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ANTIMICROBIAL GAS RELEASING AGENTS AND SYSTEMS AND METHODS FOR USING
THE SAME

BACKGROUND OF THE INVENTION

1. FIELD OF INVENTION

[0001] This invention relates to compositions, systems and a methods of reducing and preventing the
growth of microbes, and/or for killing microbes, e.g., in food containers, using polymers entrained with
antimicrobial releasing agents.

2, DESCRIPTION OF RELATED ART

[0002] There are many items that are preferably stored, shipped and/or utilized in an environment
that must be controlled and/or regulated. For example, in the moisture control field, containers and/or
packages having the ability to absorb excess moisture trapped therein have been recognized as desirable.
Likewise, in packaging products that carry arisk of contamination, ¢.g., food, it may be desirable to control
the growth and proliferation of microbes.

Food products, particularly sliced or cut fresh foodstuffs such as meat, poultry, frait, and vegetables are
typically stored and sold in a supporting container, e.g., tray, that is overwrapped by a transparent plastic
film, enabling visual inspection of the food products. These food products generally produce an exudate (i.e.,
juices), which can be a source for the growth of microbes. In addition, contamination of processing
equipment or other surfaces with which the food products come into contact may remain with the
food and proliferate while packaged. Similary, food products may be contaminated even before the
packaging process. For example, a tomato may have an opening in its skin through which unwanted
microorganisms enter and replicate. Breakdown in the food handling process and/or cold chain management
{c.g., refrigeration during food tramsport breaks for several hours) can allow microbial growth of
contaminated food, potentially leading to outbreaks of food borne illness. Regardless of the source or
nature of microbial contamination in food, the shelf-life and safety of the contaminated food products is
affected by contamination and proliferation of microbes.
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[0004] One way that the food industry has addressed preservation of foodstuffs is by
including food grade preservatives as a component of the food, such as potassium sorbate,
sodium benzoate and nitrites. However, such preservatives are regarded by some in the health
field and consumers as being unnatural and presenting health risks. Moreover, it is not
practical to use such preservatives with non-processed foods, for example, fresh fruits or
vegetables.

[0005] Another way that the food industry has addressed food preservation is to utilize
antimicrobial agents that directly contact the food as a component in packaging material.
However, such direct contact may be undesirable in some applications.

[0006]  For certain applications, it is desirable to provide antimicrobial agents to release
antimicrobial gas into a headspace of the food product package or container to control the
growth of microbes, as compared to a solid or liquid component that requires direct contact
with the stored food in order to be effective. However, there are challenges with providing
the antimicrobial gas in the headspace,

[0007] One such challenge is attaining a desired release profile of amtimicrobial gas
within the headspace during a designated time period. Failure to attain the appropriate release
profile for a given product may result in a failure to achieve the desired shelf life for that
product.

[0008]  Another such challenge relates to the active agents currently available to release
antimicrobial gas. One currently available antirnicrobial releasing agent is provided under the
brand ASEPTROI:MTOS by BASF Catalysts LLC. This material and preparation of the same
is described in U.S. Pat. No. 6,676,850. Briefly, ASE]’I‘ROfis a chlorine dioxide releasing
material that includes a sodium chlorite active compound, a clay carrier and a trigger. While
ASEPTROIT certainly has utility as a chlorine dioxide releasing material, it has certain
disadvantages. One such disadvantage is that it is not sufficiently potent for certain
applications and is not capable of having its potency altered. Another disadvantage is that it
can be very unstable in processing and handling.

[0009]  There exists a need for improved delivery of antimicrobial agents to control,
reduce and substantially destroy microbial contamination in food packaging as well as other
applications, such as but not limited to, packaging of sterilized disposable medical devices. A
challenge in meeting this need is maintaining a balance between providing sufficient
antimicrobial gas in the package headspace to effectively control and/or kill pathogens while

not “overdosing” the package headspace, which could adversely affect the quality of the
2
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product, e.g., by organoleptic degradation. There is a need to address this challenge. There
is also a need for an improved chlorine dioxide releasing material that can have its potency
modified and tailored to provide a controllable release profile for a given application. It would
be desired that such material provide improved processability in manufacture and safety in
handling compared to the currently available ASEPTROL material.

SUMMARY OF THE INVENTION

[0010] Accordingly, in one aspect, the invention provides an antimicrobial releasing agent.

The antimicrobial releasing agent includes a carrier material, an active compound, and a
trigger. Optionally, the carrier material has a pH below 3.5, optionally a pH of from about 1.4
to about 3.1. The active compound is preferably a metal chlorite. The trigger preferably
includes a hygroscopic compound. In one embodiment, the carrier material has been treated
with one or more acids and is, for example, an acidified silica gel. Optionally, the trigger
includes at least one of sodium chloride, calcium chloride, magnesium chloride, lithium
chloride, magnesium nitrate, copper sulfate, aluminum sulfate, magnesium sulfate, calcium
carbonate, phosphorus pentoxide, and/ lithium bromide.

[0011] In another aspect, the invention provides a method for preparing an antimicrobial
releasing agent. The method includes the steps of providing a carrier material at a pH of below
3.5 and mixing the carrier material with a trigger and an active compound to make the
antimicrobial releasing agent.

[0012]  In another aspect, the invention provides an entrained polymer comprising a base
polymer, an antimicrobial releasing agent, and optionally a channeling agent. The
antimicrobial releasing agent includes a carrier material at a pH below 3.5, an active
compound, and a trigger.

[0013] Optionally, in any embodiment, the antimicrobial releasing agent is provided in
at least one entrained polymer article located within the interior space. The entrained polymer
article is a monolithic material that includes a base polymer, the antimicrobial releasing agent
and optionally a channeling agent. Preferably, such entrained polymer is provided as a film
having a thickness of from 0.1 mm to 1.0 mm, preferably from 0.2 mm to 0.6 mm, optionally
about 0.2 or 0.3 mm. Preferably, such film is provided above the midline (preferably at least
2/3 or 3/4) of the container sidewalls, which inventors have found helps to attain a desired
antimicrobial gas release profile.

[0014] Optionally, in any embodiment, the chlorine dioxide gas releasing agent is

provided in at least one entrained polymer article located within the interior space. The
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entrained polymer article is a monolithic material that includes a base polymer, the chlorine
dioxide gas releasing agent and a channeling agent. Preferably, such entrained polymer is provided
as a film having a thickness of from 0.1 mm to 1.0 mm, preferably from 0.2 mm to 0.6 mm,
optionally about 0.2 or 0.3 mm. Altematively, such entrained polymer may be produced in a hot
melt application in which the entrained polymer composition has a melt flow index in a range from
200 g/10 min to 5000 g/10 min under the ASTM D1238 / ISO 1133 conditions. Optionally, such
entrained polymer composition has a viscosity in a range from 1,000 cp to 50,000 cp, when
viscosity is measured with a rheometer at 190° C after shearing at 5 Hz for two minutes. Hot melt
dispensing apparatus and methods, which may optionally be used to dispense an entrained polymer
comprising chlorine dioxide releasing agents, are described in PCT/US2018/049578.

[0015]  Accordingly, in one aspect, the invention provides a system to inhibit or prevent growth
of microbes and/or to kill microbes in a closed container having an article or product that is located
therein. The system optionally includes a container including a bottom surface, a top opening, one
or more sidewalls extending in a vertical direction from the bottom surface to the top opening, an
interior space formed by the one or more sidewalls, a headspace formed by the interior space that
is not occupied by the article or product, and a cover to close and/or seal the container. The system
also includes at least one entrained polymer article located within the interior space that includes
a monolithic material, which includes a base polymer, and an antimicrobial releasing agent
configured to release a released antimicrobial gas. The system further includes a selected material
present in the interior space to activate the release of the released antimicrobial gas.

[0016] In another aspect, the invention provides a method for inhibiting or preventing the
growth of microbes and/or for killing microbes in a closed container having an article or product
located therein. The method includes forming at least one entrained polymer article, which
includes obtaining a base polymer, and combining an antimicrobial releasing agent with the base
polymer to form a monolithic material, wherein the antimicrobial releasing agent is configured to
release a released antimicrobial material in gas form upon being activated by a selected material,
e.g., moisture. The method also includes obtaining a container that includes a bottom surface, a
top opening, one or more sidewalls extending in a vertical direction from the bottom surface to the
top opening, an interior space formed by the one or more sidewalls, a headspace formed by the
interior space that is not occupied by the article or product, and a cover to close and/or seal the

container. The method further includes positioning the at least one entrained polymer
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article within the interior space of the container; placing the article or product in the container; covering the
container; presenting the selected material in the interior space of the container; and releasing the released
antimicrobial material within the interior space in a concentration effective for reducing or preventing the
growth of microbes and/or for killing microbes present in and/or on the article or product.

[0017] In another aspect, a package is provided for inhibiting or preventing growth of microbes and/or
for killing microbes in a closed container having a product located therein. The package includes a closed
container defining an interior space therein. A product (optionally a food product) is provided within the
interior space. A headspace is formed within a volume of the interior space that is not occupied by the
product. An antimicrobial releasing agent is disposed within the interior space, the antimicrobial releasing
agent releasing chlorine dioxide gas into the headspace by reaction of moisture with the antimicrobial
releasing agent. The antimicrobial releasing agent is provided in an amount that releases the chlorine
dioxide gas to provide a headspace concentration of from 6 parts per million (PPM) to 35 PPM for a period
of 10 hours to 36 hours, optionally from 15 PPM to 30 PPM for a period of 16 hours to 36 hours, optionally
from 15 PPM to 30 PPM for a period of about 24 hours.

[0018] Optionally, in any embodiment, when the product is provided within the interior space, the
product is contaminatcd by at Icast onc type of pathogen. The antimicrobial rclcasing agent provides a
controlled release of chlorine dioxide gas to effectuate, after a span of 2 days, optionally 3 days, optionally
4 days, optionally 5 days, optionally 6 days, optionally 7 days, optionally 8 days, optionally 9 days,
optionally 10 days, optionally 11 days, optionally 12 days, optionally 13 days from when the product is
provided within the interior space and under storage conditions of 7° C, at least a 1 log base 10 reduction
in colony forming units per gram (CFU/g), optionally at least a 2 log base 10 reduction in CFU/g, optionally
at least a 3 log base 10 reduction in CFU/g, of the at least one type of pathogen, optionally at least a 4 log
base 10 reduction in CFU/g, of the at least one type of pathogen. Optionally, the at least one pathogen is
Salmonella, E. Coli, Listeria and/or Geotrichum.

