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Chill-stored, vacuum-packaged beef inoculated with sulfide-producing Lactobacillus sake 1218 developed a
distinct sulfide odor within 3 weeks of storage at 2°C, at which time the bacteria had reached maximum
numbers of 10° CFU cm 2. Coinoculation of the meat with the wild-type, bacteriocinogenic (Bac*) strain of
Leuconostoc gelidum UAL187 delayed the spoilage by L. sake 1218 for up to 8 weeks of storage. Coinoculation
of meat samples with an isogenic, slowly growing Bac* variant, UAL187-22, or with the Bac™ variant
UAL187-13 did not delay the onset of spoilage by L. sake 1218. The study showed that spoilage of chill-stored,
vacuum-packaged beef by a susceptible target organism could be dramatically delayed by the Bac* wild-type
strain of L. gelidum UAL187. Inoculation with L. sake 1218 can be used as a model system to determine the
efficacy of biopreservation of vacuum-packaged meats.

Bacteriocinogenic strains of lactic acid bacteria (LAB) have
been isolated from raw meat packaged under vacuum or in
modified atmosphere, and considerable research has been
done on their ability to inhibit growth of pathogenic microor-
ganisms (1, 16, 21, 38). The potential of these bacteria to
control growth of spoilage microorganisms, including the in-
digenous lactic microflora, has not been examined to the same
extent; however, bacteriocinogenic LAB cultures have been
successfully used to control the natural LAB microflora in
Spanish-style green olive fermentations with Lactobacillus
plantarum producing plantaricins S and T (28) and in sausage
fermentations with Lactobacillus curvatus producing curvacin
A (36). In contrast to the potential benefits of biopreservation,
LAB can be significant spoilage agents of normal (pH 5.6),
vacuum-packaged meat (11, 34). It has also been shown that
they can cause spoilage of meat stored under aerobic condi-
tions (20). Spoilage by LAB cannot be controlled by traditional
preservation methods such as low temperature, anaerobic con-
ditions, or addition of organic acids because the spoilage LAB
of meats are psychrotrophic, facultatively anaerobic, and acid
tolerant. Hence, their growth might best be controlled with
bacteriocinogenic, nonspoiling LAB.

To be successful in biopreservation, a bacteriocinogenic
LAB culture must compete with the relatively high indigenous
microbial loads of raw meat, actively inhibit pathogenic and
spoilage bacteria, and not cause undesirable organoleptic
changes. We previously studied the production of leucocin A
by Leuconostoc gelidum UALI187 that we isolated from vacu-
um-packaged meat in our laboratory (16). Leucocin A is bac-
teriostatic and active against a broad spectrum of LAB, and
strains of Listeria monocytogenes and Enterococcus spp., but it
is not active against Brochothrix spp., Staphylococcus spp., or
gram-negative bacteria. Leucocin A has been well character-
ized (15, 35). It is a heat-stable, class II bacteriocin (19) with a
molecular mass of 3.93 kDa. It is detected early in the growth
cycle of the producer organism (16). Its production in meat
during chilled storage was demonstrated (29), indicating that it
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is active and stable in the meat environment despite the fact
that it is inactivated by common proteolytic enzymes of the
intestinal tract (16). The production of leucocin A is plasmid
mediated (15, 35). During the study of the genetic control of
leucocin production, two variants of the wild-type strain were
produced: UAL187-22, which is missing plasmid pLG5.0 but is
bacteriocin positive (Bac™); and UAL187-13, which is missing
two plasmids, pLGS5.0 and pLG7.2, and is bacteriocin negative
(Bac™).

We previously studied the effects of four bacteriocinogenic
meat isolates of LAB, including L. gelidum UAL187-22 but not
the wild-type strain UAL187, on the anaerobic and aerobic
storage life of chilled beef (20). L. gelidum UAL187-22 was the
strain of choice for use as an antagonistic competitive strain
because it grows on beef at low storage temperatures without
the development of undesirable changes in odor or appear-
ance. It remains to be shown whether this relatively slowly
growing organism competes efficiently with spoilage bacteria in
meats. In this study, the biopreservative capabilities of bacte-
riocinogenic (Bac") and bacteriocin-negative (Bac™) variants
of L. gelidum UAL187 were studied by determining the abili-
ties of these variants to control spoilage caused by a sulfide-
producing strain of Lactobacillus sake inoculated onto vacuum-
packaged beef.

