
(CONVENTION. By one or more persons and/or a Company.) Form 4

COMMONWEALTH OF AUSTRA

Patents Act 1952-1969

CONVENTION APPLICATION FOR A PATENT

(1) Here 
insert (in 
full) Name 
or Name.® of 
Applicant or 
Applicants, 
followed by 
Address(es).

pt(1) MILES INC.
We ..............................................................................................................................................
..c£. .2.7..Myrtle..Street,...Elkhart,.. Indiana..46515,...United..States.............
...........c£. America.....................................................................................................

(2) Here 
insert ’’‘itle 
of Invention.

hereby apply for the grant of a Patent for an invention entitled/2’..................................................
.. CONTROL. OF. MI C.RQBI.AL.. GROWTH. .WITH. .NIS.IN/.LYS.QZYME. FORMULATIONS. . . . . . . . . . . . . . . . . . . . . . . . .

(3) Here insert 
nurot>er(«5
of basic 
application(s).

(4) Here insert 
* * * * Name of basic

° β v ., ο 6 Country or
Countries, and

« o « basic date or
00 · dates.» » «, «

which is described in the accompanying complete specification. This applications is a Coven tion

application and is based on the app.ic ,n numbered13’
207,719 and 434,671„ , . ... , ,. , · (4) United States of Americafor a patent or similar protection made nr '..........................................................on 21st December 1988 and 16th November 1989

9 <9 β
O t> 4

address for service is WATERMARK PATENT & TRADEMARK ATTORNEYS 

290 Burwood Road, Hawthorn, Vicvoria, Australia.

DATED this,
18th

ο « ° ,5) Slgna-
® 6 * ture(s) of

e Applicant(s)
«υβ««· or

® ϋ Seal of
Company and 
Signatures of

·*·· its Officers as

• Association.

Louis C. Gebhardt • Registered · Patent · Attorney ·
I '7/ 12/©9

9 O > e O 9

WATERMARK PATENT & TRADEMARK ATTORNEYS

To: THE COMMISSIONER OF PATENTS.



(CONVEN'lTJM. CompanyT

COMMONWEALTH OF AUSTRALIA

Patents Act 19524969
DECLARATION IN SUPPORT OF A CONVENTION 

APPLICATION FOR A PATENT OR PATENT OF ADDITION

(1) Here 
insert (in 
full) Name of 
Company.

(2) Here 
insert title 
of Invention.

In support of the Convention Application made by(1 *... ^ILES INC., of
P. 0. Box 40, 1127 Myrtle Street, Elkhart, Indiana 46515, U.S.A.

(hereinafter referred to as the applicant) for a Patent
for an invention entitled:A coNTROL OF MICROBIAL GROWTH

WITH NISIN/LYSOZYME formulations

fi

(3) in-re 
insert full Name 
and Address, 
of Company 
oflicial 
authorized 
to make, 
declaration.

τ (3i Stephen B. Paige*9 ......................................................................................
of 1139 Aline Court, South Bend, Indiana 46614

11) Her- 
insert has c 
Country or 
Countries 
followed by 
date or dates 
and basic 
Applicant or 
AnplicaNs.

do solemnly and sincerely declare as follows:

1. I am authorised by the applicant for the patent 

to make tnis declaration on its behalf.
2. The basic application as defined by Section 141 of the Act

rmrlp ,'i44’ United States of America q were............maue m ............................. . ............................................
on the 16th day of November jp 89 [-,y Daniel J. Monticello
which is a continuation-in-part of U.S.Serial No. 287,719 which was 
••f.iled-'Deeember -21-,--19-88....................................................................................................

■ .................................. -ASxxxxxfef

{5) Here 
insert (in 
full) Name 
and Address 
of Actual 
Inventor or 
Inventors.

j (5) Daniel J. Monticello, 721 Violet Street, Elkhart, Indiana 
46514, U.S.A.

is/g^f. the actual inventor of the invention and the facts upon which the apphcant 
is entitled to make the application are as follow:

The applicant is the assignee of...59.94.91...//....599.9.19..9119................................

