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(57) ABSTRACT 

The current invention covers an improved meat-packaging 
procedure and machine for packaging meat cuts for long 
term storage at temperatures of between 280 and 320 F. The 
process includes sealing meat cuts Within a master bag 
containing oxygen scavenger materials capable of reducing 
the residual oxygen content of the atmosphere Within the bag 
to 0 ppm Within 24 hours of sealing. Gas is injected into the 
master bag to form a nitrogen-rich storage environment of at 
least 50% nitrogen. A small amount of carbon monoxide gas 
(0.1% to 5%) is preferred for the storage environment, as 
this helps to preserve the red coloration of meat under 
long-term storage conditions. The over-Wrap of the meat 
trays can be perforated so that gas exchange occurs Within 
the master bag between the interior and exterior of the meat 
tray to absorb the residual oxygen inside the meat trays. For 
meat trays containing meat With poor color stability, oxygen 
scavengers are preferably placed Within the meat trays. For 
cuts With good color stability, the oxygen scavengers may be 
placed outside the meat trays. Meat can be stored by this 
system for up to 15 Weeks and up to nine days of retail 
display life. 
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APPARATUS AND METHOD FOR EXTENDING 
SHELF-LIFE AND PREVENTION OF 

DISCOLORATION OF MEAT 

RELATED APPLICATION DATA 

[0001] This application is a continuation-in-part of Us. 
application Ser. No. 10/192,916 and Us. application Ser. 
No. 10/434,010, Which is also a continuation-in-part of Ser. 
No. 10/192,916, and claims the bene?t of Us. Provisional 
Application 60/303,985, U.S. Provisional Application 
60/379,668, and Us. Provisional Application 60/729,077. 
Applicant further incorporates these previous ?lings by 
reference. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention relates to a packaging sys 
tem, method, and apparatus of increasing the shelf-life of 
retail-ready meat cuts and preventing discoloration of meat 
products. 

BACKGROUND OF THE INVENTION 

[0003] Meat production and packaging is Well knoWn in 
the industry. Traditionally, once a primal cut of meat has 
been made, it is placed in a package containing ambient air 
and the lidding material is fed from a roll and over the tray 
covering the meat cut. The tray edges are typically sealed to 
form the ?nished product. HoWever, since the air alloWs the 
meat to become discolored due to the onset of metmyoglo 
bin, the meat normally undergoes vacuum skin packaging in 
order to maintain freshness and reduce spoilage of the meat 
cut. 

[0004] The conventional vacuum packaging process nor 
mally does not alloW the meat cut to exhibit a deep red 
pigment desired by retailers and consumers. Subsequently, 
once these vacuum-packed meat cuts reach the supermarkets 
or meat distribution centers, the primal cuts are cut into 
smaller cuts. These smaller cuts are then repackaged or 
displayed in a case for sale. In a very short time, the meat 
cuts lose the desired red color and start to broWn or other 
Wise become discolored, losing its aesthetic fresh, healthy 
appearance and often not sold as a result. 

[0005] Speci?cally, meat cuts lose their healthy color due 
to metmyoglobin (aka broWning of meat). Metmyoglobin 
occurs because of oxidation of deoxymyoglobin, and this 
chemical reaction of the meat is irreversible. Under a 
reduced oxygen condition, the rate of the metmyoglobin is 
high. Transient discoloration can occur in a reduced oxygen 
environment, because meat muscle possesses a limited enZy 
matic activity knoWn as metmyoglobin reducing activity 
(MRA) Which converts metmyoglobin back to deoxymet 
myoglobin HoWever, this process, Which can decrease and 
possibly reverse discoloration, takes several days and is 
detrimental to centraliZed meat operations. Furthermore, the 
MRA is extremely limited and once consumed by the meat 
cannot be rejuvenated. 

[0006] Despite the inherent draWback, centraliZed pack 
aging of retail meat cuts is gaining in popularity in the food 
industry due to its economies and the potential to maintain 
quality, enhance safety, and extend the shelf-life of fresh 
meat. HoWever, the general requirements to optimiZe shelf 
life of centrally prepared retail-ready meat cuts are slightly 
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different from those needed to extend shelf-life of fresh 
chilled meat for periods of up to ?fteen Weeks. Deterioration 
of chilled meats primarily takes place at the cut or uncut 
muscle surface. In long term storage at a centraliZed pack 
aging and storage operation, primal cuts are placed in an 
atmosphere saturated With carbon dioxide (CO2) (100%) 
Which contains very loW residual oxygen (02), and these 
primal cuts stored at —1.5+/—0.5o C. 