MATERIALS AND METHODS

Bacterial cultures and identification of L. sake 1218. The LAB used in this
study are listed in Table 1. L. sake 1218 is a sulfide-producing LAB isolated from
modified-atmosphere-packaged pork stored at —1°C (21). The strain was initially
identified by McMullen and Stiles (21) by standard techniques (24, 31). Its
identity was confirmed in the present study by the following biochemical and
cultural tests: no production of slime from sucrose, ability to grow on acetate
agar (6), reduction of tetrazolium (37), final pH in La broth (27, 32), presence or
absence of meso-diaminopimelic acid (18), sugar fermentation pattern (33), and
lactic acid isomer determination by an enzymatic UV method (5). L. sake 1218
was tested for bacteriocinogenic activity against all of the L. gelidum strains by
direct and deferred inhibition tests (1, 2).

Inhibition of L. sake 1218 by L. gelidum strains in APT broth. Growth rates of
L. gelidum UAL187 and its variants were determined in pure culture at 2 and
25°C in APT broth (Difco Laboratories, Inc., Detroit, Mich.) containing 2%
glucose or in modified APT broth (mAPT) made according to Difco’s instruc-
tions (10) but containing 0.05 or 0.1% glucose inoculated at 4.2 to 4.3 log CFU
ml~". The initial pH of APT broth was adjusted to 5.6 or 6.5. Competitive growth
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TABLE 1. Bacterial strains used in this study

Strain Relevant phenotype and/or description” resf(()e l;g:::(rs)
L. gelidum
UAL187 Bac* wild-type strain with plasmids 16, 35
pLGS5.0, pLG7.6, and pLG9.2
UAL187-22 Bac™ strain with plasmids pLG7.6 16
and pLG9.2
UAL187-13 Bac™ strain with plasmid pLG9.2 16
L. sake 1218 Sulfide-producing spoilage McMullen”
organism
C. divergens LV13 Leucocin A-sensitive indicator NCFB 2855¢
strain

“ Bac™, bacteriocin producing; Bac™, nonbacteriocinogenic.

L. McMullen, University of Alberta.

¢ NCFB, National Collection of Food Bacteria, Institute for Food Research,
Reading, United Kingdom.

studies of L. gelidum UALI187, UAL187-22, or UAL187-13 with L. sake 1218
were done in mAPT containing 0.1% glucose with its initial pH adjusted to 5.6.
pH was determined for all samples during growth.

Inocula for all experiments were grown in APT broth at 25°C for 18 h. Cells
were washed three times by centrifugation at 16,000 X g; washed with sterile,
0.1% peptone water; and resuspended in peptone water at the desired cell
density. Samples for bacterial enumeration were diluted in 0.1% peptone water
and surface streaked onto M5 agar, consisting of (in grams per liter) tryptone, 10;
yeast extract, 5; fructose, 2.5; KH,PO,, 2.5; L-cysteine—-HCl, 0.5; MgSO, - 7H,0,
0.2; MnSO, + H,0, 0.05; calcium pantothenate, 0.01; and agar, 20; and (in mil-
liliters per liter) Tween 80, 1; and bromocresol green (0.1 g in 30 ml of 0.01 N
NaOH), 20 (40). This medium differentiated the heterofermentative L. gelidum
colonies (white) from homofermentative L. sake 1218 colonies (blue). The two
species could also be distinguished by their colony morphology on M5 agar.
Representative colonies were checked by their phenotypic characteristics to
determine the reliability of the differentiation (see below). MRS (Difco)-sorbic
acid agar (3) was used for selective enumeration of L. sake 1218. Plates were
incubated at 25°C for 3 days. Identical counts for L. sake 1218 were obtained on
M5 and MRS-sorbic acid agars, whereas colonies of L. gelidum were observed
only on M5 agar. Antimicrobial activity of leucocin A in the supernatant was
assayed by the spot-on-lawn method (1, 2) with Carnobacterium divergens LV13
as the indicator strain. All experiments were done in duplicate.

