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FOREWORD 

As anyone who has served in combat knows, the present 
C ration has severe drawbacks -- the tin containers are unduly 
heavy, bulky, and awkward for an infantryman to carry; under 
adverse conditions, they are often difficult to open. 

A flexible package has now been developed that 
promises to alleviate these difficulties and improve the 
combat soldier’s fare as well. This symposium was arranged 
to discuss the development of that package in detail. 

From the military viewpoint, flexible packages have 
several advantages over the old tin can. They are easier to 
carry in your pocket, lighter weight, and simple to open. 
But their attractiveness should not be evaluated only by 
military requirements; the packages also have civilian commer¬ 
cial potential because they maintain foodstuffs in high 
quality, enhance convenience in preparation, and provide good 
shelf life. 
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The Natick-indus try team approach to solving 
flexible-packaging problems has been mutually beneficial, 
it is important to add that the exchange of technology and 
cooperation among the multiple interests have also resulted 
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in a net effect greater than the sum of the participants' 
efforts: packaging technology, per ee, has been significantly 
advanced. 

We wish to thank the participants and their back-up 
performing personnel for their contributions, enthusiasm, and 
cooperation in making this symposium a complete, important, 
and successful event. We gratefully acknowledge the sponsor¬ 
ship and participation of the Advisory Board on Military 
Personnel Supplies, National Research Council. 

Brig. Gen. John C. McWhorter, Jr. 
Commanding General 
U.S. Army Natick Laboratories 
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MILITARY NEED 

Robert ß. Dillaway 
Deputy for Laboratories 

U.S. Army Materiel Command 

The modern military has provided our combat troops with 
highly sophisticated fighting equipment -- devices that can 
see the enemy in the dark, or hear the movement of troops, 
or pinpoint targets for missile fire. 

f|ut in one way, and a very important way to the combat 
soldier, our infantryman is no better off today than he 
was iln World War II. His field ration -- called Meal, Combat, 
Individual -- does not differ substantially from the old C 
ration. Meat and other major components of his meal are 
still packaged in that 19th-Century container, the tin can. 
He deserves better. 

I The military’s need for flexible packaging of 
thermoprocessed foods is the subject of this symposium. 
Flexible packaging is a part, but only a part, of the Army 
Materiel Command’s concern for feeding combat soldiers. 
The U.S. Department of Defense Food Research, Development, 
Test, and Engineering Program at the Natick Laboratories 
has a comprehensive program to respond to military needs in 
all feeding situations -- from inflight and shipboard, to 
base and field dining halls, to foxholes.^ All aspects of 
feeding are covered: nutrition, acceptability, microbiology, 
ciemistry, packaging, and preparation. Each military Service 
has a full-time representative at Natick Laboratories. A 
Joint Formulation Board, with each Service having voting 
power, establishes the need and priorities for specific 
tasks . 

The point I emphasize is that we are sei ious about, have 
a mandate for, and are taking tangible steps toward improve¬ 
ment in the food and feeding of the combat soldier. As for 
the Army, two independent organizations are involved in this 
project. The Combat Development Command (CDC) has the 
responsibility of representing the combat soldier and, as 
such, establishes specific materiel requirements. In a 
manner of speaking, the CDC is the consumer. Army Materiel 
Command Laboratories -- specifically, the Packaging Division 
of Natick Laboratories -- have responsibility as the suppliers 
to respond innovatively to the CDC requirements and to do so 
using the latest technology. 
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In this instance, there were several potentially 
applicable, advanced technologies that could be brought to bear. 
They include: heat-sealable laminated packaging materials that 
are resistant to sterilization temperatures, heat-sealing tech¬ 
niques, testing and evaluation methodologies, and^knowledge of 
the relationship between food quality and processing conditions. 
On this basis, the GDC established requirements that reflected 
the latest achievable technology. 

DEFINING THE NEED 

Once the basic requirements had been established, they 
were converted into specific guidelines for the developers. 
These guidelines translate the generalities into documents of 
detailed descriptions that governed the development of the 
package. The initial need for a new package for the Meal, 
Ready-to-Eat, Individual included the following: compatibility 
with clothing pockets, light weight, compactness, durability, 
flexibility, easy opening with the food acceptable hot or cold 
(and therefore requiring no preparation), and stable. 

Collectively, the requirements pointed to replacing the 
metal can with a flexible, flatter package that would fit into 
field-clothing pockets. Although not always appropriate, the 
new package would be compared to the metal can in several 
aspects and criteria -- product quality and stability, package 
durability, and item compactness would have to be at least as 
good; weight, compatibility with clothing, and ease of opening 
would have to be better. The ready-to-eat requirement indicated 
the use of high-moisture foods and, in turn, demanded a revolu¬ 
tionary approach to thermoprocessed foods. 

RESPONSE TO THE NEED 

The response to these requirements is the subject of this 
symposium -- the flexible package for thermoprocessed foods. 
Figure 1 shows both the new Flex-Pack and the can it will 
replace. Engineering tests, performed early in the development 
cycle, established the acceptability of the flexible-package 
concept in both the functional and the organoleptic aspects. 
Beyond meeting the functional requirements, we found that prod¬ 
uct quality could be higher and the products could be in forms 
familiar to the consumer, such as full-size frankfurters and 
flat one-piece beefsteaks. Another factor was that there 
existed in industry the capability of producing packaging films, 
preparation equipment, flexible-packaged food items. It was 
recognized, however, that public health considerations dictated 
that care had to be taken in converting from laboratory to 
production-plant environment and that the conversion would be 
of significant magnitude. Nevertheless, establishing the pro¬ 
duction criteria for the Flex-Pack would not involve completely 
new or untested concepts; the conversion could be accomplished 
within the existing state of the art. 
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Repeatedly, the Joint Formulation Board governing this 
program has given the Flex-Pack development program a high 
priority, indicating recognition of its importance and high 
success potential beyond immediate Army interest. Further, 
the Panel has given highest priority to the development of 
second-generation flexible packages and products during the 
fiscal year 1974. 

Figure 2 shows the flexibly packaged components of the 
new Meal, Ready-to-Eat, Individual. As a unit, these will 
become the standard operational ration. The military testing 
programs, which are required to substantiate the applicabil¬ 
ity and performance of Flex-Packs, have been carried out with 
several menu variations of this ration. 