[0019] Optionally, if the product is a food product and the amount of antimicrobial releasing agent
and/or chlorine dioxide gas is present in an amount sufficient to effectuate the at least 1 log base 10
reduction in CFU/g (or at least 2 log base 10 reduction or at least 3 log base 10 reduction or at least 4 log
base 10 reduction in CFU/g), of the at least one type of pathogen, such efficacy does not come at the expense
of organoleptic degradation of the food product. For example the food product is not bleached or otherwise

discolored, as perceived
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by an ordinary consumer without special detection equipment (i.e., no substantial organoleptic
degradation).

[0020] Optionally, in any embodiment, the antimicrobial releasing agent is provided in at
least one entrained polymer article located within the interior space. The entrained polymer
article is a monolithic material that includes a base polymer, the antimicrobial releasing agent
and optionally a channeling agent. Preferably, such entrained polymer is provided as a film
having a thickness of from 0.1 mm to 1.0 mm, preferably from 0.2 mm to 0.6mm, optionally
about 0.3 mrn. Preferably, such film is provided above the midline (preferably at least 2/3 or
3/4) of the container sidewalls, which inventors have found helps to attain a desired
antimicrobial gas release profile.

[0021]  Optionally, in any embodiment, the antimicrobial releasing agent is a powdered
mixture comprising an alkaline metal chlorite, preferably sodium chlorite. The powdered
mixture further comprises at least one carrier, optionally acidified silica gel, and at least one
humidity trigger, optionally calcium chloride.

[0022] Optionally, in any embodiment, a method is provided for inhibiting or preventing
the growth of microbes and/or for killing microbes in a closed container having a food product
located therein. The method includes providing a closed container defining an interior space
therein and a food product within the interior space. A headspace is formed within a volume
of the interior space that is not occupied by the product. An antimicrobial releasing agent (such
as that disclosed in this Summary section and elsewhere in this specification) is provided in
the interior space. The agent releases an antimicrobial gas into the headspace by reaction of
moisture with the antimicrobial releasing agent. The antimicrobial releasing agent is provided
in an amount sufficient to release the antimicrobial gas to provide a desired headspace
concentration of the antimicrobial gas over a predetermined amount of time. According to the
method, if the product is contaminated by at least one type of pathogen at the time the product
is provided within the interior space, the antimicrobial releasing agent optionally provides a
controlled release of antimicrobial gas to effectuate, afier a span of 2 days, optionally 3 days,
optionally 4 days, optionally 5 days, optionally 6 days, optionally 7 days, optionally 8 days,
optionally 9 days, optionally 10 days, optionally 11 days, optionally 12 days, optionally 13
days from when the product is provided within the interior space and under storage conditions
of 7° C, at Jeast a 1 log base 10 reduction in colony forming units per gram (CFU/g), optionally
at least a 2 log base 10 reduction in CFU/g, optionally at least a 3 log base 10 reduction in

CFU/g, of the at least one type of pathogen, optionally at least a 4 log base 10 reduction in
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CFU/g, of the at least one type of pathogen. Preferably, this method effectuates the reduction
without causing substantial or reasonably perceptible (to the consumer) organoleptic
degradation of the food product, for example without bleaching or otherwise causing
noticeable discoloration of the food product. Preferably, the antimicrobial releasing agent is
provided in an entrained polymer more preferably in an entrained polymer film, for example
as described herein,

[0023] Optionally, in any embodiment of a package described herein, an aspect of the
invention may include use of the package for storing a food product, wherein the food product
exudes moisture that activates the antimicrobial releasing agent to release chlorine dioxide gas
in the headspace. This use may attain desired headspace antimicrobial gas concentrations as
described herein. This use may effectuate, after a span of 2 days, optionally 3 days, optionally
4 days, optionally 5 days, optionally 6 days, optionally 7 days, optionally 8 days, optionally 9
days, optionally 10 days, optionally 11 days, optionally 12 days, optionally 13 days from when
the product is provided within the interior space and under storage conditions of 7° C, at least
a 1 log base 10 reduction in colony forming units per gram (CFU/g), optionally at least a 2 log
base 10 reduction in CFU/g, optionally at least a 3 log base 10 reduction in CFU/g, of the at
least one type of pathogen, optionally at least a 4 log base 10 reduction in CFU/g, of the at least
one type of pathogen. This is preferably done without causing substantial organoleptic
degradation of the food product, for example without noticeably bleaching or otherwise
discoloring the food product.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]  The invention will be described in conjunction with the following drawings in
which like reference numerals designate like elements and wherein:

[0025] FIG. 1 is a perspective view of a plug formed of an entrained polymer that may be
deposited onto a substrate according to methods of the disclosed concept.

[0026] FIG. 2 is a cross section taken along line 2-2 of Fig. 1.

[0027] FIG. 3 is a cross section similar to that of FIG. 2, showing a plug formed of another
embodiment of an entrained polymer according to an optional embodiment of the disclosed
concept.

[0028] FIG. 4 is a schematic illustration of an entrained polymer according to an optional
embodiment of the disclosed concept, in which the active agent is an antimicrobial gas
releasing material that is activated by contact with a selected material (e.g., moisture).

[0029] FIG. 5 is a cross sectional view of a sheet or film formed of an entrained polymer
7
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according to an optional embodiment of the disclosed concept, adhered to a barrier sheet
substrate.
[0030] FIG. 6 is a cross section of a package that may be formed using an entrained
polymer according to an optional embodiment of the disclosed concept.
[0031]  FIG. 7 is a graph of ClO» release profiles of exemplary ClO:2 releasing agents
according to the disclosed concept, at various pH values.
[0032] FIG. 8 is a perspective view of an exemplary package incorporating entrained
polymer films according to an optional aspect of the disclosed concept.
[0033]  FIG. 9 is a graph of the ClO; release profile of an exemplary entrained polymer
according to the disclosed concepl against two reference standards.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Definitions

[0034] As used herein, the term “active” is defined as capable of acting on, interacting
with or reacting with a selected material (e.g., moisture or oxygen) according to an aspect
of the invention. Examples of such actions or interactions may include absorption, adsorption
or release of the selected material. Another example of “active”, which is pertinent to a
primary focus of the present invention is an agent capable of acting on, interacting with or
reacting with a selected material (e.g., moisture) in order to cause release of a released
material (e.g., chlorine dioxide).
[0035] As used herein, the term *“active agent,” in the context of an entrained polymer, is
defined as a material that (1) is preferably immiscible with a base polymer and when mixed
and heated with the base polymer and the channeling agent, will not melt, i.e., has a melting
point that is higher than the melting point for either the base polymer or the channeling agent,
and (2) acts on, interacts or reacts with a selected material. The term “active agent” may include
but is not limited to materials that absorb, adsorb or release the selected material(s). The active
agents of primary focus in this specification are those that release antimicrobial gas(es),
preferably chlorine dioxide gas, e.g., when reacting with moisture.
[0036] The term “antimicrobial releasing agent” refers to an active agent that is capable
of releasing a released antimicrobial material, e.g., in gas form. This antimicrobial releasing
agent may include an active component and other components (such as a catalyst and trigger)
in a formulation (e.g., powdered mixture) configured to release the antimicrobial gas. A
“released antimicrobial material” is a compound that inhibits or prevents the growth and

proliferation of microbes and/or kills microbes, e.g., chlorine dioxide gas. The released
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antimicrobial material is released by the antimicrobial releasing agent. By way of example
only, an antimicrobial releasing agent may be triggered (e.g., by chemical reaction or physical
change) by contact with a selected material (such as moisture). For example, moisture may
react with an antimicrobial releasing agent to cause the agent to release a released
antimicrobial material.

[0037] As used herein, the term “base polymer” is a polymer optionally having a gas
transmission rate of a selected material that is substantially lower than, lower than or
substantially equivalent to, that of a channeling agent mixed into the base polymer. By way of
example, such a transmission rate is a water vapor transmission rate in embodiments where

the selected material is moisture and the active agent is an antimicrobial gas releasing agent

components in a formulation configured to release the antimicrobial gas. The primary function
of the base polymer is to provide structure for the entrained polymer.

[0038] Suitable base polymers for use in optional embodiments of the invention include
ethylene vinyl acetate, thermoplastic elastomers, thermoplastic polymers, e.g., polyolefins such
as polypropylene and polyethylene, polyisoprene, polybutadiene, polybutene, polysiloxane,
polycarbonates, polyamides, ethylene-vinyl acetate copolymers, ethylene- methacrylate
copolymer, poly(vinyl chloride), polystyrene, polyesters including polylactic acid,
polyanhydrides, polyacrylianitrile, polysulfones, polyacrylic ester, acrylic, polyurethane and
polyacetal, or copolymers or mixtures thereof.

[0039] In certain embodiments, the channeling agent has a water vapor transmission rate of
at least two times that of the base polymer. In other embodiments, the channeling agent has a
water vapor transmission rate of at least five times that of the base polymer. In other
embodiments, the channeling agent has a water vapor transmission rate of at least ten times
that of the base polymer. In still other embodiments, the channeling agent has a water vapor
transmission rate of at least twenty times that of the base polymer. In still another embodiment,
the channeling agent has a water vapor transmission rate of at least fifty times that of the base
polymer. In still other embodiments, the channeling agent has a water vapor transmission rate
of at least one hundred times that of the base polymer.

[0040] As vsed herein, the term “channeling agent” or “channeling agents” is defined as
a material that is immiscible with the base polymer and has an affinity to transport a gas phase
substance at a faster rate than the base polymer. Optionally, a channeling agent is capable

of forming channels through the entrained polymer when formed by mixing the channeling
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agent with the base polymer. Optionally, such channels are capable of transmitting a selected
material through the entrained polymer at a faster rate than in solely the base polymer.
[0041] As used herein, the term “channels” or “imterconnecting channels” is defined
as passages formed of the channeling agent that penetrate through the base polymer and may
be interconnected with each other.

[0042] As used herein, the term “entrained polymer” is defined as a monolithic material
formed of at least a base polymer, an active agent and optionally also a channeling agent
entrained or distributed throughout. An entrained polymer thus comprises at least two phases
(base polymer and active agent without a channeling agent) or at least three phases (base
polymer and active agent with a channeling agent).

[0043] As nsed herein, the term “monolithic,” “monolithic structure” or “monolithic
composition” is defined as a composition or material that does not consist of two or more
discrete macroscopic layers or portions. Accordingly, a multi-layer composite is not itself a
“monolithic composition,” although it could potentially have a layer that is a monolithic
composition.

[0044] As used herein, the term “phase” is defined as a portion or component of a
monolithic structure or composition that is uniformly distributed throughout, to give the
structure or composition its monolithic characteristics.

