
Concepts for Packaging Prerigor Meat 

Over the past several decades the character of the meat 
packing industry and the retail food business has changed. 
The major meat packers have replaced the full line packer 
concept in major population centers with more specialized 
modern plants located close to centers of livestock produc- 
tion. Retailers have phased out most of the service counters in 
favor of self-service. Also, many of these self-service super- 
markets are now serviced from centralized distribution cen- 
ters. 

Forrest et. a l .  (1975) stated that changes like these were 
made possible by advances such as the interstate highway 
system, automation, irrigation of arid lands and improvements 
in processing and handling techniques. These changes came 
about because of escalating costs after WWll which made 
such technological advances feasible-the marketplace de- 
manded change. 

One change which has evolved over the past couple of 
decades, as a result of the above change, i s  the way fresh 
meat is distributed in America. This change came because of 
economic pressures to find a cheaper improved way of mov- 
ing fresh meat from the packer to the consumer. This chal- 
lenge continues today. 

The challenge of finding an improved method was always 
prefaced by the consumer's demand for a wholesome, fresh 
product. So here enters the challenge of how do we employ 
these practices which are economically sound like central 
breaking where we can ship ninety beef carcasses per trailer 
load versus fifty-five carcasses of beef quarters and still have 
an acceptable product. The answer came from the designing 
of a food distribution system which maintains the optimum 
quality of fresh meat during storage and distribution. In their 
investigation of fresh beef distribution systems, Smith and 
Carpenter (1973) stated that the "best" system under a given 
set of circumstances depends largely upon the marketing 
goals and the condition incurred during storage and transit. 

The packaging portion of the system which has ultimately 
proven to be "best" i s  vacuum packaging in a flexible plastic 
material. The intention of this article is to explain the various 
concepts of a vaciium packaging system and relate these to 
hot procesing of meat. 

Because it was known that the usable life of fresh meat i s  
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extended by placing it in an environment which i s  detri- 
mental to those elements which cause it to spoil and that the 
final consumer uses color as an indicator of desirability it was 
necessary to provide not just a packaging system but a com- 
plete process. A process made up of good food manufacturing 
practices, packaging materials, and packaging machinery, 
and other integral components. What we are really addressing 
i s  concepts of distribution rather than just packaging. The 
packaging portion has the job of preventing product damage 
and economic loss through the maintenance of muscle pig- 
ments and the control of microflora. 

Our vacuum packaging system is going to he made up of a 
process, packaging materials and packaging machinery. The 
process in its simplest term i s  to evacuate the air from a pack- 
age of product, and seal it to prevent its return. The other two 
components of the system provide the means for this to be 
accomplished. 

Packaging h4a teria Is 

Packaging materials for food products have a number of 
necessary purposes such as acting as a cover to prevent soil- 
ing and physical damage, providing a convenient and eco- 
nomical means of transporting the product and dispensing the 
product to its final consumer. Because of the complexity of 
providing al l  the necessary properties in one material, packag- 
ing is broken down into primary and secondary materials. The 
primary material comes in contact with the product and pro- 
vides the necessary protection while the secondary material 
gives further protection to both the product and primary mate- 
rial. 

The primary packaging material requirements include gas 
transmission, abuse resistance and appearance. The gases we 
are concerned about are oxygen and water vapor. Perdue et. 
al. (1975) found that an 02 transmission rate of 50 cc's!per 
meter squared/per 24 hoursiat 73°F to be acceptable to pre- 
vent the degradation of fresh meat pigments under the condi- 
tions of vacuum packaged storage up to 28 days at 36°F. 
Other reports such a s  that by Hess et. al. (1980) show reduc- 
tion in the growth of Pseudomonas by the use ot films of 
lower permeabilities ( 1  Occ's). However, Young (1 968) points 
out that as the barrier properties are improved (i.e., permea- 
bility decreased) the cost make5 the material uneconomical. 
Thus an 0, permeability level of 5Occ's gives a balance be- 
tween distribution system requirements and economic con- 
siderations. Water vapor transmission needs to be low enough 
to prevent product dehydration and a rate of 0.5 grams per 
meter squared/per 24 houwper mil o i  material/per atnios- 
phere accomplishes this for tresh meat. 
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The property of abuse resistance comes from the nature of 
the product and the environment in which the product is 
handled. For example, a packaging material needs impact 
strength to withstand the shock of a worker dropping a 70 
pound bone-in beef loin into a corrugated box from a height 
of two feet. Also, it has to have abrasion resistance. Consider 
the abuse the material wi l l  have to withstand during a 1000 
mile trip inside a corrugated box while this box i s  inside a 
trailer moving at 55+ MPH. Abuse resistance has to be con- 
sidered one of the more important properties because even if 
all the other desired properties are present, a broken package 
gives little protection. 

