrose, glucose, lactose, starch and
the like, and/or other substance such as a vitamin,
which is required for fermentation by the lactic acid
bacteria. Also, lactic acid bacteria may be used which
are incapable of fermenting a nutrient, carbohydrate
and/or other component contained in the food sub-
stance and required for fermentation by the lactic acid
bacteria. For example, bacteriocin-producing Pediococ-
cus acidilactici JD1-23 is incapable of significantly fer-
menting lactose, raffinose, rhamnose, and esculin (K. S.
Richter, M. S: Thesis, at page 188, Univ. Neb.-Lincoln
(1989) the disclosure of which is incorporated herein by
reference). Additionally, bacteria may be modified
through genetic engineering and gene cloning tech-
niques, to obtain derivatives which are bacteriocin-pro-
ducing, non-carbohydrate fermenting lactic acid bac-
teria derivatives. Some lactic acid bacterial species may
be plasmid DNA cured to be non-carbohydrate fer-
menting by any known method, as for example, by
incubating at elevated incubation temperatures, by addi-
tion of novobiocin in a broth medium, by exposure to
ultra-violet light, or by spontaneous occurrence. Plas-
mid DNA-cured derivatives of Pediococcus species
which have been modified to be non-carbohydrate pro-
ducing include, for example, Pediococcus acidilactici
JDM]1 (bacteriocin-producing) or JDM2 (non-bacterio-
cin-producing), a non-sucrose fermenting derivative of
P. acidilactici JD1-23 (K. S. Richter, M. S. Thesis, page
102 et seq., Univ. Neb.-Lincoln (1989) the disclosure of
which is incorporated herein by reference).

These species of Pediococcus are on deposit at the
University of Nebraska Dept. of Food Service and
Technology Culture Collection, Lincoln Nebraska. The
Collection will make the cultures freely available to the
public upon the issuance of this patent application as a
patent and will make the cultures available to any offi-
cial Patent Office Commissioner of any country or his
designees during the pendency of this application. The
Collection certifies that the cultures are viable and will
be kept for a period of at least thirty years. The appli-
cants have also submitted the foregoing modified cul-
tures to the American Type Tissue Collection, Rock-
ville Maryland and have received the following acces-
sion numbers for the cultures:

ATCC 55271 (deposited Dec. 17, 1991)

ATCC 55270 (deposited Dec. 17, 1991)
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In addition, the food mixture may be stored or main-
tained at refrigeration temperatures to inhibit fermenta-
tion by the lactic acid bacteria. Also, fermentation by
the lactic acid bacteria may be inhibited by combining
the food substance and lactic acid bacteria with sub-
stances such as sodium chloride, flavorings, antioxi-
dants, antimicrobials, homectants, emulsifiers, stabiliz-
ers, and the like, to inhibit fermentation by the lactic
acid bacteria.

The lactic acid bacteria may be added to any food
substance for which inhibition of food spoilage and/or
foodborne pathogens is desired, including raw foods
and foods which are fully processed, cured or fer-
mented prior to the addition of the inoculant. For exam-
ple, the lactic acid bacteria may be added to an unpro-
cessed edible food substances including raw vegetables
such as lettuce, cabbage or carrots, beef, fish, seafood,
and other raw foods; a non-fermented, processed food
substance including meat products such as hot dogs or
frankfurters, bologna and other luncheon meats; a fer-
mented processed food substance such as sausage or
sauerkraut; or a cured processed food substance such as
ham. The food substance may also be a milk-based or
cream-based foods such as ice cream or cottage cream.
The lactic acid bacteria may be added to the food sub-
stance by any suitable method, as for example, by blend-
ing or mixing, by spraying or misting a suspension of the
bacteria and a suitable carrier onto the surface of the
food, and the like. For example, the bacteriocin-produc-
ing lactic acid bacteria culture could be incorporated
into a bologna emulsion containing batter and a meat
mixture, prior to further processing, such as stuffing
and/or cooking. Raw whole vegetables may be sprayed
with or dipped into the lactic acid bacteria culture, and
chopped vegetables may be sprayed with, dipped into
and/or mixed with the culture. For a milk or cream-
based food substance, the bacteriocin-producing lactic
acid bacteria could be mixed in with the food substance
such as by mixing the bacteria together with the other
ingredients.

The method may be used to inhibit the growth of any
foodborne pathogen and/or food spoilage organism
which may be a contaminant in the food substance,
including pathogens such as Listeria monocytogenes,
Staphylococcus aureus, and the like, or spoilage organ-
isms such as Streprococcus faecalis, Leuconostoc mesenter-
oides, and the like. The method may be used to extend
the shelf-life of a food product by inhibiting growth of
spoilage organisms.

It is preferred that the food mixture is maintained or
stored under anaerobic, or vacuum, conditions in order
to further inhibit the growth, and enhance the inhibi-
tory effect of the bacteriocin on the food spoilage or-
ganism and/or pathogen. An anaerobic atmosphere for
the food“mixture may be provided by, for example,
vacuum-packaging or -sealing the food mixture-accord-

- ing to any suitable known method, or by packaging the
‘food mixture under an anaerobic niodified atmosphere,

as for example, under a carbon dioxide atmosphere.
Where the food mixture is stored under aerobic condi-
tions, the storage temperature conditions may- vary
from refrigeration temperatures to room, or shelf, tein-
peratures. It is preferred that an aerobically-stored food
mixture is maintained at a temperature of about 1°-7°
C., preferably 3°-5° C., most preferably about 4° C.
Food mixtures stored at room temperatures, or about
15°-25° C., may be maintained under aerobic or anaero-
bic conditions. In either case, it is preferred that the



5,186,962

11

food mixture contain (a) a food substance lacking in a

nutrient, carbohydrate and/or other substance required -

for fermentation and/or metabolism by the lactic acid
bacteria population of the mixture, and/or (b) a lactic
acid bacteria which is non-fermentative with respect to
a nutrient, carbohydrate and/or other substance con-
tained in the food substance used in the food mixture
and required for fermentation by the lactic acid bac-
teria.

