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ABSORBENT PADS FOR FOOD PACKAGING

BACKGROUND OF THE DISCLOSURE

1. Field of Disclosure

[0001] The present disclosure provides antimicrobiological packaging of

food products with absorbent pads having active agents.

2. Description of the Related Art

[0002] Preservation of fresh food products such as red meat, poultry,
seafood, and produce requires slowing microbiological growth, enzymatic
activity, biochemical deterioration, and moisture loss. All may be achieved in
part by reduction of product temperature to near the freezing point. However,

chilling alone offers the least effect on preservation of fresh food products.

[0003] Packaging to help protect the food products from the environment
in distribution channels represents a major adjunct, slowing moisture loss and
effectively preventing microbiological recontamination. Among other
enhancements capable of functioning synergistically with temperature reduction
are control of gases in the package environment as in modified atmosphere
packaging. Removal or reduction of oxygen slows growth of aerobic
microorganisms indigenous to fresh or minimally processed foods, lipid
oxidation leading to off-odors, and pigment oxidation leading to color changes

and aerobic respiration reactions.

[0004] Elevation of carbon dioxide in the tissue of food products retards
both microbiological growth and some enzymatic activity. Because of
dissolution of carbon dioxide gas in muscle, fat and other tissue, and

permeation and transmission of the gas through package structures,
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concentration of this gas in equilibrium with the food is often decreased below

the optimum or even effective level.

[0005] Antimicrobials or chemicals that destroy or control growth of
microorganisms may be incorporated into the food or on the food surface, or

transferred to the food surface or interior from package structures.

[0006] In recent years, modified atmosphere packaging (MAP) has been
increasingly applied for red meat, poultry and fresh cut produce to extena
chilled shelf life. Similarly, in recent years, significant quantities of fresh red
meat have been centrally packaged into case-ready form, most often
employing a variant of MAP. On the other hand, most intact cuts of fresh beef
and about half of ground beef continue to be packaged in retail grocery back

rooms.
SUMMARY OF THE DISCLOSURE

[0007] The present disclosure provides packaging of food products with

absorbent pads having active agents.

[0008] The present disclosure also provides absorbent pad or absorbent
pad architectures that provide pockets to hold active agents, and control the

release of the active agents.

[0009] The present disclosure further provides that the active agents are
one or more carbon dioxide generators, oxygen scavengers, and

antimicrobials.

[0010] The present disclosure yet further provides that the carbon dioxide
generation or oxygen scavenging by active packaging, alone or coupled with

antimicrobials in the absorbent pads, alter the atmosphere within the food
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packaging sufficiently to suppress microbiological growth in purge and in fresh

or minimally processed backroom packaged meats and other food products.

[0011] The specific architecture of the absorbent pad, including the type
and quantity of absorbent layers, as well as the location of active agents among
the absorbent layers in the architecture of the absorbent pad, provides superior
nerformance of the absorbent pad for preserving food products in food

packaging.
BRIEF DESCRIPTION OF THE DRAWINGS

[0012] Figure 1 is an illustration of antimicrobiological packaging of food

products with absorbent pads having active agents.

[0013] Figure 2 is an illustration of pad architecture of an exemplary

embodiment of an absorbent pad of the present disclosure.

[0014] Figure 3 is an illustration of pad architecture of another exemplary

embodiment of an absorbent pad of the present disclosure.

[0015] Figure 4 is an illustration of pad. architecture of another exemplary

embodiment of an absorbent pad of the present disclosure.

[0016] Figure 5 is an illustration of pad architecture of another exemplary

embodiment of an absorbent pad of the present disclosure.

[0017] Figure 6 is an illustration of pad architecture of another exemplary

embodiment of an absorbent pad of the present disclosure.

[0018] Figure 7 is an illustration of pad architecture of another exemplary

embodiment of an absorbent pad of the present disclosure.
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DETAILED DESCRIPTION OF THE DISCLOSURE

[0019] Referring to the drawings, and in particular, Figure 1, there Is
nrovided an overall system represented by reference number 10 of an

antimicrobiological packaging of fresh food or minimally-processed food for

food preservation according to the present disclosure.

[0020] An absorbent pad 12 of the present disclosure is positioned
underneath food product 17. Absorbent pad 12 soaks up liquid purge from
food product 17 that would otherwise collect on the bottom of food packaging or
tray. Absorbent pad 12 contains an antimicrobial or antimicrobial agent 14 and
an atmosphere modifying agent or modification system 16. Non-barrier

packaging 18 is a storage container or bag that encloses food product 17 and

absorbent pad 12.

[0021] As illustrated in Figure 1, liquid purge dripping from food product
17 is absorbed into absorbent pad 12, thereby activating the active agents; i.e.,
antimicrobial 14 and the atmosphere modifying agent 16, shown in Fig. 1 as a
CO, generation system. As the liquid purge is absorbed into absorbent pad 12,
the components of the CO, generation system dissolve to react with each other
to release CO, within the enclosed headspace of food packaging system 10.
Although not illustrated in Fig.1, atmosphere modifying agent 16 can be an
oxygen (O2) scavenger, such as an enzymatic O, scavenger, which is activated
by liquid purge in absorbent pad 12. In addition, as the liquid purge contacts

antimicrobial 14, antimicrobial 14 is dissolved, and inhibits bacterial growth in

the purge.

[0022] Referring to Fig. 2, one exemplary absorbent pad or pad
architecture 20 has a top layer 22 and a bottom layer 24 separated by one or
- more layers or tissue layers 26 of an absorbent material. The absorbent

material absorbs liquid purge from the food product. Each tissue layer 26 itself
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can be formed of one or more tissues that are joined together to form the tissue

layer.

[0023] As used in this application, the “architecture” of an absorbent pad

means the structure and order of individual layers of absorbent material and

active agents therein.

