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Abstract

The antimicrobials lysozyme, nisin, and mixtures of the two were studied to ascertain their abilities to control the growth
of the meat-borne spoilage bacteria, Brochothrix thermosphacta B2 and Carnobacterium sp. 845. The goal was to optimize
an antimicrobial for potential use in preservation of fresh meats. Their efficacies were evaluated in APT broth, in a meat
juice extract and on cores of lean and fat pork tissue. Both lysozyme and nisin alone as well as mixtures of the two
effectively inhibited B. thermosphacta B2 at 250 mgrml in APT broth, the lowest concentration evaluated, for 10 days at
28C. In the presence of 500 mgrml lysozyme, B. thermosphacta B2 grew after 12 days incubation. Only 125 mg of
antimicrobialrml was required to inhibit B. thermosphacta B2 for 27 days at 28C in pork juice. An estimated surface
concentration of 130 mgrcm2 of each of the antimicrobials effectively inhibited B. thermosphacta B2 on inoculated cores
of fat and lean pork tissue when the cores were incubated in vacuum packages for 6 weeks at 28C. In APT broth and in pork
juice, lysozyme showed no antimicrobial activity against Carnobacterium sp. 845 at concentrations of 500 and 1000 mgrml,
respectively. Nisin and mixtures of the two antimicrobials inhibited Carnobacterium sp. 845 so that its numbers were at least
3 log units lower than untreated samples after 26 and 27 days incubation for APT and pork juice, respectively. The
antimicrobial effect was concentration dependent. On lean pork tissue, numbers of Carnobacterium sp. 845 were
significantly lower than untreated samples or samples treated with 195 mgrcm2 lysozyme when 260 mgrcm2 of a 1:3
Ž .wrw ratio of nisin to lysozyme was introduced to the cores. The inhibitory effect lasted for 14 of 42 days incubation in
vacuum at 28C. On fat tissue, both lysozyme alone and the 1:3 nisinrlysozyme mixture inhibited Carnobacterium sp. 845
for 21 days storage in vacuum at 28C. On fat and lean tissue, mixtures of nisin and lysozyme would be more effective
antimicrobials than either nisin or lysozyme alone. Crown Copyright q 2001 Published by Elsevier Science B.V. All rights
reserved.
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1. Introduction

Spoilage of raw meat accounts for major annual
losses to processors and retailers. Globally, the red
meat industry has increased its use of anoxic preser-
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vative packaging systems to satisfy the demand for
extended product storage life and reduction of
spoilage losses. During extended anoxic storage,
growth of putrefactive bacteria is limited and lactic

Ž .acid bacteria LAB becomes the dominant bacteria.
Eventually, their numbers attain maximum levels
of 106–107 cfurcm2 and spoilage by LAB occurs
Ž .Egan, 1983 . One approach to extending the storage
and shelf life of fresh meats is to introduce antimi-
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crobials, preferably naturally occurring antimicro-
Žbials, to the surface of the meat Chung et al., 1989;

Cutter and Siragusa, 1996a,b, 1997; Cutter, 1999,
.2000; Gill and Holley, 2000a,b . Lysozyme, a lytic

enzyme found in foods such as milk and eggs, is a
muraminidase that hydrolyses b1–4 linkages be-
tween N-acetylmuramic acid and N-acetylglucosa-

Ž .mine Cunningham et al., 1991 . It is known to
inhibit some gram-positive bacteria, but alone it is
ineffective against gram-negative bacteria. Commer-
cially, lysozyme has been used primarily to prevent
late blowing in semi-hard cheeses, which is caused
by the fermentation of lactate by butyric acid bacte-

Žria, primarily Clostridium tyrobutyricum Bester and
.Lombard, 1990; Cunningham et al., 1991 . The po-

tential use of lysozyme as a food preservative has
invoked considerable interest, particularly in Japan
Ž .Cunningham et al., 1991 . Nisin, produced by Lac-
tococcus lactis subsp. lactis, is a small, heat-stable

Žprotein, classified as a lantibiotic Holzapfel et al.,
.1995 and is the best known of the bacteriocins. Its

spectrum of activity is limited and includes many
gram-positive bacteria and their spores but does not

Žinclude gram-negative bacteria or fungi Delves-
.Broughton et al., 1996 . Nisin is generally recog-

Ž .nized as safe GRAS for use as a food additive in
many countries.