Food mixtures stored at refrigeration temperatures,
or about 1°-7° C., may be maintained under aerobic or
anaerobic conditions, and may include a food substance
containing a nutrient, carbohydrate and/or other sub-
stance which is fermentable by the lactic acid bacteria

fraction of the food mixture. The lactic acid bacteria

may be either fermentative or non-fermentative with
respect to a nutrient, carbohydrate and/or other sub-
stance contained in the food substance of the food mix-
ture. ,

The invention further provides a food mixture which
includes a population of living cells of a bacteriocin-
producing lactic acid bacteria in combination with an
edible food substance. The food substance may be any
edible substance, including a raw food substance, or one
which is fully processed, cured or fermented prior to
the addition of the lactic acid bacteria population.

The food mixture contains the lactic acid bacteria in
a cell concentration effective to provide a sufficient
amount of bacteriocin to inhibit the growth of food
spoilage and/or pathogenic organisms. The bacteriocin
is provided without significant increase in cell count
and/or without significant fermentation by the lactic
acid bacteria population in the food mixture, of a nutri-
ent, carbohydrate and/or other substance contained in
the food substance and required for fermentation by the
lactic acid bacteria. Any increase in cell count or fer-
mentation by the lactic acid bacteria in the food mixture
does not significantly alter the organoleptic properties
of the food substance and/or the pH of the food mix-
ture.

Preferably, the food mixture contains about 103-10°
CFU cells bacteria per gram food substance, more pref-
erably about 105-108 CFU per gram food substance, or
about 0.1-1.0 wt-%, more preferably about 0.1-0.5
wt-%, based on the total weight of the food mixture. It
is further preferred that the cell count of the lactic acid
bacteria in the food substance does not increase by more
than about 10-100%, more preferably about 10-50%,
based on the cell count when the bacteria were initially
combined with the food substance.

To prevent a significant increase in the cell count of
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the lactic acid bacteria within the food mixture, it is

preferred that (a) the food substance does not contain
significant amounts of a nutrient, carbohydrate and/or
other substance which is required for growth and/or
fermentation by the lactic acid bacteria, and/or (b) the
Iactic acid bacteria are incapable of fermenting and/or
metabolizing a nutrient, carbohydrate, and/or other
substance contained in the food substance and required
for cell growth by the lactic acid bacteria; and/or (c)
the food mixture is stored or maintained at refrigeration
temperatures of about 1°-7° C., preferably 3°-5° C,
most preferably about 4° C.; and/or (d) the food mix-
ture further contains a substance which is capable of
inhibiting the cell growth of the lactic acid bacteria, as
for example, sodium chloride, flavorings, antioxidants,
antimicrobials, and the like, either alone or in combina-
tion.
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To inhibit fermentation of the food substance by the
lactic acid bacteria fraction, it is preferred that (a) the
food substance does not contain a significant amount of
a nutrient, carbohydrate, and/or other substance which
is required for fermentation by the lactic acid bacteria,
and/or (b) the lactic acid bacteria is non-fermentative
with regard to a nutrient, carbohydrate, and/or other
substance contained in the food substance and required
by the lactic acid bacteria for fermentation. In addition,
the food mixture may be stored or maintained at refrig-
eration temperatures to inhibit fermentation by the lac-
tic acid bacteria. Also, the food mixture may contain a
substance which inhibits fermentation by the lactic acid
bacteria, as for example, sodium chloride, flavorings,
antioxidants, antimicrobials, humectants, emulsifiers,
stabilizers, spices, acids, and the like.

_Preferred bacteriocin-producing lactic acid bacteria
for the food mixture include, for example, Pediococcus
species particularly P. acidilactici, P. pentosaceus, and
the like, or a derivative of a lactic acid bacterial species
which has been modified to produce bacteriocin. The
lactic acid bacteria may also be modified to be non-car-
bohydrate fermenting such as non-lactose, non-sucrose,
or non-glucose fermenting, and the like, or any combi-
nation thereof, as for example, P. acidilactici JDM1
(bacteriocin producing) or JDM2 (non-bacteriocin pro-
ducing) which are non-sucrose fermenting.

The lactic acid bacteria may inhibit the growth of any
foodborne pathogen and/or food spoilage organism
which may be a contaminant in the food substance,
including, but not limited to, such pathogens as Listeria
monocytogenes, Staphylococcus aureus, Clostridium per-
fringins, Clostridium botulinum, Bacillus, cereus, and the
like, and food spoilage organisms such as Streptococcus
Jaecalis, Leuconostoc mesenteroides, and the like.

An advantage of the present invention is the inhibi-
tion of foodborne pathogens and/or food spoilage or-
ganisms in raw, or processed or fermented meat and
vegetable products through the production of bacterio-
cins in situ in the food mixture, rather than by the pro-
duction of acids. Another advantage of the present
invention over existing methods of inhibiting foodborne
pathogens is the non-destructive means for controlling
pathogenic organisms in meat and vegetable products.
The invention further provides for optimization of con-
ditions for bacteriocin production and activity under
conditions of non-fermentation and non-growth of the
lactic acid bacteria fraction of the food mixture. Addi-
tionally, the invention incorporates living yet non-
growing and non-fermenting lactic acid bacteria into
meat and vegetable products which can produce
growth inhibiting amounts of bacteriocin without the
production of acids, and without changes in pH or orga-
noleptic properties, of the food substance. .

The invention will be described with reference to

. various specific and preferred embodiments and tech-

niques. However, it should be understood that many
variations and modifications’ may be made while re-
maining within the spirit and scope of the invention.

EXAMPLE 1

Control of Post-processing Listeria monocytogenes
Contamination in Frankfurters

The ability of bacteriocin-producing Pediococcus
acidilactici to control post-processing Listeria monocyto-
genes contamination of frankfurters was examined. Bac-
teriocin-producing P. acidilactici JD1-23 or its plasmid-
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cured derivative JD-M, and a five-strain composite of
L. monocytogenes were inoculated onto the surface of
fully processed frankfurters. Experiments were done at
4° C. and 15° C. under aerobic and anaerobic condi-
tions. In one study, the effects of high and low Pedio-
coccus cell concentrations on L. monocytogenes on
vacuum-packaged frankfurters stored at 4° C. were
determined. The additional effects of abusive tempera-
ture and vacuum-packaging were examined in a second
study.