[0024] The architecture of absorbent pad 20 affects the performance of
the packaging for preservation of food; that is, performance depends not only
on the active agents used, but where the active agents are placed in the
absorbent pad in relation to the absorbent tissue layers 26 and top and bottom
layers 22,24. As will be illustrated by several exemplary embodiments in this
application, active agents, or even the individual components that make up an
active system (such as the individual chemical components of a CO»
generation system) can be separated by absorbent tissue layers 26 in the
structure of absorbent pad 20 to be activated at different times and thereby

enhance food preservation.

[0025] The arrangement (or structure) of the two or more tissue layers 26
form pobkets or compartments within the absorbent pad 20. A pocket means
an area between two layers that can hold in place an active agent prior to use
of the absorbent pad. A pocket can be an area between two adjacent tissue
layers 26, between a top layer 22 and adjacent tissue layer 26, and/or between
a bottom layer 24 and adjacent tissue layer 26. In Fig. 2, active agents 27 are
positioned in a pocket formed between two separate tissue layers 26, and can
be located on, in, or in-between tissue layers 26 that form the pocket. A food
product would be placed in contact with top layer 22, and uptake of liquid purge
from the food product is through bottom layer 24. Top layer 22 can be a film,
such as polyethylene, polypropylene, polyester, or a non-woven material, and,
in this exemplary embodiment, is polyethylene. Tissue layers 26 are any
absorbent material that can absorb a large quantity of liquid purge from a food

product, such as (but not limited to) fluff pulp, cellulose, or airlaid. Bottom layer

5
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24 can be a non-woven material or a film, and in this exemplary embodiment, Is

a non-woven material.

[0026] In absorbent pad 20, active agents 27 are an antimicrobial agent
and a CO, generation system. An example of an antimicrobial agent in
absorbent pad 20 is a mixture of citric acid and sorbic acid. However, any
food-safe antimicrobial can be employed, including other organic acids,
quaternary ammonium compounds, and any combinations of such
antimicrobials. An example of a CO, generation system for absorbent pad 20
is a mixture of an acid and a base, such as citric acid and sodium bicarbonate,
respectively. In this exemplary embodiment, active agents 27 are placed

together in the pocket (formed between two tissue layers 26).

[0027] The ratio of the amounts of citric acid to sorbic acid in the
antimicrobial affects performance as an inhibitor of bacterial growth in purge.
Consistent inhibition of bacterial growth in liquid purge can be obtained with a
ratio of 7:3 of citric acid: sorbic acid. In addition, total amounts of the
antimicrobial agent are advantageously scaled to the total absorbency of the
absorbent pad 20. For example, absorbent pad 20 with absorbent tissue layers
26 that can absorb 50 grams of liquid purge can employ about 1.0 gram total of
a mixture of citric acid and sorbic acid (at a 7:3 ratio, that is 0.7 g of citric acid
and 0.3 g of sorbic acid), which is about 2.0 weight-% (Wt%) of the nominal
absorbency of the absorbent pad, for consistent inhibition of bacterial growth in

liquid purge.

[0028] The word “about,” as used herein for dimensions, weights, or
measures of absorbency, means a range that is £10% of the stated value,
more preferably + 5% of the stated value, and most preferably £1% of the

stated value, including all subranges therebetween.

[0029] For the CO, generation system, a mixture of citric acid and sodium

bicarbonate can be employed. The ratio of citric acid to sodium bicarbonate is

0
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one factor (with the primary factors being the architecture of the absorbent pad
and the placement and type of the active agent in the absorbent pad) that
affects the amount of CO, released within the food package. In this exemplary
embodiment, a ratio of about 4:6 (citric acid:sodium bicarbonate) can be
employed to release sufficient CO, for food preservation. However, other ratios

may be selected based on other factors, such as the pK; of the acid selected.

[0030] The citric acid used as an active agent in the CO, generation
system provides an additional beneficial function, by interacting with the sodium
ion of sodium bicarbonate to create a citric acid/sodium citrate system acting as
a buffer to maintain the pH within food-compatible ranges within the food
package. The citric acid-citrate buffer system is also beneficial in absorbent
pads having an O, scavenger as an atmosphere modifier, as excessively low

pH can inactivate certain O, scavengers.

[0031] In the exemplary embodiment in Fig. 2, all active agents 27 are
contained in one pocket formed between two tissue layers 26. This pad
architecture provides a burst of CO, generation as the chemicals are activated
by the liquid purge. Although the pad architecture in Fig. 2 is suitable for
packaging of any type of food product, the pad architecture is particularly well-

suited for preservation of beef, poultry, and pork.

[0032] Scaling, or selecting, the proper amounts of active agents to
employ in the absorbent pad starts with the amount of absorbent material, as
well as upon the type of food product being packaged and the amount of purge
generated therefrom. For example, if an absorbent pad architecture employs
too much absorbent material relative to the amount of liquid purge from the
food, then there will be insufficient liquid to dissolve the active agents ana bring
them together to initiate activity. On the other hand, if the absorbent pad
employs too little absorbent material, then liquid purge can “drown” or dilute the
active agents and thereby impair their effectiveness. In addition, active agents

nlaced in absorbent pads can themselves reduce the absorbency of the

v
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absorbent pad. Scaling the amounts and ratios of active agents in relation to
the amount of absorbent material for the food packaging has a beneficial effect

on preserving foods by absorbent pads of this disclosure.

[0033] Referring to Figure 3, the pad architecture of absorbent pad 30
has two or more separate pockets formed between tissue layers into which
active agents are placed. The absorbent pad 30 has top layer 32 and bottom
layer 34 that are separated by two or more tissue layers 36. Each tissue layer
36 can be formed of one or more tissues that are joined together to form the
tissue layer. Preferably, as shown in Fig. 3 for the embodiment there are four
separate tissue layers 36. Active agents 35 and 37 are positioned in the
pockets formed between a pair of two separate tissue layers 36. In addition, a
superabsorbent material 39 can be placed in between two tissue layers 36.
Superabsorbent material 39 is a membrane that provides a delayed activation
of a second pocket of active agents 37. Examples of superabsorbent material
30 include, but are not limited to, superabsorbent polymers such as
polyacrylate (and its laminates with cellulose, airlaids or non-wovens).

