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PACKAGING FOR EXTENDING LIFE OF 
RESPIRING PRODUCE AND OTHER 

PERISHABLE FOODSTUFFS 

CROSS REFERENCE OF RELATED 

APPLICATION(S) 
[0001] The present application claims the bene?t and pri 
ority of US. Provisional Application No. 60/964,518, ?led on 
Aug. 13, 2007, the contents of Which is hereby incorporated 
by reference in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to packaging for 
extending the useful life of perishable foodstuffs. More par 
ticularly, the present invention relates to packaging that 
extends the shelf life of perishable foodstuffs such as fresh 
produce, fresh meat, fresh dairy products as Well as ?oral 
products and bakery products. 

BACKGROUND OF THE INVENTION 

[0003] In the past, fresh produce Was only available for a 
limited time When the produce Was ripe in a particular geo 
graphic region. With the development of a global economy 
With limited trade restrictions, most fresh produce is noW 
available continuously throughout the year. 
[0004] To prevent spoilage and damage during transport the 
fresh produce is typically harvested before the produce is 
ripe. Because the produce is not ripe, the produce tends to 
incur less damage due to the fact that the unripe produce is 
harder than ripe produce. Ripe produce has a tendency of 
bruising during transport When compared to unripe produce. 
Also because the unripe produce can be transported for a 
signi?cant distance and time, the produce tends to begin 
ripening While in transport. 
[0005] Once the produce is transported to the desired geo 
graphic region, the produce may optionally be subjected to an 
atmosphere that contains an elevated amount of ethylene. 
Ethylene is a naturally produced plant hormone that causes 
such produce to ripen When emitted. By subjecting the pro 
duce to elevated concentrations of ethylene, the ripening pro 
cess is accelerated such that the produce is nearly ripe or ripe 
When the produce is offered for sale to consumers. HoWever, 
While the ethylene treatment or atmosphere accelerates the 
ripening process, the produce quickly begins to over-ripen 
and is edible for a signi?cantly shorter time than naturally 
ripened produce. 
[0006] Another factor that shortens the useful life of per 
ishable foodstuffs is microbial groWth. The ripening process 
produces sugars and nutrients that alloW the naturally present 
or introduced microbes and fungi to ?ourish. 
[0007] All fresh produce respires, even though it has been 
harvested. UtiliZing polymer bags for transporting the pro 
duce from the marketplace or various distribution centers can 
prevent the produce from respiring and essentially suffocates 
the produce such that the useful life of the produce is short 
ened. Further, any moisture that is released from the produce 
pools Within the bag and accelerates bacterial and fungal 
groWth Which also reduces the useful life of the produce. 
[0008] Due to damage during transport, the accelerated 
ripening processes and improper storage of the produce, only 
about one half of the harvested produce is actually consumed. 
Packaging that sloWs the ripening process, inhibits bacterial 
and fungal groWth, alloWs for oxygen transmission and 
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optionally prevents the condensation of Water Will increase 
the sustainability of perishable foodstuffs While increasing 
food safety. 
[0009] Other perishable foodstuffs such as fresh meats, 
fresh breads and cheeses have amounts of naturally occurring 
bacteria and fungus. A ?lm or package that inhibits bacterial 
and fungal groWth Will increase the shelf life of these perish 
able foodstuffs. 

SUMMARY OF THE INVENTION 

[0010] The present invention includes a package for 
extending a useful life of perishable foodstuff that includes at 
least one polymeric based layer. At least one polymeric based 
layer contains an anti -microbial and anti-fungal additive in an 
amount effective to prevent product deterioration of the fresh 
produce due to microbial activity, fungal activity or both 
microbial and fungal activity. The at least one polymeric 
based layer includes an effective amount of an ethylene 
absorbing additive throughout a thickness of the ?lm to 
absorb a suf?cient amount of ethylene to delay the ripening 
process of the perishable foodstuff. 

BRIEF SUMMARY OF THE DRAWINGS 

[0011] FIG. 1 is a perspective vieW of a bag containing 
grapes. 
[0012] FIG. 2 is a perspective vieW of a pail containing a 
perishable foodstuff. 
[0013] FIG. 3 is a perspective vieW of a pallet of boxed 
perishable foodstuff Wrapped in a polymeric ?lm. 
[0014] FIG. 4 is a graph of yeast and mold counts on parsley 
When stored in market provided packaging. 
[0015] FIG. 5 is a graph of yeast and mold counts on parsley 
When stored in packaging as described herein. 
[0016] FIG. 6 is a graph of yeast and mold counts on parsley 
When stored in packaging as described herein retained Within 
another bag. 
[0017] FIG. 7 is a graph of yeast and mold counts on lettuce 
When stored in market provided packaging. 
[0018] FIG. 8 is a graph of yeast and mold counts on lettuce 
When stored in packaging as described herein. 
[0019] FIG. 9 is a graph of yeast and mold counts on lettuce 
When stored in packaging as described herein retained Within 
another bag. 
[0020] FIG. 10 is a graph of yeast and mold counts on 
straWberries When stored in market provided packaging. 
[0021] FIG. 11 is a graph of yeast and mold counts on 
straWberries When stored in packaging as described herein. 
[0022] FIG. 12 is a graph of yeast and mold counts on 
straWberries When stored in packaging as described herein 
retained Within another bag. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0023] The present invention relates to a ?exible, semi 
rigid or rigid packaging that is utiliZed to contain perishable 
foodstuffs and increase the useful life of the perishable food 
stuff such as fresh produce. The packaging is also useful in 
packaging other perishable foodstuffs, such as fresh meats, 
fresh breads, other bakery products, unprocessed coffee 
beans, unprocessed grains and cheeses, as Well as ?oral prod 
ucts. 