The properties and capabilities of the Flex-Pack include 
the following : 

Military advantage. The package is light, compact, easy to 
carry, easy to open, and acceptable to troops in the field. 
The 4 1/2 inches x 7 inches in size fits into field jacket 
pockets. The softness of the package precludes any harm to 
the soldier on falling or crawling. (One unanticipated 
advantage is that the empty container does not become instant 
shrapnel should enemy shells hit disposal areas.) 

Stability. The products are stable for at least 2 years at 
72°F or 6 months at 100°F. Flavor evaluations are now being 
made after 8 years storage because the hedonic ratings have 
remained high. 

Durability. The package is durable. Extensive transportation, 
field use, and laboratory abuse tests, some in direct compari¬ 
son to cans, have proven the ruggedness of the item. Military 
performance requirements for durability are generally acknowl¬ 
edged to be more stringent than commercial standards. 

Quality. The flat shape permits shorter thermoprocess times 
and, therefore, better product quality. Not only will the 
soldier in the field receive high-quality foods, but their use 
in dining halls when stocks are rotated should be more 
acceptable. 

The intent of listing the above characteristics is not to 
detract from the following papers but to let you know that the 
Army knows the capabilities and advantages of the Flex-Pack 
and has definite plans to use it for our field rations. The 
soldier wants it; we want it. 

To support this demand’, however, we need a procurement 
base. This is where the food industry can help. It is our 
hope that this symposium will help to convince the industry to 
do so. 



TECHNICAL EFFORT 

Frank J. Rub inate 
Chief, Packaging Division 

General Equipment § Packaging Laboratory 
U.S. Army Natick Laboratories 

Dr. Dillaway has explained why the military has such a 
keen interest in flexible packaging. I will summarize the 
technical effort expended by Natick Laboratories up to the 
determination of the need for the contract effort that is 
the subject of this symposium. 

li 

When flexible packaging was first considered, it was 
felt that neither the packaging materials nor the laminating 
techniques available were adequate to meet the need. There¬ 
fore, initiation of the project was delayed until our review 
of the state of the art indicated a sufficiently high success 
potential. 

Very early in our consideration of the new system a 
decision was made to use conventional steam- or water-cook 
retorts. Aseptic packaging was considered, but at that time 
very little heat-exchange equipment was available for anything 
other than liquids and semiliquids. Equipment and techniques 
were non-existent for sterilizing and subsequently handling 
film materials. (The Flash-18 process came along later.) 
Realizing that there were problems associated with packaging 
equipment, we chose not to add the additional problems asso¬ 
ciated with aseptic packaging. Steam- and water-cook retorts 
were the standard that was generally available in the plants 
of food processors. 

TECHNICAL REQUIREMENTS 

In our study of the problems, we identified eight major 
technical requirements that the flexible package must meet. 
They are as follows: 

(1) It must be able to withstand exposure to 250°F in 
water or steam for approximately 30 m-ñutes. 

(2) Its seals and bonding agent: must be adequate to 
withstand fluctuations in pressure in the retort at 250°F. 

(3) The materials must meet or surpass U.S. Food and 
Drug Administration regulations. 
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(4) The sealed package must be resistant to bacterial 
penetration. 

(5) The package, after retort processing, must preserve 
its contents at an acceptable level of quality for at least 
6 months at 100°F and 2 years at 7GaF. 

(6) The package must fit into the pockets of the field 
clothing . 

(7) It must be easy to open. 
(8) It must withstand the hazards of shipment and han¬ 

dling in the military supply system without loss of integrity. 

The first 2 years of the program were devoted to 
evaluating materials submitted uy industry before a material 
suitable for processing at 25t'°F was found. The suitable 
material was a lamination of 3.0 mils vinyl, 0.35 mil aluminum 
foil, and 0.5 mil polyester with the vinyl surface in contact 
with’the food. Later, the vinyl was replaced by a modified 
polyolefin or high-density polyethylene. More than 200 mate¬ 
rials have now been evaluated for the program. 

The earliest overall package design consisted of the pouch 
with a fiberboard backing on one side and the four seals 
protected by a fiberboard picture-frame arrangement on the 
other side. When we realized that the pouch required complete 
protection against mechanical damage, the present fiberboard 
folder package was designed. In evaluating its performance, it 
was found that bonding the pouch to the folder provided four 
times better performance than just placing the pouch in the 
folder. 

EARLY TESTS 

Having selected materials and a design that would perform 
in the retort and also provide mechanical strength, it was 
essential to determine whether the structure was resistant to 
penetration by bacteria. Studies were made under contract to 
determine the resistance to bacterial penetration of each 
component film as well as the complete lamination. They 
showed that each of the components (polyolefin, aluminum foil, 
and polyester) might be penetrated through pinholes inherent 
in the materials, but thai: the three films laminated together 
effectively overcame this weakness. No penetration of the 
composite structure was experienced except when deliberate 
mechanical damage caused a complete break through the three 
layers . 

Further studies were conducted to determine type and amount 
of extractable substances that might migrate from the packaging 
material into the food during thermoprocessing. These tests 
showed that the materials were well within the safety limits 
established by the Food and Drug Administration. 



Packages containing fruits, meats, and vegetables were 
stored for periods up to 1 year at 100°F and up to 2 years at 
70°F. Examination of these indicated that both package and 
contents were acceptable over this period. 

To determine the performance under simulated field 
conditions, packages were subjected to durability tests at 
Fort Lee, Virginia. The tests consisted of placing a number 
of packages in the pockets of troops who traversed an obsta¬ 
cle course as many as five times. The results of these tests 
indicated that the packages were satisfactory for field use. 

An engineer-service test of the packages indicated a 
failure rate of 1).3 percent among 50,000 examined packages. 
Failures were primarily due to poor seals and punctures, 
which were production deficiencies caused by the lack of ade¬ 
quate equipment to form, fill, and seal the packages. 

The results of this test required that concentrated 
effort be directed toward problems of sealing, leak detection, 
testing of seals, and determination of package reliability 
under production conditions. 