Alternatively, layer 39 can be a non-woven, such as polyethylene.

[0034] In exemplary embodiment 30, active agent 37 is in a first pocket
between a first tissue layer 36 and a second, separate tissue layer 36, and is a
CO, generation system or a component thereof. As shown in Fig. 3, a second
active agent 35 is in a second pocket between a third tissue layer 36 and a
fourth tissue layer 36, and is a CO, generation system and an antimicrobial

agent.

[0035] The liquid purge, which is absorbed into absorbent pad 30 through
bottom layer 34, is absorbed in fourth tissue layer 36 and then contacts active
agent(s) 35. This contact activates active agent 35, and provides a
bacteriostatic effect on microbes in the purge. The amounts of antimicrobials
present in active agent 35 are scaled to the absorbency of exemplary

absorbent pad 30 at a 1 wt% to 2 wt% level, based on a nominal absorbency of

8
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the absorbent pad 30 (i.e., if the absorbent pad can absorb a total of about fitty
(50) grams of purge, and the antimicrobial agent(s) are present in a total

amount of about 0.5 grams, this equates to about 1 wt% of antimicrobial agent
based on a nominal absorbency of the absorbent pad). In other embodiments
of absorbent pad 30, the antimicrobial can be present in an amount between 1

wt% to 3 wt% based on a nominal absorbency of the absorbent pad.

[0036] As liquid purge soaks upward through absorbent pad 30, the purge
is absorbed by the third tissue layer 36 and then by superabsorbent 39, which
delays passage of the liquid purge before the purge is absorbed into the
second tissue layer 36 and eventually the second pocket containing active
agent(s) 37. When active agent 37 (which is a component of a CO, generation
system in this embodiment) is activated by liquid from the absorbed purge
and/or dissolved reagents of active agent 35, a delayed burst of CO; is
oroduced into the food package headspace, thereby enhancing the

nreservation and shelf life of the packaged food product.

[0037] As a particular example of amounts used for active agents, for a
fifty (50) gram absorbent pad, a total of about five (5) grams of a CO»
generation system can be used to provide sufficient levels of CO, to enhance
shelf life, because the CO, and O, are flowing somewhat freely through a film
wrap. Also, some food products, particularly poultry, have a natural porosity
that can absorb some of the CO,. Absorbent pads 30 of this embodiment also
orovide a delayed release of CO,, which is particularly beneficial for any food
oroduct having a longer shelf life, such as poultry, as compared with other pad
architectures where the CO, generation system is completely expended after
initial activation. Five (5) grams of a CO; generation system will generate
about a thousand (1000) cc’s of CO, over the course of the shelf life of the fooa

product.

[0038] The chemical components of the CO, generation system (such as

citric acid and sodium bicarbonate) can be split between the multiple pockets

O
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formed by tissue layers 36 such that the sodium bicarbonate (NaHCO3;) will be
available to react in stages, making NaHCO3 effectively the limiting agent of the
reaction. For example, using the example where five (5) grams of the CO;
generating chemicals are used, 1.5 grams of NaHCO3 can be positioned as
active agent 37 (i.e., in the upper/first pocket) of absorbent pad 30, while the
remaining 3.5 grams of the CO, generation system (about 1.5 grams of sodium
bicarbonate and about 2.0 grams of citric acid) are positioned between tissue
layers as active agent 35 (i.e., in the lower/second pocket). The lower
compartment also contains most or all of the antimicrobial, for example, 0.7
grams of citric acid and 0.3 grams of sorbic acid, which is a total of 1.0 grams
(2 wt%) of an antimicrobial. All absorbent capacity from the lower tissue layers
36 will be exhausted before the purge soaks into the upper pocket to activate
the remaining CO, generating chemicals. These stages of CO; release allow
for a large amount of CO, to reach equilibrium inside the food package, and
enough gas to be dissolved onto the surface of the meat (before escaping
through the film wrap into the atmosphere) while providing sufficient CO- at a

later time to enhance food preservation and extend shelf life.

[0039] Figures 4 and 5 illustrate architectures of two other exemplary
embodiments of absorbent pads 40 and 50, respectively, which have active
agents that include oxygen scavenging agents. Absorbent pads 40 and 50 can

be used for any food products, but are well-suited for beef, poultry and pork.

[0040] Referring to Figure 4, absorbent pad 40 can be employed in
multiple individually-wrapped food packages that are placed in a master bag
(also called a mother bag). Absorbent pad 40 has top layer 42 and bottom
layer 44 that are separated by two or more layers of absorbent tissue 46.
Absorbent pad 40 has a single pocket formed between two separate, adjacent
tissue layers 46. Each tissue layer 46 can be formed of one or more tissues
that are joined together to form the tissue layer. Active agent 47 Iis one or more
oxygen scavengers deposited between two tissue layers 46. A food product

would be placed in contact with top layer 42, and uptake of liquid purge from

10
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the food product is through bottom layer 44. Top layer 42 can be a film, such
as polyethylene, polypropylene, polyester, or a non-woven material, and, in this
exemplary embodiment, is polyethylene. Bottom layer 44 can be a non-woven

material or a film, and in this exemplary embodiment, is a non-woven material.