Inoculation of beef samples. Sterile, lean slices of beef (surface area, 20 cm?)
were excised aseptically from normal-pH longissimus dorsi muscle as described
by Greer and Jones (13). Beef slices were suspended from sterile clips, immersed
for 15 s in a bacterial suspension containing 10° CFU of L. gelidum ml~! and 10°
CFU of L. sake ml™!, and allowed to air dry at 25°C for 15 min. This produced
an inoculum of approximately 10* CFU of L. gelidum cm ™2 and 10> CFU of L.
sake cm~2. An equal number of beef slices was immersed in sterile, 0.1%
peptone water for use as controls.

Beef storage. Three inoculated beef slices from each sample were placed in
sterile stomacher bags (Seward Medical, London, United Kingdom), enclosed in
gas-impermeable foil laminate bags (Printpac-UEB, Auckland, New Zealand),
and vacuum packaged with a Captron II Packaging System (RMF Inc., Grand-
view, Mo.). Vacuum-packaged beef samples were stored at 2°C for 8 weeks, and
samples were removed for analysis after 0, 1, 2, 3, 4, 4.5, 5, 6, and 8 weeks of
storage. Three or four independent trials were done for microbiological content
and sensory analysis of each combination of bacterial inocula, except for meat
inoculated with pure cultures of L. gelidum UAL187, UAL187-22, and UAL187-
13, for which only one trial was done.

Bacterial sampling and determination of antimicrobial activity on meat. At
each sampling time, three beef slices from one package were homogenized
separately in a Colworth Stomacher 400 (Canlab Division, Baxter Diagnostics
Corp., Edmonton, Alberta, Canada) in 90 ml of sterile 0.1% peptone water.
Samples were diluted and surface plated onto M5 and MRS-sorbic acid agar and
incubated at 25°C for 3 days. The reliability of detection of the Leuconostoc
strain was checked by the ability to produce slime on APT agar containing 2%
sucrose. An average of eight colonies of each of the L. gelidum variants was
picked from M5 agar plates from meat samples analyzed after 3 or 8 weeks of
storage. These colonies were grown in APT broth for determination of their
carbohydrate fermentation patterns (33), and some were also examined for
plasmid profiles (2) and for bacteriocin production by overlayering with the
indicator strain. After enumeration, M5 plates were overlayered with soft APT
agar (0.75% agar) containing 1% of an overnight culture of C. divergens LV13 or
L. sake 1218 to determine antimicrobial activity by the deferred inhibition test.

Production of bacteriocin during growth of the producer strain on beef was
determined by a modification of the procedure described by Ruiz-Barba et al.
(28). One beef slice was homogenized in 90 ml of 0.1% peptone water, heated in
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a boiling water bath for 15 min, cooled rapidly on ice, and centrifuged at 8,000
X g for 15 min. Ammonium sulfate (Fisher Scientific, Fair Lawn, N.J.) was added
to 70% saturation, and the mixture was stirred at 4°C overnight and centrifuged
at 20,000 X g for 1 h at 0.5°C. The precipitate was resuspended in 1.5 ml of
sodium phosphate buffer (50 mM; pH 7.0), and activity was determined by the
spot-on-lawn method (1, 2) using C. divergens LV13 as the indicator. The pres-
ence of bacteriocin was confirmed by adding 10 pl of pronase E (1 mg ml™};
Sigma Chemical Co., St. Louis, Mo.) to appropriate samples of supernatant.