4. The basic applications referred to in paragraph 2 of this Declaration

Wc- were........................... the first application s made in a Convention country in
respect of the invention the subject of the application.

DECLARED at.............................................................................................................
rin'q x First J r December in 89
WST:.................T/......................... y KiLES"'lNC7.......... '...... /,.............................

(«»........ ..................................................................
Stephen B. Paige, Vice President,Franklin E. Breckenridge 

To: The Commissioner of Patents. General Counsel and Secretary
Assistant Secretary

Edwd. Waters & Sons,
Melbourne.

(6) Signature.



(12) PATENT ABRIDGMENT (11) Document No. AU-B-46860/89
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 620481

(54) Tit 9
ANTI-MICROBIAL NISIN/LYSOZYME
International Patent Classification(s) 

(51)4 A01N 063/00 A01N 037/44
(21) At plication No. : 46860/89

A23B004/14 A23L 003/34
(22) Application Date : 19.12.89

(30) Priority Data
(31) Number

287719
434671

(32) Date (33)
21,12.88
16.11.89

Country
US UNITED STATES OF AMERICA 
US UNITED STATES OF AMERICA

(43' Publication Date : 28.06.90
(44) Publication Date of Accepted Aoolication : 20.02.92
(71) Applicant(s)

MILES INC.
(72) Inventor(s)

DANIEL J. MONTICELLO
(74) Attorney or Agent

WATERMARK PATENT & TRADEMARK ATTORNEYS , Locked Bag 5, HAWTHORN VIC 3122
(56) Prior Art Documents

AU 10622/88 A23B 4/00 
EP 268884

(57) Claim

1. A method of eliminating or inhibiting the growth 
of undesirable microorganisms in an environment
amenable to their growth which comprises adding to 
such environment a synergistically effective combi­
nation of nisin and lysozyme in an amount sufficient 
to eliminate or inhibit such microbial growth.

13. A method of controlling t.he growth of L_. mono­
cytogenes in foodstuffs which method involves com­
bining such foodstuffs with a combination of nisin/- 
lysozyme wherein the nisin is provided in an amount 
of from 100 to 500 IU/ml (or the weight equivalent 
thereof) and the ratio of nisin:lysozyme is from 9 
IU/ml:1 ug/ml to 1 IU/ml:2 ng/ml.



COMMONWEALTH OF AUSTRAL

PATENTS ACT Ϊ952-69
620481 Form 10

COMPLETE SPECIFICATION
(ORIGINAL!

ClaSf Int. Class

Application Number:
Lodged:

Complete Specification Lodged:
Accepted:
Published:

Priority :

F,elated Art :

Name of Applicant : MILES INC.
Address of Applicant:-£-[27 Myrtle Street, Elkhart, Indiana 46515, United States of America
Act< Inventor DANIEL J. MONTICELLO

JL 'j

' ;A^dress for Service :

t ftft ft ft ft

WATERMARK PATENT & TRADEMARK ATTORNEYS.

290 Burwood Road, Hawthorn, Victoria, Australia

Complete Specification for the invention entitled:
Ift I,; CONTROL OF MICROBIAL GROWTH WITH NISIN/LYSOZYME FORMULATIONS

• β · f'lje following statement is a full description of this invention, including the best method of performing it known to :- US

1.



F
Ί

tf »

β j o o

9 0 9
β a

0 J O 0

O 0 9 0 9
9 β S

O a

o a ο a 
:-1 0

0 9 tf

9 0 9
0 0 9

9 0 β 0 0 9
0 9 0

0
0 0 0 0 9 9 

e o

«999
9 0 0

9 0 ·

•
0 0 9 9 9 9

0 0 0 9

( G 6 0

CONTROL OF MICROBIAL GROWTH WITH 
NISIN/LYSOZYME FORMULATIONS

This is a Continuation-In-Part of co-pending 

application Serial No. 7287,719, filed December 21,

5 1988.