Evaluation of the antimicrobial activity of nisin in
Žraw beef using selected organisms Cutter and Sira-

.gusa, 1994, 1996a,b, 1997 has shown that nisin
activity is lost over time. Although there were initial
reductions in numbers of gram-positive organisms
inoculated onto surfaces, after extended storage,
numbers increased to the levels on untreated sam-
ples. When nisin was embedded in a calcium algi-
nate gel, the antimicrobial activity of the nisin was
increased. Numbers of B. thermosphacta, a potent
meat spoilage organism, remained low for up to 7

Ž .days Cutter and Siragusa, 1996b . Synergy between
Žnisin and lysozyme has been shown in vitro Chung

.and Hancock, 2000 .
This work was initiated to evaluate the synergistic

effect of lysozyme and nisin on two bacteria isolated
from meat and associated with spoilage, B. thermo-
sphacta B2 and Carnobacterium sp. 845. Studies
were done in vitro and in meat systems. Often
antimicrobials are evaluated in an in vitro system

Ž .only Szabo and Cahill, 1998a . These types of

studies give some insight into what may happen in a
food system, but the natural system is very different.
When food systems are evaluated, the efficacies of
antimicrobial treatments are frequently much re-

Žduced Scannell et al., 1997; Szabo and Cahill 1998b;
.Chumchalova et al., 1998; Greer et al., 2000 .

2. Materials and methods

2.1. Growth media

ŽA preliminary trial was done in APT broth Difco
.Laboratories, Detroit, MI, USA . Subsequent trials

Žwere done in a pork juice medium Greer et al.,
.2000 , which was supplemented with 0.4% dextrose

Ž .Sigma, St. Louis, MO, USA by the addition of 20
Ž .mlrl from a 20% wrv sterile stock solution prior

to use in trials.

2.2. Pork cores

Sterile cores of fat and lean tissue with a surface
area of 25 cm2 were excised from pork loins that
had generous fat coverings, using the procedure de-

Ž .scribed by Greer et al. 2000 .

2.3. Antimicrobials

Ž Ž .Nisin Chrisin 2.5% wrw nisin , 1000 IUrmg,
. ŽChristian Hansen, Denmark , lysozyme )22,800

Shugar unitsrmg, Canadian Inovatech, Abbotsford,
.BC, Canada and co-dried mixtures of the two at

ratios of 1:3 nisinrlysozyme and 1:1 nisinrlyso-
Ž .zyme and 3:1 nisinrlysozyme Canadian Inovatech

were used at concentrations of 250, 500 and 1000
mgrml in APT broth and at concentrations of 125,
250, 500 and 1000 mgrml in pork juice medium.
The antimicrobials were dissolved either in APT
broth or in pork juice medium to attain the appropri-
ate final concentrations. Growth media containing
antimicrobials were filter sterilized through 0.2-mm

w ŽNalgene Membrane Filter Nalgene, Rochester,
.NY, USA prior to dispensing into sterile flasks for

use in the experiment. Nisin, lysozyme and mixtures
of the two at weight to weight ratios of 1:1 nisinr
lysozyme and 1:3 nisinrlysozyme were used at con-
centrations of 2500, 5000 and 10,000 mgrml to
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attain estimated concentrations of antimicrobial on
cores of pork fat and lean tissue of 65, 130 and 260
mgrcm2, respectively, depending on the experiment.
The volume of antimicrobial adhering to the meat
surface was estimated by dipping 25 cores of lean
and 25 cores of fat tissue into a known volume of
antimicrobial. The reduction in volume of antimicro-
bial after the treatment of the cores was measured
and the volume of antimicrobial adhering to each
core was calculated. Antimicrobials were dissolved
in sterile water and were used immediately. They
were not filter sterilized before use.

2.4. Bacterial cultures

The psychrotrophic meat-borne bacteria isolated
Žfrom spoiled beef, B. thermosphacta B2 G.G. Greer,

.Agriculture and Agri-Food Canada and Carnobac-
terium sp. 845 were used in this study. Carnobac-
terium sp. 845 was isolated from carbon dioxide

Ž .packaged beef at the time of spoilage F.M. Nattress
and was tentatively identified as Lactobacillus sp.