The reason for the packaging material needing appearance 
can be considered from ascetic standpoint which satisfies the 
consumers need for eye appeal. Also, from a function view- 
point the material needs to be designed into a package which 
i s  compatible with other parts of the system. One such aspect 
is  designing the package so that it properly fits the product. 

In the case of the shrink package Perdue et. al. found that 
package design had an effect on the amount of purge found in 
the vacuum package (Fig. 1). When beef round cuts were vacu- 
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um packaged and stored at 36°F for fourteen days, the packages 
where the film surtace area i s  equal to the product surface area 
had approximately 1 qr lower purge than packages where the 
film surface area is significantly greater than the meat product 
area. Also, Seideman et. al. (1976) suggested that a tight fitting 
vacuum package with little residual air could have a greaterC02 
concentration earlier from the conversion of 0 2  to C02. This 
higher CO2 concentration could have an inhibiting effect on 
gram-negative aerobic spoilage bacteria. Moreover, McDougall 
:1970) states that a tight fitting film prevents air pockets where 
moisture can condense. 

The packaging materials supplied to the fresh meat industry 
for vacuum packaging are either in the form of bags or 
pouches. Bags are made from a tube and usually have a seal 
at the bottom. Pouches are made from a roll of film by folding 
the film in half and sealing it on three sides. 

The subject of secondary packaging is a whole topic in it- 
self but must be dealt with when considering distribution sys- 
tems. The favorite container of industry is the corrugated con- 
tainer. In a survey completed by the Packaging Institute 
11 975) it was found that the corrugated container's popularity 
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Figure 1. PACKCAGE DESIGN EFFECT ON PURGE LOSS 
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in the food industry is based on such factors as stacking 
strength, insulating properties, cushioning, light weight, and 
the storage space required when knocked down. Most of 
these factors are also the requirements necessary to provide 
the protection that the product and primary packaging mate- 
rial need to prevent loss. One big negative found by the sur- 
vey was the ability of corrugated to absorb moisture and a 
requirement to be considering in specifying corrugated for 
meat packaging. 

Just as flexible packaging materials have evolved to meet 
industry needs, the corrugation container has improved. 
Boxes for fresh meat distribution have double and triple wall 
construction for stacking strength, coatings wh ich  are 
moisture-resistant, coatings which increase the friction to re- 
tard slippage during shipment. The point to be made is  that 
the corrugated box is the favorite secondary package because 
of its positive attributes. These attributes need to be taken 
seriously because in the right combination they provide the 
necessary protection and without the combination all other 
parts of the system suffer. 

A visit to distribution centers indicates that the job of pro- 
viding, the "best" secondary packaging still needs to be car- 
ried further. In 1972 the USDA reported on the use of corru- 
gated containers for fresh meat and concluded that due to a 
multiplicity of container sizes and shapes there was consider- 
able case damage. Also, many of the containers would not 
palletize properly on a standard 48 x 40 pallet. The study 
suggested that the meat industry work on reducing the 
number of containers and develop standard container sizes. 
Processors are paying close attention to their shipping con- 
tainers but there i s  room for further improvement. 

Packaging Machinery 

The main purpose of the packaging machinery in our sys- 
tem is to evacuate our primary packaging material whether a 
bag or pouch, and seal the package to prevent leakage. Pack- 
age evacuation i s  accomplished either by a nozzle which i s  
inserted into a bag and the air withdrawn through the nozzle 
or by completely evacuating a closed chamber containing the 
package. As for closures, bags can be closed by either a spe- 
cifically designed metal wire called a clip or thermosealed 
where the material is fused together. Pouches are limited to 
thermosealing. There are generalized advantages and disad- 
vantages for each system which wil l  be pointed out. 