Seal failures were caused primarily by food, oil, grease, 
and moisture being entrapped in the seal area and by wrinkles. 
Sealing through oil, grease, and moisture was solved at Natick 
Laboratories by use of a curved-jaw sealing bar and a silicone- 
rubber anvil system. A system to detect defects in the seals 
was developed. It consists of a scanning device that measures 
changes in infrared radiation along the seal produced by changes 
in the seal structure. Single pineapple fibers, a single sugar 
crystal, and voids in the seal, for example, are easily detected 
by infrared. A prototype scanner with an automatic rejection 
system for on-line examination of closure seals is available. 

The remaining problem was to determine the reliability of 
the flexible package under production conditions. This sympo¬ 
sium is devoted to our efforts to solve this problem. 



ESTABLISHMENT OF RELIABILITY PROGRAM 

Raimo A. Lampi 
Chief, Systems Development Branch 

Packaging Division 
General Equipment 5 Packaging Laboratory 

U.S. Army Natick Laboratories 

After the engineer-service test, a single problem 
remained. The flexible packages containing the developmental 
ration had failed at a rate of 0.3 percent at the point of 
issue. This finding was based on an inspection of more than 
53,000 packages. The fail rate included, as a safety precau¬ 
tion, many packages only superficially suspect ; the rate was 
judged to be too high even though, in itself, it was low. 
Analysis of the defects revealed that inadequate filling and 
sealing techniques and poor in-plant handling were the causes. 
Seals were contaminated, irregular, and wrinkled. Pouch body 
cuts were found beneath unmarked areas of the overwrap folder. 
None of the defects or package failures, however, could be 
definitely attributed to lack of inherent package durability. 

We decided that rather than attack the filling, sealing, 
and handling problems individually, the most propitious overall 
approach would be to establish a prototype production system 
that could reliably manufacture the heat-processed foods in 
flexible packages. This approach, in essence, recognized that 
the many production-line functions were interrelated and inter¬ 
dependent. Beyond the immediate objective, establishment and 
use of such a line would yield much valuable data on which to 
base firm yet realistic procurement documents. This symposium 
will describe the program and its current status and results. 

OBJECTIVES AND GUIDELINES 

The program was established with the following objectives 
and guidelines: 

Reliability. The reliability goal was the first and most 
difficult requirement to establish. The metal can was used 
as the criterion and it is a good one. The problem, however, 
was in assigning to any point in production, warehousing, 
or distribution, numbers that would reflect the tremendous 
safety record the metal can has at the consumer level. 
A. M. Weinberg, Director of Oak Ridge National Laboratory, has 

Preceding page blank 
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coined the term Mtrans-science” for such problems. It applies 
to problems between science and politics where questions can 
be stated in scientific terms but that are, in principle, 
beyond the proficiency of science to answer. While Weinberg's 
example related to the biological effect on humans of very low- 
level radiation never being unequivocally ascertained because 
of the huge number of animals required, it also applies to the 
thermoprocessed-food chain. True definition and simulation of 
the chain is impossible because of. the numbers required. 
Therefore, tempering scientific knowledge with experience and 
judgment, a reliability goal of no more than .01 percent (1 in 
10,000) defective packages was set. Reliability was defined 
as the ability of the production line to yield defect-free pack¬ 
ages (prior to warehousing) when established process - control 
and quality-assurance procedures were followed. It is important 
to note that the .01 percent is a goal and not an absolute 
requirement. 

Equipment. Selection, innovation, and modification of equipment 
and components would be necessary to achieve the desired 
reliability. Emphasis would be on filling, sealing, and handl¬ 
ing and could encompass totally new developments. 

Diverse foods. To meet military ration requirements, the system 
Hadto be proven for 17 diverse foods ranging from cake to beef 
stew. It was assumed that all 17 could constitute separate 
filling problems. 

Pilot production. In view of the low-failure-rate goal, 
significant numbers of packages would have to be produced for 
evaluation. Fifty thousand packages of each item would be 
required; they would be 100 percent inspected for defects. 

Production rate. A minimum production rate of 30 packages per 
minute was specified; higher rates -would be acceptable only if 
there was no increase in rate of package failures. 

Inspection. Although not essential at the developmental stage, 
it was preferred that the production line be suitable for 
operation in a U.S. Department of Agriculture sanctioned and 
inspected processing plant. 

Retorting. Standard commercial retorting processes were to be 
used because the prime objective did not include innovative 
retort design or development other than modifications to assure 
uniform and adequate sterility. 

CONSORTIUM 

The complex program was implemented by a contract to a 
consortium of food processing engineering companies headed by 
vSwift 5 Company and including Pillsbury, Continental Can, 
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Rexham (Bartelt), and FMC. Although there may be a precedent, 
this team is rare in that a packer, package supplier, and 
equipment manufacturer had to work closely together throughout 
the entire project. This requirement has revealed subtle and 
some not-so-subtle relationships among food, package, and 
machinery and has contributed significantly to the technology. 
In addition to the hardware development, the program involved 
establishing test procedures, sampling plans, and quality 
assurance techniques . 

The technical effort was divided into two phases. Phase I 
encompassed paper, laboratory, and bench-model evaluations and 
analyses to determine whether the actual engineering, fabrica¬ 
tion, and use of a production line would be feasible and, if 
so, to establish the technical and conceptual basis for the 
second phase. Phase I was completed in mid-1970 with the 
recommendation to proceed to Phase II. 

Beyond the simple conclusion that production-line 
reliability was feasible, Phase I also established that four 
fillers and four nozzles, in various combinations, could handle 
all 17 food items under investigation. This permitted a reduc¬ 
tion in the scope of Phase II without any adverse effect on 
attainment of the objective. Six products were selected for 
the production runs. They were chosen to represent various 
particle size and rheological property classes and to test the 
specified filler-nozzle combinations. All other equipment and 
performance requirements were specified. 