Žusing CH50 strips Biomerieux, St. Laurent, QC,´
.Canada . Genotypic analysis using the methods of

Ž . Ž .Nissen et al. 1994 and Yost and Nattress 2000
showed it to be a Carnobacterium sp. It is the same
organism as the Lactobacillus sp. 845 described in

Ž .the work of Chung and Hancock 2000 . The organ-
isms were maintained in Cooked Meat Medium
Ž .Difco . Bacteria were subcultured twice in Tryptic

Ž . Ž .Soy Broth TSB Difco using a 1% inoculum, and
they were incubated aerobically without shaking at
258C for 48 h. For studies in broth and pork juice, 4
log cfurml inocula from these starter cultures were
used. When the organisms were used to inoculate
pork cores, cells from 25 ml of starter culture were

Ž .pelleted 15,000 rpm for 3 min , resuspended in 50
Ž .ml of 0.1% peptone Difco and washed twice to

remove growth medium. Pellets were resuspended in
0.1% peptone to a final concentration of log 7 cfurml
of cells.

2.5. Sample preparation and sampling plan

Growth medium supplemented with antimicrobial
was inoculated to give a final concentration of bacte-
rial cells of log 4 cfurml. Samples were incubated
aerobically at 28C with no shaking. Two to three

times per week, samples were removed and bacteria
were enumerated. Samples of 0.1 ml were removed
and 10-fold dilutions prepared in 0.1% peptone dilu-
ent. Samples of 0.1 ml were spread onto the surface

Ž .of plates of Tryptic Soy Agar TSA, Difco . Inocu-
lated plates were incubated aerobically at 258C for
48 h and bacterial numbersrml of sample were
calculated. Two replications of the trial in pork juice
medium were done and triplicate samples were ex-
amined in each replication.

Cores of lean and fat pork tissue were dipped in
the suspensions of B. thermosphacta B2 or
Carnobacterium sp. 845 to introduce approximately
3.5 log cfurcm2 bacteria to the lean cores and 4 log
cfurcm2 to the fat cores. The procedure has been

Ž .described by Greer et al. 2000 . Cores were pack-
Žaged in vacuum pouches Winpak, Winnipeg, MB,

.Canada with an oxygen transmission rate of 40–50
cm3rm2 in 24 h at 238C. The pouches were vacuum

Ž .packaged Multivac, Kansas City, MO, USA and
were incubated at 28C. At 0 time, and weekly there-
after, for 6 weeks, cores were removed and sampled.
For enumeration of bacteria, 1:1 dilutions of the
cores were prepared by homogenizing the cores for 2
min in 25 ml of 0.1% peptone diluent using a

w ŽStomacher Lab-Blender Model ‘400’ Seward Lab-
.oratory, London, England . Further dilutions were

10-fold and 0.1 ml samples were plated on TSA.
Inoculated plates were incubated aerobically at 258C
for 48 h. Bacterial numbers were calculated as log
cfurcm2.

The Commission Internationale de l’Eclairage
Ž . Ž ) ) ) .CIE, 1978 values L , a and b were measured

Žobjectively using a Minolta chroma meter II Minolta
.Camera, Japan and the pH was measured using an

ŽOktron Digital pH meter Model Wo-0060500-000,
.Anachemia Scientific, Calgary, AB, Canada and a

flat surface polymer body combination electrode
Ž .Fisher Scientific, Nepean, ON, Canada .

2.6. Statistical analysis

Data were analyzed using the General Linear
Models Analysis of Variance Procedure of the Statis-

Ž .tical Analysis System SAS Institute, 1995 . Means
were compared by the Student’s t-test and differ-
ences were declared significant when P-0.05. The
models included treatment or time of incubation and
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treatment and their interaction. Data were sorted by
organism and incubation temperature and time where
applicable.

3. Results

3.1. APT broth

The effect on growth of B. thermosphacta B2
incubated at 28C in APT broth supplemented with
nisin, lysozyme, 1:1 nisinrlysozyme, 1:3 nisinr
lysozyme or 3:1 nisinrlysozyme at a concentration
of 250, 500 and 1000 mgrml was examined. All
treatments inhibited the growth of B. thermosphacta

Ž .B2 during 10 days incubation at 28C data not shown .
The trials using 500 mgrml of antimicrobial were
continued for 26 days and were repeated twice. B.
thermosphacta B2 started to grow after 10 days

Ž .incubation Fig. 1A in the flasks treated with
lysozyme alone. Nisin and all the mixtures inhibited
B. thermosphacta B2 throughout the trial period.