[0007] At the end of required storage, meat is removed and 
fabricated into retail or food service cuts. NeW fresh surfaces 
are created in the process, revitaliZing the appearance of the 
meat cuts; and When the neW surfaces of the meat cuts are 
prepared for retail display the normal expectation is a further 
four days of shelf-life. Depending on the variability of the 
meat species, the shelf-life is usually limited by develop 
ment of undesirable organoleptic changes, Where defects in 
color are usually independent of the microbial presence. The 
latter has a lactic acid bacterial population, Which maximizes 
under storage conditions at levels about 108 cfu/cm2 Well 
before the shelf-life expiration. 

[0008] HoWever, With centraliZed distribution of retail 
ready fresh meat, circumstances and storage requirements 
are different. The Wholesale storage period folloWing initial 
packaging of the retail cuts is in the range of 20-30 days and 
prepared products must Withstand the rigor of retail display 
for up to tWo days thereafter Without further manipulation of 
the contents of the package. Retail packages are simply 
moved from their storage container (usually a unit or over 
Wrap containing a modi?ed atmosphere) to retail display 
Where desirable meat color develops upon exposure to air. 
The present commercial centraliZed meat operations only 
provide one to tWo Weeks of shelf-life. Whereas, in North 
America, total shelf-life of several Weeks (i.e. at least greater 
than four Weeks) is desired because of distant markets and 
intent of North American meat industry to export to distant 
countries. Hence, the goal is to extend the shelf-life of 
retail-ready meat cuts. 

[0009] A number of approaches have been taken to extend 
the shelf-life of meat. The basic approach is to package meat 
cuts With an inert gas atmosphere after the meat has been 
shipped from a processing facility to a retail outlet. There 
after, When the retail outlet receives the packaged meat, the 
inert gas Within the package is replaced With an oxygen 
containing atmosphere. 
[0010] One example of such a packaging system is 
depicted in Us. Pat. No. 4,055,672 issued in 1977. The ’672 
patent provides for a system in Which a meat product is 
packaged With one of the package Walls formed from a gas 
impermeable material and another package Wall formed as 
an inner gas permeable layer and an outer gas impermeable 
layer. The meat cut is initially packaged in an inert gas 
atmosphere Which is maintained Within the package by the 
package Walls including the outer gas impermeable Wall 
layer. If the outer gas impermeable layer is removed, this 
enables the oxygen-containing ambient air to How into the 
package through the gas permeable layer. HoWever, the ’672 
patent alloWs the meat to deteriorate after the impermeable 
layer has been removed, unless an additional impermeable 
layer is added. Nevertheless, placing a gas impermeable ?lm 
layer over a gas permeable ?lm layer is expensive to produce 
and dif?cult to seal to a container. 

[0011] Another example of packaging containing an inert 
gas atmosphere is depicted in Us. Pat. No. 6,302,324 issued 
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in 2001. The ’324 patent provides for packaging a food 
product in a receptacle containing an inert gas atmosphere 
and sealing a ?lm to the receptacle. The receptacle includes 
a sealing ?ange and a tab portion extending from the sealing 
?ange to Which the ?lm is sealed. The tab and the ?lm are 
removed from the package to form an opening betWeen the 
?lm and the receptacle When the food product is ready to be 
displayed to consumers. An atmosphere exchange operation 
is carried out through the opening, by inserting a noZZle 
through the opening and introducing an oxygen-containing 
gas into the receptacle cavity through the opening. The inert 
gas atmosphere initially contained Within the receptacle is 
exhausted through the opening and the noZZle is WithdraWn 
from the opening. The opening is closed by sealing the ?lm 
to the receptacle. The ’324 patent alloWs an inert gas 
atmosphere Within the interior of the package to be easily 
and quickly replaced With an oxygen-containing atmo 
sphere. 

[0012] Us. Pat. No. 6,408,598 also provides for a modi 
?ed atmosphere packaging process including the steps of 
providing a tray, providing an upper ?lm Which includes a 
sealant layer Which is sealable to the tray, orienting the ?lm 
to an orientation ratio of from about 6.011 to about 16.011 
positioning, a high pro?le product on the tray, extending the 
upper ?lm above the tray and product, draWing the upper 
?lm into a concavity by differential pressure, maintaining 
the concave shape of the upper ?lm While heating the ?lm, 
removing gases from the space betWeen the upper ?lm and 
the tray and product, introducing a desirable gas into the 
space, releasing the upper ?lm such that it shrinks toWard the 
product and the tray While the desirable gas is retained 
Within the space preventing close contact of the ?lm With the 
loWermost portions of the product and sealing the upper ?lm 
to the ?ange of the tray, Wherein at least the step of heating 
the ?lm shrinks the ?lm, thereby tensioning it onto and 
across the underlying product. 