MATERIALS AND METHODS
Culture Preparation

L. monocytogenes inocula consisted of five-strain com-
posites of strains Scott A (serotype 4), V7 (serotype 1),
F5069 (serotype 4), LM-107M (serotype 1), and LM-
108M (serotype 1). LM-107M and LM-108M are meat
tsolates obtained from M. P. Doyle at the Food Re-
search Institute, Madison, WI. Each of the five strains
were inoculated at about 1% from 24-hour cultures into
separate 100 ml volumes of tryptose broth (Difco Labo-
ratories, Detroit, MI) and incubated 24 hours at 37° C.
Cells were pelleted by centrifugation (5520 X g for 10
minutes at 4° C.), washed in 100 ml sterile physiological
saline solution (PPS) (0.85% NaCl, PSS) and resus-
pended in PSS. The absorbance was measured (Asoo),
and each suspension was diluted as necessary to obtain
approximately equal cell densities of each isolate. Equal
volumes of the five suspensions were mixed, centri-
fuged, and resuspended to one-fifth of the original vol-
ume. The resulting preparation was then diluted in PSS
as necessary to obtain the target inoculum level of about
104 L. monocytogenes/gram of frankfurter. Pediococcus
acidilactici JD1-23 and its plasmid-cured, non-bacterio-
cin producing derivative JD-M were cultivated in lac-
tobacilli MRS broth (Difco Laboratories, Detroit, MI)
with added 2% yeast extract (MRS-YE) inoculated 1%
from 24-hour cultures.

To prepare low level inocula for Study 1, the pedi-
ococci were incubated in 50 ml MRS-YE for 30 hours at
37° C. Cells were sedimented, washed in 50 m] PSS, and
resuspended in 50 ml PSS. This suspension was further
diluted to obtain the desired inoculum level of about
10* Pediococcus/gram of frankfurter. For preparation
of the high level inocula for Study 1, the Pediococcus
strains were grown in 100 ml MRS-YE for 30 hours at
37° C., sedimented, washed in 100 ml PSS, and resus-
pended in 18 ml PSS. Pediococcus inocula for Study 2
was prepared by cultivation in duplicate volumes of 200
ml MRS-YE for 30 hours at 37° C. Cells were harvested
by centrifugation, washed once in PSS, and resus-
pended in 20 ml PSS.

Frankfurter Preparation and Inoculation

Frankfurters were prepared as 45.4 kg batches of a
commercial frankfurter formulation by the University
of Nebraska-Lincoln Meat Science Laboratory, and
contained 16.3 kg of boneless beef trim (20% fat), 22.7

kg of boneless pork trim (20% fat), and 6.35 kg of regu-

lar pork (50% fat), 1.1 kg salt, 10.9 kg water, 228 g
glucose, 406 g natural spice mixture, 112 g commercial
cure mixture (formulated for 156 ppm NaNO,), and 24
g sodium erythorbate. Following grinding of the meat,
mixing of the ingredients, and emulsification of the meat
mixture, the emulsion was stuffed into 24 mm cellulosic
casing using a mechanical stuffer (Model 1000DC, Ve-
mag, Verden, Federal Republic of Germany). Frank-
furters were hung on racks and processed in a smoke-
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house (Alkar, Lodi, WI) according to the following
schedule: 130° F. (54.4° C.) dry bulb (DB) for 90 min-
utes, 150° F. (65.6° C.) DB for 60 minutes, and 170° F.
(76.7° C.) DB until finished to an internal temperature
of 150° F. (65.6° C.). Following a 5 minute cold water
shower, frankfurters were placed in a cooler maintained
at 4° C.

Frankfurters were hand peeled, and placed into indi-
vidual gas-impermeable polyethylene pouches. Pouches
were tared and weighed, taped shut, and held at about
4° C. until inoculation. The prepared L. monocytogenes
and Pediococcus suspensions were mixed 1:1 immedi-
ately prior to inoculation of the frankfurters; for frank-
furters receiving L. monocytogenes only, the cell suspen-
sion was mixed 1:1 with PSS. This mixing of the inocula
was done to ensure contact between the two species. In
order to obtain approximately equal cell numbers on a
per gram basis, frankfurters were inoculated 1% v/w
(e.g., a 50 g frankfurter received 0.50 ml of inoculum
preparation). Frankfurters were inoculated in the pouch
by placing about one-half of the inoculum preparation
along the length of the frankfurter, turning the pouch
over, and placing the remaining preparation along the
length of the opposite side. To distribute the inoculum
on the surface, the frankfurter was then rolled by hand
from outside of the pouch. The spreading of inoculum
throughout the pouch was avoided by keeping the
frankfurter at a position in the center of the pouch dur-
ing the rolling process. Pouches were then vacuum-
sealed (Multivac, Federal Republic of Germany) and
placed in storage at about 4° C. or 15° C. For those
treatments to be held at aerobic conditions, pouches
were first vacuum-sealed, then cut open along the seal.
The ends of these pouches were folded over and taped
to minimize drying of the frankfurters during storage.

Sampling and Analysis

For microbiological analysis, three frankfurters from
each treatment were chosen randomly at each sampling
interval. The entire frankfurter was emptied from the
pouch into a sterile stomacher bag (Tekmar Co., Cincin-
nati, OH); the pouch was rinsed and massaged twice
with a known volume of sterile Butterfield phosphate
buffer containing 2 mM MgCl, (BPM). This rinse fluid
was then added to the stomacher bag containing the
frankfurter. The contents of the stomacher bag were
massaged and shaken for 1 minute, then macerated for 2
minutes using a stomacher (model! 400, Tekmar). Sam-
ples were serially diluted in BPM, and 0.1 ml} portions
were spread-plated in duplicate onto modified Oxford
agar plates (MOX, FSIS modification, D. McClain and
W. H. Lee, May 24, 1989, FSIS method for the isolation
and identification of Listeria monocytogenes from pro-
cessed mreat and poultry products, Laboratory Commu-
nication no. 57). Plates were incubated at 35° C. for 24

-~ hours and enumerated. Characteristic colonies from
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"MOX agar plates were confirmed-as L. monocytogenes

by streaking onto tryptose agar and testing for the fol-
lowing: catalase and oxidase production, tumbling mo-
tility and umbrella motility at 25° C., Gram reaction,
CAMP reaction, and fermentation of mannitol, rham-
nose, and xylose. In Study 2, lactic acid bacteria counts
of frankfurter homogenates were performed using MRS
agar pour plates.