Lysozyme alone had no effect on Carnobacterium
sp. 845 in APT broth and the growth of the organism
was the same as in the sample with no antimicro-

Ž .bial Fig. 1B . Mixtures of 3:1 nisinrlysozyme,
1:1 nisinrlysozyme and 1:3 nisinrlysozyme at a
concentration of 500 mgrml inhibited bacteria
growth for 10–12 days. When bacteria did grow, the
cultures reached stationary phase approximately 5
log units lower than the samples with no antimicro-
bial.

3.2. Pork juice

When B. thermosphacta B2 was grown in pork
juice medium at 28C, its numbers increased from the
initial inoculation level of 4 to 8 log cfurml after 27
days. When the medium was supplemented with
nisin, lysozyme, 1:1 nisinrlysozyme, 1:3 nisinr
lysozyme or 3:1 nisinrlysozyme at concentrations of
125, 250 and 500 mgrml and inoculated with 4 log
cfurml B. thermosphacta B2, the bacterial numbers
were immediately reduced to below the detectable
limit of 1 log cfurml. No bacteria were recovered
during the entire 27-day incubation period.

The growth of Carnobacterium sp. 845 at 28C in
pork juice amended with 250, 500 and 1000 mgrml

Ž .Fig. 1. Growth of B. thermosphacta B2 A and Carnobacterium
Ž . Ž .sp. 845 B at 28C in APT broth l or APT broth supplemented

Ž . Ž .with 500 mgrml nisin ' , lysozyme B , 1:1 nisinrlysozyme
Ž . Ž . Ž .v , 1:3 nisinrlysozyme ^ , 3:1 nisinrlysozyme ` . Least
square means are shown. The standard error for A is 0.3 and for B
is 0.7.

of 3:1 nisinrlysozyme1:1 nisinrlysozyme and 1:3
Ž .nisinrlysozyme was monitored Fig. 2A,B,C . As in

APT broth, lysozyme alone failed to inhibit growth
of the bacterium, even at a concentration of 1000
mgrml, and bacterial numbers were the same as in

Ž .untreated samples P)0.05 . Bacterial numbers in
all the other treatments were significantly lower than

Žin untreated and lysozyme treated samples P-
.0.05 .
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Fig. 2. Growth of Carnobacterium sp. 845 at 28C in a pork juice
Ž .medium B or a pork juice medium supplemented with nisin

Ž . Ž . Ž .v , lysozyme ' , 1:1 nisinrlysozyme l or 1:3 nisinrlyso-
Ž . Ž .zyme I or 3:1 nisinrlysozyme ` . The concentrations used

Ž . Žwere 250 mgrml A, standard errors0.3 , 500 mgrml B,
. Ž .standard errors0.4 and 1000 mgrml C, standard errors0.1 .

Least square means are shown.

3.3. Pork cores

B. thermosphacta B2 did not grow on lean tissue,
but the original inoculum level of 4 log cfurcm2

was maintained. Lysozyme, nisin, 1:1, 1:3 and 3:1
nisinrlysozyme mixtures reduced B. thermosphacta
B2 numbers to below the detectable limit of 0 log
cfurcm2 and no bacteria were detected throughout

Ž .42 days of vacuum storage at 28C Fig. 3A . How-

Fig. 3. Growth of B. thermosphacta B2 when it was inoculated
Ž . Ž .onto sterile cores of pork lean A or fat B tissue. The tissue was

subsequently dipped in antimicrobial solutions supplemented with
5000 mgrml of antimicrobial so that approximately 130 mgrcm2

Žadhered to the surface of each core B, nisin; ^, lysozyme; v,
.1:1 nisinrlysozyme; ', 3:1 nisinrlysozyme or they were dipped

in sterile water, l. Cores were vacuum packaged and stored at
28C for up to 6 weeks. Least square means are shown. The
standard error for A is 0.2 and for B is 0.3.
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ever, the organism did grow on fat tissue from 4 to 6
2 Ž .log cfurcm Fig. 3B . Bacterial numbers in the

treated samples were significantly lower than in un-
Ž .treated samples P-0.05 and were at least 3.5 log

units less than untreated samples after 42 days of
storage in vacuum at 28C.