[0045] As used herein, the term “selected material” is defined as a material that is acted
upon, by, or interacts or reacts with an active agent and is capable of being transmitted
through the channels of an entrained polymer. For example, in embodiments in which a
releasing material is the active agent, the selected material may be moisture that reacts with
or otherwise triggers the active agent to release a releasing material, such as an antimicrobial
gas, e.g., chlorine dioxide.

[0046] As used herein, the term “three phase” is defined as a monolithic composition
or structure comprising three or more phases. An example of a three phase composition
according to the invention is an entrained polymer formed of a base polymer, active agent,
and channeling agent. Optionally, a three phase composition or structure may include an
additional phase, e.g., a colorant, but is nonetheless still considered “three phase™ on account
of the presence of the three primary functional components.

" 4,

[0047]  Furthermore, the terms “package,” “packaging” and “container” may be used
interchangeably herein to indicate an object that holds, contains or is configured to hold or

contain a good, e.g., food product and foodstuffs. Optionally, a package may include a
10



container with a product stored therein. Non-limiting examples of a package, packaging and container
include a tray, box, carton, bottle receptacle, vessel, pouch and flexible bag. A pouch or flexible bag
may be made from, e.g., polypropylene or polyethylene. The package or container may be closed, covered
and/or sealed using a variety of mechanisms including a cover, a lid, lidding sealant, an adhesive and a
heat seal, for example. The package or container may be composed or constructed of various materials,
such as plastic (e.g., polypropylene or polyethylene), paper, Styrofoam, glass, metal and combinations
thereof. In one optional embodiment, the package or container is composed of a rigid or semi-rigid
polymer, optionally polypropylene or polyethylene, and preferably has sufficient rigidity to retain its
shape under gravity.

Exemplary Entrained Polymers

[0048] Conventionally, desiccants, oxygen absorbers and other active agents have been used in raw
form, e.g., as loose particulates housed in sachets or canisters within packaging, to control the internal
environment of the package. For many applications, it is not desired to have such loosely stored active
substances. Thus, the present application provides active entrained polymers comprising active agents,
wherein such polymers can be extruded and/or molded into a variety of desired forms, ¢.g., container liners,
plugs, film sheets, pellets and other such structures.

[0049] Optionally, such active entrained polymers may include channeling agents, such as
polyethylene glycol (PEG) and vinylpyrrolidone-vinyl acetate copolymer (PVPVA), which form channels
between the surface of the entrained polymer and its interior to transmit a selected material (¢.g., moisture)
to the entrained active agent (e.g., desiccant to absorb the moisture). As explained above, entrained
polymers may be two phase formulations (i.c., comprising a base polymer and active agent, without a
channeling agent) or three phase formulations (i.e., comprising a base polymer, active agent and
channeling agent). Entrained polymers are described, for example, in U.S. Pat. Nos. 5,911,937, 6,080,350,
6,124,006, 6,130,263, 6,194,079, 6,214,255, 6,486,231, 7,005,459, and U.S. Pat. Pub. No.
2016/0039955.

[0050] Suitable base polymers for use in the invention optionally include one or more of ethylene vinyl
acotate, thermoplastic clastomers, thermoplastic polymers, c.g., polyolefins such as polypropylenc and
polyethylene, polyisoprene, polybutadiene, polybutene, polysiloxane, polycarbonates, polyamides,
cthylene-vinyl acetate copolymers, ethylene- methacrylate copolymer, poly(vinyl chloride), polystyrene,

polyesters including polylactic acid,
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polyanhydrides, polyacrylianitrile, polysulfones, polyacrylic ester, acrylic, polyurethane and
polyacetal, or copolymers or mixtures thereof.
[0051] Suitable channeling agents in the invention optionally include one or more of
polyglycol such as polyethylene glycol (PEG), ethylene-vinyl alcohol (EVOH), polyvinyl
alecohol (PVOH), glycerin polyamine, polyurethane and polycarboxylic acid including
polyacrylic acid or polymethacrylic acid. Alternatively, the channeling agent can be, for
example, a water insoluble polymer, such as a polypropylene oxide-monobutyl ether, which
is commercially available under the trade name Polyglykol B01/240, produced by CLARIANT.
In other embodiments, the channeling agent could be a polypropylene oxide monobutyl ether,
which is commercially available under the trade name Polyglykol B01/20, produced by
CLARIANT, polypropylene oxide, which is commercially available under the trade name
Polyglykol D01/240, produced by CLARIANT, ethylene vinyl acetate, nylon 6, nylon 66, or
any combination of the foregoing.
[0052]  Entrained polymers with antimicrobial releasing agents as the active agent are
further described below.

Antimicrobial Releasing Agents and Optional

Entrained Polymers Incorporating the Same
[0053] FIGs. 1-6 and 8§ illustrate entrained polymers 20 and various packaging assemblies
formed of entrained polymers according (o certain optional embodiments of the invention. The
entrained polymers 20 each include a base polymer 25, optionally a channeling agent 35 and
an active agent 30. The active agent 30 in preferred embodiments is an antimicrobial
releasing agent. As shown, the channeling agent 35 forms interconnecting channels 45
through the entrained polymer 20. At least some of the active agent 30 is contained within
these channels 45, such that the channels 45 communicate between the active agent 30 and
the exterior of the entrained polymer 20 via channel openings 48 formed at outer surfaces of
the entrained polymer 25. The active agent 30 can be, for example, any one of a variety of
releasing materials, as described in further detail below. While a channeling agent, e.g., 35,
is preferred, the invention broadly includes entrained polymers that optionally do not include
a channeling agent. Suitable active agents according to the invention include antimicrobial
releasing agents.
[0054] FIG. 4 illustrates an embodiment of an entrained polymer 10 according to an
optional aspect of the invention, in which the active agent 30 is an antimicrobial releasing

agent. The arrows indicate the path of a selected material, for example moisture or another gas,
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from an exterior of the entrained polymer 10, through the channels 45, to the particles of active
agent 30 (in this case, an antimicrobial releasing agent). Optionally, the antimicrobial
releasing agent reacts with or is otherwise triggered or activated by the selected material
(e.g., by moisture) and in response releases a released antimicrobial material, preferably in
gas form. These figures are further elaborated upon, below.

[0055] The antimicrobial agents useful herein include volatile antimicrobial releasing
agents, non-volatile antimicrobial refeasing agents and combinations thereof.

[0056]  The term “volatile antimicrobial releasing agent” includes any compound that when
comes into contact with a fluid or gas (e.g., water, moisture or the juice from a food product),
produces a gas and/or gas phase such as vapor of released antimicrobial agent. As will be
discussed in greater detail below, the volatile antimicrobial releasing agent is generally used in
a closed system so that the released antimicrobial material (gas and/or vapor) does not escape.
[0057] The term “non-volatile antimicrobial agent” includes any compound that when
it comes into contact with a fluid (e.g., water or the juice from a food product), produces
minimal to no vapor of antimicrobial agent. Examples of non-volatile antimicrobial agents
include, but are not limited to, ascorbic acid, a sorbate salt, sorbic acid, citric acid, a citrate salt, lactic
acid, a lactate salt, benzoic acid, a benzoate salt, a bicarbonate salt, a chelating compound, an alum
salt, nisin, g-polylysine 10%, methyl and/or propyl parabens, or any combination of the foregoing
compounds. The salts include the sodium, potassium, caleium, or magnesium salts of any of the
compounds listed above. Specific examples include calcium sorbate, calcium ascorbate, potassium
bisulfite, potassium metabisulfite, potassium sorbate, or sodium sorbate.

[0058]  Preferred features of antimicrobial releasing agents used according to an aspect of
the present invention include any one or more of the following characteristics: (1) they
volatize at refrigerated temperatures; (2) they are food safe; (3) they may be incorporated
safely into an entrained polymer formulation or other mechanism for release; (4) they are shelf
stable in long term storage conditions; (3) they release the released antimicrobial material only
once a package in which the agent is disposed, is sealed with product disposed in the package;
(6) they do not substantially affect a stored food product organoleptically when they are
formulated and configured to achieve a desired release profile within the package; and (7) they
are preferably acceptable under applicable governmental regulations and/or guidelines
pertaining to food packaging and finished food labeling.

Antimicrobial Releasing A gent — Chlorine Dioxide Releasing Agent

[0059] In one aspect of the invention, an antimicrobial releasing agent is a volatile
13
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antimicrobial agent that releases chlorine dioxide (Cl02) in gas form as the released
antimicrobial material. For example, the antimicrobial releasing agent may be a compound
or composition comprising 1) an active compound, 2) a carrier material, and 3) a trigger, which
in combination are triggered or activated by moisture to cause the agent to release chlorine
dioxide.

[0060] As noted in the Background section above, an existing antimicrobial releasing
agent is provided under the brand ASEPTROL 7.05 by BASF Catalysts LLC, as described in
U.S. Pat. No. 6,676,850. Applicant has invented new and unique antimicrobial releasing
agents that optionally provide certain advantages over ASEPTROL. Applicant’s invention
includes chlorine dioxide gas releasing agents that provide controllable release profiles and
desirable processability in manufacture. Applicant’s new ClO; releasing agents are more
amenable to industry scale production, are relatively stable, and adaptable for a process of
producing an entrained polymer at high loading levels. Specifically, the invention provides a
ClO; releasing composition comprising an active compound, a carrier material, and a trigger.
Optionally, the antimicrobial releasing agent of the invention is a dry powder. The application
now describes each of the aforementioned components of ClO» releasing compositions
according to optional aspects of the invention.