Sensitivity of L. sake 1218 to bacteriocin produced by L. gelidum UAL187.
After 8 weeks of storage under vacuum at 2°C, one of the beef slices from each
inoculum type was homogenized in 90 ml of sterile, 0.1% peptone water. Sev-
enty-five microliters of liquid was withdrawn from each sample, mixed with 7.5 ml
of soft MRS-sorbic acid agar (0.75% agar), and plated on MRS-sorbic acid agar
(1.5% agar) for selective growth of L. sake 1218. Supernatants of APT broth
cultures of L. gelidum UAL187 or UAL187-13 grown at 25°C for 18 h were
adjusted to pH 6.5 with 1 N NaOH and heated at 65°C for 30 min. From these
preparations, 20 pl of appropriate twofold dilutions was spotted onto the L. sake
1218 indicator lawns to be tested for sensitivity to the inhibitory substance. Plates
were incubated anaerobically at 25°C overnight and observed for zones of inhi-
bition.

Sensory t of beef ples. Qualitative analysis of odor acceptability,
based on detection of sulfide odor in vacuum-packed beef samples, was done as
described by McMullen and Stiles (22). An experienced five-member panel was
used. Each packaged sample containing three slices of beef was filled with 200 ml
of helium, and 5 ml of headspace gas was withdrawn for sensory analysis through
a “sticky nickel” (Mocon Modern Controls, Inc., Minneapolis, Minn.) sampling
port with a gastight syringe (SGE; Mandel Scientific, Guelph, Ontario, Canada)
equipped with a button lock. Acceptability was judged by the absence or pres-
ence of sulfide odor. A sample was deemed spoiled if 50% or more of the
panelists rejected the sample because of a sulfide odor.

RESULTS

Characterization and identification of L. sake 1218. The
gram-positive, rod-shaped, catalase- and oxidase-negative
strain 1218 was classified as L. sake on the basis of the follow-
ing characteristics: no gas from glucose, no slime from sucrose,
growth on acetate agar, degradation of arginine, tetrazolium
not reduced, absence of meso-diaminopimelic acid in the cell
wall, production of D- and L-lactic acid isomers, and final pH of
<4.15 in La broth. This classification was also based on the
following carbohydrate fermentation pattern: negative for
amygdalin, cellobiose, inulin, inositol, lactose, maltose, manni-
tol, melezitose, raffinose, and salicin and positive for arabinose,
fructose, glucose, mannose, melibiose, ribose, and sucrose. No
acid was produced from glycerol or pyruvate. The organism
grew in the presence of 6.5% NaCl but not at 45°C. Preliminary
experiments showed that L. sake 1218 produced a strong sul-
fide odor when inoculated onto vacuum-packaged beef but not
when inoculated onto beef stored under aerobic conditions. L.
sake 1218 was not found to be bacteriocinogenic against any of
the L. gelidum variants when tested by deferred and spot-on-
lawn techniques. Colony color on M5 agar did not give reliable
differentiation between the test strains; however, colony types
were readily differentiated by their morphology. Counts of L.
sake 1218 obtained by differential counting based on morpho-
logical differentiation on M5 agar and counts on MRS-sorbic
acid agar were identical.

Inhibition of L. sake 1218 by L. gelidum strains in APT
broth. At 25°C the three isogenic variants of L. gelidum
UALI187 had identical doubling times of 1.64 h when grown as
pure cultures or in combination with L. sake 1218. mAPT with
an initial glucose concentration of 0.05, 0.1, or 2% or with the
initial pH adjusted to 5.6 or 6.5 had no effect on the growth
rate of the L. gelidum variants. At 2°C the initial doubling times
for L. gelidum UAL187, UAL187-13, and UAL187-22 were
similar, averaging 1.75 days, but after 4 to 8 days of incubation
the doubling time of L. gelidum UAL187-22 increased to 3.15
days. This change in growth rate could not be attributed to
glucose concentration or pH of the growth medium or to
whether L. gelidum UAL187-22 was grown as a pure culture or
together with L. sake 1218.
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FIG. 1. Bacteriocin activity and growth of L. sake 1218 in mixed culture with
variants of L. gelidum at 25°C in mAPT with 0.1% glucose and the initial pH
adjusted to 5.6. (a) Bacteriocin activity in arbitrary units (AU) per milliliter of
supernatant for mixed cultures of L. sake 1218 and L. gelidum UAL187 (A) and
mixed cultures of L. sake 1218 and L. gelidum UAL187-22 (@). (b) Growth of L.
sake 1218 with L. gelidum UAL187 (A), L. gelidum UAL187-22 (O), and L.
gelidum UAL187-13 (OJ).