[0024] With respect to fresh produce, the packaging sloWs 
the ripening process by absorbing respired ethylene from 
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some foodstuffs While inhibiting bacterial and fungal growth. 
By fresh produce is meant to include fresh fruits, fresh veg 
etables and fresh greens such as lettuce and herbs. Signi? 
cantly, utiliZing a combination of a hydro-phobic ethylene 
absorbing additive in an amount that is effective to selectively 
absorb respired ethylene to prevent ripening and a hygro 
scopic anti-microbial and an anti-fungal additive in an 
amount effective to destroy microbes and fungus in amounts 
effective to prevent product deterioration of the fresh produce 
Which can create a synergistic effect that increases the shelf 
life of the fresh produce up to at least three times longer than 
When the fresh produce Was not packaged Within the packag 
ing having the additives, packaging With the hydro-phobic 
ethylene absorbing additive by itself or packaging With the 
hygroscopic anti-microbial and an anti-fungal additive by 
itself. 
[0025] With respect to other foodstuffs that do not emit 
ethylene such as but not limited to meats and cheeses, the 
packaging extends the useful life of these perishable food 
stuffs by destroying bacteria and fungus utiliZing the combi 
nation of the hygroscopic anti-microbial and an anti-fungal 
additive and the hydro-phobic ethylene absorbing additive. 
While the ethylene absorbing additive Will not absorb any 
ethylene in this application of the packaging, the synergistic 
effect of utiliZing the hygroscopic anti-microbial and an anti 
fungal additive and the hydro-phobic ethylene absorbing 
additive destroys bacteria and fungus on the meat and cheese 
to extend the useful life of the perishable foodstuff When 
compared to the same packaging containing only the hygro 
scopic anti-microbial and an anti-fungal additive or the 
hydro-phobic ethylene absorbing additive. 
[0026] The ?lm can also be designed to control the oxygen 
transmission rate (OTR) of oxygen (02) as Well as the carbon 
dioxide (CO2) concentration in an environment of the pack 
aging by utiliZing selected polymers having a knoWn solubil 
ity rates for O2 and CO2 to extend the useful life of the 
foodstuff. The ?lm is designed to allow 02 to enter the 
enclosed environment of the packaging Which alloWs the 
foodstuff to respire While alloWing CO2, Which is emitted 
during the respiration process, to exit the enclosed environ 
ment. By controlling the O2 and CO2 concentrations in the 
enclosed environment of the packaging, the useful life of a 
respiring foodstuff can be extended. Therefore, a desired 
equilibrium of O2 and CO2 can be obtained in the enclosed 
environment of packaging for a particular perishable food 
stuff that extends the useful life of the perishable foodstuff. 
[0027] The packaging can be customiZed to provide a spe 
ci?c OTR for a speci?c perishable foodstuff, particularly 
When the foodstuff has a knoWn respiration rate, by utiliZing 
or selecting a polymer or polymers having knoWn OTRs. The 
OTR of the packaging can also be adjusted by varying the 
thickness of the packaging. 
[0028] The packaging provides the ?exibility of providing 
a Wide range of OTRs that meet the respiration rates of a Wide 
range of perishable foodstuffs by adjusting the polymer feed 
stock that is utiliZed to form the packaging. A micro-porous 
?lm and a micro-perforated ?lm are also contemplated to 
provide the necessary OTR to meet the respiration rates of the 
respiring perishable foodstuff. 
[0029] The packaging can be in a form such as a ?exible 
bag as illustrated in FIG. 1 at 10 for containing the fresh 
produce. The packaging can also be utiliZed as a rigid or 
semi-rigid polymer container such as a clam shell container, 
a lid 12 for covering an opening of an impermeable container 
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14 or both as illustrated in FIG. 2. The packaging can also be 
utiliZed as a Wrapping material 16 for retaining packaged 
produce on a pallet 18 or in a container for transportation as 
illustrated in FIG. 3. The packaging can contain indicia 20 
such as labels and product information on an outer layer of the 
packaging as illustrated in FIGS. 1 and 2. 

[0030] A typical thickness of a ?exible ?lm Which is useful 
as a Wrapping material or a bag is betWeen about 0.005 mil 
and about 10.0 mil. A typical thickness of the material as a 
rigid or semi-rigid packaging material such as containers and 
lids ranges from about 10.0 mil to about 100 mil. HoWever, 
any thickness of the material that is useful as a ?lm, bag or a 
container is contemplated. Further, other containers that uti 
liZe the packaging material containing the selected additives 
as a portion of the container are also contemplated. 

[0031] The packaging is typically constructed from poly 
ethylene or polypropylene feedstock pellets. HoWever other 
polymers for making the packaging are also contemplated. 
[0032] The packaging is typically constructed through an 
extrusion process utiliZing three layers to minimiZe the costs 
associated With including the additives in the packaging. 
HoWever, the invention also considers utiliZing a single layer 
for the packaging having a uniform concentration of the addi 
tives as Well as any number of layers that are necessary to 
produce the packaging With the additives that provides the 
same synergistic effect. 