Nozzle Vacuurnizing 

The advantages of nozzle machine include adaptability to a 
large range of product sizes, its ability to be designed for high 
output and its ease of use. On the down side the biggest dis- 
advantage i s  the problem of atmospheric pressure which 
pushes the packaging material against the product almost 
immediately after the vacuum is applied. Atmospheric pres- 
sure may cause the packaging material to cling to the product 
tight enough that not a l l  the air wi l l  be removed from the 
package. 

Chamber Vacuurnizing 

One big advantage for the chamber IS that the vacuumizing 

takes place within a sealed chamber and is not influenced by 
atmospheric pressure. Therefore, depending o n  the 
capabilities of the chamber, the chamber allows for a high 
percentage of the air to be evacuated. Young, also, indicates 
that because the pressures inside and outside the packages 
are in equilibrium, that there are no stresses on the package 
walls which could cause seal failures. Another major advan- 
tage of the chamber which relates to i t  being a closed system 
is that the final package quality is controlled by machine 
set-up rather than the operator as with manual operated noz- 
zle machines. Disadvantages to chambers include the product 
size which is limited by the chamber size, and the cycle time 
for complete evacuation of product. Also, another disadvan- 
tage is placement of product in the chamber for vacuumizing 
and sealing i s  more critical in thermosealing chambers as 
compared to nozzle and chamber machines that clip seal. 

The packaging machinery industry in response to meat in- 
dustry needs has continued to improve machinery concepts. 
Since productivity i s  of great importance, there has been em- 
phasis on faster machinery that produces packages of consis- 
tent quality. Examples include nozzle vacuumizing machines 
with a series of nozzles on one machine so that one operator 
can continuously load packages onto nozzles. These 
machines are circular in shape and rotate. Therefore, pack- 
ages are loaded in one spot and automatically ejected from 
the machine in another spot after going through the vac- 
uumizing and clipping cycles. 

Another advancement is a specialized chamber system 
which uses a divided chamber. With this system the packag- 
ing material i s  ballooned away from the product in one 
chamber whi'le air is evacuated in the other chamber. The 
main advantage of this chamber system i s  the greater output 
as compared to a single chamber. The divided chamber 
machines are set up in pairs with one operator. Since the 
vacuumizing and clipping sequences are automatic, the 
operator loads one machine while the other i s  going through 
its cycle. 

Later advancements include a single chamber machine 
with two stage vacuumizing which has the advantage of re- 
moving a high percentage of air from the package while 
maintaining a high output. These machines are presently lim- 
ited to small products but since the meat industry is continu- 
ing to demand higher outputs, the machinery manufacturers 
wil l  surely respond to these needs. 

Selection of the packaging material and machinery for a 
system i s  based on many factors including product, product 
fabrication style, fabrication line output, and individual pref- 
erences. Selection of the package may be the easiest part of 
the whole process. The key to this selection i s  to ensure that 
all components from the carcass cooler to the storage cooler 
are ha I a nced. 

Now that we have briefly explained the vacuum packaging 
system as it is used today let's now discuss some other types 
of controlled atmosphere packaging systems that could con- 
ceivably be considered for packaging hot processed meats. 

One of these which has been applied to fresh meat i s  the 
bag-in-the-box concept as discussed by Bannar ( 1  978). To my 
knowledge, this system in the red meat industry has been 
applied primarily to bone-in pork. The success of the system 
can be measured in the extended shelf-life and the package 
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design which eliminates the application of bone protection 
material. With the hag-in-the-box concept, a bone protection 
material is placed inside of a plastic pouch, having properties 
similar to the hag described previously, and the pouch placed 
inside of a corrugated container. After product i s  loaded into 
the package, the whole unit is conveyed to a vertical vac- 
uumizing and gas-flushing machine where the pouch i s  
evacuated and hack flushed with CO? gas in most cases. The 
system i s  designed for about 3 PPM. 