Duplicate frankfurter samples were taken for pH
determination. A 10 gram sample of frankfurter was
macerated with 90 m] of distilled, deionized water for 2
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minutes in a stomacher, and pH was measured with a
combination electrode (Corning Glass Works, Med-
field, MA). Moisture, protein, fat, and salt determina-
tions were done according to the procedures 950.46,
928.08, 960.39, and 943.01, respectively, of the Associa-
tion of Official Analytical Chemists (AOAC), Official
Methods of Analysis (15th ed), pages 85, 931 and 935,
Arlington, VA (1990). Typical frankfurters contained
58.9% moisture, 18.2% protein, 18.1% fat, and 3.2%
sodium chloride.

RESULTS

Growth and survival of L. monocytogenes on frank-
furters inoculated with high and low levels of the two
Pediococcus strains are shown in FIG. 1. Without
added pediococci, L. monocytogenes grew from an ini-
tial level of 1.2 X 104 CFU/gram to 4.0X 106 CFU/gram
at the end of the 60 day storage period, with a lag period
of about 20 to 30 days. However, with high levels (HL)
of either P. acidilactici JD1-23 or JD-M, growth of the
Listeria was inhibited, although no reduction in cell
numbers were observed (FIG. 1a4). In contrast, L.
monocytogenes grew in those treatments inoculated with
low levels (LL) of both P. acidilactici JD1-23 and JD-M
(FIG. 1b). On LL JD-M frankfurters, the Listeria grew
from 2.0X10* CFU/gram to 3.3X 106 CFU/g in 60
days, similar to L. monocytogenes growth on frankfurt-
ers with no added Pediococcus. However, the lag per-
iod was longer on low level (LL) JD1-23 frankfurters,
being about 40 to 50 days, and the final count at 60 days
was lower, at 2.8 X 105 CFU/gram of frankfurter.

Estimated initial Pediococcus levels of Study 1 frank-
furters were 6.0X 107 CFU/gram for high level (HL)
JD1-23, 2.3X 107 CFU/gram for HL JD-M, 1.6 X104
CFU/gram for low level (LL) JD1-23, and 5.5X103
CFU/gram for LL JD-M. Lactic acid bacteria counts
on MRS agar at 60 days were 4.7 X 107 CFU/gram for
high level (HL) JD1-23, 1.6 X107 CFU/gram for HL
JD-M, 1.4 10* CFU/gram for low level (LL) JD1-23,
and 2.7x103 CFU/gram for LL JD-M. The lack of
growth by the pediococci at 4° C. is reflected in the pH
results shown below in Table 1. Frankfurters with inoc-
ulated Pediococcus did not undergo any substantial
drop in pH, with differences of only 0.10 to 0.28 pH
units lower than the pH of uninoculated frankfurters
and frankfurters inoculated with L. monocytogenes
alone.

TABLE 1

pH of Frankfurters Inoculated With High and Low Levels
of Pediococcus acidilactici-Strains JD1-23 and JD-M, and
Held at 4° C. Under Anaerobic Conditions (Study 1)

High Level Low Level
Day JDI-23 JD-M JDi1-23 ID-M LM% Control®
0 5.84 5.81 5.80 5.83 5.89 592
10 5.80 578 5.79 5.76 5.92 5.90
20 5.77 572 574 5.79 593 5.88
30 5.80 5.68 5.64 5.80 5.90 5.89
40 5.82 5.66 5.60 5.80 5.90 591
50 5.81 5.69 5.61 5.75 593 591
60 5.82 5.64 577 577 5.90 5.92
SL. monocytogenes alone.
SUninoculated.

Results of L. monocytogenes cell counts on frankfurt-
ers inoculated with pediococci and stored at 4° C. under
aerobic and anaerobic conditions are shown in FIG. 2.
Under anaerobic conditions, results were similar to
those seen with high level (HL) Pediococcus inocula of
Study 1 (FIG. 2b). However, under aerobic conditions,
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L. monocytogenes initiated growth between 10 and 20
days in the absence of Pediococcus, reaching a level of
1.9 105 CFU/gram at 30 days, from an initial level of
1.6 X 104 CFU/gram (FIG. 24). The organism also grew
on JD-M frankfurters, although a longer lag period and
lower final level was observed. In contrast, L.
monocytogenes numbers on JD1-23 frankfurters had not
increased by the end of 30 days. As in Study 1, the pH
of the frankfuiters at 4° C. did not decrease, and Pedio-
coccus cell counts remained constant throughout the
sampling period (Tables 2 and 3, shown below). Aero-
bic versus anaerobic conditions did not appear to affect
the pH or pediococci counts of the frankfurters held at
this low temperature.

TABLE 2

Cell Counts of Pediococcus acidilactici Strains
JD1-23 and JD-M, and pH of Frankfurters Held at 4° C.
Under Aerobic Conditions (Study 2)

Logig P acidilactici/g frankfurter (pH)

Day  JDI-23 ID-M LM? Control?
0 8.00 (5.82) 6.98 (5.80) NDF¢ (5.88) ND (5.78)
10 7.96 (5.81)  6.99 (5.83) ND (5.82) ND (5.84)
20 8.08 (5.76)  6.94 (5.82) ND (5.75) ND (5.69)
30 7.99 (5.78)  6.81 (5.75) ND (5.78) ND (5.84)
9L, monocytogenes alone.
5Uninoculated control.
“Not determined.
TABLE 3

Cell Counts of Pediococcus acidilactici Strains
JD1-23 and JD-M, and pH of Frankfurters Held at 4° C.
Under Anaerobic Conditions (Study 2)

Logio P. acidilactici/g frankfurter (pH)