The presentations to follow by the contract participants 
will cover the organization of the work, details of development 
effort 9 and the results to date. 
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RELIABILITY PROGRAM 

Chair*man3 

Edward A. Nebesky 

Director 
General Equipment Ç Packaging Laboratory 

U.S. Army Natick Laboratories 
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ORGANIZATION OF CONTRACT EFFORT 
AND 

FOODS DEVELOPMENT BY SWIFT 5 COMPANY 

Dean D. Duxbury 
Manager, Grocery Products Research 

Research and Development Center 
Swift 5 Company 

Now that the extensive background of this contract has 
been outlined for you, let me attempt to detail the organiza¬ 
tion required with so many participuting companies and the 
role that Swift $ Company played. Although as overall Pro¬ 
gram Manager I cannot take credit for originating or planning 
some of the details of this project, I have the privilege of 
representing all five companies in the implementation and 
administration of the program. Therefore, when I speak now 
of the duties and activities, I emphasize the success of a 
team effort that has been prevalent throughout the contract 
effort. 

ORGANIZATION OF EFFORT 

As already indicated, the team consisted of a multicompany 
organization that was assembled to conduct the final program 
approved by U.S. Army Natick Laboratories. Figure 1 shows the 
organization chart of participants. 

At the top of the chart, Swift 5 Company has 
responsibility as the prime contractor. This responsibility 
included overall coordination and legal responsibility of 
total accomplishment. The Pillsbury Company and Continental 
Can Company have first-tier sub-contractor status under Swift 
Further, Continental Can coordinates the activities of second 
tier sub-contractors, Rexham Corporation and FMC. 

The organization of such a multicompany, varied 
commercial-interest group -- with each participant having his 
own company organization and protocol requirements -- was 
accomplished through a teamwork effort of Project Leaders and 
their technical teams or task leaders. The organization chart 
also represents a "chain of command" for protocol, legal 
requirements, and assignment of responsibility. All verbal 
and written reports, accounting records, contract and patent 
matters, and inventory-control records were handled through 
coordination of the Project Leaders and then submitted to U.S. 

Preceding page blank 
41 
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Army Natick Laboratories either through the Program Manager 
to the Technical Project Officer or through the Swift Con¬ 
tract Coordinator to the Natick Contract Officer. Written 
technical status reports were submitted after each six-month 
period and a final report for publication was, or will be, 
prepared at the end of each phase♦ These reports included 
all test data, comments, conclusions, blueprints, and photo¬ 
graphs of all equipment and production processing operations 

Figure 2 indicates that besides coordination of the 
overall program. Swift was also responsible for formulating 
non-bakery (primarily meat-containing) food items, and for 
coordination and conduct of the Phase II volume production 
of packaged foods. Selection of Swift § Company for this 
position provided a research pilot plant with available U.S. 
Department of Agriculture (Animal and Plant Health Inspection 
Service) meat-inspection supervision. 

The food-development facilities, staff, and experience 
of both Swift and The Pillsbury Company, in their respective 
product assignments, were considered necessary for providing 
high-quality foods in the new container and for applying the 
potential commercially feasible packaging techniques. Figure 
3 shows that Pillsbury had responsibility for development and 
product supervision of the bakery items. 

In Figure 4, Continental Can Company's participation is 
shown. The extensive Technical Center facilities and staff 
of Continental Can Company had the capability of providing 
packaging materials, equipment design, and expertise in qual¬ 
ity control, statistical programming, and thermoprocessing. 
Continental also coordinated design, construction, and testing 
activities for equipment developed by their sub-contractors, 
Rexham Corporation and FMC. More specifically, Continental 
had responsibility for supplying and assuring quality of the 
packaging laminate and for development and evaluation of all 
equipment; including the pouch transfer mechanism, the vacuum- 
top sealer, pouch carriers, racks, retort cars, and package 
dryer. Continental's responsibility also included design and 
conduct of pre-production-acceptance testing, data evaluation 
of the total equipment line and food-production process, the 
in-process evaluation, and in-line quality-control procedures. 
Determining package reliability remains their priority 
assignment. 

As shown in Figure 5, Rexham had not only to design, 
build, and qualify a form-fill unit for foods in flexible 
packages, but also had to determine how to fill packages with 
17 different foods without seal contamination. They deter¬ 
mined that this could be done with four fillers and four 
different filler nozzles. 
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The FMC, as shoim in Figure 6, was required to provide 
production-size automated retorts with programmed controls that 
could handle all products regardless of the specific cooking 
necessary. 

The effectiveness of the coordinated team effort resulted 
from regular status or progress meetings of all project 
leaders and their key subordinates. The meetings were 
particularly necessary in the Phase I feasibility study and 
early in Phase II during equipment construction, assembly, 
and pre-testing at the individual participants' manufacturing 
locations which were scattered throughout the United States. 
Detailed verbal reports reviewed all progress and many current 
and future problems were resolved in the meetings. 

In Phase II, coordination continued with project technical 
personnel and field servicemen during assembly, testing, and 
operation at Swift 5 Company's Research and Development Center 
in Oak Brook, Illinois. 

An extensive installation effort was required to set up 
the production line at Swift's facility and Swift's technical 
and utility personnel assisted sub-contractors in installation 
and "start-up." Installation of the several large pieces of 
equipment required professional movers, enlargement of doors, 
relocation of normal research pilot-plant equipment, and the 
usual utility hook-ups. 

Extensive pre-production testing with flexible packaging 
materials, equipment, and food-handling concepts was conducted 
at the Swift facility. Also, the availability of necessary 
participating equipment servicemen from outside Swift and 
daily scheduling of manpower from Swift (not to mention 
ingredients) for the production line on a flexible and part- 
time basis required considerable organization. 

FOODS DEVELOPMENT BY SWIFT 

Let us 
encountered 
confine 
and let 

now review the specific technical problems 
in Swift's assignments. Although I shall try to 

my comments to the specific assignments to Swift, 
you hear from other speakers regarding other companies, 

there may be some overlap. 

Of the original 17 food items, 12 are non-bakery foods 
and their development was the responsibility of Swift § 
Company. They included two non-meat items, crushed pineapple 
in syrup, and beans in tomato sauce. The others contain meat; 
they are beef loaf, beefsteak, beef stew, sliced beef in 
barbeque sauce, chicken a la king, chicken loaf, frankfurters, 
ham and chicken loaf, ground beef with pickle-flavored sauce 
(or "Sloppy Joe"), and pork sausage. 
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These 12 items, plus the five bakery items assigned to 
Pillsbury, were selected primarily because they were consid¬ 
ered representative of all the different classes or types of 
food items in the field-ration menu. But not only were they 
in the menu, they also represented food types that most chal¬ 
lenged food-handling and packaging systems. 