The use of this type of unit, to my knowledge, has not been 
tried with hot processed meats. In speculative terms, there are 
hound to he problems to overcome. First, would be the chil- 
ling of the product. If product in the temperature range of 
80-90°F is loaded into the pouch which i s  inside of an excel- 
lent corrugated container the rate of temperature decline, 
while not well documented, is going to be slow. In some un- 
published commercial work it was found that boneless pork 
roasts which were vacuum packaged, placed in shipping car- 
tons and palletired took some forty-eight hours to drop from 
45°F to 34°F while stored in a 30-31°F cooler. Second, as will 
be discussed later, this product wi l l  most likely he boneless so 
the potential for surface discoloration and purge have to he 
considered when a number of boneless pieces are placed in 
the pouch. Hood (1976) reviewed the importance of color to 
fresh meat quality and how factors such as partial pressure of 
oxygen and temperature affect color stability. Further work i s  
required to determine whether or not the bag-in-the-box con- 
cept could he adapted to hot processed, boneless meats. 

An additional subject which has to he mentioned when 
considering packaging and distribution i s  central prepackag- 
ing. It would not be inconceivable that someone had the vi- 
sion of central preparation soon after the first self-service meat 
display case was installed. Since that time there have been 
successes and failure's but in all cases one major drawback 
has been the short shelf life of prepackaged retail cuts using 
the tray overwrapped system. As of today, no system of cen- 
tral prepackaging has been the answer but some have 
emerged that may be moving us closer. 

Last year at this conference, a paper was presented on the 
consumer's acceptance of buying, what was termed, 
deoxymyoglobin meat by Lyle Ernst of American Can. Results 
of a pilot test with a small supermarket chain indicated that 
the consumer would purchase meat in the myoglobin state 
and in the designed package. Since that time this system is 
being tested by a larger supermarket chain in a major met- 
ropolitan area which indicates further interest in the vacuum 
skin packaging type system and central prepackaging. 

At the 26th Meeting of European Meat Research Workers a 
paper wa5 presented on work done in conjunction with a 
controlled atmosphere packaging system that had been 
dopted  by at least three meat packers in Denmark. The sys- 
tem produces retail packages which are gas flushed with a 
mixture of 80% 0 1  and 2OC4 COZ which gives the fresh meat 
a bright red color. Buchter indicates that it is possible to pro- 
duce cuts for this packaging system from vacuum packaged, 
aged hot-boned beef. Additional work is obviously needed to 
determine the viability of such systems for the packaging of 
hot processed meat not to mention the system for producing 
and handling the retail cuts. 

There have heen several suggested ways in which hot 

processing could be introduced. One which fits with this dis- 
cussion was presented in 1980 by Cuthbertson of the Meat 
and Livestock Commission, United Kingdom (Fig. 2).  In look- 
ing at a modification of his flow chart, vacuum packaging 
follows hot honing for higher valued primal cuts. Based on 
the objective of retaining fresh meat properties this is the logi- 
cal place to package when the product is presumable in its 
best condition. However, with the physical state of the prod- 
uct at this time there are some opportunities based on some 
I im ited research experiences. 

Some experience was gained during an unpublished study 
of West and Ohlinger (1978). First, while not even considered 
in Cuthbertson's system, they found that the packaging of hot 
processed hone-in primal cuts was difficult. Difficulties were 
encountered in moving quarters to the band saw and making 
subprimal cuts of consistent appearance because of muscle 
separation during sawing and the sticking of meat to the saw 
table. In addition, the normal packaging procedures of apply- 
ing hone protection material and loading the product into the 
packaging material were harder than with conventional 
chilled cuts. Based on this experience it is safe to conclude 
that hot processing of hone-in cuts would require modifica- 
tions to the traditional processing system in order to he feasi- 
ble. 

West and Oblinger found that vacuumizing of hot proc- 
essed cuts was more difficult than cold processed cuts be- 
cause the hag tended to stick to the fat and made air removal 
di ffic uI t. 

Distortion of cuts i s  another concern which would he af- 
fected by the traditional vacuum packaging system. With the 
amorphous state of the muscles at the time of packaging, the 
primals could he distorted to an unconventional shape. West 
and Ohlinger reported distortion of subprimal beef cuts after 
storage in vacuum packaged shrinkable hags. Cross et. al. 
(1  979) using the same type of packaging material found that 
cold boned cuts were rated higher than hot-honed both he- 
fore and after storage but that the differences were not signifi- 
cant. They concluded that most of the hot-boned cuts had 
shapes which would be acceptable to industry. Both groups 
of researchers reported distortion, but to different degrees, 
which could he due entirely to the degree of criticalness of 
their subjective scoring system. 