Day ID1-23 ID-M LM? Control?
0  8.00(5.85) 695(585) ND°¢ (5.81) ND (5.83)
10 8.00(590) 692(579) ND (5.81) ND (5.81)
20 808(5.83) 696(577) ND (5.71) ND (5.72)
30  804(580) 678(5.82) ND (5.77) ND (5.83)

8L. monocytogenes alone.
ninoculated control.
“Not determined,

Without Pediococcus present, L. monocytogenes grew
to high levels during 15-day storage at 15° ¢. under both
aerobic and anaerobic conditions, with higher levels of
the bacterium observed on frankfurters under aerobic
conditions at 5, 10, and 15 days (FIG. 3). Under aerobic
conditions, growth of Listeria occurred on both JD1-23
and JD-M frankfurters, although much lower final
counts were seen in as compared to Listeria in the ab-
sence of pediococci (FIG. 34a). In addition, greater inhi-
bition of L. monocytogenes on JD1-23 frankfurters was
indicated. Growth of the organism was completely
inhibited by both JD1.23 and JD-M on frankfurters
held anaerobically at 15° C. (FIG. 3b).

Tables™ and 5, shown below, summarize results of
lactic acid bacteria cell counts and pH determinations of

- frankfurters held at 15° C. under aerobic and anaerobic
conditions, respectively. The cell -counts of Pediococ-
cus JD1-23 increased 0.18-0.37 log1o CFU/gram by the
end of 15 days; initial JD-M cell counts were lower and
increases over the storage period were greater,
1.20-1.41 logio CFU/gram by the end of 15 days. Aero-
bic versus anaerobic storage conditions did not appear
to greatly affect Pediococcus growth, although some-
what higher final levels of both JD1-23 and JD-M were
seen under aerobic conditions. The growth of the pedi-
ococci resulted in pH reduction of the frankfurters at
this temperature, with pH reductions of 1.05 to 1.23 pH
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units observed. Final pH of JD1-23 and JD-M frank-
furters were comparable, both aerobically and anaerobi-
cally. Reduction of pH of frankfurters inoculated with
L. monocytogenes only was also observed. The final pH
of these frankfurters under aerobic conditions was pH
5.36, lower than the final pH of 5.74 of frankfurters held
anaerobically, reflecting the higher growth of the bacte-
rium under aerobic conditions.

TABLE 4

Cell Counts of Pediococcus acidilactici Strains
JD1-23 and JD-M, and pH of Frankfurters Held at 15° C.
Under Aerobic Conditions (Study 2)

Logjo P. acidilactici/g frankfurter (pH)

Day ID1-23 ID-M LM¢ Control?
0 7.99 (5.80) 6.99 (5.88) ND* (5.89) ND (5.89)
1 8.23 (5.82) 7.08 (5.90) ND (5.91) ND (5.82)
2 8.08 (5.85) 7.30 (5.82) ND (5.88) ND (5.92)
5 8.53 (5.35) 8.56 (5.54) ND (5.83) ND (5.82)
10 8.68 (5.10) 8.53 (5.07) ND (5.58) ND (5.82)
15 8.36 (4.75)  8.40 (4.65) ND (5.36) ND (5.89)
8L, monocytogenes alone.
ninoculated control.
“Not determined,
TABLE 5

Cell Counts of Pediococcus acidilactici Strains
JD1-23 and JD-M, and pH of Frankfurters Held at 15° C.
Under Anaerobic Conditions (Study 2)

Logig P. acidilactici/g frankfurter (pH)

Day JDI1-23 JD-M LMa Control?
0 8.00 (5.89) 7.00(5.78) ND°¢ (5.88) ND (5.80)
1 8.18 (5.81) 7.04 (5.81) ND (5.92) ND (5.85)
2 8.11 (5.73) 7.32 (5.81) ND (5.97) ND (5.81)
5 8.62 (5.21) 8.63 (5.27) ND (5.83) ND (5.84)
10 8.68 (4.76) 8.62 (4.90) ND (5.99) ND (5.83)
15 8.18 (4.71) 8.20 (4.69) ND (5.74) ND (5.83)
@L. monocytogenes alone.
ninoculated control.
“Not determined.
DISCUSSION

In this example, inhibition of L. monocytogenes by
either Pediococcus strain was dependent upon cell con-
centration, as was observed on frankfurters inoculated
with high and low levels of P. acidilactici JD1-23 and
JD-M, and stored anaerobically at about 4° C. A bacte-
riocin effect was indicated in the low level (LLL) inocula
experiment. However, the effect was minimal and L.
monocytogenes on low level (LL) JD1-23 frankfurters
grew upon prolonged storage.

The growth of L. monocytogenes at 4° C. under aero-
bic conditions in the absence of added pediococcus
demonstrated the importance of vacuum-packaging in
controlling this organism. This was also indicated in the
15° C. experiment, where Listeria inoculated on frank-
furters without added Pediococcus, grew to higher
levels by 30 days aerobically than anaerobically.

The data also indicated that the bacteriocin-produc-
ing P. acidilactici JD1-23 offered an additional protec-
tive effect under aerobic conditions. Acid production
by pediococci at 15° C. was not considered to be a
factor in the difference of L. monocyrogenes numbers, as
the pH of the frankfurters were comparable between
the aerobic and anaerobic treatments. The bacteriocin
effect at 15° C. was considered slight, as growth of the
Listeria was observed upon further storage. In contrast,
no L. monocytogenes growth was seen on JD1-23 frank-
furters after 30 days at 4° C. under aerobic conditions.

Analysis of L. monocytogenes cell count results of
Study 2 were complicated by slightly lower Listeria
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initial counts on treatments inoculated with Pediococ-
cus JD1-23 (FIGS. 2 and 3). The mixing of the Listeria
inoculum with 109 CFU/ml of the bacteriocin-produc-
ing strain (1010 CFU/ml of pediococci were present in
the initial Pediococcus preparations prior to mixing 1:1
with Listeria inoculum) was required to yield the de-
sired level of about 108 CFU/gram of pediococci on the
frankfurters. This decrease may have occurred due to
contact with high levels of the producer strain in the
inoculum mixture. This occurred despite limiting the
contact time to no more than 10 minutes, after which
fresh inocula were mixed if necessary. This mixing ef-
fect was observed in Study 1 with high level Pediococ-
cus. JD1-23, although to a lesser extent.