L. sake 1218 grown in APT broth in mixed culture with L.
gelidum UAL187 or UAL187-22 at 25°C was inhibited at the
time (17 h) at which antimicrobial activity was detected in the
supernatant (Fig. 1). Growth of L. sake 1218 resumed after
21 h, coinciding with a decrease in antimicrobial activity, and
reached a population of approximately 10 CFU ml~" after
extended incubation for 100 h at 25°C (Fig. 1). L. sake 1218
grew rapidly in pure culture (results not shown) or in mixed
culture with L. gelidum UAL187-13 (Fig. 1). Antimicrobial
activity was not detected in these cultures.

Growth of L. sake 1218 in APT broth at 2°C was inhibited in
mixed culture with L. gelidum UAL187 after 8 days of incuba-
tion, coinciding with the time at which antimicrobial activity
was first detected in the supernatant (Fig. 2). The cell density
of L. sake 1218 decreased to the minimum detection limit after

Log cfu ml -1

Time (days)

FIG. 2. Bacteriocin activity and growth of L. sake 1218 in mixed culture with
variants of L. gelidum at 2°C in mAPT with 0.1% glucose and the initial pH
adjusted to 5.6. See the legend to Fig. 1 for definitions of symbols.

ApPL. ENVIRON. MICROBIOL.

Time (weeks)

FIG. 3. Log,, CFU of variants of L. gelidum grown in mixed culture with L.
sake 1218 per square centimeter of vacuum-packaged beef stored at 2°C. A, L.
gelidum UAL187; OJ, UAL187-13; O, UAL187-22. The data represent the means
for three trials.

12 days of incubation, but growth resumed after approximately
30 to 35 days of storage (Fig. 2). L. sake 1218 grew rapidly at
2°C in pure culture (results not shown) and in mixed culture
with L. gelidum UAL187-13 (Fig. 2). Antimicrobial activity was
not detected in these cultures. L. sake 1218 in mixed culture
with L. gelidum UAL187-22 grew actively for the first 15 days
of incubation, after which a rapid decline in cell counts of L.
sake 1218, coinciding with the detection of antimicrobial activ-
ity, was observed (Fig. 2). After 22 days of incubation there was
a loss of antimicrobial activity and L. sake 1218 resumed its
growth. The pH did not change by more than 0.2 units from the
initial value in any of the experiments done with mAPT.
Growth of bacteria and detection of bacteriocin on vacuum-
packaged beef. The data shown in Fig. 3 illustrate the growth
of the three isogenic strains of L. gelidum UAL187 coinocu-
lated with L. sake 1218 on beef stored under vacuum at 2°C. L.
gelidum UALI187 and UAL187-13 again exhibited identical
growth rates, while L. gelidum UAL187-22 grew at a consider-
ably slower rate. The same result was obtained with L. gelidum
strains inoculated onto meat as pure cultures. Growth and
survival of L. sake 1218 alone or in mixed culture with the
isogenic variants of L. gelidum are shown in Fig. 4. L. sake 1218
grew rapidly as a pure culture on vacuum-packaged beef, pro-

Log CFU cm 2

Time (weeks)