BACKGROUND OF THE INVENT77ON

Nisin is an antimicrobj.al peptide prod.uced by 

certain strains of Lactococcus lactis (formerly 

Streptococcus lactis). It is manufactured through

10 the pure-culture fermentation of these bacteria with 

subsequent purification and drying. The first 

reported use of nisin as a food preservative occurred 

in 1951 when it was used to control the growth of 

Clostridium butyricum and C. tyrobutyricum in cheese

15 (Hirsch et al, 1331, J. Dairy Research 18:205-206).

Nisin normally occurs as a dimer with a molecu­

lar weight of about 7000. It contains several 

unusual amino acids including B-methyllanthionine, 

dehydroalanine, and lanthionine among its total of 34

20 amino acids. There ai'e five unusual thio-ether 

linkages in the peptide which contribute to its 

stability in acid solutions. Nisin is one of the 

most thoroughly characterized bacteriocins, and 

shares remarkable homology of structure and action

’5 with other bacteriocins, for example Subtilin and

MS #1564-CIP
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epidermin [Buchman et al 1988. J. Bio. Chem. 263 
(31):16260-16266]. It is representative of a class 
of bacteriocins which have been termed lantiotics 
(Schnell et al. 1988. Nature 333:276-278). Recent

5 reviews of nisin, its physical properties and uses 
include "Bacteriocins of Lactic Acid Bacteria", T. R. 
Klaenhammer, 1988. Biochimie 70:337-349, "Nisin", A. 
Hurst, 1981. Avd. Appl. Microbiol. 27:85-121, and 
U.S. Patent 4,740,593. Nisin is the collective name

10 describing several closely related substances which 
exhibit similar amino acid compositions, and some 
limited range of antibiotic activity. This phenomenon 
is discussed by E. Lipinska in "Antibiotics and 
Antibiosis in Agriculture" (M. Woodbine, Ed.) Pf·

15 103-130.
The use of nisin to combat L. monocytogenes has 

been reported by M. Doyle; "Effect of Environmental 
and Processing Conditions m Listeria Monocytogenes", 
Food Technology, 1988 .42( -t) : 169-171. This reference

20 describes the initial inhibition of the organism's 
growth (for about 12 hours) and reports that L. 
monocytogenes may grow at a pH level as low as 5.0 
and is resistant to alkaline pH with the ability to 
grow at pH 9.ό.

25 Lysozymes (1,4-B-N acetylhexosaminodase, E.C.
3.2.1.17) from various sources are well characterized 
enzymes. First discovered in 1922 by W. Fleming, egg 
white lysozyme was among the first proteins sequenced, 
the first for which a three dimensional structure was

30 suggested using x-ray crystallography and the first
for which a detailed mechanism of action was proposed. 
Its antimicrobial activity against gram positive

MS U564-CIP
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bacteria is well documented, for example by V. N. 
Procter et al in CRC Crit. Reviews in Food Science 
and Nutrition, 1988, 26(4):359-395. The molecular 
weight of egg white lysozyme is approximately 14,300

5 to 14,600, the isoelectric point is pH 10.5-10.7. It 
is composed of 129 amino acids which are intercon­
nected by four disulfide bridges. Similar enzymes 
have been isolated and characterized from other 
sources including such diverse producers as Escherichia

10 coli bacteriophage T4 and human tears. Despite
slight differences (for example, the hum,;i lysozyme 
has 130 amino acids) the capacity for hydrolysis of 
acetylhexosamine polymers remains essentially the 
same.