The bakery doughs and meat loaves were proposed to be 
handled as extruded items; the beef steaks, frankfurters, 
and pork sausage were pre-formed and pre-cooked solid items 
proposed for manual placement in the pouch; the pineapple, 
Sloppy Joe, and chicken a la king were proposed to be pumped 
into the pouches, and the beef stew and beef slices with 
barbeque sauce were proposed as combination items requiring 
both a solid fill and a pump fill. This range of foods was 
not only a formulation challenge but also a handling and 
equipment problem, since all operations had to be handled on 
a single food-processed line and placed in a single-size 
package. Swift formulation planning had to consider the 
potential equipment that would be supplied later, 

There were other criteria also requiring attention in 
initial product-formulation tests. The government initially 
provided tentative bench-model formulas and product specifi¬ 
cations for each food item, and these served as the basis for 
our formulation and acceptance tests. Product samples of 
each item were prepared as suggested and modified where 
required. These formulas and samp,'es were then reviewed by 
a staff of food technologists with experience in canned-food 
formulation, handling, and processing. They considered 
government ingredient approval, usage levels, and labeling; 
economics of the formulation ; application of canned-food 
processing arts; substitution of ingredients so that 
commercially proven thickeners and flavorings that are more 
available or yield improved results could be used; and ingre¬ 
dients and handling techniques that could be used in the 
pilot-plant equipment as well as in commercial production 
facilities. All new formulations had to meet the original 
criteria; including government approval, package size, qual¬ 
ity acceptance by Natick Laboratories, and satisfactory 
processing by the equipment without contaminating package 
seals. 

Quality acceptance was based on constant sample evaluation 
by the Packaging Division at Natick and followed by testing 
by sensory-evaluation panels conducted at Swift. The sensory 
technique used 10 male panel participants judging for overall 
acceptance on a 1 to 9 hedonic scale; a rating of 1 was 
considered unacceptable and a rating of 9 most acceptable. In 
all cases, it was established that 6 out of 10 panelists must 
score a formulation 6.0 or better for the formulation to be 
acceptable. In almost all food items tested, the average score 
was approximately 7.5. These scores, regardless of their 
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actual numerical rating, were established only on samples that 
had received Natick acceptance; they then became the goal fo : 
further sensory evaluations conducted during the production 
phase. Later, when 50,000 packages of each of the six selected | 
food items were manufactured in Phase II, similar tests by j 
taste panels were, and are, conducted at Swift using randomly 
selected samples from each lot. The panel tests are held the 
day after the production day for each lot as a quality check 
on consistency in production. Panelists not only score on 
general acceptance, but also indicate specific comments relat¬ 
ing to flavor, texture, and appearance. (A briefing was 
required to train consumer-oriented panelists to evaluate 
certain foods for military rations. Reasonable and honest 
acceptance scores were only possible if the consumer-oriented 
panelist was aware that these were shelf-stable packaged field 
rations for soldiers.) 

Another serious consideration in product formulation was 
microbiological safety. Heat-Processing studies were required 
to determine a safe ’’commercially sterile” cook process and to 
evaluate any product-quality problem related to the retort¬ 
cooking process. For the latter, the advantages of reduced-heat 
processes, required for the relatively thin flexible package, ¡ 
made this problem minor as compared to problems encountered 
with cans of the same capacity. Preliminary heat-penetration ¡ 
studies were made in pilot-plant retorts at Swift during Phase I | 
to determine equipment needs and product quality, next on small 
numbers of samples in the FMC production-line retorts installed 
during Phase II, and finally, on the first full-retort produc¬ 
tion lot. Consultation between thermoprocessing technologists 
from Natick Laboratories, Continental Can Company Technical 
Center, and Swift R$D Center agreed on a sterility value (or 
Fo) of 8.0 for all meat products. The pineapple product 
required only pasteurization to achieve shelf stability due to 
a pH of less than 4.5 in the finished product. End-product 
microbiological safety was also ensured through the 100 percent 
product incubation fur 14 days at 100o±2°F, followed by 100 
percent visual inspection for package integrity and bacterio¬ 
logical analysis of representative packages from each retorted 
lot. It was desirable to determine the reliability of the 
package because future commercial production will require only 
representative sampling and incubation or analysis from each 
lot. 

Our program also required Swift to prepare large quantities 
of the developmental food products for shipment to Rexham 
Corporation in Phase I and early Phase II for fi Her-equipment 
testing. Similarly, some quantities of food samples were 
supplied to Continental Can Company for handling, pouch vacuumi- 
zation, and top-sealing tests. These evaluations were important 
also in determining the final food formulas and handling 
specifications. For example, the optimum product temperature at 
time of fill was found to be ambient temperature (approximately 
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70°F) for all items except beef steaks and frankfurters, which 
were restricted to a ^tempered from frozen” temperature 
(approximately 40°F) . 

PRODUCT FORMULATION CHANGES 

In beans in tomato sauce, the emulsifier specified was 
deleted since it was found unnecessary. Black pepper was 
added to improve flavor. Presoaking the beans was increased 
from 80 to 100 percent water pickup to improve texture of the 
beans and consistency of the sauce. 

In the beef loaf, the amount of beef used was reduced 
from 80 to 74 2 percent, beef juices were added at 10 percent, 
and cracker meal was reduced from 10 to 5 percent to improve 
texture. The addition of beef juices as well as of .5 percent 
salt, .2 percent hydrolyzed vegetable protein, and .1 percent 
white pepper improved the flavor. 

Frankfurters were reduced in diameter to permit four 
franks per pouch; they were also increased in density by appli 
cation of leaner meat formulas. 

For pineapple in syrup, crushed pineapple canned in heavy 
syrup was used rather than the specified fresh-frozen pineap¬ 
ple due to an objectionable flavor in the finished product 
when frozen pineapple was used. Initially, the juice from the 
canned pineapple was used in preparation of the specified 70° 
Brix.syrup for this project, but subsequently, it was found 
possible to purchase the raw material directly \‘/ith the desired 
30° Brix. This resulted in handling and cost savings. 