[0013] Another patent for extending the shelf-life of meat 
has been depicted in the process for pre-packing fresh meat 
seen in Us. Pat. No. 4,683,139. The ’139 patent describes 
a process Where the meat is treated With an aqueous solution 
containing three active components, namely phosphate com 
pounds, a reducing agent and a sequestering agent; and then 
packaging the meat in a controlled gaseous atmosphere 
containing from about 20% to 80% carbon dioxide and from 
about 2% to 30% oxygen, With the balance being nitrogen. 
Speci?cally, the process includes (1) placing at least one 
pork chop on each of a plurality of semi-rigid trays; (2) 
placing a gaseous mixture over and around the chops on 
each of the trays; (3) sealing the trays With a gas permeable 
?lm; (4) placing a plurality of the trays on a thermoformed 
tray; and (5) covering and sealing the thermoforrned tray 
With a gas impermeable ?lm. HoWever, the ’130 patent 
concentrates on the centraliZed pre-packing of fresh meats at 
the meat packing plant prior to shipment to the point of 
storage or retail sale. Further, the ’139 patent fails to include 
100% nitrogen gas ?lling a master bag before the placement 
of the tray. 

[0014] Other examples of inventions desiring to extend the 
shelf-life of food products are U.S. Pat. Nos. 5,527,105 and 
5,705,215 issued to Riach, Jr. The ’ 105 and ’21 5 patents 
provide for a magnetic method for extending the shelf-life of 
food products Wherein magnetic strips, matting formed from 
the strips and pads having magnetic north sides and mag 
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netic south sides. Here, the negative magnetic north sides of 
the magnetic strips or pads are arranged to impinge on the 
fresh food products stored in a loW-temperature environ 
ment. HoWever, the ’105 and ’215 patents achieve a Wetter 
condition thereby establishing a longer shelf-life condition 
for foods Which are stored in a combined environment to 
include a north magnetic ?eld and a selected loW tempera 
ture. 

[0015] Another example of a shelf-life extender for food 
use is depicted in Us. Pat. No. 5,985,303 issued to Okada 
in 1999. The ’303 shelf-life extender incorporates an isothio 
cyanic acid compound being supported on a matrix, Where 
the compound is packaged in synthetic resin ?lm or non 
Woven fabric. HoWever, the ’303 patent concentrates on 
acidic chemical compounds and gelling agents as opposed to 
integrating a Zero oxygen packaging system as described by 
the present invention. 

[0016] Us. Pat. No. 6,153,241 describes another method 
and a package for extending the shelf-life of a food. Spe 
ci?cally, the method of achieving an extended shelf life for 
a food includes enclosing the food in a discrete container 
having a ?rst and a second container position, treating the 
food in the discrete container With heat in a treatment 
chamber While the container maintains the ?rst container 
position and raising the container to the second container 
position under Which the container is distributed, sold or 
used. HoWever, contrary to the present invention, the ’241 
patent describes a method of heat treating a pumpable food 
carried out in a treatment chamber. 

[0017] Us. Pat. No. 6,183,790 to Delducca et al and Us. 
Pat. No. 6,666,988 to Carr et al utiliZe an external oxygen 
accelerator to activate an oxygen scavenger to reduce the 
oxygen concentration to 500 parts-per-million (ppm) Within 
90 minutes. HoWever, even at these loW oxygen levels 
metmyoglobin formation remains very high (See FIG. 1). 
This stems from the fact that transient discoloration occurs 
because of limited metmyoglobin reducing activity (MRA) 
With the meat muscle, and these patents fail to address this 
process. 

[0018] Us. Pat. No. 6,269,946 to Colombo includes use 
of a meat tray over-Wrapped With a gas permeable ?lm. This 
patent uses metal chloride inside a meat tray to combine With 
Water and acid to produce chlorine dioxide to help preserve 
meat cuts packaged therein. The disclosed invention also 
claims oxygen absorbers packaged Within a barrier bag, but 
the patent fails to discuss the importance and advantages of 
sealing oxygen scavengers inside the meat tray or the need 
to quickly obtain a Zero-oxygen gas environment for long 
terrn cold storage of meat cuts both Within the meat tray and 
the barrier (e.g. master) bag. The patent only provides for 
very loW oxygen environment of about less than 0.05% 
volume of oxygen and does not attain Zero oxygen levels. 
Further, the meat tray adds a receptacle for injecting carbon 
dioxide into the meat tray, and does not recommend a 
nitrogen-rich gas environment for storage, instead favoring 
carbon dioxide. Carbon dioxide is not preferred for several 
reasons. 

[0019] Other U.S. Patents and publications (U .8. Pat. Nos. 
6,230,883, 6,447,826, 6,586,651, 6,592,919) recommend 
using an atmospheric mixture containing carbon dioxide or 
discuss methods to create an atmosphere of carbon dioxide. 
HoWever, in these inventions, although carbon dioxide has 
















