15 Lysozyme is known to kill or inhibit the growth
of bacteria and fungi, and is used in Europe to 
control the growth of the spoilage organism Clostridium 
tyrobutyrucum is cheese. It has also been proposed 
for use in a variety of other food preservation

20 applications and has been reported to inhibit the 
growth of (and in some cases kill) Listeria 
monocytogenes (Hughey et al, 1987, Appl. Environ. 
Microbiol 53:2165-2170).

Recombinant DNA, protein engineering and chemi-
25 cal modification technologies can be used to effect 

subtle modifications of peptides and proteins to 
alter certain aspects of the molecules and to allow 
expression in new hosts. For example, the expression 
of nisin in new hosts is described in United States

30 Patent 4,7 40,593, and the genes for T4, human and egg
white lysozyme as well as nisin and other "lantiotics"
have been cloned. Human lysozyme has been expressed

MS H1564-CIP



in Bacillus subtilus and Saccharomyces cerevisiae. 
These homologous molecules (nisin, epidermin, subtilin, 
etc. and T4, human and ejg white lysozyme) should be 
considered as synonomous with nisin and lysozyme in

5 the context of the present invention.
While nisin and lysozyme have been shown to

individually inhibit the growth of some bacteria and 
fungi, it is not clear that either lysozyme or nisin 
by themselves can sufficiently inhibit the growth of

10 these microorganisms when applied in economically 
feasible concentrations.

SUMMARY OF THE INVENTION

The present invention is a method of inhibiting 
the growth of undesirable microorganisms in an envi-

15 ronment amenable to their growth which comprises
adding to such environment a synergistically effec­
tive combination of nisin and lysozyme in an amount 
sufficient to inhibit such microbial growth.

DESCRIPTION OF THE INVENTION

20 The present invention relates to the observation
that nisin' and lysozyme, in combination, can be used 
at significantly lower concentrations than either 
component alone to yield a similar degree of control 
of certain microorganisms. Nisin and lysozyme have

25 been used separately in a variety of food preservation 
applications, ?.g. they have been used separately to 
control pathogenic organisms such as Clostridium 
botulinum and spoilage organisms such as C.

1
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tyrobutyricum in dairy products, processed meats, sea 

foods, fresh and processed vegetables, seafood 

products, vegetable and fruit juices and beverages 

(both soft drinks and alcoholic). However, the price

5 of these substances has hindered the commercial

acceptance of these applications. The antimicrobial 

properties of nisin and lysozyme are also useful in 

non-food applications including the control of 

certain infections in humans and animals, the control

10 of microbial growth in chemical feedstocks and

industrial products and in cleaning applications such 

as decontamination of surfaces having microbial 

contamination.

A variety of microorganisms have been reported

15 to be affected by nisin or lysozyme. For nisin these 

are primarily gram positive bacteria including somt 

species of Clostridia, Bacilli, Lactococci, Staphlo- 

cocci, Pediococci, Micrococci, Microbacteria, and 

Lactobacilli generea. Lysozyme has been shown to

20 effect most bacteria either alone or in combination 

with other agents. ' variety of substances have been 

proposed for use in combination with lysozyme. These 

include chelating agents such as EDTA and phytic 

acid, butyl P-hydroxybenzoate, P-hydroxybenzoic

25 esters, amino acids, hydrogen peroxide and organic 

acids. These are reviewed by Proctor et al, supra. 

The synergistic combination of lysozyme with benzoic 

acid or sorbic acid are discussed in German patent 

application DE 3704-004 filed February 10, 1987, and

30 with gallic acid, phytic acid or betaine and eta- 

poly: lysine in Japanese patent application J6 

3109762, filed on October 28, 1986. A bacteriocidal

MS #1564-CIP
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composition containing glucose oxidase, peroxidase, 
thiocyanate and lysozyme has been proposed in PCT 
application W088/102600, published April 21, 1988. 
Knorr et al report using lysozyme for the lysis of

5 yeast (J. Food Sci., 1.979, 44:1382) .
The mechanism of action of nisin has not been

resolved, but many investigators have linked the 
lethality of this peptide to irreversible changes in 
the cell membranes of susceptible organisms. The

10 resistance of most organisms to nisin is thought to 
be due to the lack of access of the peptide to its 
site of action, either because of physical exclusion 
or the lack of appropriate receptor molecules.