In both studies, initial counts on frankfurters of Ped-
ioceccus JD-M were somewhat lower than those of
JD1-23. This may have played a part in the greater
amount of L. monocytogenes growth observed on low
level (LL) JD-M frankfurters of Study 1. However, this
was not considered a factor in the Listeria cell count
results of Study 2 in which JD-M levels, despite being
lower than those of JD1-23, were still three orders of
magnitude greater than the level of L. monocytogenes.
Moreover, the greater increase in numbers of JD-M at
15° C. versus the increase in numbers of JD1-23, would
predict greater competition and thus greater inhibition
of L. monocytogenes on these frankfurters. However,
this was not seen.

In this example, the presence of P. acidilactici on L.
monocytogenes-inoculated frankfurters was observed to
give varying degrees of Listeria inhibition, dependent
upon Pediococcus concentrations, temperature, and
package atmosphere. Although no reduction of L.
monocytogenes was seen in this example, bacteriocin
producer JD1-23 provided an inhibitory effect in cases
of aerobic conditions of storage, and for temperature
abuse conditions.

EXAMPLE 2

Inhibition of Listeria monocytogenes in Sausage By a
Non-Growing, Non-Acid Producing Pediococcus
Culture

The following example illustrates the inhibition of
Listeria monocytogenes in summer sausage treated with a
bacteriocin-producing Pediococcus culture in the ab-
sence of fermentation, acid production, and cell growth
by the Pediococcus culture.

MATERIALS AND METHODS
Culture Preparation

Listerig m.onocxtogenes Scott A (serotype 4b) was
grown aerobically in tryptic soy broth fortified with

. 0.6% yeast extract (TSB-YE) (Difco Laboratories, De-
- troit, MI) for 24 hours at 37° C. Inoculum was prepared
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by transferring 1.0 ml of the 24-hour culture into 100 ml
TSB-YE, which was incubated aerobically for 24 hours
at 37° C. A sufficient volume of this culture was used to
yield 106 CFU/gram when added to 13.g kg of meat.

Two cultures of Pediococcus, P. acidilactici JD1-23
and Pediococcus MP1-08, were obtained from commer-
cial suppliers as frozen, concentrated cultures. For use
in the sausage treatments, the cultures were thawed and
added according to manufacturers, directions (approxi-
mately 107 cells/gram).
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Sausage Manufacture

Five sausage treatments were examined in this study
which consisted of two independent replicate trials:

(1) JD: P. acidilactici JD1-23 with no added L.

monocytogenes:

(2) MP: Pediococcus acidilactici MP1-08 with no

added L. monocytogenes;

(3) Scott A: no Pediococcus sp. with added L.

monocytogenes;

(4) JD/Scott A: P. acidilactici JD1-23 with added L.

monocytogenes; and

(5) MP/Scott A: P. acidilactici MP1-08 with added L.

monocytogenes.
An oil-based commercial seasoning premix processed
from spice extracts was used in the sausage treatment.

Boneless beef trimmings (20% fat) and regular pork
trimmings (20% fat) were obtained from the University
of Nebraska-Lincoln Meat Science Laboratory. All
meat was stored at —20° C. before use and was thawed
at 4° C. for 3 days before sausage manufacture.

Each treatment consisted of 13.6 kg (30 1b.) of meat.
Cold pork trim was ground through a 1.27 cm plate and
cold beef trim was ground through a 0.48 cm plate, both
on a Hobart grinder (model 4732, Hobart Manufactur-
ing Co., Troy, OH). An 8.2 kg portion of ground beef
was added to a mixer (model 100DA, Leland Detroit
Manufacturing Co., Detroit, MI) with 150 ml tap water,
450 grams salt, 33.6 grams of a commercial cure mixture
containing 2.25 grams NaNO, 300 grams dextrose, 8.25
grams sodium erythorbate, and 75.2 grams of the indi-
cated spice premix and mixed for 3 minutes. After this
initial mixing, a 5.4 kg portion of the ground pork was
added and mixed for an additional 2 minutes. At this
time, cultures were added and mixed for an additional 3
minutes. For treatments containing Pediococcus culture
or L. monocytogenes only, the culture was suspended in
150 ml tap water immediately before addition to the
mixer. For treatments containing both a Pediococcus
culture and L. monocytogenes, the culture was sus-
pended in 75 ml water before addition to the mixer.

Following mixing, the meat was reground through a
0.48 cm grinder plate. The sausage batter was then
stuffed into 6.35 cm diameter fibrous casings with a
mechanical stuffer (Model 1000DC, Vemag, Verden,
Federal Republic of Germany) and clipped on both
ends. The sausage chubs were approximately 20 cm
long and weighed approximately 450 grams each.

The finished sausages were hung on metal racks and
placed in a smokehouse (Alkar, Lodi, WI) maintained at
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37.8° C. (100° F) and 50% relative humidity (RH) for 12 -

hours. The temperature was then raised to 60° C. (140°
F) and 55% RH for 1 hour, then to 82.2° C. (180° F.)
and 40% RH until sausages were finished to an internal
temperature of 64.4° C. (148° F.). The sausages were
then showered for 10 minutes with cold water and
placed in a cooler maintained at 4° C. Samples to be
stored were vacuum-packaged in individual gas-
impermeable polyethylene bags using a Kramer-Grebe
vacuum packaging machine (model 167/401, Kramer-
Grebe, Wallau, Federal Republic of Germany) and held
at 4° C. until sampled.

Sausage Sampling

Two sausages from each treatment were chosen ran-
domly at 0, 3, 6, 9, and 12 hours following replacement
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into the smokehouse and after the complete heat treat-
ment. Duplicate storage samples for analysis were taken
at 1 and 2 weeks following manufacture.