In the beef steaks, beef slices (for the beef slices in 
barbeque sauce), and the ground beef with pickle-flavored 
sauce, MEconomy” grade beef was substituted for the "Good” 
grade specified, based on better acceptance of lesser grades 
with a retort process. 

From the considerations, tests, and formula changes just 
discussed, final "Commercial Production Guidelines” were pre¬ 
pared and accepted for the Phase II production of 50,000 
samples of each of six food items, including four meat items -- 
beef steaks, beef stew, frankfurters, and ham and chicken 
loaf -- and for the crushed pineapple. These guidelines 
covered food formulas, handling, fill weight, and cooking 
process. 

USDA APPROVAL 

Once the final food formulations were accepted, we sought 
U.S. Department of Agriculture meat-inspection approval for 



actual numerical rating, were established only on samples that 
had received Natick acceptance; they then became the goal for 
further sensory evaluations conducted during the production 
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certain foods for military rations. Reasonable and honest 
acceptance scores were only possible if the consumer-oriented 
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evaluate any product-quality problem related to the retort¬ 
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percent visual inspection for package integrity and bacterio¬ 
logical analysis of representative packages from each retorted 
lot. It was desirable to determine the reliability of the 
package because future commercial production will require only 
representative sampling and incubation or analysis from each 
lot. 

Our program also required Swift to prepare large quantities 
of the developmental food products for shipment to Rexham 
Corporation in Phase I and early Phase II for fi Her-equipment 
testing. Similarly, some quantities of food samples were 
supplied to Continental Can Company for handling, pouch vacuumi- 
zation, and top-sealing tests. These evaluations were important 
also in determining the final food formulas and handling 
specifications. For example, the optimum product temperature at 
time of fill was found to be ambient temperature (approximately 



our equipment and for packing test lots at Swift's facility. 
Although the program was a military research contract and no 
food was produced for distribution in commercial channels, 
either for test or sale, the project intended to conduct all 
meat-product handling under government supervision. 

Four different branches of the Animal and Plant Health 
Inspection Service of the U.S. Department of Agriculture were 
consulted. The Bartelt pouch former-filler units and the 
Continental vacuum top-seal unit were all designed and cons¬ 
tructed to comply with standards of construction as reviewed 
by the Equipment Division. This included submission of a 
written operational description. Swift applied for a meat 
food-plant installation and usage approval for the equipment 
through the Field Operations Division. The previous approval 
of the packaging materials granted by FDA were reviewed by 
the Laboratory Services Division. And lastly, properly 
identified labels, including product name, ingredient phrases 
manufacturer identity, weight marking, and government meat- 
inspection identity seal were submitted for approval before 
shipping the products to Natick Laboratories for subsequent 
usage test. All these approvals have been granted on a 
temporary basis for military research only, but it is hoped 
that the mutual assistance and information relating to future 
commercial application will be beneficial to the U.S. 
Department of Agriculture, the military, and commercial 
interests . 

CONCLUSION 

The current activity by Swift involves the coordination 
and conduct of the Phase II production program. We are 
presently in the middle of manufacturing 50,000 packages of 
the third food item. I have already mentioned the problems 
of coordinating production schedules, but further effort is 
required to schedule a daily specialized work force on a 
semi-automated simulated production line under research 
conditions. Our staff is divided into product preparation, 
process line, retort operation, finished-product inspection 
and handling, quality control, and administrative personnel. 
People are assigned according to qualification, ability, and 
availability, and have been trained for several different 
duties . 

Figure 7 shows the overall schematic production layout. 

I am sure you have many questions remaining, but I trust 
they will be answered either in the next presentations, later 
today in our question-and-answer panel discussion, or tomor¬ 
row when you visit the Swift facilities and see the equipment 
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BAKERY ITEMS IN FLEXIBLE PACKAGES 

Powell F. Sams 
Manager, Advanced Foods and Support Systems 

Research Laboratories 
The Pillsbury Company 

Potential processors of bakery products should be 
interested in knowing why these products are marketable and 
in the problems encountered in manufacturing them. Rather 
than give you a chronology of the research and development of 
the formulas and processing criteria for bakery products, I 
will try to answer the questions of marketability and 
manufacturing problems. 

MARKETABILITY 

The question here is: Why put bakery products in 
flexible pouches? In answering this question, I propose that 
the military reasons are closely related to those of manufac¬ 
turers who supply the consumer market and that there is a 
consumer market for products like these that are safe, nutri¬ 
tious, and high in quality. To begin with, I make three 
assumptions that represent what food manufacturers want for 
their consumers and discuss each briefly. 

Food safety. It is reasonable to assume that food manufacturers 
want to market only those products that are safe. Current con¬ 
sumer awareness makes this the dominant issue that will face 
food processors during the next decade. Food safety is directly 
affected by the reliability of the product, the package, the 
processing equipment, and the thermal process. For bakery 
products, the safety issue is different than for other foods in 
the program. It differs because the water activity of these 
products after thermal processing is .75 or lower and, at this 
level, pathogenic bacteria will not grow. If the package becomes 
punctured after thermal processing, however, the consumer will 
reject it because the product will become hard and dry in about 
2 weeks. Food safety is certainly achievable and is a market- 
related reason to pack bakery products in flexible packages. 

Product quality. It is safe to assume that food processors want 
to attain product-quality levels as high as possible within the 
parameters of food safety. From a quality standpoint, one can 
readily see the advantages of this technology as it pertains to 
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entree items, but these advantages are not so apparent for 
bakery items. We have demonstrated that we can match the 
quality of frozen bakery items for a longer period of storage 
time. For the four cake items we produced during Phase I of 
this contract, we had an initial average hedonic score of 6.9. 
This score did not change after storage at 100°F for one year. 
From a marketing standpoint, the quality issue is a dominant 
one; it makes little sense to manufacture products that the 
consumer does not want or will not accept. Product quality, 
then, as achieved by this technology, is certainly a.reason 
for packing bakery products in flexible pouches. 