The mechanism of cell lysis by n-acetylhexos-
15 aminodases such as egg-white lysozyme involves the 

hydrolytic cleavage of the structural component of 
the cell wall; in the case of bacteria, the 
n-acetylmuramic acid-n-acetyl glucosamine polymer, 
and in the case of fungi, the chitin (a n-acetyl

20 glucosamine polymer). The synergism of nisin and
lysozyme may be a result of each component making the 
other’s substrate more accessible. By degrading the 
structural component of microbial cell walls lysozyme 
may increase the accessibility of nisin to the

25 sensitive cell membranes which are otherwise buried 
beneath the cell surface. Based on the mechanisms of 
action of these antimicrobials and their known target 
microorganisms, it can be concluded that the growth 
of many gram positive and gram negative bacteria as

30 well as certain fungi will be inhibited by exposure
to the combination of nisin and lysozyme in a similar

MS U564-CIP
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manner to that which has been demonstrated for L. 
monocytogenes.

Among the problematical gram positive bacteria,
L. monocytogenes is a particular pest because of its

5 ability to grow at refrigerator temperatures and its 
pathologic nature which can result in serious conse­
quences when ingested. L. monocytogenes has been 
implicated in several fatalities in recent years, 
especially following outbreaks of listerosis associ-

10 ated with milk, cole slaw and soft-ripened cheese.
The United States Center for Disease Control has 
estimated that over 1600 cases of listeriosis will 
occur in the U.S. annually resulting in over 400 
deaths. Mothers, unborn children, newly born infants

15 and immune compromised individuals are especially at 
risk. L. monocytogenes infections can lead to 
meningitis or septicemia with about 30% of diagnosed 
cases being fatal.

The present invention is predicated on the
20 discovery that nisin and lysozyme, in combination,

inhibit the growth of undesirable microorganisms to a 
greater degree than either material by itself and 
that the combined inhibitory effect of these sub­
stances is greater than the additive effect observed

25 when using nisin or lysozyme individually. When 
using nisin as an anti-microbial agent a loading 
level of from 200 to 300 International Units (IU) per 
gram or greater of the substrate being treated is 
usually recommended to achieve maximal effect.

30 Similarly, pure lysozyme is typically employed at a 
loading of from 20 to 100 micrograms or more per gram 
of the material being treated. While each of these

MS #1564-CIP
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materials by itself may be effective at these high 
loadings, such levels are not economically viable for 
many applications. The discovery that nisin and 
lysozyme in combination react in a synergistic way to

5 inhibit the growth of undesirable microorganisms
facilitates the use of these materials for inhibiting 
bacterial growth with greater efficacy and economy 
than either material by itself.

Ir, a typical example, a substrate to be rendered
10 resistant to undesirable microbial nrowth should 

preferably contain both nisin and lysozyme. The 
total amount of nisin will typically range from about 
25 IU/ml (or iu/gm in solid systems) of the material 
being treated up to as much as 2000 IU/ml. In most

15 applications a nisin concentration of from 100 to 500 
IU/ml will be sufficient. The ratio of nisin:lysozyme 
(IU/ml:pg/ml) will range from 9:1 to 1:2 with a ratio 
of 2:1 being preferred. The concentrations in solid 
substrates would be the same except they would be

20 converted from a volume to weight basis. Surface 
treatment can be accomplished by suspending and 
storing a substrate to be treated in the. nisin/lysozyme 
solution. Alternatively, the substrate may be dipped 
in the solution or it can be sprayed onto the surface

25 of the substrate. The nisin/lysozyme combination can 
be incorporated into films or gels which are applied 
to the substrate's surface or the combination can be 
incorporated directly into the environment being 
treated such as by adding it to milk to be used in

30 making cheese. In film coating applications such as
dips, films, gels or casings, the initial concentra­
tions of nisin and lysozyme can approach their

MS U564-CIP
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solubility limits to provide a finished product which 
after application and diffusion contains residual 
levels of nisin,'lysozyme which are within the pro­
scribed limits. When treating the substrate's

5 surface some routine experimentation may be needed to 
ascertain the most effective concentrations of 
nisin/lysozyme.