Active Compound

[0061] A variety of metal chlorites may be utilized as the active compound in preparing
the antimicrobial releasing agent, including alkali metal chlorites, alkaline earth metal
chlorites, and {ransitional metal chlorites. In one embodiment, the metal chlorites are alkali
metal chlorites such as sodiam chlorite and potassium chlorite. In another embodiment, the
metal chlorites are alkaline earth chlorites such as barium chlorite, calcium chlorite and
magnesium chlorite. In an optional embodiment, the metal chlorite is sodium chiorite.
[0062] The metal chlorites are available from a variety of commercial sources. Technical
grade flaked sodium chlorite (80%) is available from Acros, Aldrich Chemical Co., and Alfa
Asser. Calcium chlorite and potassium chlorite are available from T.J. Baker Co. and Aldrich
Chemical Co., respectively. Generally, these commercial chlorites are dried (e.g., at 300°C for
3 hours) and cooled prior to use.
Carrier Material

[0063]  In one aspect, the carrier material comprises a material with a pH below 3.5. The
pH herein refers to the pH of the aqueous phase of the carrier material suspended or dissolved

in water. Optionally, a 2 g sample of the carrier material is suspended in 10 ml. water. The
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pH of the aqueous phase is measured. Optionally, the carrier material is a hydrophilic material.
Optionally, the carrier material is a dry solid material, or a dry solid inorganic material. In an
optionally embodiment, the carrier material is an acidified silica gel. In another optional
embodiment, the carrier material has been treated with one or more acids. Optionally, the acid
is a mineral acid, optionally selected from a group consisting of sulfuric acid, hydrochloric
acid, and nitric acid. Optionally, the native carrier material is treated with one or more acids
so that the pH of the aqueous phase of the resulting treated carrier material is below 3.5.
Optionally, the pH of the aqueous phase of the resulting treated hydrophilic material is from
0.5 to 3.5, optionally from 0.5 to 3.0, optionally from 1.0 to 3.5, optionally from 1.0 to 3.0, or
optionally from 1.0 to 2.0. Optionally, the pH of the aqueous phase of the resulting treated
hydrophilic material is from 1.5 to 1.8, or from 1.0to 1.5. Applicant has found that a pH of the
aqueous phase of 1.4 to 3.1 provides a desirable window that nicely balances safety and
efficacy. In other words, the immediately aforementioned range provides a “safe zone” for
processing and handling the material while also providing desirable chlorine dioxide release
properties. Optionally, the carrier material is dried (e.g., at 300 °C for 3 hours) after
acidification and cooled prior to use.

[0064]  Optionally, the native carrier material is soaked in a mineral acid solution. The
concentration of the mineral acid solution concentration can range from about 0.1 M to
satorated, depending on the desired pH value of the carrier material.

[0065] In another aspect, the trigger comprises a hygroscopic material. Optionally, the
hygroscopic material is a hygroscopic salt. Optionally, the hygroscopic material is any one of
sodium chloride, calcium chloride, magnesium chloride, lithium chloride, magnesium nitrate,
copper sulfate, aluminum sulfate, magnesium sulfate, calctum carbonate, phosphorus
pentoxide, and/or lithium bromide. In an optional embodiment, the trigger is calcium chloride.
Generally, the hygroscopic material is dried (e.g., at 300°C for 3 hours) and cooled prior to
use.

[0066]  Typically, due to the hygroscopicity of the trigger, moisture is pooled and collected
which then initiates the reaction with the active compound leading to the release of chlorine

dioxide.

[0067] Each of the components of the chlorine dioxide releasing agent described above is

prepared separately. For example, the carrier material and the trigger are prepared
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individually, then are ultimately combined with the active compound.

[0068]  Optionally, the carrier material is an acidified silica gel. Optionally, the acidified
silica gel is prepared by treating the native silica gel with aqueous sulfuric acid solution to give
aslurry. The slurry is dried thoroughly with heat to afford an acidified silica gel in a dry state.
Optionally, the pH of the acidified silica gel is below 3.5, optionally from 1.0 to 3.5,
optionally from 1.4 to 3.1, optionally from 1.0 to 3.0, optionally from 1.0 to 2.0, optionally
from 1.0 to 1.5, optionally from 1.5 to 1.8, optionally from 1.5 to 3.0, optionally from 1.5 to
2.5, optionally from 1.5 to 1.8, optionally from 2.0 to 3.0, optionally from 2.0 to 2.5. The pH
is measured by a standard method, for example, measuring the pH of the aqueous phase of 2
g of the acidified silica gel in 10 mL water.

[0069]  The carrier material is then mixed with the trigger and the active compound in any
order. In an optional embodiment, the carrier material (such as an acidified silica gel) is mixed
with the trigger (such as CaCly) to give a mixture. Optionally, the mixture is finally combined
with the active compound (such as a metal chlorite including NaClQ>) to make the ClO;
releasing active agent. In another embodiment, the carrier material is mixed with the active
compound and then mixed with the trigger. In another embodiment, the carrier material is
mixed with active compound and the trigger simultaneously.

[0070] The amounts of the active compound, the carrier material, and the trigger in the
antimicrobial releasing agent depend on several factors, including but not limited to the
specific components chosen, the desired quantity of chlorine dioxide gas released, the rate of
the desired release of chlorine dioxide gas, and the total amount of the antimicrobial releasing
agent desired for use. However, the chlorine dioxide gas release profile is more sensitive to
the acidity and the dryness of the carrier material than to other factors such as the amount of
the active material.

[0071] In any embodiment, the carrier material is optionally 50% — 90% by weight with
respect to the total weight of the antimicrobial releasing agent. Optionally, the carrier material
is 60% — 90%, optionally 60% — 80%, optionally 60% - 70%, optionally 70% — 90%,
optionally 70% — 80% by weight with respect to the total weight of the antimicrobial releasing
agent.

[0072] In any embodiment, the active compound is optionally 5% — 30% by weight with
respect to the total weight of the antimicrobial releasing agent. Optionally, the active
compound is 7% — 25%, optionally 9% — 20%, optionally 11% — 20% by weight with respect

to the total weight of the antimicrobial releasing agent.
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[0073] In any embodiment, the trigger is optionally 2% — 20% by weight with respect to
the total weight of the antimicrobial releasing agent. Optionally, the trigger is 5% — 18%,
optionally 8% ~ 15%, optionally about 10% by weight with respect to the total weight of the
antimicrobial releasing agent.

[0074] According to one embodiment of the invention, the ClO» releasing agent thus
prepared is a dry solid and hygroscopic, and is sealed and stored under nitrogen until use.
[0075] The CIO: release properties of the ClO» releasing agents according to optional
aspects of the invention are profiled in FIG. 7. Exemplary embodiments of the C10: releasing
agents of the disclosed concept were prepared according to the following composition:
acidified silica gel 77%, sodium chlorite 13%, and calcium chloride 10%. The graph of FIG.
7 illustrates release properties of this composition at different pH levels, from pH 1.42 to pH
3.14. The graph shows that the lowest pH provided the highest level C1O; concentration and
the highest pH provided the lowest level ClO; concentration. This data demonstrates that
variation of pH allows one to modulate the C10Oz concentration to targeted levels.

[0076] The ClO; releasing agent per gram prepared according to optional aspects of the
invention provides a ClOz concentration from 1000 ppm to 4000 ppm at room temperature
(23 °C), when gas release is initiated by contact with moisture. Optionally, the ClO;
concentration is: from 1000 ppm to 3500 ppm, optionally from 1000 ppm to 3000 ppm,
optionally from 1000 ppm to 2500 ppm, optionally from 1000 ppm to 2000 ppm, , optionally
from 1000 ppm to 1500 ppm, optionally from 1500 ppm to 3500 ppm, optionally from 1500 ppm
to 3000 ppm, optionally from 1500 ppm to 2500 ppm, optionally from 1500 ppm to 2000 ppm,
optionally from 2000 ppm to 3500 ppm, optionally from 2000 ppm to 3000 ppm, optionally from
2000 ppm to 2500 ppm, optionally from 2500 ppm to 3500 ppm, optionally from 2500 ppm to
3000 ppm, optionally from 3000 ppm to 3500 ppm.

[0077] The ClO; concentration referred to herein was measured as follows. A sponge (1”
x 1”7 x ¥4”") was placed at the bottom of a 2.1 L. mason glass jar. Water (10 mL) was added to
the sponge. The water was completely absorbed in the sponge and there was no free water
visible. A sample of the ClO; releasing agent in a powder form (2 g) was placed at the bottom
of the glass jar where there was no physical contact with the sponge. The glass jar was sealed
and shielded from ambient light. The ClO: concentration in the headspace was monitored.
A gas transport line including an output line and a return line diverted the air in the headspace

to a portable Cl02 gas analyzer before being returned.

17



©A 03098350 2020~10~20

WO 2020/102206 PCT/US2019/060937

Entrained Polymer Containing Antimicrobial Releasing Agent
[0078] Optionally, the antimicrobial releasing agent is a component of an entrained

polymer, which is at least two phases and comprises the antimicrobial releasing agent and a
base polymer. Preferably, the entrained polymer is at least three phases and comprises the
antimicrobial releasing agent, a base polymer, and a channeling agent. The form of the
entrained polymer is not limited. Optionally, such entrained polymer is in the form of a film,
a sheet, or a plug, for example.

[0079] In general, it is believed that the higher the active agent concentration in the
mixture, the greater the absorption, adsorption or releasing capacity (as the case may be) will
be of the final composition. However, too high an active agent concentration could cause the
entrained polymer to be more brittle, and the molten mixture of active agent, base polymer
material and channeling agent to be more difficult to either thermally form, extrude or
injection mold.

[0080] In one embodiment, the antimicrobial releasing agent loading level ranges from
20% to 80%, optionally from 40% to 70%, optionally from 40% to 60%, optionally from 40%
to 50%, optionally from 45% to 65%, optionally from 45% to 60%, optionally from 45% to
55%, optionally from 50% to 70%, optionally from 55% to 65%, by weight with respect to the
total weight of the entrained polymer. According to the invention, the optional loading level
for the ClO; releasing agent of the invention is selected taking into consideration factors such
as safety. For example, at loading levels above about 50% for the ClO; releasing agent with
silica gel at a pH < 2.5, the entrained polymer components at operating temperatures may be
a fire hazard. Accordingly, for such embodiments, the loading level for the ClO; releasing
agent is from 20% to 60%, optionally 20% to 55%, optionally 20% to 50%, optionally 30% to
60%, optionally 30% to 55%, optionally 30% to 50%, optionally 40% to 60%, optionally 40%
to 55%, optionally 40% to 50%, optionally 45% to 60%, optionally 50% to 55%.

[0081] Optionally, the base polymer ranges from 10% to 70%, optionally from 15% to
60%, optionally from 15% to 50%, optionally from 15% to 40%, optionally from 20% to 60%,
optionally from 20% to 50%, optionally from 20% to 40%, optionally from 20% to 35%,
optionally from 25% to 60%, optionally from 25% to 50%, optionally from 25% to 40%,
optionally from 25% to 30%, optionally from 30% to 60%, optionally from 30% to 50%,
optionally from 30% to 45%, optionally from 40% to 60%, optionally from 40% to 50% by
weight of the entrained polymer.

[0082]  Because the ClQ; releasing agent degrades at high temperatures, the base polymers
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particularly suitable for use in the invention include those thermoplastic elastomers and
thermoplastic polymers with a melting temperature at or below 180° C. Examples include
polyolefins such as polypropylene and polyethylene, polyisoprene, polybutadiene, polybutene,
polyamides, ethylene-vinyl acetate copolymers, ethylene-methacrylate copolymer, poly(vinyl
chloride), polyesters including polylactic acid, or copolymers or mixtures thereof.