[0033] To minimiZe additive costs While maintaining the 
effectiveness of the packaging, the anti-microbial and anti 
fungal additive is typically concentrated in the inner layer of 
the packaging that contacts the perishable foodstuff. HoW 
ever, it is contemplated to include the anti-microbial and 
anti-fungal additive in tWo or more of the layers of the pack 
aging. The anti -microbial and anti-fungal additive destroys or 
inhibits groWth of the bacteria, including Gram negative and 
Gram positive species, and fungus, such as mildeW and yeast, 
by contact. A typical anti-microbial and anti-fungal additive 
is a Zeolite loaded With a silver ion Where the silver ions are 
ionically bound to the Zeolite at a molecular level, While the 
Zeolite is retained Within the polymeric lattice through the 
extrusion process Where the polymer is melted and extruded. 
[0034] A layer of Water can develop on the inner layer and 
contacts the Zeolite. The Zeolite releases silver ions into the 
Water layer such that a bacteria or fungus contacts the silver 
ions, the organism is then destroyed. The utiliZation of silver 
ions to control bacteria and fungus is referred to in the art as 
nanotechnology. One exemplary silver ion loaded Zeolite 
additive is sold under the POLYBATCH ABACT trademark 
byA. Schulman, Inc. having an of?ce located inAkron, Ohio. 
[0035] Typically, the anti-microbial and anti-fungal addi 
tive is added in a range of betWeen about 0.1 Weight percent 
and about 12 Weight percent of the ?lm layer. More typically, 
the anti -microbial and anti-fungal additive is added to the ?lm 
layer in the range of about 0.5 Weight percent and 3.0 Weight 
percent of the ?lm layer. HoWever, any amount that is effec 
tive to destroy microbes and fungi or prevent microbial and/ or 
fungal groWth to the extent required to extend the useful life 
of the fresh produce is contemplated. 
[0036] A non-exclusive list of microbes that the anti-micro 
bial and anti-fungal additive inhibits the groWth of or destroys 
includes mold, mildeW, yeast and bacteria. Each of these 
micro-organisms are naturally occurring on fresh produce 
and any of these micro -organi sm by itself detrimentally 
affects the useful life of the fresh produce. 



US 2009/0045095 A1 

[0037] The hydro-phobic ethylene absorbing additive is 
typically included throughout each of the layers of the pack 
aging. The hydro-phobic ethylene absorbing additive is typi 
cally of a constant Weight percentage throughout each layer in 
the ?lm and selectively absorbs ethylene While not absorbing, 
or being insensitive, to Water. HoWever, it is also contem 
plated to have packaging containing higher concentrations of 
the hydro-phobic ethylene absorbing additive in the inner 
layers of the packaging. 
[0038] A typical additive that selectively absorbs ethylene 
is a hydro-phobic synthetic Zeolite. The synthetic Zeolite is 
built to selectively absorb ethylene. Unlike typical Zeolites 
Which readily absorb Water, the synthetic Zeolite only absorbs 
ethylene and is impervious to Water Which increases the effec 
tiveness of the packaging. An untreated Zeolite Will absorb 
both Water and ethylene until the Zeolite cannot absorb any 
more molecules. Once the untreated Zeolite is fully loaded, 
Water molecules Will displace ethylene molecules from the 
untreated Zeolite and Which Will release the ethylene back into 
the container. 
[0039] The synthetic Zeolite absorbs ethylene respired from 
the produce based on a Weight percentage of the amount of 
synthetic Zeolite added to the ?lm. The amount of synthetic 
Zeolite utiliZed to absorb ethylene can be varied by increasing 
the siZe of the ?lm being utiliZed to contain the fresh produce 
to increase the amount of synthetic Zeolite in the packaging. 
Alternatively, the Weight percent of the Zeolite can be varied 
by adjusting the Weight percent of the synthetic Zeolite in the 
layers of the ?lm. Typically, the synthetic Zeolite is added to 
the ?lm in the range of about 2 Weight percent and about 15 
Weight percent throughout all the layers in the ?lm. More 
typically, the synthetic Zeolite is added to the ?lm in the range 
of about 3 .0 Weight percent and 12.0 Weight percent and even 
more typically in the range of about 5.0 Weight percent and 
10.0 Weight percent, based upon the Weight of the ?lm. HoW 
ever, any amount effective to control the ethylene concentra 
tion in the atmosphere Within the packaging Where the fresh 
produce is stored is contemplated such that the ripening pro 
cess is delayed is contemplated. One exemplary synthetic 
Zeolite is sold under the POLYFRESH EA trademark by A. 
Schulman, lnc. having an of?ce located in Akron, Ohio. 
[0040] It has also been discovered that utiliZing the pack 
aging containing both the silver ion loaded Zeolite as Well as 
the hydro-phobic ethylene absorbing Zeolite produces syner 
gistic effects that can increase the useful life of fresh produce 
by at least three times the useful life of the same produce that 
is stored in plastic or polymeric packaging that is provided by 
the market by both delaying the ripening process as Well as 
controlling the groWth of microbes. Further it has also been 
discovered that utiliZing the packaging containing both the 
silver loaded Zeolite as Well as the hydro-phobic ethylene 
absorbing Zeolite produces synergistic effects in destroying 
bacteria and fungi by a factor of betWeen about 100 and 
10,000 When compared ?lms that Were only loaded With the 
silver ion loaded Zeolite. 
[0041] Neither the silver ion loaded Zeolite nor the hydro 
phobic ethylene absorbing Zeolite migrates from the package. 
Therefore, the packaging is safe for contact With perishable 
foodstuffs. Also, the packaging attracts the micro-organisms 
to the ?lm surface including airborne pathogens Which When 
in contact With the packaging destroys the airborne patho 
gens. 
[0042] It is believed that the synergistic effect in destroying 
bacteria and fungi is due to the presence of both the combi 
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nation of the silver loaded Zeolite and the hydro-phobic eth 
ylene absorbing synthetic Zeolite in the packaging. While the 
synthetic Zeolite selectively absorbs ethylene, it also attracts 
bacteria and fungi to the inner surface of the packaging due to 
the synthetic Zeolite’s strong ionic characteristics. 
[0043] Once attracted to the surface of the packaging the 
synthetic Zeolite destroys the cellular Wall of the bacteria or 
fungi. Once the cellular Wall has been destroyed, the silver ion 
interferes With the transport of the respiration products across 
the cellular Wall Which inhibits respiration and destroys the 
bacteria or fungi. 