The lactic acid bacteria, and in particular 
Lactococcus lactis, are used in the production of

10 fermented food products such as cheese. S'nee some 
strains of L^ lacuis produce nisin, it has been 
suggested that these organisms be intentionally added 
in some fermentations so that nisin is distributed 
throughout the fermented food product. A major

15 concern with this approach is that the nisin concen­
trations achieved may vary or be too low to be 
effective. However, by adding lysozyme to the 
fermenting product, in accordance with the present 
invention, the amount of nisin needed for effective

20 control is reduced so that the anti-microbial effect 
of even low concentrations of nisin is realized.

The present invention is further illujtrated by 
the following examples.

EXAMPLE I '

25 Synergistic Effect of Lysozyme and Nisin on the 
Inhibition of Growth of Listeria monocytogenesI ιU

A culture of Listeria monocytogenes Scott A was
grown overnight in Brain Heart Infusion broth (BHI,

MS #1564-CIP
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Difco Laboratories, Inc.). Overlay plates were 

prepared using 25 ml of BHI agar overlayed with 4 ml 

BHI agar containing 10 μ.1 of the overnight culture. 

Sterile antibiotic sensitivity disks were blotted

5 with 10 μΐ of nisin, lysozyme or nisin/lysozyme 

blends at various concentrations; placed on the 

surface of the overlay plates and incubated overnight 

at 37°C.

No inhibition of bacterial growth was observed 

10 with nisin at concentrations below 50 IU/ml nor was 

inhibition observed with lysozyme at concentrations

up to and including 125 uy/ml. When a solution with 

50 IU/ml nisin and 50 ug/ml lysozyme was used, 

however, a clear and obvious zone of inhibition was

15 observed around the discs. Since the concentrations 

of nisin and lysozyme at the outer edge of the zone 

of inhibition must have been much less than that 

originally applied to the disk, one can conclude that 

small quantities of nisin and lysozyme act synergis-

20 tica.Lly to inhibit ths growth of Listeria monocytogenes 

Scott A.

EXAMPLE II

Synergistic Effect of Lysozyme and Nisin on the Lysis

of Listeria monocytogenes

25 a culture of Listeria monocytogenes, Scott A,

was grown overnight in BHI broth and harvested by 

centrifugation. The harvested cells were washed with 

0.067M Potassium phosphate buffer (pH 6.6) and

MS #1564-CIP
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resuspended in 0.067M potassium phosphate buffer at 

various pH levels to a final absorbance of about 1.0 

at 540 nm as determined in a Bausch & Lomb spectronic 

20. Lysis of the bacteria is accompanied by a loss

5 in absorbance at 540 nm.. Nisin and lysozyme were 

added to these solutions to final concentrations of 

100 IU/ml nisin and 10 p.g/ml lysozyme and the solu­

tions were placed in a 37° water bath whereupon the 

change in adsorption at 540 nm was monitored.

10 The results of this experiment are graphically

set out in Figure 1. No significant change was 

evident in a nisin or lysozyme-free control after 5 

hours. Lysis of L. monocytogenes by nisin alone was 

minimal below pH 5.5 or above pH 8.3, with maximum

15 lysis occuring between pH 7 and 8. Lysis with

lysozyme alone had its maximum at pH 6.0 - 6.5. At 

pH levels above 6.5, a definite synergistic effect 

between lysozyme and nisin was observed with these 

particular concentrations of the antimicrobials. The

20 arithmetic sum of lysis by nisin and lysozyme is set 

out in the graph for comparison purposes. The 

comparison illustrates the synergistic effect produced 

by the nisin/lysozyme combination.