Fig. 4. Growth of Carnobacterium sp. 845 when it was inoculated
Ž . Ž .onto sterile cores of pork lean A or fat B tissue. The tissue was

subsequently dipped in antimicrobial solutions supplemented with
5000 mgrml of antimicrobial so that approximately 130 mgrcm2

Žadhered to the surface of each core B, nisin; ^, lysozyme; v,
.1:1 nisinrlysozyme; ', 3:1 nisinrlysozyme or they were dipped

in sterile water, l. Cores were vacuum packaged and stored at
28C for up to 6 weeks. Least square means and standard errors are
shown.

Fig. 5. Growth of Carnobacterium sp. 845 when it was inoculated
Ž . Ž .onto sterile cores of pork lean A and fat B tissue. The tissue

was subsequently dipped in water supplemented with lysozyme
Ž .v at a concentration of 7500 mgrml so that approximately 195
mgrcm2 lysozyme adhered to each core or with 1:3 nisinrlyso-

Ž .zyme ' at a concentration of 10,000 mgrml so that approxi-
mately 260 mgrcm2 adhered to each core. Cores for the positive

Ž .control were dipped in sterile water l . Cores were vacuum
packaged and stored at 28C for up to 6 weeks. Least square means
and standard errors are shown.
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When Carnobacterium sp. 845 was introduced to
cores which were subsequently treated with antimi-
crobial, bacterial numbers on both fat and lean tissue
were reduced by all the treatments. They were re-
duced to below the detectable limit of 0 log cfurcm2

Ž . Ž .by 1:1 lean tissue and 3:1 lean and fat tissue
mixtures of nisinrlysozyme at a concentration of

2 Ž . Ž .130 mgrcm Fig. 4 . On lean tissue Fig. 4A , the
Ž .reduction in numbers was not significant P)0.05
Ž .after 14 days incubation. On fat tissue Fig. 4B ,

treatments with a higher lysozyme concentration were
Ž .significantly lower P-0.05 at 28 days. Consider-

ing these results, a ratio of 1:3 at a concentration of
260 mgrcm2 of core surface was used for a further
trial using Carnobacterium sp. 845. Bacteria were
undetected for 7 days on lean tissue, but after that
time bacteria grew quickly to reach levels of un-

Ž .treated samples after 21 days incubation Fig. 5A .
Neither nisin nor lysozyme alone at concentrations
of 65 and 195 mgrcm2 were as effective as the
mixture of the two antimicrobials. On fat tissue,
bacteria were undetectable at times0 in the 1:3

Ž .nisinrlysozyme treated samples Fig. 5B . Only after
35 days of vacuum storage were the differences
between the samples treated with the antimicrobial
mixture and the controls no longer significant.

CIE L) and a) were not affected by any of the
treatments. CIE b) was significantly higher in

Ž .treated samples data not shown . The pH of the lean
and fat tissue were 5.5 and 6.2, respectively and pH
was not affected by the treatments.

4. Discussion

Lysozyme, nisin, and mixtures of the two, were
shown to be effective at inhibiting the growth of the
meat spoilage organism, B. thermosphacta B2, in
APT broth at a concentration of 250 mgrml, the
lowest concentration evaluated, during a 12-day in-
cubation period at 28C. In a pork juice medium, 125
mgrml effectively inhibited B. thermosphacta B2
during 27 days of incubation. A surface concentra-
tion of approximately 130 mgrcm2 of antimicrobial
also inhibited the bacterium’s growth on cores of
pork lean and fat tissue when the cores were incu-
bated in vacuum at 28C for 6 weeks. When beef
surfaces were treated with nisin and stored in vac-

uum for up to 28 days at 48C, B. thermosphacta B2
Žnumbers were less than in untreated samples Cutter

.and Siragusa, 1996a . Antimicrobial activity was
evident for 21 days on both fat and lean tissue,
indicating that nisin was active over the storage time
Ž .Cutter and Siragusa, 1996a . These results and those
of the present study suggest the antimicrobial activ-
ity of nisin may not be completely inactivated on
raw meat by an enzymatic reaction with glutathione

Ž .as postulated by Rose et al. 1999 .
Lysozyme alone was ineffective at inhibiting the

growth of Carnobacterium sp. 845 at concentrations
of 1000 mgrml in APT broth and a pork juice
medium. On pork cores of fat and lean tissue, how-
ever, numbers of Carnobacterium were lower than
on untreated samples and its effectiveness was simi-
lar to that of the nisin treatment. A similar result was

