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ORIGINAL ARTICLE

Growth of Brochothrix thermosphacta in
ground beef following treatments with
nisin in calcium alginate gels

C. N. Cutter* and G. R. Siragusa

Sterilized, lean and adipose beef carcass tissues were inoculated with Brochothrix thermos-
phacta, left untreated (U), or treated with 100 ug/ml nisin (N), calcium alginate (A), or 100
ug/ml nisin immobilized in a calcium alginate gel (AN). Treated tissues were aseptically pro-
cessed into ground beef and populations of B. thermosphacta and nisin activity were deter-
mined during refrigerated storage (4°C) at 0, 7, and 14 days. At day 0, bacterial populations
of U- and A-treated ground beef were 3-24 and 3-17 log,, CFU/g respectively. Ground beef
treated with N exhibited populations of 2-80 log,, CFU/g while AN significantly suppressed
the organism to undetectable levels (<1-30 log,, CFU/g) at day 0. In contrast to high nisin tit-
ers from AN-treated ground beef at day 0, nisin titers were undetectable in N-treated
ground beef. By day 7, B. thermosphacta had grown to 7-18, 7-04, and 6-92 log,, CFU/g in U-,
A-, or N-treated ground beef, respectively, while AN-treated ground beef exhibited signifi-
cantly different (P=0-05) populations of 6-56 log,, CFU/g. By day 7, nisin titers from AN-
treated ground beef were considerably diminished. At day 14 of the study, all treatments
exhibited bacterial populations >7 log.,, CFU/g and nisin titers were virtually undetectable in
any of the ground beef samples. While the growth of B. thermosphacta could not be effec-
tively suppressed for 14 days, the application of nisin in alginate gels to meat surfaces does
afford some immediate protection against undesirable bacteria when these surfaces are
processed into ground beef. 0 1997 Academic Press Limited

Introduction

Edible films can be made from any one of a
variety of compounds including pectins,
starch derivatives, collagen, gelatin, proteins,
polysaccharides, lipid, and seaweed extracts
(Krochta et al. 1994, Ben and Kurth 1995).
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The properties of edible films are similar to
those of synthetic packaging films in that
they act as barriers against moisture, oxygen,
oil, and solute migration, improve mechan-
ical handling of certain foods, retain volatile
flavor compounds, and bind specific food
additives (Ben and Kurth 1995).

Several studies have demonstrated that
the incorporation of additives, such as food-
grade antimicrobials, into edible coatings
may provide additional barriers/hurdles to
reduce the incidence of pathogenic or spoilage
bacteria on the surfaces of meat or raw meat
products (Meyer et al. 1959, Siragusa and
Dickson 1992, 1993, Baron 1993, Cutter and
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Siragusa 1996, Fang et al. 1996). Siragusa
and Dickson (1992, 1993) determined that
the antimicrobial activity of lactic and acetic
acids was greater when immobilized by cal-
cium alginate gels than when the acids were
applied alone. Previously, we have demon-
strated that nisin activity was greater
against the Gram-positive meat spoilage
organism, Brochothrix thermosphacta, when
immobilized in an edible gel than when
applied directly to beef surfaces (Cutter and
Siragusa 1996). Ultimately, the incorporation
of antimicrobials with edible packaging
materials may provide additional safety and
shelf-life measures for raw meat products.
The following study was conducted to deter-
mine if immobilization of nisin in an edible
gel was a more effective delivery system for a
bacteriocin into ground beef than direct
application.

Materials and Methods

Bacterial cultures and inoculation of
beef

Brochothrix thermosphacta ATCC 11509 was
maintained in 75% glycerol at -20°C and
propagated in trypticase soy broth (Troy Bio-
logicals, Troy, MI, USA) supplemented with
0-5% yeast extract (Difco, Detroit, MI, USA)
at 25°C for 18 h. The culture of B. thermos-
phacta was diluted 1:100 in buffered peptone
water (BPW, Difco) prior to inoculation on
beef tissues.