Shelf life. Food processors, like the military, are concerned 
with shelf life and storage conditions. This is an important 
issue, and our goal was to achieve shelf life the same as that 
attainable in a metal can. We have kept bakery products under 
many storage conditions for several years and have found them 
to be still quite acceptable. We know we can achieve shelf 
life of long duration if the package maintains its original 
integrity. The shelf life of bakery products is certainly 
another reason for putting bakery products in flexible packages. 

Convenience and portability are two more qualities whose 
advantages are obvious and which constitute another reason for 
bakery products in flexible packages. 

For most products, the objective of thermal processing is 
microbiologie safety. Thermoprocessing for bakery items has a 
second function -- simply to bake the cakes. This function is 
normally accomplished in an air oven at atmospheric pressure. 
While I don|t want to dismiss safety, most of what I have to 
say deals with baking and thermal process conditions that are 
most favorable for producing highly acceptable quality products. 

What we needed was a way to bake an individual slice of 
cake so that when the consumer viewed it, an image of the entire 
cake would be conveyed to his mind. We found it is possible to 
design a product with the same quality attributes as convention¬ 
ally baked foods and that physically resemble a slice of cake. 
We have shown that we could do this for both pound cake and 
fruitcake, the two extremes of production difficulties in bakery 
items . 

Before going to the second question, however, let me add a 
few more thoughts. The concept of commercially sterile consumer 
foods in flexible packages is not new. In fact, as you have 
already heard, the concept and technology have been studied, 
researched, engineered, and developed at considerable expense 
over the last decade. In spite of this, flexible packaging is 
new technology. The reason, of course, is that until now pack¬ 
age reliabilityhas been questionable. As a result of this 
project, we believe this issue has now been favorably resolved. 
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MANUFACTURING PROBLEMS 

Here the question is: What problems are connected with 
manufacturing bakery products in flexible packages and how 

they resolved? At the outset, the problems are many and are 

complicated because of the number of different operations the 
production machinery was required to perform. For instance, 
we decided early to build a water retort because water retorts 
were considered to be most suitable for the variety and types 
of products to be produced. This choice complicated the prob¬ 
lem of developing a cake structure, particularly a leavened 
cake structure, under pressure. By way of explaining and 
describing this problem, we began by asking, MHow do you bake 
a cake in a pressure cooker?” and then expanded on that 
asking, "How do you bake a cake under water in a 
cooker?" Underwater pressures are different due 
head 

by 
pressure 
to the added 

pressure. Now, the problem became one of product-quality 
constancy throughout the retort, and the question we asked was 
Can cake products be designed to compensate for overriding 
retort pressure and the additional waterhead pressure?" As 
will see, the answer to this question is "Yes 

you 

tain conditions are met. The final question we 
the retort pressure be controlled in such a way 
pressure outside the package is nearly the same 
developed by the cake inside the package?" 

providing cer- 
asked was, "Can 
so that the 
as that being 

The tasks, then, were to design a product capable of 
overcoming external pressures and develop a retort pressure- 
control system in which the pressure differences between the 
inside of the package and the retort could be maintained at 
a set level. 

While developing formulas and processes for the products, 
we discovered that prior art was somewhat limited because the 
majority of the successful work had been done with steam retorts 

Bakery-formula criteria, 
known texture and flavor. 

Pound cake is a basic cake with a 
It was selected as a research model. 

Most of the results from pound cake development are applicable 
to other bakery items and duplicate formula research is not 
required. As a result of the formula work and succeeding 
process studies, we have developed formulas and process criteria 
for each of the five bakery items. Formulation work was direc¬ 
ted toward producing a conventional baked cake structure and 
texture. Experimental design variables in the formula trials 
were primarily related to the leavening system and its ability 
to overcome waterhead and temperature-related pressures in the 
retort. The development of a leavened crumb structure is not 
possible unless compensation is made for external pressures. 

To properly heat process for safety and stability, retort 
temperatures of 250°F must be reached. At this 
an external pressure of approximately 15 psig 

temperature , 
is applied to 

¡gü mi 
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the packages being processed. During water cooks, additional 
pressure is applied to the outside of the packages by water- 
head pressure. This latter varies according to the package 
position in the retort. Because we don't wish to operate at 
minimum retort pressures for control reasons, it is necessary 
that the products be designed to more than compensate for 
these basic pressure levels and variations. 

Leavening, steam, and air contribute to pressures inside 
the package. The only independent variable with which we could 
work was leavening, and the leavening system was designed to 
compensate for the variable external pressures. Time interval 
is an important factor in the control of the overriding pres¬ 
sure in the retort. The time limits between blending and heat 
processing have been established for each of the products. The 
heavier cakes, such as fruitcake, are the most stable with 
respect to batter density changes over time and require less 
control of this variable. Vacuum packaging is neither necessary 
nor desirable in packaging bakery items. It is desirable, how¬ 
ever, to remove residual air from the pouch before sealing so 
that each package has approximately the same amount of residual 
gas and achieves approximately the same internal pressure during 
heat processing. To achieve the desired size, shape, density, 
structure, texture, color, and flavor, it was necessary to 
create a process condition that would produce a product in the 
retort that resembled a product baked in a conventional air oven. 
If the cakes being processed were subjected to excess external 
pressure, they would not develop the leavened crumb structure. 

Cake shaping. We discovered that restricting the package as 
the batter expanded would force the cakes into the shape of 
a natural-appearing slice. To determine the best thickness 
for the pouches, we calculated the potential volume for the 
packages at thicknesses ranging from 3/8 inch to 1.8 inch, 
the maximum thickness where the pouch takes the shape of a 
sphere. Figure 1 shows the potential pouch volume at its 
maximum. 

Figure 2 is a cross section of the pouch when it is fully 
expanded between two platens. We assumed that the pouch would 
take a regular geometric shape similar to a parallelepiped. 
The calculations allowed us to select reasonable experiment 
variables to determine both the optimum amount of leavening 
and the amount of dough per package to obtain a regular, slice¬ 
like, product shape. 

The carrier designed by Continental Can satisfied the 
dimensional restriction requirements and little more needs to 
be said about that here, except that the configuration chosen 
helped considerably in the development of the shape we wanted. 