[0044] While nano-silver has been knoWn to be effective in 
destroying Gram positive bacteria such as the Bacillus, list 
eria, staphylococcus, slreplocaccus and closlridium species, 
nano-technologies have been less successful in destroying 
Gram negative bacteria such as Escherichia coli, and the 
Salmonella and legionella species. Surprisingly, the combi 
nation of the silver loaded Zeolite and the hydro-phobic eth 
ylene absorbing synthetic Zeolite has been markedly more 
effective in destroying Gram negative bacteria. By Way of 
example, the packaging containing both the combination of 
the silver loaded Zeolite and the hydro-phobic ethylene 
absorbing synthetic Zeolite produce an E-coli kill rate of 
99.99962% Which equates to a log reduction ofE-coliof6.11. 

[0045] It has also been discovered that the packaging hav 
ing the silver loaded Zeolite and the hydro-phobic ethylene 
absorbing synthetic Zeolite has a exponential increase in the 
kill rate of fungi such as Saccharomyces cerevisiae and 
Aspergillus niger When compared to to a similar ?lm loaded 
only With a similar loading of the silver ion loaded Zeolite. 

[0046] The packaging optionally can include a Water dis 
persing material such as any anti-fog additive that is generally 
recogniZed as safe (GRAS) for utiliZation in the food indus 
try. The anti-fog additive typically is a migratory anti-fog 
additive that disperses Water that condenses during the heat 
ing and cooling cycle resulting from the produce being placed 
into and removed from a refrigerated space. The anti-fog 
additive is typically included in the inner and optionally 
middle layers of the ?lm in amounts effective to disperse any 
moisture that condenses. Typically amounts of the anti-fog 
additive in the inner and middle layers range from about 0.25 
Weight percent to about 10.0 Weight percent. More typically, 
the anti-fo g additive in at least the inner layer of the packaging 
ranges from 0.5 Weight percent and about 3.0 Weight percent 
of the Weight of the layer of ?lm. 
[0047] The anti-fog additive disperses the Water across the 
inner surface of the packaging Which increases the Wetted 
surface area Where a larger number the silver ion is activated. 
HoWever, the perishable foodstuff respires enough moisture 
onto the inner layer such that an adequate amount of silver 
ions are dispersed and activated. 

[0048] The packaging can be utiliZed in many different 
markets. The packaging can be utiliZed as a retail product 
Where rolls of ?lm and a bags are sold through a retail outlet. 
The packaging can be utiliZed by institutional vendors that 
supply prepared foods to institutions, restaurants and delis. 
The packaging can also be utiliZed by producers to ship 
product to processors and Wholesale entities to increase the 
sustainability of perishable foodstuffs to the retail market. 
[0049] It has been discovered that the packaging product 
described herein increases the useful life of many foodstuffs 
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above that of knoWn packaging. The following Examples are 
illustrative only and are not intended to limit the present 
invention in any Way. 

EXAMPLE 1 

[0050] Fresh store bought cilantro Was stored in a refriger 
ated environment at about 400 F. in a bag constructed from a 
three layer ?lm having 3 Weight percent of the anti-microbial 
and anti-fungal additive in the inner layer and 10 Weight 
percent of the synthetic Zeolite throughout the three layers of 
the ?lm. After tWelve days of refrigerated storage the fresh 
cilantro Was still fresh and edible. In contrast, When cilantro is 
stored in a plastic bag from the store Where the cilantro Was 
purchased, the cilantro Was only edible for about four days. 