Lean and adipose tissues from the outer
surfaces of post rigor (24 h post-mortem) beef
carcasses were obtained from the Roman L.
Hruska US Meat Animal Research Center
(RLHUSMARC) abattoir, vacuum packaged,
and stored at -20°C. Frozen tissues were
transported to the Linear Accelerator Facility
at lowa State University (Ames, 1A, U.S.A)
where they were sterilized by electron beam
(dose ranged from 32:3-39:4 kGy; 10 meu, 10
kw, 2:80 fpm), kept frozen, and transported
back to RLHUSMARC. Frozen, irradiated tis-
sue was thawed overnight at 5°C and then
brought to room temperature (25°C) on the
day of the experiment. Lean and adipose tis-
sues were aseptically trimmed of other

extraneous tissue and weighed to obtain c.
425 g of lean and c. 75 g adipose. The individ-
ual pieces of lean and adipose tissues were
placed onto a sterile tray, the suspension of
B. thermosphacta was brushed onto the tis-
sue with a sterile 2-inch wide paint brush
(Dorsa et al. 1996), and the tissue pieces were
incubated for 60 min, 5°C to allow for bac-
terial attachment and for the tissue to
harden before grinding.

Bacteriocin preparation and treatments

Purified nisin (Ambicin™, Applied Micro-
biology, NY, USA) was solubilized in distilled
water, filter sterilized (0-2 pm Acrodisc™,
Gelman Sciences, Ann Arbor, MI, USA),
added to sterile distilled water for a final
stock concentration of 1 mg/ml (pH 6:0), and
stored at —20°C. Prior to experiments, the
stock solution was thawed to 25°C and
diluted 1:10 in sterile distilled water or ster-
ile alginate solution for a final nisin concen-
tration of 100 pg/ml used throughout the
study.

One percent (w/v) high viscosity sodium
alginate (pH 7:0; Sigma Chemical Co., St.
Louis, MO, USA) and 90 mM calcium chlor-
ide (pH 7:0; CaCl,, Sigma) were prepared in
distilled water and sterilized by autoclaving.
Lean and adipose tissues inoculated with B.
thermosphacta were separated into four
batches and treated as follows: untreated (U);
treated with 25 ml of alginate solution and
cross linked with 25 ml of CaCl, (A); treated
with 25 ml of 100 pg/ml nisin (N); treated
with 25 ml of alginate solution containing
100 pg/ml nisin and cross linked with 25 ml
of CaCl, (AN). All treatments were performed
at 25°C by spraying evenly over the tissues
with a hand-held spray bottle (Ace
Hardware). A grinder (Jupiter Model 863,
Germany) fitted with a 1/4” plate was used to
grind individual batches of U-, A-, N-, and
AN-treated beef tissues. Ground beef was col-
lected in a sterile polyethylene stomacher bag
(Spiral Biotech, Bethesda, MD, USA), tied
off, and stored at 4°C until sampled.

Bacterial enumeration and nisin assays
At 0 (within 30 min of grinding), 7, or 14 days



of refrigeration, three 25-g samples were
taken from each batch of U-, A-, N-, and AN-
treated ground beef. Each sample was stom-
ached for 2 min (Stomacher 400, Tekmar,
Inc., Cincinnati, OH, USA) in a Sterefil™
Stomacher bag (Spiral Biotech) with 25 ml of
buffered peptone water (BPW, pH 7-0; BBL,
Cockeysville, MD, USA) containing 0:1%
Tween 20 (Fisher, St. Louis, MO, USA), seri-
ally diluted in BPW, and spiral-plated (Model
D Spiral Plater; Spiral Biotech) in duplicate
on trypticase soy agar (TSA; Difco, Detroit,
MI, USA) supplemented with 0-5% yeast
extract (Difco). Plates were enumerated with
the CASBA IV image analyser (Spiral
Biotech) after incubation for 36 h at 25°C.
The lowest level of detection of B. thermos-
phacta was 1-3 log,, CFU/cm?® using spiral
plating procedures.