[0041] Oxygen scavengers that can be used in absorbent pad 40 include
oxygen scavenging enzyme systems, such as oxidase (including glucose
oxidase and hexose oxidase), oxygenase, peroxidase, oxidoreductase,
invertase, amylase, catalase, and maltase, or combinations thereof. The active
agent 47 can also include both an oxygen scavenger and a CO; generation
system. The amounts of oxygen scavengers used for absorbent pads 40 and
50 are determined by package weight, volume, and transmission rates of the
packaging. The oxygen scavenger has to be activated with liquid (such as
water), and so does not lose effectiveness (i.e., become “spent”) through

contact with ambient air before activation by purge, which is a benefit.

[0042] In an example using absorbent pad 40 in a master bag application,
up to four individually-wrapped food products are placed inside a larger
(master) bag. Through a gas flush, oxygen concentrations inside the master
bag can be reduced a certain extent, and then further reduced by placing an O
scavenger agent inside the master bag. However, reducing oxygen
concentrations in the master bag do not readily cause a significant decrease of
oxygen concentrations within the headspace inside of each of the individually-
wrapped food packages. Because non-barrier film wraps are generally porous,
oxygen concentrations will eventually equilibrate, but this process can take a
considerable length of time. Employing absorbent pad 40 with one or more
oxygen scavenger causes a rapid reduction of oxygen concentrations within
each individually-wrapped food package (i.e., from the inside — out), thereby
achieving rapid, significant reduction of oxygen in the headspace of the food

package.

11
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[0043] The present disclosure provides a method of using absorbent pad
40 by placing absorbent food pad 40 and a food product in each food package
of one or more individually-wrapped food packages, and placing those food
packages inside a master bag to achieve rapid, significant reductions in oxygen
concentrations within each individually-wrapped food package. The method
enhances food preservation and extends the shelf life of the food products

therein.

[0044] An antimicrobial can be added as an active agent in absorbent pad
40 to enhance the bacteriostatic effect on the purge. Likewise, a CO;
generation system can be added as an active agent in absorbent pad 40 to
generate or replace small amounts of CO,. Oxygen scavengers can also be
used with carbon monoxide (CO), which binds with hemoglobin rapidly and
enhances red color (“bloom”) in red meats. The system allows for CO
generators as well as CO scavengers, as the prolonged presence of CO Is

undesirable after the food product has achieved “bloom.”

[0045] Referring to Figure 5, an absorbent pad 50 can be employed for
flexible food packaging that is sealed under vacuum. Absorbent pad 50 has a
top layer 52 and a bottom layer 54 that are separated by two or more absorbent
tissue layers 56. Each tissue layer 56 itself can be formed of one or more
tissues that are joined together to form the tissue layer. A food product would
be placed in contact with top layer 52, and uptake of liquid purge from the food
product is through bottom layer 54. Superabsorbent material 59 can also act a
barrier so that all active agents remain in absorbent pad 50. Active agent 57 Is
one or more oxygen scavengers deposited between two tissue layers 56.

Examples of oxygen scavengers are provided above.

[0046] A disadvantage of vacuum-packing certain food products (such as
poultry and seafood) in flexible food packages is the perception of an off-odor
when initially opening the food package, called “confinement odor.” However,

by placing absorbent pad 50 and a food product in a vacuum-packed food

12
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package, such as flexible plastic packaging, the perception of confinement odor

is reduced when the package is opened.

[0047] Top layer 52 can be a film, such as polyethylene, polypropylene,
polyester, or a non-woven material, and, in this exemplary embodiment, Is
nolyethylene. Bottom layer 54 can be a non-woven material or a film, and in
this exemplary embodiment, is a non-woven material. A superabsorbent
material 59 can be placed between bottom layer 54 and the first tissue layer 56
to retain moisture and prevent migration of purge or active agents in vacuum

packages.

[0048] Although not illustrated in the present drawings, top layers 42 and
52, respectively, that contact the food product, can be perforated to allow for
faster uptake of liquid moisture into the pocket containing active agents and, in
conjunction with purge absorbed through the bottom layers 44 and 54,
respectively, activate the oxygen scavengers and/or other active agents more

rapidly.

[0049] Referring to Figure 6, absorbent pad 60 is provided for food
preservation of any type of food, and is well-suited for preservation of fruits,
such as pomegranate arils. As shown in Fig. 6, absorbent pad 60 can be
round-shaped to fit directly into the bottom of pomegranate aril bowls or other
similarly-shaped fruit containers. Absorbent pad 60 has a top layer 62 and a
bottom layer 64 that are separated by two or more absorbent tissue layers 66.
Each tissue layer 66 can be formed of one or more tissues that are joined
together to form the tissue layer. The fruit product would be placed in contact
with top layer 62, and uptake of liquid purge from the food product is through
bottom layer 64. Between two tissue layers 66 that form a pocket is an active
agent 67. Active agent 67 is one or more atmosphere modifying agent, such as

a CO, generation system and/or one or more oxygen scavengers.

13
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[0050] For packaging of fruit, such as pomegranates, requirements for
carbon dioxide and oxygen concentrations are influenced by the reduced
volume as well as the optimal carbon dioxide/oxygen levels for certain types of
fruit. When a carbon dioxide generation system is used, CO;, needs to be
generated in high enough amounts to maintain levels inside bowis with micro-
perforated film with higher gas transmission rates. As an example of an
amount of oxygen scavenger that can be used in absorbent pad 60, about one
(1) gram of oxygen scavenging chemical is present between tissue layers to
reduce O, percentages to optimal levels (about 2%) inside a barrier film.
Oxygen scavengers can reduce oxygen levels by about 30 cc/gram in 24

hours.

[0051] Absorbent pads 60 can also have perforations in top layer 62 (in
contact with the fruit). Bottom layer 64 can be made of a non-woven material

for increased moisture uptake.