Ž .shown by Cutter and Siragusa 1994 , where their
Carnobacterium diÕergens culture exhibited nisin
resistance in well-diffusion assays, but when applied
to the surface of beef, nisin effectively inhibited the
organism. Lysozyme has some properties that can
make evaluation of its performance from one sub-
strate and test system to another difficult to interpret.
It has been shown to adhere to glass and to lose its
activity quickly when studied in Pyrex, polypropy-

Žlene or polyethylene containers Cunningham et al.,
.1991 . It can be inactivated by the presence of

peptone, beef liver extract and boiled soybean, ingre-
Ždients found in bacteriological media Cunningham

.et al., 1991 .
Our data suggested that nisin had the effect of

reducing numbers at times0, an observation also
Ž .made by Cutter and Siragusa 1997 . Also, the more

lysozyme there was in the antimicrobial mixture, the
longer the antimicrobial was efficacious. Therefore,
it was hypothesized that lysozyme, in combination
with nisin, at a higher concentration than 65 mgrcm2

used in the initial trials, might improve the antimi-
crobial activity of the mixture, as well as extend the
time during which it would be effective. Since it is
likely that nisin may only have significant antimicro-
bial activity at early times during refrigerated storage
Ž .Rose et al., 1999 , its concentration in an antimicro-
bial mixture should only be high enough to quickly
reduce numbers of sensitive bacteria. Considering
the high cost of nisin and the regulatory implica-
tions of using antimicrobials, a mixture of 1:3 nisinr
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lysozyme at an estimated surface concentration of
260 mgrcm2 was used to further evaluate the effi-
cacy of the antimicrobials on pork cores. On lean
tissue, bacterial counts were significantly lower with
the combination treatment, as compared to samples
treated with lysozyme or nisin alone, or untreated for
up to 14 days. On fat, the reduction in bacterial
numbers persisted for 28 days.

Ž .Chung and Hancock 2000 observed synergy be-
tween nisin and lysozyme, and also demonstrated
that a 1:3 combination of nisinrlysozyme was more
active than either individual molecule in an in vitro
system. The results of this study also demonstrate
synergy between lysozyme and nisin. The mixtures
of the antimicrobials were more effective than either
parent molecule in the same concentration at reduc-
ing numbers of Carnobacterium sp. 845 at 0 and 3
days in pork juice, and at 0 time on cores of lean

Ž .pork tissue. Chung and Hancock 2000 demon-
strated by electron micrographs a dramatic morpho-
logical effect of mixtures of 1:3 and 3:1 nisinrlyso-
zyme that are not apparent when the antimicrobials
are used alone.

Since the antimicrobial spectra of nisin and
lysozyme in the absence of chelators include only

Žgram-positive bacteria Bester and Lombard, 1990;
Davidson et al., 1993; Delves-Broughton et al.,

.1996 , their value, on their own, for use on fresh
meats is limited. If they can be shown to inhibit
lactic acid bacteria associated with spoilage of anoxi-
cally packaged meats, they may have some practical
value, particularly if an antimicrobial or a packaging
system can be found that will inhibit gram-negative
bacteria. Packaging in carbon dioxide, for instance,
has been shown to inhibit the growth of enterics and
pseuodomonads, but lactic acid bacteria are not in-

Ž .hibited Greer et al., 1993 . Incorporation of nisin
and lysozyme into such a system could have value.
With the introduction of new products such as mois-
ture enhanced pork, the possibility of the introduc-
tion of bacteria to normally sterile interior muscle
tissue is increased, and antimicrobials could have a
role in controlling the growth of these organisms.

The effectiveness of mixtures of nisin and
lysozyme on meat surfaces against a lactic acid
bacterium that is resistant to inhibition in bacterio-
logical media and in pork juice has been demon-
strated. Although many antimicrobials have been

shown to be effective in culture media, few have
shown efficacy when used on a natural product and
few studies have demonstrated activity over ex-
tended storage periods. Exporters of Canadian pork
require a storage life of 42 days in vacuum at low
temperature. The data from this study show that
mixtures of nisin and lysozyme maintain their activ-
ity on fresh pork and that they may have potential to
extend the storage life of naturally contaminated
fresh pork, thus improving industry’s ability to attain
the required storage life of their product.
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