Spot assays were performed on lawns of B.
thermosphacta to monitor bacteriocin activity
in all solutions containing nisin and ground
beef samples (Siragusa 1992). Residual nisin
activity in ground beef samples was deter-
mined by two methods. For the first method,
10 ul of stomached samples were spotted
directly onto a lawn of B. thermosphacta
(Siragusa 1992). For the second method, 10 pl
of the supernatant was obtained from ground
beef samples subjected to a modified acid—
boil procedure (Cutter and Siragusa 1996)
and used in spot assays (Siragusa 1992). All
plates were incubated overnight at 26°C. All
samples exhibiting activity during initial
nisin assays were stored at —20°C for 48-72
h, thawed to 25°C, titered to extinction on
lawns of B. thermosphacta, and the reciprocal
of the highest dilution exhibiting activity was
recorded (Siragusa 1992). After enumeration
procedures and nisin assays, stomachates
from each treatment, batch, and/or repli-
cation were stored at —20°C.

Bacteriocin stability experiment

Three frozen (-20°C, 14 days) stomached
samples taken from untreated ground beef at
day 0 and containing no nisin activity, were
thawed 18 h at 5°C. Two ml of each sample
were transferred to sterile centrifuge tubes
and centrifuged for 15 min, 3500 rpm, 5°C.
From each of the three samples, the resulting
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supernatants (volume=1-8 ml) were trans-
ferred to individual, sterile tubes. The
remaining pellets were resuspended in 1.8 ml
of physiological saline (pH 7-2). To each of the
supernatants and resuspended pellets, 200 pl
of a 100 pg/ml concentration of nisin were
added and mixed (final nisin concentration,
10 pg/ml). Atdays 0, 1, 2, 3,4, 5, 6, 7, 14, and
21 of refrigerated storage, all pellet and
supernatant samples were assayed for nisin
activity on lawns of B. thermosphacta
(Siragusa 1992).

Calculations and statistical analyses

The experiment was a 4 (treatments)x 3 (day)
factorially arranged, completely randomized
design. After enumeration, bacterial popu-
lations were converted to log;, CFU/g. Least
squared means (LSM) of bacterial popu-
lations (log,o CFU/g) were calculated from six
experimental replications. Analysis of vari-
ance (ANOVA) was performed using the gen-
eral linear models (GLM) procedure of SAS
(SAS Institute, ver. 6:06:01, 1989, SAS Inst.,
Inc., Cary, NC, 1982). Inoculum counts were
used as a covariant to normalize data
between treatment replications. Statistical
significance was defined as P=0-05, unless
otherwise noted.

Nisin titers were converted to the recipro-
cal of the highest dilution exhibiting activity
and these values were used for analyses.
LSM of nisin titers from stomachates or acid-
—boil samples were calculated from six exper-
imental replications. ANOVA was performed
using the GLM procedure of SAS. The prob-
ability level for population or nisin titer data
was P=0-05, unless otherwise noted.

Results and Discussion

Prior to the examination of the methods
described in this study, we carried out exper-
iments to determine if immobilization of
nisin in calcium alginate beads and appli-
cation of these beads to ground beef could be
used to reduce undesirable bacteria (data not
presented). While nisin activity was detect-
able in the beads, delivery of the nisin-immo-
bilized beads to ground beef was ineffective
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for reducing B. thermosphacta. Subsequent
research in our laboratories has demon-
strated that immobilization of nisin in cal-
cium alginate gels and application to the sur-
faces of lean and adipose beef carcass tissues
was effective for reducing B. thermosphacta
up to 14 days of refrigerated storage (Cutter
and Siragusa 1996). Since the surfaces of beef
can be incorporated into ground beef during
the fabrication process, the present study
investigated the feasibility of using surface
tissues treated with calcium alginate to
deliver nisin to ground beef.