[0083] Optionally, the channeling agent ranges from 1% to 25%, optionally 1% to 20%,
opticnally 1% to 15%, optionally 2% to 15%, optionally 5% to 20%, optionally from 5% to
15%, optionally from 5% to 10%, optionally from 8% to 15%, optionally from 8% to 10%,
optionally from 10% to 20%, optionally from 10% to 15%, or optionally from 10% to 12%, by
weight with respect to the total weight of the entrained polymer.

[0084] In one embodiment, an entrained polymer may be a three phase formulation
including 35% to 60% by weight of the antimicrobial releasing agent in the form of the
powdered mixture described above, 30% to 50% by weight a base polymer (such as ethylene
vinyl acetate (EVA)), and 5% to 12% by weight a channeling agent (such as polyethylene
glycol (PEG)). The base polymer and the channeling agent are not particularly limited.
[0085] Methods of producing entrained polymers 10 according to optional aspects of the
invention are not particularly limited. Examples include blending a base polymer 25 and a
channeling agent 35. The active agent 30 is blended into the base polymer 25 either before or
after adding the channeling agent 35. All three components are uniformly distributed within
the entrained polymer 10 mixture. The entrained polymer thus prepared contains at least three
phases.

[0086]  FIGs. 1-6 and 8 illustrate entrained polymers 10 and various packaging assemblies
formed of entrained polymers according to the invention. The entrained polymers 10 each
include a base polymer material 25, a channeling agent 35 and an active agent 30. As shown,
the channeling agent 35 forms interconnecting channels 45 through the entrained polymer 10.
At least some of the active agent 30 is contained within these channels 43, such that the
channels 45 communicate between the active agent 30 and the exterior of the entrained
polymer 10 via channel openings 48 formed at outer surfaces of the entrained polymer 10. The
active agent 30 can be, for example, any one of a variety of absorbing, adsorbing or releasing
materials. The term “an active agent” may be understood as “an antimicrobial releasing
agent” or “a Cl0O; releasing agent” according to the context. While a channeling agent, e.g.,
35, is preferred, the disclosed concept broadly includes entrained polymers that optionally do

not include channeling agents.
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[0087] FIG. 1 shows a plug 55 constructed of an entrained polymer 20, in accordance with
certain embodiments of the invention. The plug 55 may be placed inside of a container. As
aforementioned, the entrained polymer 20 includes a base polymer 25, a channeling agent 33
and an active agent 30.

[0088] FIG. 2 shows a cross-sectional view of the plug 55 shown in FIG. 1. In addition, FIG.
2 shows that the entrained polymer 20 has been solidified such that the channeling agent
35 forms interconnecting channels 45 to establish passages throughout the solidified plug 55.
At least some of the active agent 30 is contained within the channels 45, such that the channels
45 communicate between the active agent 30 and the exterior of the entrained polymer
20 via channel openings 48 formed at outer sutfaces of the entrained polymer 25.

[0089] FIG. 3 illustrates an embodiment of a plug 55 having similar construction and
makeup to the plug 55 of FIG. 2, where interconnecting channels 45 are finer as compared to
those shown in FIG. 2. This can result from the use of a dimer agent (i.e., a plasticizer)
together with a channeling agent 35. The dimer agent may enhance the compatibility between
the base polymer 25 and the channeling agent 35. This enhanced compatibility is facilitated
by a lower viscosity of the blend, which may promote a more thorough blending of the base
polymer 25 and channeling agent 35, which under normal conditions can resist combination
into a uniform solution. Upon solidification of the entrained polymer 20 having a dimer agent
added thereto, the interconnecting channels 45 which are formed there- through have a greater
dispersion and a smaller porosity, thereby establishing a greater density of interconnecting
chanrels throughout the plug 55.

[0090] Interconnecting channels 45, such as those disclosed herein, facilitate transmmission
of a desired material, such as moisture, gas or odor, through the base polymer 25, which
generally acts as a barrier to resist permeation of these materials. For this reason, the base
polymer 25 itself acts as a barrier substance within which an active agent 30 may be entrained.
The interconnecting channels 45 formed of the channeling agent 35 provide pathways for the
desired material to move through the entrained polymer 10. Without these interconnecting
channels 45, it is believed that relatively small quantities of the desired material would be
transmitted through the base polymer 25 to or from the active agent 30. Additionally, wherein
the desired material is transmitted from the active agent 30, it may be released from the active
agent 30, for example in embodiments in which the active agent 30 is a releasing material,
such as an antimicrobial gas releasing material.

[0091] FIG. 4 illustrates an embodiment of an entrained polymer 10 according to the
20



disclosed concept, in which the active agent 30 is an absorbing or adsorbing material. The arrows
indicate the path of the selected material, for example moisture or gas, from an exterior of the
entrained polymer 10, through the channels 45, to the particles of active agent 30, which absorb or
adsorb the selected material.

[0092] FIG. 5 illustrates an active sheet or film 75 formed of the entrained polymer 20 used in
combination with a barrier sheet 80 to form a composite, according to an aspect of the invention.
The characteristics of the active sheet or film 75 are similar to those described with respect to the
plug 55. The barrier sheet 80 may be a substrate such as foil and/or a polymer with low moisture
or oxygen permeability. The barrier sheet 80 is compatible with the entrained polymer structure
75 and is thus configured to thermally bond to the active sheet or film 75, when the active sheet or
film 75 solidifies after dispensing.

[0093] FIG. 6 illustrates an embodiment in which the active sheet or film 75 and the barrier
sheet 80 are combined to form a packaging wrap having active characteristics at an interior surface
formed by the entrained polymer 10 in the active sheet or film 75, and vapor resistant
characteristics at an exterior surface formed by the barrier sheet 80. In this embodiment, the active
sheet or film 75 occupies a portion of the barrier sheet 80. The methods according to the invention
for making the active sheet or film 75 and adhering it to the barrier sheet 80 are particularly limited.
[0094] In one embodiment, the sheets of FIG. 5 are joined together to form an active package
85, as shown in FIG. 6. As shown, two laminates or composites are provided, each formed of an
active sheet or film 75 joined with a barrier sheet 80. The sheet laminates are stacked, with the
active sheet or film 75 facing one another, so as to be disposed on an interior of the package, and
are joined at a sealing region 90, formed about a perimeter of the sealed region of the package
interior.

[0095]  Optionally, in any of the foregoing embodiments, the antimicrobial entrained polymer is
in the form of a film that is disposed within a sealed food package. Optionally, the film may be
adhered, e.g., using an adhesive, to an inner surface of the package. Alternatively, the film may be
heat staked (without an adhesive) to the inner surface of the package. The process of heat staking
film onto a substrate is known in the art and described in detail in U.S. Pat. No. 8,142,603.
[0096]  Altematively, the film may be deposited and adhered to the inner surface of the package
via a direct in-line melt process. The size and thickness of the film can vary. In certain

embodiments, the film has a thickness of approximately 0.2 mm or 0.3 mm. Optionally, the
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film may range from 0.1 mm to 1.0 mm, more preferably from 0.2 mm to 0.6 mm.

[0097] Optionally, the entrained polymer film 114 is heat staked to the package (e.g., on
the sidewall as described and shown vis-a-vis Fig. 8). Advantageously, heat staking could
allow the film to permanently adhere to the sidewall without use of an adhesive. An adhesive
may be problematic in some circumstances because it may release unwanted volatiles in the
food- containing headspace. Aspects of a heat staking process that may be used in accordance
with optional embodiments of the invention are disclosed in U.S. Pat. No. 8,142,603, as
referenced above. Heat staking, in this instance, refers to heating a sealing layer substrate on
the sidewall while exerting sufficient pressure on the film and sealing layer substrate to adhere
the film to the container wall or to another substrate.

[0098]  For example, in certain embodiments, the antimicrobial entrained polymer film
114 may be connected to the surface of the lidding film 112 (or a lid) that is inside of the
container, in place of the film sections 114 on the sidewall(s) 106, or in addition thereto.
Alternatively, the antimicrobial entrained polymer film 114 may be incorporated into the
composition of the lidding film 112 (or a lid). Optionally, the lidding film itself may include
a lid barrier layer and an antimicrobial entrained polymer film layer beneath it. Optionally in
any embodiment in which the lid or lidding film is the substrate, the entrained polymer film
may be heat staked thereto to adhere the entrained polymer film to the lid or lidding film.
[0099] In addition to placement of the film 114, another important factor is the release
profile of the released antimicrobial material. As aforementioned, to ensure adequate shelf life,
release of the agent is preferably controlled to a desired rate. For example, in some
embodiments, release should not all occur immediately; rather, release may be more
preferably extended, sustained and predetermined to attain a desired shelf life. However, in
some applications, a shorter but more powerful “quick burst” of chlorine dioxide into the
headspace may be desirable.

[00100] 1In general, the polymer entrained with antimicrobial releasing agent is
self-activating, meaning that release of the released antimicrobial gas is not initiated until the
antimicrobial releasing agent is exposed to the selected material, e.g., moisture. Typically,
moisture is not present in the interior, e.g., headspace, of the container prior to a food product
being placed inside of the container. Upon placement, the food product generates moisture that
interacts with the antimicrobial releasing agent entrained in the polymer, to generate the
antimicrobial releasing agent in the headspace. In one embodiment, the container is sealed in

a moisture tight manner to trap moisture within the container generated by moisture-exuding
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comestibles.

[00101] In certain embodiments, a controlled release and/or a desired release profile can be
achieved by applying a coating to the active agent, e.g., using a spray coater, wherein the
coating is configured to release the released antimicrobial agent within a desired time frame.
The antimicrobial releasing agents may have different coatings applied thereon to achieve
different release effects. For example, if a 14-day shelf life is desired, based on predetermined
relative humidity of the package, the amount of selected material (moisture) present to trigger
the antimicrobial releasing agent may be detertnined. Based on this determination, the agent
may be coated with extended release coatings of varying thicknesses and/or properties to
achieve the desired release profile. For example, some active agent will be coated such that it
will not begin releasing released antimicrobial material until after one week, while other active
agent will begin release almost immediately. Spray coating technology is known in the art. For
example, pharmaceutical beads and the like are spray coated to control the release rate of
active ingredient, e.g., to create extended or sustained release drugs. Optionally, such
technology may be adapted to apply coatings to the active agent to achieve a desired controlled
rate of release of antimicrobial gas.