Sausages were sampled for L. monocytogenes by asep-
tically opening the casing with a sterile scalpel and
removing approximately 25 grams of meat mix, includ-
ing the surface and the geometric center of the meat
mass in the sample. This sample was mixed, and approx-
imately 11 grams was added to 99 ml sterile phosphate-
buffered saline (PBS) contained in a sterile stomacher
bag (Tekmar Co., Cincinnati, OH). The confents were
homogenized for 2 minutes using a stomacher (model
400, Tekmar), serially diluted (1:10) in-PBS, and 0.1 ml
portions were spread plated in duplicate onto McBride
Listeria Agar (MLA) (M. E. McBride and K. F. Girard,
J. Lab. Clin. Med. 55:153-157 (1960)). Plates were incu-
bated at 37° C. for 24 hours and enumerated.

In addition to direct plating as described above, 25
gram portions of mixed meat samples from sausages
exposed to the entire heat process were subjected to
enrichment procedures by the method of the Microbiol-
ogy Division, Food Safety and Inspection Service, U.S.
Department of Agriculture, Beltsville, MD.

Two colonies per plate which gave typical appear-
ance for L. monocytogenes on MLA. or lithium chloride-
phenylethanol-moxalactam (LPM) agar (W. H. Lee and
D. McClain, Appl. Environ. Microbiol. 52:1215-1217
(1986)) with 45° transillumination were confirmed by
morphological and biochemical tests, and by serology
using Bacto-Listeria O Antisera Type 4 (Difco).

Analytical Methods

The pH of each sausage sample was determined by
inserting a combination electrode (Corning Glass
Works, Medfield, MA) into the interior of the meat
mass and obtaining readings from five different loca-
tions within the sausage; the average value was re-
ported. Moisture, fat, Kjeldahl protein, salt, and nitrite
determinations were done on duplicate samples of fin-
ished sausages from each treatment from each trial (ex-
cluding replicate trial 1 of this study) according to the
procedure of the Association of Official Analytical
Chemists, Official Methods of Analysis (14th ed), pages
431-437, Assoc. Official Anal. Chemists, Arlington, VA
(1984).

The finished sausages had an average of 19.3% pro-
tein and 20.3% fat. Moisture content ranged from 50.0
to 55.9%, with an average moisture content of 54.6%.
Mean sodium chloride content was 3.8%, with a range
of 2.9 to 5.5%; mean.sodium nitrite content was 5.5
ppm, with a range of 3.7 to 7.4 ppm.

RESULTS AND DISCUSSION

Pediococcus acidilactici JD1-23, which provides a
bacteriocin which inhibits Listeria monocytogenes Scott
A, was used as a test organism in the present study; this
bacteriocin is inactivated by treatment with several
proteolytic enzymes, and is stable to both heating: at
91.5° C. for 1 hour and autoclaving at 121° C. for 15
minutes. P. acidilactici MP1-08, which did not inhibit L.
monocytogenes in an initial screening, was chosen as a
control.

Data from this study is summarized in Table 1, shown
below.
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TABLE 1
Sausage pH and viable L. monocptogenes count during
treatment period without adequate acid production?
Time MP D Scott A MP/Scott A JD/Scott A
() CFU/g pH CFU/g pH Logjo CFU/g pH Logio CFU/g pH Logio CFU/g .pH
[ <100 580001y <100 5.80(0.01) 6.29(0.07) 5.81(0.01) 627(0.09) 577(0.01)  6.29 (0.20) 5.78 (0.01)
3 <100 5.83(0.01) <100 5.84(0.01) 6.22 (0.14) 5.84(0.01) 6.14(0.06) 5.82(0.01) 6.13(0.07) 5.83 (0.01)
6 <100 5.82(0.01) <100 5.86(0.01) 5.97(0.21) _5.87(0.01)  6.03(0.04) 579(0.01) . 5.66(0.31) 5.86 (0.01)
9 <100 575(0.01) <100 5.83(0.02) 5.87(0.13) 5.88(0.01) 6.00(0.04) 575(0.01) -4.97(0.01) 5.82 (0.02)
12 <100 5.70(0.03) <100 5.75(0.01) 5.95(0.13)  5.91(0.02) 5.69 (0.16) 5.62 (0.01) 4.48 (0.44) 5.77 (0.02)

“Values reported are means of duplicate determinations from each of two replicate trials. Values within parenthesis represent standard error,

In treatments containing both the Pediococcus culture
and L. monocytogenes, the number of L. monocytogenes
was reduced after the end of the treatment period; how-
ever, high numbers still remained in all sausages exam-
ined. The sausage made with JD1-23, however, showed
a greater decrease in the numbers of L. monocytogenes
present after treatment, as compared to sausage made
with MP1-08. This additional decrease, 1.2 logio CFU/-
gram, was not due to any additional acid produced by
JD1-23, since the final pH of the sausage treated with
JD1-23 was the same or higher than that treated with
MP1-08.

Evidence of the effectiveness of the bacteriocin pro-
duced by JD1-23 against L. monocytogenes during sau-
sage treatment was further demonstrated in this study,
in which the Pediococcus cultures failed to produce
acid, which indicated a lack of fermentation of the
added carbohydrate (glucose or dextrose) in the sau-
sages. Due to the lack of adequate acid production and
drop in pH during the treatment period, inhibition of
the Listeria was not expected. However, subsequent
enumeration of L. monocytogenes in sausages sampled
during these treatments showed that the Listeria was
inhibited by the bacteriocin-producing culture JD1-23
even in the absence of adequate acid production, indi-
cating that bacteriocin production occurred indepen-
dently of carbohydrate fermentation. At the end of the
treatment period, numbers of L. monocytogenes in sau-
sage treated with JD1-23 were decreased an additional
1.2 logjo CFU/gram as compared to numbers of L.
monocytogenes in sausage treated with MP1-08. The pH
of the sausages, including those without added L.
monocytogenes did not fall below pH 5.5; however, the
pH of JD1-23 sausage was slightly higher than that of
MP1-08 sausage, so the additional reduction of L.
monocytogenes in JD/Scott A sausage was not due to a
pH effect.

Tests were conducted on the sausages in beakers to
confirm the substance which inhibited fermentation by
the Pediococcus cultures during treatment of the sau-
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sages. Tests conducted on the individual ingredients of

the sausage, indicated that the spice extract premix
inhibited the growth and fermentation of the Pediococ-
cus cultures. The oil-based spice extract, which had
been stored for about an extended period of time, was
believed to contain by-products of hydrolytic or oxida-
tive rancidity. When the spice extract was replaced
with natural spices in a second study, sausage pH of
about 5.2 was achieved within 14 hours of fermentation
in those preparations containing a Pediococcus starter
culture.