EXAMPLE 2 

[0051] Flat leaf parsley bundles Were purchased from a 
local market and tested at the University of Tennessee located 
at Knoxville. The parsley bundles Were combined and mixed 
together in a clean tub. Three samples of parsley Were 
removed from the combined bundles. Prior to placing the 
parsley in storage containers, each of the samples Were 
Weighed at 25 gram, then each sample Was placed in a con 
tainer and sealed. 
[0052] The ?rst container included a bag containing ?ve 
layer polyethylene ?lm that is 2.5 mil in thickness and con 
tains 3 Weight percent of the silver loaded Zeolite in the ?rst 
layer and 10 Weight percent of the hydro-phobic synthetic 
Zeolite in all ?ve layers Where the Weight percents are based 
upon the Weight of each layer. The second container included 
the ?ve layer polyethylene ?lm bag utiliZed as the ?rst con 
tainer that Was sealed inside a plastic storage bag sold under 
the Ziploc trademark by S. C. Johnson Home Storage, Inc. 
located in Racine, Wis. The third container Was the bags 
obtained from the market Which are utiliZed to transport in 
Which at least one of the three bundles of parsley Were trans 
ported from the market. Each of the packages Were sealed or 
tied prior to storage to prevent contamination of the results 
from the outside atmosphere. 
[0053] A suf?cient number of samples Were prepared for 
each of the three sets such that tWo samples from each set of 
packages could be sampled every tWo days for 18 days. Each 
of the samples Was stored in at a controlled temperature of 500 
F. for 18 days. Samples Were collected every tWo days and 
tested for microbial groWth. 
[0054] For the microbiological analysis, 25 grams of pars 
ley Were placed in a stomacher bag With 100 mL of a phos 
phate buffer solution and blended for tWo minutes in a blender 
at a medium speed. Aerobic bacterial counts Were determined 
by surface plating serially diluted samples onto plate count 
agar supplemented With cycloheximide at a solution of 10 
mg/L Which is a yeast and mold inhibitor and incubated on 
incubator plates for 24 hours at 320 C. 
[0055] Yeast and mold counts Were determined by surface 
plating serial dilutions onto dichloran rose bengal chloram 
phenicol agar Which inhibits bacterial groWth after blending 
per the protocol described With respect to the microbial analy 
sis. The samples Were incubated for ?ve day at 250 C. 
[0056] The results are provided in FIGS. 4-6. All of the 
recorded values Were divided by three to reduce the range of 
units from 0-30 to 0-10. CFU represents in FIGS. 4-6 are 
colony forming units. 
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[0057] The results indicate that the bacteria and yeast/mold 
counts on the parsley in the store packaging (container three) 
increased steadily during the 18 day test. HoWever While the 
bacteria and yeast/mold counts utiliZing the ?lm as a bag in 
the ?rst set or the ?lm utiliZed as a bag (container one) and 
contained Within another bag (container tWo) increased dur 
ing storage, the rate Was substantially sloWer that the data 
obtained With respect to the store packaging (container three). 
The ?nal bacteria counts on parsley in container one Was 
about 100 fold less that the bacteria counts on parsley in 
container three. The ?nal bacteria counts on parsley in con 
tainer tWo Was about betWeen about 100 and 1,000 fold less 
that the bacteria counts on parsley in container three. 

[0058] While the visual appearance of the parsley deterio 
rated more quickly in containers one and tWo as compared to 
container three, it is believed that this Was the result of an 
inadequate OTR through containers one and tWo and could be 
easily overcome by matching the OTR of the packaging in 
containers one and tWo With the respiration rate of parsley. 

EXAMPLE 3 

[0059] Multiple packages of fresh cut lettuce mix Were 
purchased from a local market and tested at the University of 
Tennessee located at Knoxville. The lettuce packages Were 
combined and mixed together in a clean tub. Three samples of 
lettuce Were removed from the combined mixture of the pack 
ages. Prior to placing the lettuce in storage containers each of 
the samples Were Weighed at 50 gram and each sample Was 
placed in a container and sealed. 

[0060] The ?rst container included a bag containing ?ve 
layer polyethylene ?lm containing 3 Weight percent of the 
silver loaded Zeolite in the ?rst layer and 10 Weight percent of 
the hydro-phobic synthetic Zeolite in all ?ve layers Where the 
Weight percents are based upon the Weight of each layer. The 
second container included the ?ve layer polyethylene ?lm 
bag utiliZed as the ?rst container that Was sealed inside a 
plastic storage bag sold under the Ziploc trademark by S. C. 
Johnson Home Storage, Inc. located in Racine, Wis. The third 
container Was the bags obtained from the market Which are 
utiliZed to transport in Which at least one of the three bundles 
of lettuce Were transported from the market. Each of the 
packages Were sealed or tied prior to storage to prevent con 
tamination of the results from the outside atmosphere. 

[0061] A suf?cient number of samples Were prepared for 
each of the three sets such that tWo samples from each set of 
packages could be sampled every tWo days for 18 days. Each 
of the samples Was stored in at a controlled temperature of 500 
F. for 18 days. Samples Were collected every tWo days and 
tested for microbial groWth. 
[0062] For the microbiological analysis, 50 grams of let 
tuce Were placed in a stomacher bag With 100 mL of a phos 
phate buffer solution and blended for tWo minutes in a blender 
at a medium speed. Aerobic bacterial counts Were determined 
by surface plating serially diluted samples onto plate count 
agar supplemented With cycloheximide at a solution of 10 
mg/L Which is a yeast and mold inhibitor and incubated on 
incubator plates for 24 hours at 320 C. 

[0063] Yeast and mold counts Were determined by surface 
plating serial dilutions onto dichloran rose bengal chloram 
phenicol agar Which inhibits bacterial groWth after blending 
per the protocol described With respect to the microbial analy 
sis. The samples Were incubated for ?ve day at 250 C. 
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[0064] The results are provided in FIGS. 7-9. All of the 
recorded values Were divided by three to reduce the range of 
units from 0-30 to 0-10. CFU represents in FIGS. 7-9 are 
colony forming units. 
[0065] The results indicate that the bacteria and yeast/mold 
counts on the lettuce in the store packaging (container three) 
increased steadily during the 18 day test. HoWever While the 
bacteria and yeast/mold counts utiliZing the ?lm as a bag in 
the ?rst set or the ?lm utiliZed as a bag (container one) and 
contained Within another bag (container tWo) increased dur 
ing storage, the rate Was substantially sloWer that the data 
obtained With respect to the store packaging (container three). 
The ?nal bacteria counts on lettuce in containers one and tWo 
Was betWeen about 100 and 10,000 fold less that the bacteria 
counts on lettuce in container three. 
[0066] The visual quality of the lettuce stored in the store 
packaging (container three) deteriorated rapidly as compared 
to the lettuce stored in containers one and tWo. At day tWo of 
the study, there Was a visual difference betWeen the lettuce 
stored in containers one and tWo as compared to the lettuce 
stored in container three. At day six of the experiment, the 
visual appearance of the lettuce Was unacceptable in con 
tainer three. The lettuce in containers one and tWo maintained 
an acceptable appearance until day ten of the experiment. 
Therefore, the packaging extends the life of lettuce When 
compared to a bag supplied by the market. 