[0052] Referring to Figure 7, absorbent pad 70 that can be used for any
food product, and is well-suited for packaging vegetables, has a top layer 72
and a bottom layer 74 that are separated by two or more absorbent tissue
layers 76. Each tissue layer 76 can be formed of one or more tissues that are
joined together to form the tissue layer. The food product (such as celery)
would be placed in contact with top layer 72, and uptake of liquid purge from
the food product is through bottom layer 74. Between two tissue layers 76 that
form a pocket is an active agent 77 that is one or more atmosphere modifying
agent, such as a CO; generation system and/or one or more oxygen
scavengers. For this embodiment, superabsorbent 79 is positioned directly
below top layer 72 and above the pocket formed between tissue layers 76, so
that active agents 75 are quickly activated and expended. The superabsorbent
layer captures extra moisture or liquid, and effectively retains it inside the pad
after the absorbent capacity of absorbent tissue is reached. Absorbent pad 70

generally does not have a perforated top layer 72, so all liquid or moisture

14



CA 02717873 2010-09-07
WO 2009/111768 PCT/US2009/036442

passes up through bottom layer 74 and tissue layers 76 before reaching

superabsorbent 79.

[0053] Studies were conducted with absorbent pads of the present
disclosure for packaging food products such as London Broil cuts of beef,
chicken drumsticks, chicken breasts and chicken breast meat, as provided

below.

[0054] A study was conducted where approximately a half-pound of beef
was packaged in commercial retail grocery backrooms. Packages for London
Broil beef cuts, size 3P trays, were expanded polystyrene (EPS) with polyvinyl
chloride (PVC) overwrap, and tack seal closed (i.e., the package was not
hermetically sealed). The film was intentionally highly gas-permeable to permit
entry of oxygen to retain desired red oxymyoglobin color of meat. Absorbent
pads were Paper Pak Industries XtendaPak pulp tissue type, with pad
architecture in absorbent pad 20 (shown in Fig. 2), with low density
polyethylene film as a bottom layer and perforated low density polyethylene film
as a top layer in contact with the beef. Pad dimensions were 4" to 472" (101.6
mmto 114.3 mm)by 7" to 74" (177.8 mm to 184.1 mm). Control pads
contained no active ingredients. In the treatment packages, a CO; generator
and an antimicrobial were each deposited as a dry mix on two different interior
layers of the multilayer pulp pad. The amounts of the CO, generator and the

antimicrobial in the active packaging treatment pads are provided in Table 1.

[0055] Table 1 — Active Packaging Treatments for 350 to 500 g London

Broil beef, packaged in a Supermarket backroom

ANTIMICROBIAL LAYER CARBON DIOXIDE
GENERATING LAYER
Treatment Code | Citric acid Sorbic Acid | Citric Acid (g) Sodium
(9) (9) Bicarbonate (g)
XUZ-40 0.56 0.24 0.96 1.44
XUZ-50 0.70 0.30 1.20 1.80
XUZ-75 0.70 0.30 1.32 1.98
Control 0 0 0 0
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[0056] The beef was cut and packaged in a local supermarket backroom
and maintained chilled at 36 — 40°F (2.2 — 4.4 °C) throughout the six-day trial

period.

[0057] A second set of trials of food packaging was conducted with cuts
of London Broil beef using absorbent pads having a larger surface area (outer
dimensions of 6” by 8" [152.4 mm by 203.2 mm] as compared with absorbent
pads having dimensions of 4%2" by 74" [114.3 mm by 184.1 mm] for the tray
nackaging study above) that were placed in the bottom of a low density
polyethylene pouch, closed with a zipper and laid on its side. The pad

architecture was absorbent pad 20, as illustrated in Fig. 2.

[0058] Pad mass was measured by recording the weights of individual
pads at the beginning of the test and recording the weight gain of the pads plus
any free liquid purge availabie at each time interval. Additionally, free purge In

the tray that was not collected in the pad was weighead.

[0059] The beef was placed in a sterile sampling bag, and the bag was
shaken vigorously for 25 seconds to suspend the bacteria from the meat. This
solution now was 1:1, and several dilutions were plated. The beef was also
placed in a sterile stomacher bag, diluted 1:10 with sterile phosphate buffer,
and stomached for 1 minute; the rinsate was analyzed to determine initial
contamination level. Product sample rinsates and pad extract samples were

assayed for aerobic plate counts (APC) (incubated at 37°C for 2 days).

[0060] Purge Gas Testing: on each testing day, samples were analyzed

by withdrawing a gas sample through a septum using a Mocon 325 portable

0O,/CO, analyzer.

[0061] Organoleptic Analysis: after samples were tested for gas, the

nackages were opened. With a panel of three experienced persons, each
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piece of beef was examined, smelled and touched to measure color, odor, and
texture to touch on each test day (Table 2). Hedonic scale ranges were from 1
to 9, with 9 being the highest value, 5 being borderline for consumer

acceptability, and 1 being completely unacceptable in the panel's judgment.

[0062] Table 2 — Criteria Applied for Judging Sensory Characteristics of

Meat
Color Odor Texture Overall
acceptability

9 | Fresh transparent | Normal fresh meat | Firm w/ normal | Extremely
pINk odor moisture desirable

8

7 | Few white Normal meat odor Desirable
blotches present

6

5 | Losing transparent | Aged color Borderline
color/slight orange acceptable

4

3 | Visible Slight objectionable | Soft meat, Slightly
discoloration odor mushy, slimy | undesirable

2

1 | Visible Spoiled odor Slimy with film | Extremely
colonies/mold layer undesirable

[0063] All bacteria counts were expressed as CFU (colony forming units)

or log 10 CFU per mL. On each testing day, the absorbent pads were
squeezed into a sterile bag and plated. After aseptically taking the aliquot for

microbiological testing, pH was measured on the remaining purge.

[0064] Although the supermarket backroom packaging for beef has little
to no gas barrier (expanded polystyrene tray with heat tacked polyvinyl chloride
film overWrap), it was hypothesized that the carbon dioxide generating
chemicals in the absorbent pad, upon being activated by the liquid purge,
would produce sufficient carbon dioxide to exert a modified atmosphere
microbiostatic effect in the purge and on the beef. In addition, the growth of

indigenous microorganisms consumes oxygen and produces carbon dioxide.
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[0065] Table 3 shows the gas concentrations measured in the packages

of beef at each time interval prior to opening for sampling.