FIG. 4. Log,, CFU of L. sake 1218 showing growth and survival in mixed
culture with variants of L. gelidum per square centimeter of vacuum-packaged
beef stored at 2°C. @, L. sake 1218 alone; A, L. sake with L. gelidum UAL187; OJ,
L. sake with UAL187-13; O, L. sake with UAL187-22. The solid arrow indicates
the sampling time at which a sulfide odor was first detected in samples inoculated
with L. sake 1218; the open arrow indicates the sampling time at which a sulfide
odor was first detected in samples inoculated with L. sake 1218 and L. gelidum
UAL187-13 or UAL187-22. The data represent the means for three trials.
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ducing a sulfide odor within three weeks at 2°C. Marked inhi-
bition of L. sake 1218 was observed in three of four trials in
which L. sake 1218 was coinoculated with L. gelidum UAL187
onto meat. There was a delay of growth for 5 weeks with a
4-log-lower count of L. sake 1218 after 8 weeks of incubation.
In a fourth trial, there was a delay of 2 weeks before initiation
of growth of L. sake 1218, and a relatively low maximum count
of 10° to 10° log CFU cm ™ > was observed. These data were not
included in the means calculated for Fig. 4. Similar growth of
L. sake 1218 but with a maximum count approximately 1 log
lower than that in pure culture was observed when L. sake 1218
was coinoculated with L. gelidum UALI187-13. A slight delay in
initiation of growth and a reduction of 0.5 to 1 log unit in the
maximum count were observed when L. sake 1218 was coin-
oculated with L. gelidum UALI187-22. Comparison with pure
culture studies indicated that growth of L. gelidum UALI187
and its isogenic variants was not affected by the presence of L.
sake 1218 in any trial. The identity of each variant of L. gelidum
was confirmed by comparison of plasmid profiles, carbohydrate
fermentation patterns, and production of slime by colonies
isolated after 8 weeks of storage from each experiment.

The possibility that L. sake 1218 developed resistance to the
inhibitory substance during the trial with extended growth in
the presence of L. gelidum UAL187 was tested. Spot-on-lawn
tests of isolates of L. sake 1218 were done after 8 weeks of
storage. Results showed that L. sake 1218 was sensitive to 800
arbitrary units ml~! in heat-treated supernatant of L. gelidum
UALI187 grown in APT broth. The same sensitivity was ob-
served for isolates of L. sake 1218 grown as pure cultures or in
mixed culture with L. gelidum UAL187-22 or UAL187-13.
Growth of L. sake 1218 with extended incubation was appar-
ently due to loss of activity of the inhibitory substance rather
than development of resistant strains of L. sake 1218.

Antimicrobial activity that was sensitive to pronase E was
demonstrated for extracts prepared from beef samples coin-
oculated with L. gelidum UAL187 and L. sake 1218. The an-
tibacterial activity on the meat persisted from 2 to 8 weeks of
storage, but the level of activity was near the lowest detectable
limit and activity could not be detected on all samples that
were tested. At least half of the trials were positive at each
sampling time. Antimicrobial activity was also observed on
beef coinoculated with L. gelidum UAL187-22 and L. sake
1218 after 6 weeks of storage. No activity was observed for beef
coinoculated with L. gelidum UAL187-13 and L. sake 1218. L.
gelidum UAL187 and UAL187-22 were found to have retained
their bacteriocinogenic potential when tested at each storage
interval for antagonistic activity by the deferred inhibition test.

Detection of spoilage of beef samples. L. gelidum UAL187
completely inhibited sulfide-mediated spoilage of beef by L.
sake 1218 for up to 8 weeks, except in two of four trials, in
which spoilage was detected in samples taken at 4.5 weeks but
not at 6 and 8 weeks of storage at 2°C. Spoilage produced by L.
sake 1218 in the presence or absence of L. gelidum UAL187-22
or UAL187-13 was detected within 3 to 4.5 weeks of storage
and is illustrated by arrows in Fig. 4. No spoilage was detected
in beef samples inoculated with pure cultures of L. gelidum
UALI187, UAL187-22, or UAL187-13 and stored for up to 8
weeks under vacuum at 2°C (data not shown).

DISCUSSION

In our previous study (20) we demonstrated that inoculation
of beef with the bacteriocinogenic LAB L. gelidum UAL187-22
did not spoil beef stored under aerobic or anaerobic conditions
for extended periods. This might have been the result of bi-
phasic growth of UAL187-22 that resulted in slower overall
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growth of this strain on meat stored at 2°C. The reason for
biphasic and ultimately slow growth of UAL187-22 at this low
temperature could not be determined; however, a transformed
variant of L. gelidum UAL187-13 containing an 8-kb insert
with the active gene for leucocin A (data not shown) also
exhibited the reduced growth rate at 2°C. Both L. gelidum
UAL187-22 and the transformed variant of UAL187-13 lacked
a small plasmid with a molecular mass of 5.0 MDa which was
present in L. gelidum UALI187 (16). This small plasmid might
account in some way for the difference in growth rate between
the wild-type strain UAL187 and the partially cured variant
UAL187-22.