EXAMPLE 4 

[0067] Multiple packages of strawberries in clam shell car 
tons Were purchased from a local market and tested at the 
University of Tennessee located at Knoxville. The straWber 
ries Were combined and mixed together in a clean tub. Five 
straWberries Were then repackaged into either container one, 
container tWo or container three. 
[0068] The ?rst container included a bag containing ?ve 
layer polyethylene ?lm containing 3 Weight percent of the 
silver loaded Zeolite in the ?rst layer and 10 Weight percent of 
the hydro-phobic synthetic Zeolite in all ?ve layers Where the 
Weight percents are based upon the Weight of each layer. The 
second container included the ?ve layer polyethylene ?lm 
bag utiliZed as the ?rst container that Was sealed inside a 
plastic storage bag sold under the Ziploc trademark by S. C. 
Johnson Home Storage, Inc. located in Racine, Wis. The third 
container Were the clam shell containers in Which the straW 
berries Were previously stored and purchased. Each of the 
packages for containers one and tWo Were sealed or tied prior 
to storage to prevent contamination of the results from the 
outside atmosphere. Container three Was closed by attaching 
the bottom and top portions of the clam shell container 
together. 
[0069] A suf?cient number of samples Were prepared for 
each of the three sets such that tWo samples from each set of 
packages could be sampled every tWo days for 18 days. Each 
of the samples Was stored in at a controlled temperature of 500 
F. for 18 days. Samples Were collected every tWo days and 
tested for microbial groWth. 
[0070] For the microbiological analysis, three straWberries 
Were placed in a stomacher bag With 100 mL of a phosphate 
buffer solution and blended for tWo minutes in a blender at a 
medium speed. Aerobic bacterial counts Were determined by 
surface plating serially diluted samples onto plate count agar 
supplemented With cycloheximide at a solution of 10 mg/L 
Which is a yeast and mold inhibitor and incubated on incuba 
tor plates for 24 hours at 320 C. 
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[0071] Yeast and mold counts Were determined by surface 
plating serial dilutions onto dichloran rose bengal chloram 
phenicol agar Which inhibits bacterial groWth after blending 
per the protocol described With respect to the microbial analy 
sis. The samples Were incubated for ?ve day at 250 C. 

[0072] The results are provided in FIGS. 10-12. All of the 
recorded values Were divided by three to reduce the range of 
units from 0-30 to 0-10. The term CFU in FIGS. 4-12 are 
colony forming units. 
[0073] The results indicate that the bacteria and yeast/mold 
counts on the strawberries in the store packaging (container 
three) increased steadily during the 18 day test. HoWever 
While the bacteria and yeast/mold counts utiliZing the ?lm as 
a bag in the ?rst set or the ?lm utiliZed as a bag (container one) 
and contained Within another bag (container tWo) increased 
during storage, the rate Was substantially sloWer that the data 
obtained With respect to the store packaging (container three). 
The ?nal bacteria counts on the straWberries in containers one 
and tWo Was betWeen about 100 and 10,000 fold less that the 
bacteria counts on the straWberries in container three. 

[0074] The visual quality of the straWberries stored in the 
store packaging (container three) deteriorated rapidly as com 
pared to the straWberries stored in containers one and tWo due 
to the visible appearance of mold and shriveling of the straW 
berries. At day eight of the experiment, about one half of the 
straWberries in container three Were covered With visible 
mold groWth and the amount of shriveling Would make the 
straWberries unacceptable to a consumer. The straWberries 
storied in containers one and tWo Were mold free until about 
day 14 Where about one half of the straWberries had visible 
mold. After fourteen days, the straWberries Were unaccept 
able due to mold groWth in containers one and tWo. Therefore, 
the packaging extends the useful life of straWberries When 
compared to a clam shell type packaging. 

EXAMPLE 5 

[0075] Tests Were conducted at the National Food Labora 
tory, Inc. located in Dublin, Calif. to test the anti-microbial 
effectiveness of ?lms. The ?lms utiliZed the same microor 
ganism and protocols. Three ?lms Were tested Were desig 
nated A, B and C. Each of the ?lms Were three layer polyeth 
ylene ?lms With a thickness of 2.5 mil. The inner layer of ?lm 
A Was designed to contain 3.0% by Weight of the silver ion 
loaded Zeolite and 5.0 Weight percent of the hydro-phobic 
synthetic Zeolite Where the Weight percent is based upon the 
Weight of the layer. The remaining layers included no Zeolite 
additives. The ?lm designated B has Was intended to have the 
same construction as ?lm A but includes 3.0% by Weight of 
the silver ion loaded Zeolite and 5.0 Weight percent of the 
hydro-phobic synthetic Zeolite in the inner layer and also has 
5 .0 Weight percent of the hydro-phobic synthetic Zeolite in the 
other-tWo layers. The ?lm designated C has the same con 
struction as ?lm 1 but Was intended to include 3.0% by Weight 
of the silver ion loaded Zeolite and 10.0 Weight percent of the 
hydro-phobic synthetic Zeolite in the inner layer and also has 
10.0 Weight percent of the hydro-phobic synthetic Zeolite in 
the other tWo layers. 
[0076] The results of the testing is as folloWs. The initial 
inoculation readings on the ?lms is provided in Table 1 for 
samples A and B. 
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TABLE 1 TABLE 4-continued 