[0066] Table 3 — Carbon Dioxide Concentrations in Tray Pack Package

Headspace — London Broil Beef Packaged in Supermarket Backroom

Day Control (1%) Active Package Treatment (%)

1 0 0

2 0 2

3 1.5 4.4
4 1.6 2.6
5 0.6 2.9
6 1.0 3.0
7 1.2 2.3

[0067] The carbon dioxide concentrations increased to well above

ambient as one result of the presence of a carbon dioxide generating absorbent
pad. The data (not shown) also indicate a very slight reduction in headspace

oxygen concentration to as low as 18.5% on the seventh day at 36 — 40°F (2.2
— 4.4 °C).

[0068] A second hypothesis was that by reducing the pH of the system
through elevated carbon dioxide dissolution in the purge, the quantity of purge
lost would be decreased. Table 4 indicates the total amount of purge lost as

measured by the quantities measured in the pad plus free liquid.

[0069] Table 4 — Measured Purge Mass in Tray Pack Packages of
London Broil Beef Packaged in Supermarket backroom (35-40°F) (1.7-4.4 °C)

Day Control Pad containing active package
(grams) chemicals (grams)
1 0 0
4 10 5
6 12 5
7 8 3
8 14 -
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[0070] Test results indicate that the active packaging treatment

significantly reduces the quantity of purge, representing a potentially major

economic benefit for fresh meat packagers applying this technology.

10071]

effectiveness of active absorbent pads. Aerobic microbiological counts of both

Microbiological growth should be a key measure of the

the meat and the purge are shown in Table 5.

[0072]
Broil Tray Packs Packaged in Supermarket Backroom (36-40°F) (2.2—-4.4 °C).

Table 5 — Aerobic Plate Counts of Meat and Purge for London

Meat (log CFU/ml) Purge (log CFU/mI)
Day | Control Active Control Active
Package Package
1 4.6 4.7 4.5 4.5
2 4.6 4.6 4.5 0
3 4.9 4.9 4.5 0
4 5.1 5.0 4.1 0
5 5.3 5.1 6.1 0
6 5.2 5.1 6.3 0
7 6.1 5.8 6.2 0

[0073]

The purge, a notable source of microbiological load that produces

adverse odor, shows little or no aerobic microbiological count after the first day.
Approximately one log difference in aerobic count on the meat itself was
demonstrated after the fourth day of storage at 36 — 40 °F (2.2 - 4.4 °C).

[0074]
throughout the test period.

Table 6 shows the sensory odor scores for the London Broil beef

[0075] Table 6 — Odor Values of London Broil in Tray Pack packaged in
supermarket backroom (36—40°F) (2.2—4.4°C)
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Day Control Active Pack
(9=best, 1=unacceptable) (9=best, 1=unacceptable)
0 9 9
1 9 9
2 3 8.8
3 6.8 7.3
4 6.7 7.7
5 5 6.3
6 3.9 3.3
[0076] Sensory odor values demonstrated measurable differences from

day two through day five at 36 — 40°F (2.2 — 4.4°C), suggesting the
effectiveness of suppression of microbiological growth in both the purge and
the meat. Product with the active packaging was acceptable through five days
whereas the control was acceptable only for four days, a one day advantage,

which is a significant benefit for packaging of fresh beef.

[0077] Table 7 shows the carbon dioxide concentrations in pouches
containing larger-dimension absorbent pads (6” by 8" [152.4 mm by 203.2

mm]), with pad architecture as illustrated for absorbent pad 20 in Fig. 2.

[0078] Table 7 — Carbon Dioxide Concentrations of Zipper Closed,

Polyethylene Pouch Package Headspace — London Broil Beef

Day Control (%) Active Packaging (%)

1 0 0

2 0 2

3 1.5 4.4
4 1.5 2.6
5 0.7 2.7
6 1.0 2.9
7 1.2 2.2

[0079] The results demonstrate increases in headspace carbon dioxide

that can be attributed to the present of carbon dioxide generation from active

agents the absorbent pads. Carbon dioxide elevation in the controls is due to
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microbiological activity. Oxygen concentrations in the control and treatment

packages were measured at about the same throughout the test period.

[0080]

Table 8 shows the aerobic microbiological growth in pouches

containing the larger dimension active packaging absorbent pads.

[0081]

Broil Beef Pouch Packages

Table 8 — Aerobic Microbiological Plate Counts of Meat for London

Day | Control (log CFU/ml) | Active Package Treatment (log CFU/mil)
1 4.9 4.9
2 5.1 5.1
3 5.2 5.2
4 5.5 5.5
5 5.9 5.3
6 5.5 5.4
7 6.2 5.9
[0082] From the data in Tables 7 and 8, carbon dioxide levels within

these non-gas-barrier packages were observed to be increased by the
presence of active agents in absorbent pads in food packaging. Carbon
dioxide can function as a microbiostatic agent in food packaging. Aerobic
microbiological counts in purge were markedly reduced by the combination of
antimicrobial and carbon dioxide generator. Aerobic microbiological growth In
the beef was reduced by less than one log by the combination of active agents
in the absorbent pads. Also, sensory values attributable to the retardation of
microbiological activity in the purge and the meat were better-retained in
nackages with active agents than in the controls. The data suggest that one to

two days of additional chilled shelf life were achieved.