[00102] Alternatively, a controlled release and/or desired release profile may be achieved
by providing a layer, optionally on both sides of the film, of a material configured to control
moisture uptake into the entrained polymer (which in turn triggers release of the released
antimicrobial material). For example, the film may include a polymer liner, made e.g., from
low density polyethylene (LDPE) disposed on either side or both sides thereof. The thickness
of the film and liner(s) can vary. In certain embodiments, the film is approximately 0.3 mm
thick and the LDPE liners on either side are each approximately 0.02 mm to 0.04 mm thick.
The L.DPE liners may be coextruded with the film or laminated thereon.

[00103] Alternatively, a controlled release and/or desired release profile may be achieved
by modifying the formulation of the trigger of the antimicrobial releasing agent. For example,
the trigger, when contacted by moisture, liquefies and then reacts with the active component
(e.g., sodium chlorite) to cause release of the antimicrobial gas. The trigger may be formulated
to liquefy upon contact with moisture at different rates. The faster the trigger liquefies, the
faster the release of antimicrobial gas and vice versa. In this way, modification of the trigger is
yet another vehicle to provide a desired release rate of antimicrobial gas.

[00104] Any combination of the aforementioned mechanisms may be atilized to achieve

desired release rates and release profiles of antimicrobial gas within a container headspace.
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[00105] In an optional embodiment, a film prepared from the antimicrobial entrained polymer
of the present invention provides on a per gram basis a C102 concentration from 150 ppm to 2000
ppm at room temperature (23 °C), when gas release is initiated by contact with moisture under
the standard conditions (see Examples}. Optionally, the ClO; concentration is: from 150 ppm to
1800 ppm, optionally from 150 ppm to 1600 ppm, optionally from 150 ppm to 1200 ppm,
optionally from 150 ppm to 1000 ppm, optionally from 150 ppm to 800 ppm, optionally from
150 ppm to 600 ppm, optionally from 150 ppm to 400 ppm, optionally from 150 ppm to 250 ppm,
optionally from 400 ppm to 1800 ppm, optionally from 400 ppm to 1600 ppm, optionally from
400 ppm to 1200 ppm, optionally from 400 ppm to 1000 ppm, optionally from 400 ppm to 800
ppm, optionally from 400 ppm to 600 ppm, optionally from 600 ppm to 1800 ppm, optionally
from 600 ppm to 1600 ppm, optionally from 600 ppm to 1200 ppm, optionally from 600 ppm to
1000 ppm, optionally from 600 ppm to 800 ppm, optionally from 800 ppm to 1800 ppm,
optionally from 800 ppm to 1600 ppm, optionally from 800 ppm to 1200 ppm, optionally from
800 ppm to 1000 ppm, optionally from 1000 ppm to 1800 ppm, optionally from 1000 ppm to
1600 ppm, optionally from 100 ppm to 1200 ppm, optionally from 1200 ppm to 1800 ppm,
optionally from 1200 ppm to 1600 ppm, optionally from 1600 ppm to 1800 ppm.

[00106] The ClO2 concentration referred to herein is measured as follows. In a 2.1 L. mason
glass jar was placed a sponge (1” x 1” x %2} at the bottom. Water (10 mL) was added to the
sponge. The water was completely absorbed in the sponge and there was no free water visible.
A film strip (2 g, 1.7” x1”, 0.3 mm in thickness) was placed at the bottom of the glass jar
where there is no physical contact with the sponge. The glass jar was sealed and shielded from
ambient light. The C10: concentration in the headspace was monitored. A gas transport line
including an output line and a return line diverted the air in the headspace to a portable C1O2
gas analyzer before being returned.

Exemplary Containers or Packages According to Invention

[00107] The entrained polymer containing the antimicrobial releasing agent of the
invention may optionally be utilized in food packages. Efficacy of the entrained polymer does
not rely on direct contact with the food product stored in the package, but rather relies on
release of chlorine dioxide into the package headspace to provide an antimicrobial effect on
the food product. The entrained polymer may be attached, adhered, or otherwise included in
any container or package via conventional methods. The container or package is used in
commerce for food transportation, preservation and storage. The shape or geometry of the

container or package is not limited.
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[00108] FIG. 8 shows an optional package 100 for storing fresh foodstuffs, e.g., produce
or meat, in accordance with certain embodiments of the invention. The package 100 is shown
in the form of a plastic tray 102, although, other forms and materials are also contemplated as
being within the scope of the invention. The tray 102 comprises a base 104, and sidewalls
106 extending vertically from the base 104 leading to a tray opening 108. The base 104 and
sidewalls 106 together define an interior 110, e.g. for holding and storing fresh produce. The
package 100 optionally includes a flexible plastic lidding film 112, which is disposed over and
seals the opening 108. It is contemplated and understood that a wide variety of covets or lids
may be used to close and seal the opening 108. Optionally, the cover or lid is transparent, such
that the interior can be viewed. When a product (e.g., sliced tomatoes) is stored within the
interior 110, empty space surrounding and above the product is herein referred to as
“headspace” (not shown).

[00109] The package 100 further includes sections of antimicrobial entrained polymer film
114 disposed on the sidewalls 106. In the embodiment shown, there are four sections of such
film 114, one section of film 114 per sidewall 106. The film 114 is preferably disposed at or
near the top of the sidewall 106, proximal to the opening 108. At least a portion, although
preferably most or all of each of the film sections 114 protrude above the midline 116 of the
sidewall 106, the midline 116 being centrally located between the base 104 and the opening
108. It has been found that film placement at or towards the top of the package 100 has an
effect on efficacy of the film sections 114, as such placement facilitates desirable distribution
of released antimicrobial material inte the headspace of the package 100. Placing the entrained
polymer at too low of a height above the base 104, or beneath the food in the package, has been
found not to provide desirable distribution of the released antimicrobial material in the
headspace. If mass transfer of the antimicrobial is not optimal, some of the food product/good
will not be adequately protected against the growth of microbes. Additionally, the food may
undesirably react with and/or absorb the released antimicrobial material. It has been found
that placing the film above the midline of the sidewall, preferably at a height of at least 67%
or 75% or about 80% of the sidewall, facilitates achieving a desired antimicrobial gas release
profile and headspace concentration.

[00110] Optionally, the entrained polymer (ilm 114 is heat staked to the package (e.g., on
the sidewall as described and shown vis-a-vis Fig. 8). Advantageously, heat staking could
allow the film to permanently adhere to the sidewall without use of an adhesive. An adhesive

may be problematic in some circumstances because it may release unwanted volatiles in
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the food-containing headspace. Aspects of a heat staking process that may be used in
accordance with optional embodiments of the invention are disclosed in U.S. Pat. No.
8,142,603, as referenced above. Heat staking, in this instance, refers to heating a sealing layer
substrate on the sidewall while exerting sufficient pressure on the film and sealing layer
substrate to adhere the film to the container wall. Optionally, the entrained polymer film 114
is deposited and adbered to the package via a direct in-line melt adhesion process.

[00111] In certain embodiments, the antimicrobial entrained polymer film 114 may be
connected to the surface of the lidding film 112 (or a 1id) that is inside of the container, in place
of the film sections 114 on the sidewall(s) 106, or in addition thereto. Alternatively, the
antimicrobial entrained polymer film 114 may be incorporated into the composition of the
lidding film 112 (or a lid).

[00112] Any combination of the aforementioned mechanisms may be utilized to achieve
desired release rates and release profiles of antimicrobial gas within a container headspace.
Exemplary Embodiments
[00113] The following exemplary embodiments further describe optional aspects of the
invention and are part of this specification. These exemplary embodiments are set forth in a
format substantially akin to claims (each with a numerical designation followed by a letter
designation), although they are not techmically claims of the present application. The
following exemplary embodiments refer to each other in dependent relationships as

“embodiments” instead of “claims.”

[60114] 1A. An antimicrobial releasing agent comprising: a carrier material, an
active compound, and a trigger, wherein the carrier material has a pH below 3.5, the active
compound is a metal chlorite and the trigger comprises a hygroscopic compound.

[00115] 2A. The antimicrobial releasing agent of embodiment 1A, wherein the
carrier material is an acidified dry solid material.

[00116] 3A. The antimicrobial releasing agent of embodiment LA or 2A, wherein
the carrier material has been treated with one or more acids.

[00117] 4A. The antimicrobial releasing agent of any of embodiments 1A to 3A,
wherein the carrier material is an acidified dry solid inorganic material.

[00118] S5A. The antimicrobial releasing agent of any of embodiments 1A to 4A,
wherein the carrier material is an acidified hydrophilic material.

[00119] 6A. The antimicrobial releasing agent of any of embodiments 1A to 5A,

wherein the pH is from 0.5 to 3.0, optionally from 1.0 to 3.0, optionally from 1.0 to 2.0,
26



©A 03098350 2020~10~20

WO 2020/102206 PCT/US2019/060937

optionally from 1.5 to 1.8, or optionally from 1.0 to 1.5.

[00120] 7A. The antimicrobial releasing agent of any of embodiments 1A to 6A,
wherein the carrier material is an acidified silica gel.

[00121] S8A. The antimicrobial releasing agent of any of embodiments 1A to 7A,
wherein the active compound is a metal chlorite.

[00122] 9A. The antimicrobial releasing agent of embodiment 8A, wherein the
metal chlorite is an alkali metal chlorite, an alkaline earth metal chlorite, or a transition metal
chlorite.

[00123] 10A. The antimicrobial releasing agent of embodiment 8A, wherein the
metal chlorite is at least one of sodium chlorite, potassium chlorite, barium chlorite, calcium
chlorite, and magnesiom chlorite.

[00124] 11A. The antimicrobial releasing agent of embodiment 9A or 10A, wherein
the metal chlorite is sodium chlorite.

[00125] 12A. The antimicrobial releasing agent of any of embodiments 1A to 11A,
wherein the trigger comprises at least one of sodium chloride, calcium chloride, magnesium
chloride, lithium chloride, magnesium nitrate, copper sulfate, aluminum sulfate, magnesium
sulfate, calcium carbonate, phosphorus pentoxide, and lithium bromide.

[00126] 13A. The antimicrobial releasing agent of any of embodiments 1A to 12A,
wherein the trigger comprises calcium chloride.

[00127] 14A. The antimicrobial releasing agent of any of embodiments 1A to 13A,
wherein the carrier material is 50 — 90%, optionally 60 — 90%, optionally 60 — 80%, optionally
60 —70%, optionally 70 — 90%, optionally 70 - 80% by weight with respect to the total weight
of the antimicrobial releasing agent.

[00128] 15A. The antimicrobial releasing agent of any of embodiments 1A to 14A,
wherein the metal chlorite is 5 — 30%, optionally 7 — 25%, optionally 9 — 20%, optionally 11
- 20% by weight with respect to the total weight of the antimicrobial releasing agent.