In the 1979 study done by Cross et. al., it was mentioned 
that the shape rating of beef chuck rolls improved over 20 
days of vacuum packaged storage. It was stated that they had 
been individually stored in liver boxes. This improvement in 
shape could conceivably he due to shaping by the box. If this 
is true, then it may be possible to retain the natural shape or 
improve the shape of primals. Such an improvement might 
lead to cuts which had higher yield due to the elimination of 
such things as wedge cuts. This area of distorted hot honed 
primals and subprimals needs further investigation. 

Lean color i s  another trait which was reported by West and 
Oblinger and Cross et. al.  While West and Oblinger state that 
the lean o i  hot honed product is darker, Cross et. a l .  found 
that the leLin color of hot-boned and cold-boned did not differ 
significantly. However, West and Oblinger had a "bloom" 
period hetore scoring v>,hereas Cross et. al. did not. This dif- 
ference must have been a contributing factor to the difference 
between the two studies. 
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Lawrie (1979) suggests that when major muscles are re- 
moved from the carcass, the whole muscle wil l  be exposed 
and there wil l  be a more even rate of post-mortem glyc'olsis. 
This will reduce the variability of discoloration and exudate 
seen in conventional chilled cuts. Hot boning could produce 
cuts with a more uniform lean color. Cuthbertson agrees that 
hot boning should give a more uniform color. 

Another noted difference with hot-boning is the whiter fat. 
Cross and Tennent (1980), Cross et. al. (1979), and West and 
Oblinger (1978) all mentioned that whiter fat was found in 
hot-processed product. Cross et. al. attributed the difference 
to discoloration of the fat during the chilling period (48 hours) 
for cold-boned cuts and the greater amount of purge they 
found in the vacuum package. 

A widely used package design for both coarse and fine 
ground beef which i s  produced centrally is the chub system. 
This sytem has been successful because of the machinery 
output which can be up to 400 1bs.i minute and the ability of 
the package to provide adequate shelf-life through distribu- 
tion. 

This system i s  not a vacuum packaging system but the re- 

moval of air is achieved by vacuum stuffing and then tightly 
packing the product into the chub. In combination with mi- 
crobially clean product and low temperatures a film with an 
0 2  transmission of 60-70ccimeter squared/24 hourslmiliatm. 
@ 73°F has proven adequate for ground beef. 

This same system has also been used for pork sausage ex- 
cept that the pork is hot boned, ground and packaged and 
liquid chilled. The hot pork handles very well through the 
system because of the rheological properties of the product. 
The hot product flows well and fills voids which would be 
difficult to remove from chilled product. The packaging mate- 
rial requirements for this type of product calls for a much 
lower 0 2  transmission rate (10-15cc) as compared to ground 
beef. Whether or not the same material requirements wil l  be 
necessary with hot processed and packaged ground beef has 
not been determined to my knowledge. In fact, while this sys- 
tem of boning, grinding, packaging and chilling works for 
pork, additional investigations wil l  have to be made to see if 
the same is true for beef. 

Another opportunity which should be investigated i s  the 
control led atmosphere packaging of hot processed variety 
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meats. Today’s distribution system finds most of this product 
frozen and there are potentials for this system to be changed 
by packaging hot variety meats 

In closing, I would just like to say that we have positive 
results from studies on vacuum packaged, hot processed 
meats. It looks like today’s primary and secondary packaging 
materials are adequate. Vacuumizing equipment may have to 
be modified and little is  known about the product handling 
equipment before and after packaging to produce our bal- 
anced system. Many of these details wi l l  not be worked out 
until there is a commercial plant in operation which wil l  un- 
cover even more. 

One of the critical processes which we don’t know how to 
do is chill the product. Most people are assuming that chilling 
will be done after packaging, but how is still unknown. Dr. 
Henrickson and others at Oklahoma State have been working 
on a chilling system and the Kansas State group has men- 
tioned chilling in their work. For the whole process to work 
an economic method of chilling i s  going to have to be devel- 
oped. 

Meat distribution has been making gradual progressive 
movement over the past two decades or so. At the beginning 
of this change, there were undoubtedly meetings like this 
where meager facts and great unknowns were presented. Hot 
processing could be another turning point which our meat 
industry is ready to investigate and adopt. Packaging wil l  be a 
fundamental component of this change. 
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