[0083]

those described above for beef, except that the storage times at 36 — 40°F (2.2

For studies with packaging of poultry, the protocols were similar to

— 4.4 °C) were extended to 14 days. Products tested included boneless,
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skinless breasts, drumsticks, and thighs of chicken. The amounts of active

agents in the absorbent pads is shown in Table 9:

[0084] Table 9 — Active Packaging Treatment for Chicken in Tray Pack
Antimicrobial CO, generator
Treatment Citric acid (g) | Sorbic acid (g) | Citric acid (g) Sodium
Code bicarbonate (g)
XUZ-52-50L 0.7 0.3 2.0 3.0
[0085] The absorbent pad architecture in this study of packaging with

chicken was similar to absorbent pad 30, as illustrated in Fig. 3, where layer 39

is non-woven polyethylene. Pad architecture was from the poultry side in:

nolyethylene/two tissue layers/carbon dioxide generator/two tissue layers/non-

woven polyethylene/carbon dioxide generator plus antimicrobial/two tissue

layers/non-woven polyethylene: bottom or tray side.

[0086]

The poultry products were packaged by a poultry processor in 3P

expanded polystyrene trays overwrapped with polyethylene film and delivered

at 37 °F (2.7 °C) for evaluation.

The poultry packages were not hermetically

sealed, and were not gas barriers, and so gas transmitted relatively freely

between the interior environment and the outside air. One difference is that the

packaging was performed in a nearby factory on a commercial poultry

packaging line rather than in a backroom.

[0087]

of packages of chicken legs/drumsticks.

[0088]

Packs of Chicken Legs/Drumsticks

Table 10 shows gas concentrations measured in the headspaces

Table 10 — Oxygen and Carbon Dioxide Concentrations with Tray

Control Active package treatment
Day 02 ((yo) 002(0/0) 02('7_0) COz(o/o)
1 18.2 3.1 18.9 10.6
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3 17.6 2.7 18.0 4.4
5 17.9 2.3 17.8 3.7
7 17.9 2.0 18.5 3.3
9 21.0 1.9 21.0 2.7
11 18.3 1.8 17.8 2.6
12 18.1 1.5 18.1 2.2
13 17.2 2.2 17.0 2.5
14 18.4 1.9 19.2 2.1
15 18.1 1.9 18.7 2.3
16 16.8 2.2 18.6 2.1
18 15.4 2.4 17.6 1.9
19 13.2 2.5 16.5 2.4

[0089] The high level of carbon dioxide on the first day in the active
nackage was due to the immediate reaction of liquid purge to generate carbon
dioxide from the dry chemicals. Water reduction was probably due to the fact

that carbon dioxide dissolves in the chicken tissue.

[0090] Table 11 shows microbiological growth in poultry during the test

period.

[0091] Table 11 — Aerobic Microbiological Plate Counts of Chicken

Legs/Drumsticks in Overwrapped Tray Packages

Day Control (CFU/ml) Treatment (CFU/mi)
1 2.3 2.1
3 2.0 2.1
5 2.4 2.1
7 3.0 2.8
9 4.1 3.6

11 5.2 3.9
12 5.7 4.6
13 6.5 5.1
14 6.3 5.5
15 6.7 6.1
16 6.9 6.1
18 7.1 6.7
19 7.1 7.1
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[0092] Aerobic microbiological counts in packages containing absorbent
pads with active agents demonstrated about a one day advantage over the

control from day seven onward.

[0093] Table 12 depicts measured characteristics of the purge in and

around the absorbent pads of chicken leg/drumstick packages over the trial
period at 36 — 40°F (2.2 - 4.4 °C).

[0094] Table 12 — Purge Quantity and pH Chicken Leg/Drumstick

Package
Control Treatment
Day Pad Weight Purge pH Pad Weight Purge pH
(grams) (grams)
1 25.2 6.0 40.0 5.7
3 28.7 6.7 34.6 5.9
5 30.1 6.9 36.8 6.0
7 28.0 6.7 33.0 5.7
9 31.3 6.9 39.6 5.7
11 31.9 7.1 38.2 5.6
12 32.0 7.4 39.6 5.9
13 29.1 7.1 40.9 5.6
14 32.7 7.0 57.5 6.1
15 24.8 7.0 49.2 6.4
16 30.9 7.1 33.3 5.9
17 28.8 7.0 46.9 6.1
18 31.0 7.0 40.3 5.9
[0095] A significant difference in pH is due to the generation of carbon

dioxide, some of which dissolves in the liquid, forming carbonic acid. The
reduction in pH leads to a reduction in growth rate of most aerobic

microorganisms.

[0096] Table 13 shows the aerobic microbiological growth in the purge of

the packages, including in the absorbent pads.
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[0097]

Legs/Drumsticks Purge

Table 13 — Aerobic Microbiological Plate Counts in Chicken

Day Control (CFU/ml) Treatment (CFU/ml)
1 3.4 2.4
3 3.7 2.5
5 3.0 2.2
7 3.2 3.4
9 3.9 3.4
11 5.6 3.3
12 5.8 3.6
13 7.5 4.0
14 6.8 4.8
15 6.9 5.3
16 7.6 4.8
17 7.6 6.0
18 7.7 6.5

[0098]

the treated absorbent pad began on the ninth day and widened to more than

A significant difference in aerobic microbiological count in favor of

one log in subsequent days.

[0099]

sensory benefits should result as demonstrated in Table 14, which provides

Differences in microbiological growth in purge suggest that

Odor Values of Chicken Leg/Drumstick in Retail Tray Packages.

[00100] Table 14 — Odor Values of Chicken Leg/Drumstick in Retail Tray
Packages
Day Control Active Packaging Treatment
(9=best; 1 unacceptable) (9=best; 1=unacceptable)
1 9.0 9.0
3 9.0 9.0
5 8.7 9.0
7 9.0 9.0
9 9.0 3.5
11 8.0 9.0
12 8.0 8.3
13 6.5 7.5
14 6.5 7.5
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15 5.5 5.8
16 4.3 5.5
18 3.5 3.9
19 3.3 2.8
[00101] Sensory characteristics appear to track microbiological growth In

the purge, with differences favoring the treated packages appearing between
day 9 and day 11, and continuing through day 16. Since an important criterion
for consumer acceptance is flavor, the reduction in production of spoilage odors

extends refrigerated shelf life.