As indicated by the data presented in
Table 1, similar bacterial populations (c. 3
logiy, CFU/g) of B. thermosphacta were
observed for untreated (U) and alginate-
treated (A) ground beef at day 0. Nisin-
treated (N) ground beef exhibited bacterial
populations (2-8 log;, CFU/g) that were stat-
istically different from U and A and were
statistically different from the alginate-nisin-
treated (AN) ground beef (1-33 log,, CFU/g).
The differences between the populations of
the controls (U, A) and the populations of
bacteriocin-treated (N, AN) ground beef at
day 0 indicate that nisin affects an immedi-
ate reduction of the test organism. Based on
our earlier study with surface tissues (Cutter
and Siragusa 1996), it is possible that the
organism was effectively reduced by N or AN
prior to processing into ground beef.

By day 7, bacterial populations of N- and
AN-treated ground beef had increased, with
N-treated tissues exhibiting similar popu-
lations (c. 7 log,o CFU/g) of B. thermosphacta
as the U and A controls (Table 1). Finally, by

Table 1. Populations of Brochothrix
thermosphacta in  ground beef following
treatments with alginate, nisin (100 pg/ml), and
alginate containing nisin (100 pg/ml) and
refrigerated storage up to 14 days

Treatment Bacterial populations of B.
thermosphacta (log,o CFU/g)
Day 0 Day 7 Day 14
Untreated 3247 6-92° 7.21°
Alginate 317 7-042 7-30%
Nisin 2-80° 7-18° 7-32%
Alginate-Nisin 1.33° 6-56° 7-442
““Denote statistical differences between

treatments within columns.

day 14, the AN-treated ground beef increased
to a population of >7 log,, CFU/g, which was
similar to U, A, and N-treated ground beef. It
is apparent from these data that immobiliz-
ation of nisin in an alginate gel (AN) suffic-
iently suppressed the growth of B. thermos-
phacta in ground beef up to 7 days of
refrigerated storage.

Nisin assays from N-treated ground beef
were virtually undetectable for the duration
of the experiment, regardless of assay
method employed (Fig. 1). Nisin titers from
AN-treated ground beef were substantially
greater and statistically different than N-
treated ground beef using either assay
method during the 14 day incubation. Based
on our results, the acid—boil method appeared
to recover higher nisin activity than did the
direct spot assay of stomachates. Other
researchers have demonstrated that nisin is
liberated from meat components using the
acid-boil procedure (Tramer and Fowler
1964, Bell and DelLacy 1986). As the nisin
titer and plate count data demonstrate, the
decrease in nisin activity was concurrent
with an increase in bacterial growth. We
have previously demonstrated a similar
relationship between titers and bacterial
growth when immobilized nisin was applied
to lean or adipose beef surfaces (Cutter and
Siragusa 1996).

It is well known that the ability of nisin to
effectively suppress undesirable bacteria in
foods is dependent upon several factors,
including presence of protein or fat particu-
lates (Jung et al. 1992). Therefore, we con-
ducted a bacteriocin stability experiment to
determine if components (e.g. endogenous
proteases) of the ground beef could be respon-
sible for decreased nisin activity over time.
Even after prolonged, refrigerated storage of
nisin in both the supernatant and pellet of
ground beef stomachates, nisin activity
remained stable (data not presented). Since
this experiment was carried out with physio-
logical saline, it was not possible to deter-
mine if nisin bound to components associated
with the pellet, since salt interferes with
nisin adsorption in meat products (Bell and
DelLacy 1985). The loss of nisin activity
associated with meat components is not
clearly understood and is the focus of an
ongoing investigation in our laboratories.
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Figure 1. Nisin titres taken from ground beef samples treated with nisin and alginate containing
nisin, and performed by spotting stomachates directly onto a lawn of Brochothrix thermosphacta or
subjecting the samples to a modified acid—boil procedure and spotting supernatants directly onto a lawn
of Brochothrix thermosphacta. B=Alginate/Nisin—acid-boil, OO=Alginate/Nisin-stomachate, [F=Nisin-

acid-boil, E=Nisin-stomachate.