[00129] 16A. The antimicrobial releasing agent of any of embodiments 1A to 15A,
wherein the trigger is 2 ~ 20%, optionally 5 —~ 18%, optionally 8 — 15%, optionally about 10%
by weight with respect to the total weight of the antimicrobial releasing agent.

[00130] 1B. A method of preparing an antimicrobial releasing agent, comprising the
steps of: (i) providing a carrier material; and (ii) mixing the carrier material with a trigger and
an active compound to give the antimicrobial releasing agent, wherein the antimicrobial

releasing agent comprises: (a) the carrier material; (b) the an active compound; and (¢) the
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trigger, further wherein the carrier material has a pH below 3.5.
[00131] 2B. The method of embodiment 1B, wherein the carrier material is
provided by treating a hydrophilic material with a mineral acid followed by drying, optionally

wherein the mineral acid is sulfuric acid, hydrochloric acid, or nitric acid.

[00132] 3B. The method of embodiment 1B or 2B, wherein the carrier material is an
acidified silica gel.
[00133] 4B. The method of any of embodiments 1B to 3B, wherein the active

compound comprises an alkali metal chlorite, an alkaline earth metal chlorite, or a transition
metal chlorite.

[00134] SB. The method of any of embodiments 1B (o 4B, wherein the trigger
comprises a hygroscopic compound.

[00135] 1C. An entrained polymer comprising: (i) a base polymer; (ii) an
antimicrobial releasing agent; and (iii) optionally a channeling agent, wherein the
antimicrobial releasing agent comprises: (a) a carrier material; (b) an active compound; and (¢)
a trigger, further wherein the carrier material has a pH below 3.5; optionally the active
compound comprises an alkali metal chlorite, an alkaline earth metal chlorite, or a transition
metal chlorite; and optionally the trigger comprises a hygroscopic compound.

[00136] 2C. The entrained polymer of embodiment 1C, wherein the base polymer is
in a range from 10% to 70%, optionally from 15% to 60%, optionally from 15% to 50%,
optionally from 15% to 40%, optionally from 20% to 60%, optionally from 20% to 50%,
optionally from 20% to 40%, optionally from 20% to 35%, optionally from 25% to 60%,
optionally from 25% to 50%, optionally from 25% to 40%, optionally from 25% to 30%,
optionally from 30% to 60%, optionally from 30% to 50%, optionally from 30% to 45%,
optionally from 40% to 60%, optionally from 40% to 50% by weight of the entrained polymer.
[00137] 3C. The entrained polymer of embodiment 1C or 2C, wherein the
antimicrobial releasing agent is in a range 20% to 80%, optionally from 40% to 70%,
opticnally from 40% to 60%, optionally from 40% to 50%, optionally from 45% to 65%,
optionally from 45% to 60%, optionally from 45% to 55%, optionally from 50% to 70%,
optionally from 55% to 65% by weight with respect to the total weight of the entrained
polymer.

[00138] 4C. The entrained polymer of any of embodiments 1C to 3C, wherein the
channeling agent is in a range from 2% to 25%, optionally from 2% te 20%, optionally from

2% to 15%, optionally from 5% to 15%, optionally from 5% to 10%, optionally from 8% to
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15%, optionally from 8% to 10%, optionally from 10% to 20%, optionally from 10% to 15%,
or optionally from 10% to 12% by weight with respect to the total weight of the entrained
polymer.

[00139] 1D. An entrained polymer material comprising an antimicrobial releasing
agent, wherein the antimicrobial releasing agent comprises: (a) a carrier material; (b) an active
compound; and (c) a trigger, wherein the carrier material has a pH below 3.5; optionally the
active compound comprises an alkali metal chlorite, an alkaline earth metal chlorite, or a
transition metal chlorite; and optionally the trigger comprises a hygroscopic compound.
[00140] 1E. An entrained polymer material comprising an entrained polymer,
wherein the entrained polymer comprises: (i) a base polymer; (if) an antimicrobial
releasing agent; and (iii) optionally a channeling agent, wherein the antimicrobial releasing
agent comprises: (a) a carrier material; (b) an active compound; and (c) a trigger, further
wherein the carrier material has a pH below 3.5; optionally the active compound comprises an
alkali metal chlorites, an alkaline earth metal chlorite, or a transition metal chlorite; and
optionally the trigger comprises a hygroscopic compound.

[00141] 1IF. The entrained polymer material of embodiment 1D or 1E, wherein the
antimicrobial releasing agent releases ClO2 at a concentration per gram of the entrained
polymer material from 150 ppm to 1800 ppm, optionally from 400 ppm to 1600 ppm, optionally
from 600 ppm to 1200 ppm, optionally from 800 ppm to 1000 ppm, when the concentration is
measured with 2 g of the entrained polymer material in a 2.1 L jar containing a sponge soaked
with 10 mL water.

[00142] 1G. A container for inhibiting or preventing growth of microbes and/or for
killing microbes within, the container comprising an antimicrobial releasing agent, wherein
the antimicrobial releasing agent comprises: (a) a carrier material; (b} an active compound;
and (c) a trigger, wherein the carrier material a pH below 3.5; optionally the active compound
comprises an alkali metal chlorites, an alkaline earth metal chlorite, or a transition metal
chlorite; and optionally the trigger comprises a hygroscopic compound.

[00143] 1H. A container for inhibiting or preventing growth of microbes and/or for
killing microbes within, the container comprising an entrained polymer material comprising:
(i) a base polymer; (ii) an antimicrobial releasing agent; and (iii} optionally a channeling
agent, wherein the antimicrobial releasing agent comprises: (a) a carrier material; (b) an active
compound; and (c) a trigger, further wherein the carrier material has a pH below 3.5;

optionally the active compound comprises an alkali metal chlorites, an alkaline earth metal
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chlorite, or a transitional metal chlorite; and optionally the trigger comprises a hygroscopic
compound.

[00144] 1L Use of the container of embodiment 1G or embodiment 1H for storing
and preserving comestible products.

[00145] The invention will be illustrated in more detail with reference to the following
Examples, but it should be understood that the invention is not deemed to be limited thereto.
EXAMPLES
Example 1 - ClO; Releasing Agent
[00146] To a 0.6 N sulfuric acid solution (about 20 L) was slowly added silica gel (25 Lbs.)
to form a slurry. The slurry was mixed thoroughly, oven dried and cooled to room temperature.
A2 g sample of the acidified silica gel was suspended in 10 mL water. The pH of the aqueous

phase was about 1.4-1.6.
[00147] A portion of the acidified silica gel (about 20 Lbs.) was mixed thoroughly with dry
calcium chloride powder (about 2.5 Lbs.) before the dry sodium chlorite powder (about 3.2
Lbs.) was added. The mixture was again mixed thoroughly and was purged with nitrogen.
The ClIO; releasing agent thus prepared was sealed and stored under nitrogen.
[00148] A sample ClO; releasing agent is illustrated in Table 1 below.

Table 1

ClO; Releasing Weight %
Composition #1

Silica gel (pH ~1.6) 77
Calcium chloride 10

Sodium chlorite 13

[00149] Other acidified silica gels of differing acidity were similarly prepared and
incorporated into the corresponding C1O; releasing agent.

[00150] The CIO: releasing agent thus prepared was induced for CIO; release. Ina2.1 L
mason glass jar was placed a sponge (1” x 1” x 14”) at the bottom. Water (10 mL) was added
to the sponge and was completely absorbed in the sponge and there was no free water visible.
A sample of the ClO; releasing agent (2 g} was placed at the bottom of the glass jar where
there is no physical contact with the sponge. The glass jar was sealed and shielded from
ambient light. The ClO2 concentration typically reached a peak at 2-4 hours at room

temperature (23 °C).
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The ClO; release of the Cl0; releasing agent prepared with silica gel at differing

acidity levels is summarized in Table 2 and is graphed in FIG. 7. The peak released ClO2

concentration increases with increasing acidity of the silica gel carrier.

Table 2. The released ClO- concentration (ppm/g) at differing acidity of silica gel.

Time (hrs) pH3.14 pH 2.45 PH 2.09 pH 2.45 pH 1.42
0 0 0 0 0 0
0.85 103 416 559 858 253
1.33 175 466 625 1085 530
1.83 208 487 654 1112 840
2.33 262 486 674 1067 1272
2.85 347 514 673 1038 1732
3.83 350 468 633 935 2339
430 416 453 636 931 2406
4.82 406 435 606 873 2406

Example 2 — Entrained Polymer Containing Antimicrobial Releasing Agent
[00152]

releasing agent described above, a base polymer and a channeling agent according to Table 3

A film was extruded using an entrained polymer containing the antimicrobial

below. A typical thickness of the extruded film is 0.2 mm or 0.3 mm.
Table 3 — Entrained Polymer Film Components

Film # Components Weight %
1 Cl10; Releasing Composition #1 50
Ethylene vinyl acetate 43
PEG 7

[00153]
(10 mL) was added to the sponge and was completely absorbed in the sponge and there was no

Ina 2.1 L mason glass jar was placed a sponge (1” x 17 x 14”) at the bottom. Water

free water visible. A film strip (2 g, about 1.7” x 17, 0.3 mm thick) was placed at the bottom
of the glass jar where there is no physical contact with the sponge. The glass jar was sealed
and shielded from ambient light.

[00154]
two holes in the lid of the glass mason jar. The air in the headspace of the jar was directed to
an ATI C16 portable ClO- gas analyzer (Analytical Technology Inc., Collegeville, PA) before

A gas transport line including an output line and a return line was installed with
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being returned. Typically, the ClO. concentration peaks around 2-5 hours. The ClO:
concentration referred to herein is measured as follows. In a 2.1 L mason glass jar was placed
a sponge (1”7 x 1” x ¥4”) at the bottom. Water (10 ml) was added to the sponge. The water
was completely absorbed in the sponge and there was no free water visible. A film strip (2 g,
1.7” x 17”) was placed at the bottom of the glass jar where there is no physical contact with the
sponge. The glass jar was sealed and shielded from ambient light. The C10; concentration in
the headspace was monitored.

[00155]
concentration of the Cl0; released. The table immediately below (Table 4) illustrates the peak

The performance of the entrained polymer may also be characterized by the peak

concentrations of some of the exemplary films incorporating the ClO2 releasing agent
according to invention identified by batch ID. Chlorine dioxide gas concentration typically
reaches its peak after about 2-5 hours at room temperature (23 °C), and after about 22 hours at
4 °C. The “Cloxout” powder additive designated VBI through QB15 and corresponding films identified in Table 4 refer to polymer
films entrained with acidified silica gel according to an « aspect of the invention. A
single entry for Aseptrol powder and corresponding film is provided for reference.