[00102] The studies of beef and poultry demonstrate that using absorbent
pads of the present disclosure for packaged fresh beef and poultry provides
one to four day extensions of refrigerated shelf life. The results indicate that
carbon dioxide levels are elevated in food package headspace, partially as a
result of liquid purge reacting with dry chemicals in the absorbent pads, and
partially from carbon dioxide generated by aerobic bacterial growth. Another
effect is reduction in pH of the purge. The data also suggest a reduction of
ourge mass in food packages containing absorbent pads with active agents of
the present disclosure. Differences in aerobic microbiological counts were
noted in the purge of both beef and chicken leg/drumstick packages In
absorbent pads having active agents as compared with controls. Sensory odor
scores for both beef and chicken leg/drumstick packages indicated one to five
day differences to the onset of marginally acceptable sensory odor scores, a
significant benefit. The studies clearly demonstrate that absorbent pads of the
present disclosure can extend refrigerated shelf-life of meat products in non-

hermetic, non-barrier packaging of commercial beef and poultry.

[00103] It should be understood that the foregoing description is only
illustrative of the present disclosure. Various alternatives and modifications can
be devised by those skilled in the art without departing from the disclosure.
Accordingly, the present disclosure is intended to embrace all such

alternatives, modifications, and variances that fall within the scope of the

appended claims.
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WHAT IS CLAIMED IS:

1. An absorbent food pad comprising:

a body having an architecture comprising:
a top layer for contact with a food product;
a bottom layer;
a first tissue layer adjacent the top layer; and
a second tissue layer adjacent the bottom layer,

wherein the first and second tissue layers form a pocket; and

an active agent positioned in the pocket, wherein the active agent is selected
from the group consisting of an antimicrobial, a CO, generation system, an oxygen

scavenger, and any combinations thereof,

wherein the bottom layer uptakes liquid purge exuded from the food product

into the absorbent food pad.

2. The absorbent food pad of claim 1, further comprising a superabsorbent
substrate.
3. The absorbent food pad of claim 2, wherein the superabsorbent substrate is

positioned between the top layer and the first tissue layer.

4 The absorbent food pad of claim 2, wherein the superabsorbent substrate is

positioned between the bottom layer and the second tissue layer.

5. The absorbent food pad of claim 1, wherein the active agent is a CO»

generation system.
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6. The absorbent food pad of claim 5, wherein the CO;, generation system Is

citric acid and sodium bicarbonate.

7. The absorbent food pad of claim 6, wherein the CO, generation system Is

forty percent citric acid and sixty percent sodium bicarbonate.

8. The absorbent food pad of claim 1, wherein the active agent is an

antimicrobial.

0. The absorbent food pad of claim 1, wherein the antimicrobial is citric acid and

sorbic acid.

10.  The absorbent food pad of claim 9, wherein the citric acid and sorbic acid are

present at a ratio of 7 to 3.

11.  The absorbent food pad of claim 1, wherein the active agent is an oxygen

scavenger.

12.  The absorbent food pad of claim 11, wherein the oxygen scavenger Is an

enzyme.

13.  The absorbent food pad of claim 1, wherein the food product is selected from

the group consisting of beef, chicken, poultry and seafood.
14. The absorbent food pad of claim 1, wherein the food product is a fruit.

15.  The absorbent food pad of claim 2, wherein the food product is a vegetable,

and wherein the superabsorbent captures moisture.

16. The absorbent food pad of claim 11, wherein the food product is selected

from the group consisting of beef, chicken, and poultry.
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17.  The absorbent food pad of claim 1, wherein the top layer is a film selected
from the group consisting of polyethylene, polypropylene, polyester, a non-woven

material, and any combinations thereof.

18. The absorbent food pad of claim 1, wherein the bottom layer is a non-woven

matenal or a fiim.

19.  The absorbent food pad of claim 1, wherein the first tissue layer and the

second tissue layer are each formed of one or more tissues that are joined together.

20.  An absorbent food pad comprising:

a body having an architecture comprising:
a top layer for contact with a food product;
a bottom layer; and
a first, a second, a third and a fourth tissue layer, the first layer being
adjacent the top layer, wherein the first and second tissue layers form
a first pocket and the third and fourth tissue layers form a second
pocket, and wherein the first and the second pockets have an active

agent therein; and

a superabsorbent between the second and third tissue layers to provide a

delayed activation of the active agent in the first pocket.

21. The absorbent food pad of claim 20, wherein the active agent in the first

pocket is a component of a CO, generation system.
22. The absorbent food pad of claim 20, wherein the active agent in the second

pocket Is selected from the group consisting of an antimicrobial, CO, generation

system, oxygen scavenger, and any combinations thereof.
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23. The absorbent food pad of claim 20, wherein the food product is selected

from the group consisting of poultry and seafood.

24, The absorbent food pad of claim 20, wherein the delayed activation of the
active agent extends shelf life of the food.

25. A method of using the absorbent food pad of claim 11, comprising:

placing the absorbent food pad and a food product in a vacuum-packed food

package,
wherein when the food package is opened, confinement odor is reduced.
26. A method of using the absorbent food pad according to claim 1, comprising:

placing the absorbent food pad and a food product in each of one or more
individually-wrapped food packages; and

placing each of the one or more individually-wrapped food packages inside a

master bag,

wherein the absorbent food pad reduces oxygen concentrations from the
inside of each of the individually-wrapped food packages and extends shelf-life of
the food product in each individually-wrapped food package.

27. The absorbent food pad of claim 20, wherein the absorbency of the first,
second, third and fourth tissue layers, and amount of the active agent are scaled In
relation to each other based on the type of food product and amount of liquid purge
generated therefrom.
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