These results illustrate the synergism of nisin

25 and lysozyme at various pH levels, particularly at 

the pH levels where the individual components are not 

considered to have antimicrobial activity in their 

own right. This is important even in systems where 

the pH is normally kept at low levels such as in

30 cheese. Although the pH of cheese is usually low,

the outer edges of surface ripened cheese often

approach neutrality due to the action of ripening

MS H1564-CIP
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organisms in the cheese. When this happens, food- 

borne pathogens, such as L. monocytogenes, can grow 

on the surface of the cheese wheel. Incorporation of 

nisin/lysozyme at the levels previously mentioned

5 into the cheese by surface application or their 

addition to the cheese milk controls this microbial 

growth.

EXAMPLE III

Influence of Various Ratios of Nisin/Lysozyme on

10 Lysis of L. monocytogenes

L. monocytogenes, Scott A strain, was grown as 

previously described, washed and resuspended in 

potassium phosphate buffer au pH 7.0. The change in 

absorbance after 1 hour of incubation at 37°C of

15 various culture preparations is set out in Figure 2. 

From the data presented in this graphical represena- 

tion, it can be determined that it is possible to use 

significantly less nisin and lysozyme in combination 

than either of these materials by themselves to

20 achieve a given amount of cell lysis.

For optimal lysis of the bacteria by nisin

alone, a nisin concentration of about 200 IU/ml is 

called for. In the case of }/>©zyme, concentrations 

in excess of 50 ug/ml (usually about 100 ug/ml) are

25 required. It can be determined from Figure 2 that

che same rate of lysis achieved by 200 IU/ml of nisin

can be achieved with about 10 IE of nisin in combi­

nation with about 25 ug/ml lysozyme. It can also be

MS &1564-CIP
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determined from Figure 2 that the extent of lysis 
achieved with less than 10 IU/ml nisin and 25 ng/ml 
lysozyme is greater than that achieved with 200 IU/ml 
nisin or 50 ug/ml lysozyme used individually. This

5 represents a potentially significant cost savings 
because, historically, nisin has sold for about twice 
the price of lysozyme. Both products are relatively 
expensive by foud-ingredients standards causing the 
use of nisin at 200 IU/g or lysozyme at 100 ng/ml to

10 be prohibitively expensive in many applications. The 
present invention provides a means for achieving a 
significant reduction in the use of nisin and lysozyme 
resulting in a treatment cost of only 10% of the 
predicted cost of using nisin alone and less than 45%

15 of the cost occurred when lysozyme is the sole 
anti-microbial agent.

EXAMPLE IV

Effect of Nisin/Lysozyme on the Growth of L. 
monocytogenes in Raw Sausage

20 l■ monocytogenes can grow at 5°C and poses a
threat to some processed meats. Its control can 
include reduction in the rate of growth, bacterio­
static effects, and most desirably, bacteriocidal 
effects. The synergy of the nisin/lysozyme combina-

25 tion was demonstrated in a complex food system (raw
pork sausage) using a high level of inoculation (over 

5
10 bacteria/gram) to illustrate the utility of the
present invention under worst-case conditions.

ft ft

ft e « <a
O eft

MS U564-CIP



-14-

Raw sausage was inoculated with L. monocytogenes 
from a BHI overnight culture; various amounts of 
nisin and/or lysozyme were incorporated into the 
sausage. The treated sausage was held for either 3

5 or 21 days at 5CC whereupon viable L. monocytogenes 
were enumerated. A surface response model was 
constructed over a range of 0-500 IU/gm nisin and 
0-500 ppm lysozyme. The surface response model from 
the 3 day data is set out in the following Figure 3.