What we claim is:

1. A method of inhibiting the growth of a food spoil-
age or pathogenic organism in a food mixture, compris-
ing: combining an edible food substance, that is ferment-
able by lactic acid bacteria, and a population of living
bacteriocin-producing lactic acid bacterial cells to pro-

duce the food mixture, wherein the cells have been
modified to render them incapable of significantly fer-
menting the edible food substance, and the population
cell count is effective to provide bacteriocin to inhibit
growth of the food spoilage or pathogenic organism in
the food mixture.

2. A method according to claim 1, further comprising
maintaining the food mixture at a temperature of about
1°-7° C.

3. A method according to claim 1, further comprising
maintaining the food mixture under anaerobic condi-
tions.

4. A method according to claim 1, wherein the lactic
acid bacteria is incapable of fermenting glucose, lactose,
sucrose, raffinose, xylose, or any combination thereof.

5. A method according to claim 1, wherein lactic acid
bacteria is a modified Pediococcus species.

6. A method according to claim 1, wherein organo-
leptic characteristics of the edible substance are not
significantly altered by the presence of the lactic acid
bacteria.

7. A method according to claim 1, wherein the popu-
lation of cells of the lactic acid bacteria does not in-
crease by more than about 10-100% in the food mix-
ture.

8. A method of inhibiting the growth of a food spoil-
age or pathogenic organism in a food mixture, compris-
ing: combining a population of living bacteriocin-pro-
ducing lactic acid bacterial cells with an edible food
substance to produce the food mixture, wherein the
edible food substance is substantially free of a substrate
needed for fermentation by the lactic acid bacteria, and
the cell concentration of the lactic acid bacteria in the
food mixture is effective to provide sufficient bacterio-
cin to substantially inhibit growth of the food spoilage
or pathogenic organism.

9. A method according to claim 8, further comprising
maintaining the food mixture at a temperature of about
1°-7°C.

10. A method according to claim 8, further compris-
ing maintaining the food mlxture under anaeroblc con-
ditions.

11. A method according to claim 8, wherein the lactic

" acid bacteria is selected from the group consisting of
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‘Pediococcus acidilactici, P. acidilactici YD1-23, Pediococ-
cus cerevisiae, Pediococcus pentosaceous, or a derivative
thereof, and any combination thereof.

12. A method according to claim 8, wherein the pop-
ulation of cells of the lactic acid bacteria does not in-
crease by more than about 10—100% in the food mix-
ture.

13. A method according to claim 8, wherein organo-
leptic characteristics of the edible substance are not
significantly altered by the presence of the lactic acid
bacteria.
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14. A method of inhibiting the growth of a food spoil-

age or pathogenic organism in a food mixture, compris-

ing: combining an edible food substance with a popula-
tion of living bacteriocin-producing lactic acid bacterial
cells to produce the food mixture, wherein the lactic
acid bacteria are present in a cell concentration effec-
tive to provide bacteriocin to substantially inhibit
growth of the food spoilage or pathogenic organism,
and are under conditions that prevent significant fer-
mentation of the edible food substance by the bacteria.

15. A method according to claim 14 wherein the
conditions include maintaining the food mixture at a
temperature of about 1°-7° C,, and the population of
cells of the lactic acid bacteria does not increase by
more than about 10-100% in the food mixture.

16. A method according to claim 14, further compris-
ing maintaining the food mixture under anaerobic con-
ditions, or modified anaerobic conditions.

17. A method according to claim 14, wherein the
lactic acid bacteria is selected from the group consisting
of P. acidilactici JD 1M, Pediococcus acidilactici, P. acidi-
lactici JD1-23, Pediococcus cerevisiae or a derivative
thereof.

18. A method according to claim 14, wherein organo-
leptic characteristics of the edible substance are not
significantly altered by the presence of the lactic acid
bacteria.

19. A method according to claim 14, further compris-
ing maintaining the food mixture at a pH of about 5 to
less than about 7.

20. A food mixture, comprising:

an edible food substance, that is fermentable by lactic

acid bacteria, in combination with a population of
living bacteriocin-producing lactic acid bacterial
cells which have been modified to render them
incapable of significantly fermenting the edible
food substance, the cell concentration being effec-
tive to provide sufficient bacteriocin to inhibit
growth of a food spoilage or pathogenic organism
in the food mixture.
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21. A food mixture according to claim 20, wherein
the concentration of the lactic acid bacteria added to
the food substance does not increase by more than about
10-100% within the food mixture.

22. A food mixture according to claim 20, wherein
the lactic acid bacteria is selected from the group con-
sisting of Pediococcus acidilactici, P. acidilactici JD1-23,
P. acidilactici JDM1, Pediococcus cerevisiae, Pediococcus
\pentosaceous, or a derivative thereof, or any combina-
tion thereof.

23. A food mixture according to claim 20, wherein
the lactic acid bacteria is incapable of fermenting glu-
cose, lactose, sucrose, raffinose, xylose, or any combina-
tion thereof.

24. A food mixture according to claim 20, wherein
organoleptic characteristics of the edible substance are
not significantly altered by the presence of the lactic
acid bacteria.

25. A food mixture, comprising:

an edible food substance in combination with living

bacteriocin-producing lactic acid bacterial cells,
the food substance being substantially free of a
substrate needed for fermentation by the lactic acid
bacteria, and the cell concentration being effective
o’ provide sufficient bacteriocin to inhibit growth
of a food spoilage or pathogenic organism in the
food mixture.

26. A food mixture, comprising:

an edible food substance in combination with a popu-

lation of living bacteriocin-producing lactic acid
bacterial cells, the cell concentration being effec-
tive to -provide sufficient bacteriocin to inhibit
growth of a food spoilage or pathogenic organism
in the food mixture and the combination being
made under conditions that prevent significant
fermentation of the edible food substance by the
bacteria. :

27. A food mixture according to claim 26 wherein the
conditions include maintaining the food mixture at a

temperature of about 1°-7° C.
* * % X %
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