Table 4 — Peak C10; Concentration of Films

Condition 23°C 4°C 230C
Additive Production |Production
Format Powder Film Film
Unit ppm/g ppm/g ppm/g
Aseptrol* 2406.0 ~ 1213.8
VBL1 1774.0 - 980.7
VB2 2369.4 - 1119.7
VB3 2406.0 - 1203.0
QB6 1305.3 527.2 661.5
QB7 3369.0 8211 1313.5
QB8 2622.0 736.9 1622.5
QBY 3840.7 968.3 1267.5
QB10 3241.3 7739 1035.0
QBl11 2416.7 732.9 934.8
0OB12 2114.7 339.0 -
QB13 1643.7 861.0 -
QBl4 2007.7 758.3 -
QB15 1663.7 789.3 -
* Aseptrol Film formlated at 12% channeling agent
Cloxout films formulated at 7% channeling agent

Date Recue/Date Received 2022-09-16
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* Aseptrol film containing Aseptrol 50%, Carbowax 4000P 12%, and
EVA 38%.
Example 3 ~ Entrained Polvmer Com 1 with Referen
[00156] Using Film 1 from Table 3 as an example, the C10O; release profile of the entrained
polymer of the current invention is compared against a reference film as reported in WO
2005/041660. The reference firm formulation and preparation methods are set forth in Table

5, immediately below.
Table S — Reference Films With Aseptrol and No Channeling Agent
Sample Formulation Film Preparation
Method
Reference 1 Example A of WO 2005/041660: | Example 1 of WO
2005/041660

Aseptrol 7.05 — 50 wt. %
Elvaloy 742 - 50 wt. %
Reference 2 Example B of WO 2005/041660: | Example 2 of WO
Aseptrol 7.05 — 50 wt. % 2005/041660
Elvaloy HP661 — SOWt. %

[00157] The CIO; release properties of References 1 and 2 were evaluated using the
measurement method described above in Examples 1 and 2. The released ClO2 headspace
concentration is shown in Table 6 below (normalized to ppm per gram of film) and is plotted
in FIG. 9 together with that from Film 1 of an optional aspect of the invention.
Table 6. ClIO, headspace concentration comparison (ppm/g of film)
Time (hrs) | 1.00 [2.00 |3.00 [4.00 |500 [6.00 (7.00

Reference 1' | 0 0 0 9 32 57 68

Reference 2! | 0 0 44 78 144 | 162 |169

Film 1 0 20 337 1623 | 849 825 |755

'Film was formed of the cast material not after removal of the PET base polymer.

[00188] On a per gram basis, the Film 1 optional embodiment of the invention releases
more than 4 times as much ClO; at peak concentration, and maintains the ClO; concentration
for a sustained period of time.

[00159] In an effort to compare the C102 release profile of the entrained polymer of the

invention against the solution cast film of WO 2005/041660, Applicant attempted to prepare
33
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the solution cast film as reported in WO 2005/041660 by incorporating the acidified silica gel
ClO: releasing agent of the invention. However, the Evaloy polymers were significantly
degraded in the presence of the ClO; releasing agent of aciditied silica gel, thus rendering the
comparison impractical.

[00160] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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1.

WE CLAIM:

An antimicrobial releasing agent comprising:
a) a carrier material comprising an acidified silica gel, the carrier material having a
pH of from 1.4 to 3.1 and being 50 to 90% by weight with respect to the total weight

of the antimicrobial releasing agent;

b) an active compound comprising a metal chlorite the active compound being 5 to
30% by weight with respect to the total weight of the antimicrobial releasing agent;

and

¢) atrigger comprising a hygroscopic compound, the trigger being 2 to 20% by weight

with respect to the total weight of the antimicrobial releasing agent.

The antimicrobial releasing agent of claim 1, wherein the carrier material has been treated

with one or more acids and is a dry solid when part of the antimicrobial releasing agent.

The antimicrobial releasing agent of claim 1 or 2, wherein the carrier material is a

hydrophilic material.

The antimicrobial releasing agent of any one of claims 1 to 3, wherein the metal chlorite is

an alkali metal chlorite, an alkaline earth metal chlorite or a transition metal chlorite.

The antimicrobial releasing agent of claim 4, wherein the metal chlorite is one or more
members selected from the group consisting of: sodium chlorite, potassium chlorite,

barium chlorite, calcium chlorite and magnesium chlorite.

The antimicrobial releasing agent of any one of claims 1 to 5, wherein the trigger is one or
more members selected from the group consisting of: sodium chloride, calcium chloride,
magnesium chloride, lithium chloride, magnesium nitrate, copper sulfate, aluminum

sulfate, magnesium sulfate, calcium carbonate, phosphorus pentoxide and lithium bromide.
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10.

11.

12.

13.

The antimicrobial releasing agent of any one of claims 1 to 6, wherein the metal chlorite is

sodium chlorite and the trigger is calcium chloride.
A method of preparing an antimicrobial releasing agent, the method comprising the steps
of:
a) providing an acidified silica gel as a carrier material, wherein the aqueous phase of
the acidified silica gel when suspended or dissolved in water has a pH of from 0.5
t0 3.5; and
b) mixing the carrier material with a trigger and an active compound, wherein the
trigger comprises a hygroscopic compound and the active compound comprises a
metal chlorite, wherein the method generates the antimicrobial releasing agent.
The method of claim 8, wherein in step a) the pH is from 1.0 to 3.5.

The method of claim 8, wherein step a) of the pH is from 1.4 to 3.1.

The method of any one of claims 8 to 10, wherein the carrier material is provided by

treating the silica gel with a mineral acid followed by drying.

The method of claim 11, wherein the mineral acid is sulfuric acid, hydrochloric acid or

nitric acid.

An entrained polymer, comprising:

a) abase polymer;

b) achanneling agent present in a range of from 1% to 20% by weight with respect to

the total weight of the entrained polymer; and
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¢) an antimicrobial releasing agent according to any one of claims 1-7 or made

according to the method of any one of claims 8 to 12;

d) wherein the entrained polymer is a monolithic material.

14.  The entrained polymer of claim 13 in the form of a film having a thickness of from 0.1 mm

to 1.0 mm.

15. A package for inhibiting or preventing growth of microbes and/or for killing microbes in a

closed container having a product located therein, the package comprising:
a container, comprising:
a base;
a top opening;

one or more sidewalls extending in a vertical direction from the base to the top

opening;

an interior space formed by the one or more sidewalls; and a cover to close and/or

seal the opening;

the package further comprising at least one article made from the entrained polymer

of claim 13 or 14 disposed within the container.
16.  The package of claim 15, wherein
a) the article is an entrained polymer film that is secured to at least one sidewall, the
at least one sidewall having a sidewall midline that is equidistant from the base and
the opening, the film having a film midline that is equidistant from a top edge and

a bottom edge of the film, wherein the film midline is located at least as high as the

sidewall midline; or
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17.

18.

19.

20.

21.

22.

23.

24.

b) the article is disposed onto or integral with an underside of the cover.

The package of claim 15, wherein the article is a film and the cover is a lidding film, the

film being heat staked to the underside of the lidding film.

Use of the package of any one of claims 15 to 17 for storing fresh meat, fresh seafood,

fresh poultry or fresh produce.

An antimicrobial releasing agent comprising;:
a) ametal chlorite,
b) a carrier material which is an acidified dry solid inorganic material having a pH
below 3.5, and

¢) atrigger comprising a hygroscopic compound.

The antimicrobial releasing agent of claim 19, wherein the metal chlorite is an alkali metal

chlorite, an alkaline earth metal chlorite, or a transition metal chlorite.

The antimicrobial releasing agent of claim 19 or 20, wherein the metal chlorite is at least
one of sodium chlorite, potassium chlorite, barium chlorite, calcium chlorite, and
magnesium chlorite; and wherein the trigger comprises at least one of sodium chloride,
calcium chloride, magnesium chloride, lithium chloride, magnesium nitrate, copper sulfate,
aluminum sulfate, magnesium sulfate, calcium carbonate, phosphorus pentoxide, and

lithium bromide.

The antimicrobial releasing agent of any one of claims 19 to 21, wherein the carrier material

is an acidified silica gel.

The antimicrobial releasing agent of any one of claims 19 to 22, wherein the carrier material

has a pH of from 1.0 to 2.0.

The antimicrobial releasing agent of any one of claims 19 to 23, wherein the trigger is

calcium chloride.
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25.

26.

27.

28.

29.

30.

31.

32.

The antimicrobial releasing agent of any one of claims 19 to 24, wherein (a) the metal chlorite
is 5 — 30%, optionally 7 — 25%, optionally 9 — 20%, optionally 11 — 20% by weight with
respect to the total weight of the antimicrobial releasing agent; (b) the carrier material is 50 —
90%, optionally 60 — 90%, optionally 60 — 80%, optionally 60 — 70%, optionally 70 — 90%,
optionally 70 — 80% by weight with respect to the total weight of the antimicrobial releasing
agent; and (c) the trigger is 2 — 20%, optionally 5 — 18%, optionally 8 — 15%, optionally about
10% by weight with respect to the total weight of the antimicrobial releasing agent.

The antimicrobial releasing agent of any one of claims 19 to 25, wherein the antimicrobial

releasing agent releases chlorine dioxide gas.

A method of preparing an antimicrobial releasing agent, the method comprising mixing a
metal chlorite, a carrier material which is an acidified dry solid inorganic material having

a pH below 3.5, and a trigger to form the antimicrobial releasing agent.

The method of claim 27, wherein the carrier material is an acidified silica gel.

The method of claim 27 or 28, wherein the carrier material is a silica gel treated with a
mineral acid followed by drying, wherein the mineral acid is sulfuric acid, hydrochloric

acid, or nitric acid.

An entrained polymer comprising: (a) a base polymer, (b) a channeling agent, and (c) an

antimicrobial releasing agent of any one of claims 19 to 26.

The entrained polymer of claim 30, wherein (a) the base polymer is in a range from 20% to
50% by weight with respect to the total weight of the entrained polymer; (b) the channeling
agent is in a range from 2% to 15% by weight with respect to the total weight of the entrained
polymer; and (c) the antimicrobial releasing agent is in a range from 40% to 70% by weight
with respect to the total weight of the entrained polymer.

The entrained polymer of claim 30 or 31, wherein the entrained polymer is in the form of

a film having a thickness of from 0.1 mm to 1.0 mm.
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33. A container comprising the entrained polymer of any one of claims 30 to 32.

34.  The container of claim 33 wherein the antimicrobial releasing agent releases chlorine

dioxide gas.

35.  Use of the container of claim 33 or 34 for inhibiting or preventing growth of microbes

within the interior of the container.
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