To our knowledge, we have presented the
first report in which a bacteriocin is immobil-
ized in an edible gel and incorporated into a
processed, raw beef product. While the
growth of B. thermosphacta could not be
effectively suppressed for 14 days, our results
suggest that application of nisin in alginate
gels to meat surfaces does afford some
immediate protection against undesirable
bacteria when these surfaces are processed
into ground beef.

Acknowledgements

The authors are thankful for the technical
support of Mrs Jane Long and Mrs Carole
Smith and for the statistical support of Mr
Jim Wray. The authors also thank Applied
Microbiology for the supply of Ambicin™
used in this study.

References

Baron, J. K. (1993) Inhibition of Salmonella typhi-
murium and Escherichia coli O157:H7 by an
antimicrobial-containing edible film. M.S. The-
sis, University of Nebraska, Lincoln.

Bell, R. G. and DeLacy, K. M. (1985) The effect of
nisin-sodium chloride interactions on the out-
growth of Bacillus licheniformis spores. J.
Appl. Bacteriol. 59, 127-132.

Bell, R. G. and, DelLacy, K. M. (1986) Factors
influencing the determination of nisin in meat
products. J. Food Technol. 21, 1-7.

Ben, A. and Kurth, L. B. (1995) Edible film coat-
ings for meat cuts and primals. Meat '95:
CSIRO Meat Industry Research Conference:
CSIRO Division of Food Science and Tech-
nology. Sept. 10-12, 1995: 10-13-10-15.

Cutter, C. N. and Siragusa, G. R. (1996) Reduction
of Brochothrix thermosphacta on beef surfaces
following immobilization of nisin in calcium
alginate gels. Lett. Appl. Microbiol. 23, 9-12.

Dorsa, W. J., Cutter, C. N., Siragusa, G., R. and
Koohmaraie, M. (1996) Microbial decontami-
nation of beef and sheep carcasses by steam,
hot water spray washes, and a steam-vacuum
sanitizer. J. Food Prot. 59, 127-135.

Fang, T. J., Lin, L. W. and Lin, C. C. (1996) Immo-
bilization of nisin in calcium alginate gels and
its application to meat decontamination.
Abstract # 14D-7, p. 30. Book of Abstracts,
1996 Institute of Food Technologists Annual
Meeting.

Jung, D. S., Bodyfelt, F. W. and Daeschel, M. A.
(1992) Influence of fat and emuilsifiers on the
efficacy of nisin in inhibiting Listeria monocy-
togenes in fluid milk. J. Dairy Sci. 75, 387-393.

Krochta, J. M., Baldwin, E. A. and Nisperos-Car-
riedo, M. O. (eds). (1994) Edible coatings and
films to improve food quality. Technomic Pub-
lishing Co., Inc., Lancaster.

Meyer, R. C., Winter, A. R. and Weister, H. H.
(1959) Edible protective coatings for extending
the shelf life of poultry. Food Technol. 13,
146-148.

Siragusa, G. R. (1992) Production of bacteriocin
inhibitory to Listeria species by Enterococcus
hirae. Appl. Environ. Microbiol. 58,
3508-3513.



430 C. N. Cutter and G. R. Siragusa

Siragusa, G. R. and Dickson, J. S. (1992) Inhi-
bition of Listeria monocytogenes on beef tissue
by application of organic acids immobilized in
a calcium alginate gel. J. Food Sci. 57,
293-296.

Siragusa, G. R. and Dickson, J. S. (1993) Inhi-
bition of Listeria monocytogenes, Salmonella

typhimurium and Escherichia coli O157:H7 on
beef muscle tissue by lactic or acetic acid con-
tained in calcium alginate gels. J. Food Safety
13, 147-158.

Tramer, J. and Fowler, G. G. (1964) Estimation of
nisin in food. J. Sci. Food Agric. 15, 522-528.



	Tables
	Table 1

	Figures
	Figure 1

	Introduction
	Materials and Methods
	Bacterial cultures and inoculation of beef
	Bacteriocin preparation and treatments
	Bacterial enumeration and nisin assays
	Bacteriocin stability experiment
	Calculations and statistical analyses

	Results and Discussion
	Acknowledgements
	References