Initial Inoculation Counts for Films A and B L. monoczlogenes Results 

Organism Initial Count Log Value Ave. 
Final Log Log Log % 

E- C011. O157IH7 3900000 6-59 Description Count Value Reduction Red Reduction 
L. mono 3800000 6.58 
S. cerevisiae 19000 4.28 A — Negative Control <10 1.00 5.58 
A. niger 100000 5.00 B — Inoculated 16000 4.20 2.38 2.28 99.32 

B — Inoculated 10000 4.00 2.58 

B — Inoculated 51000 4.71 1.87 

[0077] The initial inoculation readings on ?lm C is pro- B - Positive Control 2200000 6-34 0-24 
Vided in Table 2' B — Negative Control <10 1.00 5.58 

C — Inoculated 40 1.60 5.08 4.41 99.99 

C — Inoculated 2300 3.36 3.32 

TABLE 2 c - Inoculated 6000 3.78 2.90 
C — Positive Control 6200000 6.79 —0.11 

Initial Inoculation Counts for Film C C — Negative Control <10 1.00 5.68 

Organism Initial Count Log Value 
0 E 60h. O157IH7 11000000 704 The results show that up to 99.99%) of all L. moncylogenes 

L. mono 21000000 7.32 organisms can be destroyed utilizing the ?lm of the present 
S. cerevisiae 940000 5.97 invention 
A. niger 380000 5.58 

[0082] The results regarding Saccharomyces cerevisiae are 
found in Table 5 beloW. 

[0078] After the 72 hour incubation period the following 
results Were observed. TABLE 5 
[0079] The results regarding E. coli counts are found in 
Table 3 below_ Saccharomzces cerevisiae Results 

Ave. 
TABLE 3 Final Log Log Log 

Description Count Value Reduction Red % Reduction 
E. coli Results 

A — Inoculated 310 2.49 1.79 1.98 98.89 

AVE- A — Inoculated 170 2.23 2.05 

Final L05; L05; L05; % A — Inoculated 150 2.18 2.10 
Description Count Value Reduction Red Reduction A - Positive Control 20 1_30 298 

A — Negative Control <10 1.00 3.28 
A — Inoculated 46000 4.66 1.93 1.78 98.26 B _ Inoculawd 120 208 220 256 9965 

A — Inoculated 100000 5.00 1.59 B _ Inoculawd 60 L78 250 

A — Inoculated 57000 4.76 1.83 B _ Inoculawd 20 130 298 

A — Positive Control 2200000 6.34 0.25 B _ positiv? Control 10 LOO 328 

A — Negative Control <10 1.00 5.59 B _ Negative Control <10 LOO 328 
B — Inoculated 240 2.38 4.21 2.67 99.94 C _ Inoculawd 40 L60 437 387 9998 

B — Inoculated 100000 5.00 1.59 C _ Inoculawd 280 245 352 

B — Inoculated 24000 4.38 2.21 C _ moculat?d 180 226 3_71 

B — Positive Control 2300000 6.36 0.23 C _ Positiv? Control 250 240 357 

B - Negative Control <10 1-00 5-59 c - Negative Control <10 1.00 4.97 
C — Inoculated 15000 4.18 2.16 2.40 99.49 

C — Inoculated 58000 4.76 1.58 

g _ lglili‘llteéionml 4838888 22: $3461 The results shoW that up to 99.98% of all Saccharomyces 
C - Negative Control <10 1.00 5.34 cerevisiae organisms can be destroyed utilizing the ?lm of the 

present invention. 

[0080] Each ofthe ?lms A, B and C reduce the E. coli count [0083] The results regarding Aspergillus niger Organisms 
by a minimum of 98_26%_ are found in Table 6 beloW. 

[0081] The results regarding the L. monocylogenes counts 
are found in Table 4 beloW. TABLE 6 

Asgegillus niger Results 
TABLE 4 

Ave. 
L. monoczlogenes Results Final Log Log Log 

Description Count Value Reduction Red % Reduction 
Ave. 

Final Log Log Log % A - Inoculated 48000 4.68 0.32 0.33 53.33 
Description Count Value Reduction Red Reduction A ' 111091113011 43000 4-63 0-37 

A — Inoculated 49000 4.69 0.31 

A - Inoculated 140000 5.15 1.43 1.23 93.16 A - Positive Control 210000 5.32 —0.32 

A — Inoculated 470000 5.67 0.91 A — Negative Control <10 1.00 4.00 

A - Inoculated 170000 5.23 1.35 B - Inoculated 59000 4.77 0.23 0.32 51.67 

A — Positive Control 3300000 6.52 0.06 B — Inoculated 40000 4.60 0.40 
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TABLE 6-continued 

Asgerg'llus niger Results 

Ave. 
Final Log Log Log 

Description Count Value Reduction Red % Reduction 

B - Inoculated 46000 4.66 0.34 

B — Positive Control 300000 5.48 —0.48 

B — Negative Control <10 1.00 4.00 
C - Inoculated 9000 3.95 1.63 1.51 96.84 

C - Inoculated 14000 4.16 1.42 

C - Inoculated 13000 4.11 1.47 

C — Positive Control 230000 5.36 0.22 

C — Negative Control <10 1.00 4.58 

[0084] It has been surprisingly found that utilizing the ?lm 
of the present invention can destroy up to 96.84% of the A. 
niger organisms Which Was not believed to be possible utiliz 
ing a ?lm With only the silver ion loaded Zeolite or the hydro 
phobic synthetic Zeolite. 