10 The figure demonstrates that lysozyme alone was
ineffective for the contr.-l of L. monocytogenes in 
this food system, while nisin alone had some inhibitory 
effect. Significantly, the results show that some of 
the nisin can be replaced with lysozyme with the same

15 level of control being maintained, and in some
instances, significantly better performance was only 
achieved with the combination. For example, Figure 3 
shows that no amount of nisin or lysozyme alone was 
able to reduce the Listeria level to 5.68 to il.6% of

20 the level of the untreated control in three days, but 
a mixture of about 300 IU/gram nisin and 75 ppm 
lysozyme was able to achieve this level of control. 
Similar synergies are seen at other levels of nisin 
and lysozyme. Thus, for any desired level of control,

25 high concentrations of nisin can be replaced by
sicrnif icantly lower concentrations of nisin combined 
with lysozyme. These results were unexpected, 
especially since lysozyme alone was ineffective in 
this food sy'.cem.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:
1. A method of eliminating or inhibiting the growth 
of undesirable microorganisms in an environment 
amenable to their growth which comprises adding to 
such environment a synergistically effective combi­
nation of nisin and lysozyme in an amount sufficient 
to eliminate or inhibit such microbial growth.

2. The method of claim 1 wherein the lysozyme is a 
n-acetyihexosaminidase derived from the whites of 
chicken eggs .

3. The method of claim 1 wherein the lysozyme is an 
n-acetylhexosaminodase derived from human, bovine, T4 
bacteriophage, or conventional or recombinant sources.

4. The method of claim 1 wherein the nisin is 
produced by a conventional or recombinant microor­
ganism.

5. The method of claim 1 wherein the nisin is 
produced by pure culture fermentation of a nisin 
producing strain of Lactococcus lactis.

6. The method of claim 1 wherein the microorganism 
is selected from the group consisting of gram positive 
bacteria, gram negative bacteria and fungi.

7. The method of claim 5 wherein the nisin and/or 
lysozyme is provided by a nisin and/or a lysozyme

MS &1564-CIP
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producing organism growing in an environment in which 
the microbial growth is to be controlled.

8. The method of claim 1 wherein the concentration 
of nisin in the environment in which microbial growth

5 is to be controlled is from 25 IU/ml to 2000 IU/ml 
and the ratio wf nisin:lysozyme is from 9:1 to 1:2.

9. The method of claim 8 wherein the concentration 
of nisin is from 100 to 500 IU/ml.

10. The method of claim 1 wherein the nisin/lysozyme
10 combination is added to a food product to control

microbial growth therein.

11. The method of claim 1 wherein the undesirable 
microorganism is a bacterium of the species Listeria 
monocytogenes .

15 12. The method of claim 11 wherein the L. monocyto­
genes is a Scott A. strain.

13. A method of controlling the growth of L. mono­
cytogenes in foodstuffs which method involves com­
bining such foodstuffs with a combination of nisin/-

20 lysozyme wherein the nisin is provided in an amount 
, of from 100 to 500 IU/ml (or the weight equivalent
' ' thereof) and the ratio of nisin:lysozyme is from 9

4··, ; IU/ml:1 ug/ml to 1 IU/ml:2 ug/ml.
0 < I

I0 I « II I

01 14. The method of claim 13 wherein the ratio of
25 nisin to lysozyme is 2:1.

β j *
DATED this 18th day of December 1989.,

MS U564-CIP MILES INC.
WATERMARK PATENT & TRADEMARK ATTORNEYS 
"THE ATRIUM"
290 BURWOOD ROAD 
HAWTHORN. VIC. 3122.
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Influence of lysozyme and nisin on the lysis of
L. monocytogenes Scott A
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EFFECT OF NISIN AND LYSOZYME ON L. MONOCYTOGENES 
j IN RAW SAUSAGE AT 5’C FOR 3 DAYS
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