L. sake 1218 can be used as a model organism for testing the
efficacy of added bacteriocins or bacteriocinogenic LAB in
preventing spoilage of vacuum-packaged meats. On vacuum-
packaged beef it produced a readily detectable sulfide odor
within 3 weeks when it was inoculated at 10> CFU cm ™2 and
stored at 2°C. This occurred well in advance of spoilage by the
normal adventitious lactic microflora of meats (8, 11). Devel-
opment of a sulfide odor was reported as a form of spoilage by
some adventitious LAB on meat (12, 34). Inhibition of growth
and sulfide-mediated spoilage by L. sake 1218 in vacuum-pack-
aged beef by L. gelidum UAL187 can be attributed to the rapid
growth of and early production of bacteriocin by this strain.
This was confirmed by the rapid growth and spoilage observed
for L. sake 1218 when coinoculated with the fast-growing iso-
genic Bac™ variant L. gelidum UAL187-13. Slow growth of and
delayed production of bacteriocin by L. gelidum UALI187-22
are considered to be the reason why this variant failed to
inhibit development of the sulfide odor by L. sake 1218. The
possibility exists that a mixed culture of the rapidly and slowly
growing strains of L. gelidum UAL187 and UAL187-22 could
further delay the growth of L. sake 1218 because of the poten-
tial for sustained inhibitory concentrations of the inhibitory
substance in the meat.

Nisin cannot be used as a preservative in meats because it is
inactivated at the pH of meat (17, 25) and has limited activity
on beef (7). Lactococcus lactis is a mesophile, and so produc-
tion of nisin in situ in chilled meat is not possible. Although
bacteriocins produced by psychrotrophic LAB of meat origin
have a greater potential to exert an inhibitory effect on spoilage
LAB in meats, the effect of the meat environment on their
activity remains to be studied. Bacteriocins might be sensitive
to proteases of meat or microbial origin, as suggested by the
observed loss of activity of sakacin A produced by L. sake
Lb706 in minced meat at 8°C (30). In the present study, the
inhibitory substance was produced and remained active in the
meat throughout the 8-week storage period at 2°C. In contrast,
the bacteriocin was partially inactivated during prolonged stor-
age in APT broth. In beef stored at 2°C, resistance of L. sake
1218 cells to the inhibitory substance was not detected after 8
weeks of storage. Development of resistance of target organ-
isms such as L. monocytogenes to bacteriocins has been noted
for sakacin A (30); nisin (9, 14, 23); and mesenterocin 52,
curvaticin 13, and plantaricin C19 (26).

Yousef et al. (39) showed that pediocin AcH (PA-1) was less
effective against L. monocytogenes in wiener exudates stored at
25°C than it was in those stored at 4°C. A similar effect was
noted for bacteriocinogenic Pediococcus acidilactici against L.
monocytogenes in frankfurters (4). The efficacy of leucocin A
produced by L. gelidum UAL187 at abusive storage tempera-
tures remains to be determined. The results obtained in the
present study with mixed cultures in APT broth incubated at
25°C indicated that leucocin might be active for shorter periods
at abusive storage temperatures.

In this study, even the quite extensive growth of L. sake 1218
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in the presence of L. gelidum UALI187 in one of four trials did
not result in spoilage of the beef. This result indicated that
addition of bacteriocinogenic L. gelidum UAL187 as a protec-
tive culture to meat could delay spoilage by an overt spoilage
organism, such as L. sake 1218. This study illustrated the po-
tential for L. gelidum UAL187 to act as a microbial antagonist
on meat against the adventitious spoilage microflora of LAB.
Current work is aimed at expanding the application of L.
gelidum UAL187 to preserve other meat products and to study
its activity against other spoilage and pathogenic microorgan-
isms on meat, such as Brochothrix thermosphacta and L. mono-
cytogenes.
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