EXAMPLE 6 

[0085] Another testing Was conducted at the National Food 
Laboratory, Inc. located in Dublin, Calif. to test the anti 
microbial effectiveness of ?lms. Three ?lms designated 1, 11 
and 21R Were tested regarding the effectiveness of destroying 
Escherichia coli O157:H7 obtained from NFPA #4200, 4201, 
4203 and 421 1,Lisleria monocylogenes obtained from NFPA 
#7077, 7085 and 7092 , Saccharomyces cerevisiae obtained 
form ATCC #9733 and Apergillus niger obtained form ATCC 
#16404 and 16888. 
[0086] The ?lm designated 1 is a polyethylene ?lm With a 
2.5 mil thickness. The ?lm has ?ve layers Where the inner 
layer contained 3.0% by Weight of the silver ion loaded Zeo 
lite and 5.0 Weight percent of the hydro-phobic synthetic 
Zeolite Where the Weight percent is based upon the layer. The 
remaining layers included no Zeolite additives. The ?lm des 
ignated 11 has the same construction as ?lm 1 but included 
3 .0% by Weight of the silver ion loaded Zeolite and 5 .0 Weight 
percent of the hydro-phobic synthetic Zeolite in the inner 
layer and also has 5.0 Weight percent of the hydro-phobic 
synthetic Zeolite in the other four layers. The ?lm designated 
21R has the same construction as ?lm 1 and included 3.0% by 
Weight of the silver ion loaded Zeolite and 10.0 Weight percent 
of the hydro-phobic synthetic Zeolite in the inner layer and 
also has 10.0 Weight percent of the hydro-phobic synthetic 
Zeolite in the other four layers. The ?lm designated C is the 
same ?lm as ?lm C in Example 5. 

[0087] The E. Coli and L. moncylogenes cultures Were 
groWn in tryptic soy broth (TSB). Cultures of the separate 
organism strains Were separately innoculated into 40 mL of 
TSb and incubated at 35° C. for 18 hours. The cultures Were 
then centrifuged, Washed and strains of each type of organism 
Were pooled. The Sacchormyces cerevisiae and Aspergillus 
niger cultures Were groWn in potato dextrose broth at 25° C. 
for 72 hours. The cultures Were then centrifuged and Washed. 
[0088] Each of the ?lm strips Were cut into 3 cm by 3 cm 
squares and Were labeled to correlate to the microorganism 
placed on the ?lm. Strips of each ?lm Were placed in a tray. 
Strips Were inoculated With the target organism and un-in 
oculated strips Were treated as a negative control. The inocu 
lated strips Were placed in a 35° C. incubator for 24 hours. 
Positive control strips Were placed in a 5° C. incubator for 24. 
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[0089] The cocktails used to for the inoculations Were 
plated to determine the initial log values of the micro-organ 
isms. The E. Coli and L. monocylogenes Were plated onto 
supplemented Phenol Red Agar. The plates Were incubated at 
35° C. for 48 hours, and then Were read and recorded. The 
samples of Saccarmyces cerevisiae and Aspergillus niger 
Were plated With Potato Dextrose Agar acidi?ed With tartaric 
acid. The plates Were incubated at 25° C. for 5 days after 
Which the plates Were read and counted. The initial inocula 
tion readings on the ?lms is provided in Table 7. 

TABLE 7 

Initial Inoculation Readings 

Organisrn Initial Count Log Value 

E. Cali 1,300,000 6.1139434 
L. monocylogenes 13,000 4.1139434 
S. cerevisiae 380,000 5.5797836 
A. niger 130,000 5.1139434 

[0090] After the seventy tWo hour inoculation period, the 
following results Were determined. With respect to E. coli 
counts the following results Were determined as provided in 
Table 8. 

TABLE 8 

E. coli results 

Average 
Final Log Log 

Film ID Description Count Log Value Reduction Reduction 

1 Inoculated 50 1.6989700 4.4149733 3.62 
1 Inoculated 650 2.8129134 3.3010300 
1 Inoculated 910 2.9590414 3.1549020 
1 Positive Control 750000 5.8750613 0.2388821 
1 Negative Control <10 6.1139434 

11 Inoculated 10 1.0000000 5.1139434 3.83 
11 Inoculated 1200 3.0791812 3.0347621 
11 Inoculated 580 2.7634280 3.3505154 
11 Positive Control 560000 5.7481880 0.3657553 
11 Negative Control <10 6.1139434 
21R Inoculated <10 6.1139434 6.11 
21R Inoculated <10 6.1139434 
21R Inoculated <10 6.1139434 
21R Positive Control <10 6.1139434 
21R Negative Control <10 6.1139434 

[0091] The results shoW that a log reduction of 6.1 1 is 
achieved Which correlates to count reduction of over 99%. 

[0092] With respect to L. moncylogenes counts the folloW 
ing results Were determined as provided in Table 9. 

TABLE 9 

L. moncglogenes I‘?SllltS 

Average 
Final Log Log 

Film ID Description Count Log Value Reduction Reduction 

1 Inoculated <10 4.1139434 4.11 
1 Inoculated <10 4.1139434 
1 Inoculated <10 4.1139434 
1 Positive Control 890 2.949390 1.1645533 
1 Negative Control <10 4.1139434 