Processing criteria. Creating the processing conditions we 
wanted was not achieved quite as easily. Figure 3 graphs 
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EXPANDED POUCH VOLUMES 

4" X 6" Pouches 

w - width 

POUCH VOLUME CALCULATION 

FIGURE 2 
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FIGURE 3 

PROCESS TIME - MINUTES 

FIGURE 4 
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the thermal process we developed for fruitcake; plotted on 
the ordinate are temperatures ranging from 60°F to 260°F. 
Plotted along the abscissa is the process time in minutes. 
The thermal process is simply a time-versus-temperature 
relationship. It is important to observe that the curve 
above 212°F also describes the gauge pressure necessary to 
prevent the retort water from boiling, remembering that the 
objective is to create a condition in which no excess 
pressure is applied to the cakes during processing. 

Figure 4 is a graph of the product temperature through 
the preceding process. Note particularly the curve above 
212°F. Here, the parallel ordinate for the curve also shows 
the contribution of steam to internal package pressure when 
the package is restricted. In other words, for every degree 
in temperature above 212°F, there is a resulting pressure 
contribution from steam in the package. Because we did not 
require vacuum packaging, we had air trapped in the dough 
and the package headspace. This air also contributed to the 
internal package pressure. 

The graph in Figure 5 shows the additive pressure effect 
of the air above the product temperature and pressure curve. 
With this condition, the internal pressure and the external 
pressure equalize after the internal temperature reaches 
approximately 240°F. This assumes that the retort pressure 
is being controlled at the minimum pressure. Note also that 
the internal pressure is higher than the retort pressure at 
the end of the process holding period. 

It is not desirable to have minimum pressures in the 
retort nor to have excess pressure applied to the package. 
The leavening, then, must be such that it will supply internal 
pressures high enough to stay above the process temperature 
and pressure curve. Two of the principal characteristics of 
a leavening system are reaction rate and reaction temperature. 

Figure 6 shows the additive effect of our leavening on 
the internal pressure in a restricted package. Note that 
with this leavening, the generation of C02 occurs when the 
dough reaches temperatures between 130°F and 145°F. This 
curve also shows the cumulative pressure from the expansion 
of water, air, and leavening gas as the product is heated. 
This demonstrates that cakes can be formulated in such a way 
that the overriding retort pressure can be controlled at the 
same pressure level as the packages. It is also possible to 
maintain retort pressures slightly higher or slightly lower 
than that in the package. 

Pressure control. What kinds of pressure controls were 
availabTe and how is package pressure measured? Can these 
pressures be accurately calculated and predicted? These are 
two of the questions we needed to answer. We tried the 
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programmed cycle route, but found that normal 
variations caused the conditions to always be 
that cutting a process cam was not a workable 
What was needed was a way to directly measure 
package pressure. What evolved was a sensing 
Figure 7. Its size, shape, and heat - transfer 
were similar to the packages being processed. 
,o M rigid container in the shape of a package is a 
restricted dimension. For every retort load, 
filled with an identical amount of cake batter 
batch as that being filled in the packages. 

process 
different and 
possibility, 
the actual 
can shown in 
characteristics 
This sensor 
at its full 

this can is 
from the same 

Figure 8 is a flow diagram of the control strategy. 
During the process, the can pressure measured at No. 1 is 
transmitted through a capillary tube to one side of a 
differential-pressure cell at No. 3. On the other side of the 
differential-pressure cell, retort pressures are measured at 
No. 2 and transmitted to a differential-pressure controller at 
No. 4. With this device, we can limit the overriding air 
pressure in the retort to within ± 1 psig through the critical 
stages of processing. This is especially important when the 
temperature rises and the cake is forming its cellular struc¬ 
ture. By keeping the retort approximately 2 psig under the 
pressure in the package, even those packages subjected to 
greater head pressures will be expanded. By doing this, the 
structural quality of the cake can be maintained, regardless 
of the package location in the retort. The pressure controller 
automatically opens or closes an air-inlet valve or air-exhaust 
valve such as the ones shown here as Nos. 5 and 6 to maintain 
the overriding air pressure. This solution of the pressure- 
control problem resulted in a process that produces cakes of a 
quality comparable to hot-air oven-baked goods. 

Reliability. The objective of the 50,00Q-pouch 
was package reliability and our goal was to have 
one seal failure in every 10,000 pouches, or a . 
fail rate. We have completed the 50,000-pouch r 
and found only two packages with any kind of sea 
packages from the run were inspected; suspected 
subjected to a vacuum test. Two seal failures i 
is a fail rate of .004 percent -- considerably b 
original target. 

production run 
no more than 

01 percent 
un of fruitcake 
1 failure. All 
leakers were 
n 50,000 pouches 
etter than our 
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WING NUTS 

FIGURE 7 

AIR IN 

" 6 

AIR OUT 

RETORT PRESSURE CONTROL FIGURE 8 
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RELIABILITY OF PACKAGING MATERIALS AND CLOSURE 

Allan 0. Corning 
Manager, Customer Research 

Flexible Packaging Technical Center 
Continental Can Company, Inc. 

I will cover briefly the responsibilities and efforts of 
Continental Can Company in completing the contract. They 
include : 

Cl) Establishment of systems-specification guidelines. 
(2) Establishment of criteria for equipment and line 

acceptance testing. 
(3) Performance of equipment-engineering tasks and manage¬ 

ment of all engineering. 
(4) Quality-assurance program. 

SPECIFICATION GUIDELINES 

The interrelationships between flexible-packaging material 
and form-fill seal machines are a growing concern in the food 
industry. A laminate that is ideal for forming on one machine 
may not have the characteristics required for forming on another 
machine. In this project -- and in general application -- this 
relationship is critically important. We, therefore, gave first 
consideration in the specification guidelines to packaging 
material. 

The guidelines were prepared at the inception of the project. 
They challenged the design engineers with specific performance 
requirements for each station, or module, in the system. For 
example, seal bars were restricted to a maximum temperature 
variation of ± 10°F in an operating range of 400°F to 500oF; and 
an allowable pressure variation of ± 10 lbs at seal pressures 
up to 200 lbs per inch of width. At the same time, the guide¬ 
lines specified that no heat-seal creep would be allowed. 
Heat-seal creep reduces seal quality. It is a jagged seal along 
the inner edge of the pouch; when it is present, any compressive 
force on the pouch exerts a concentrated stress on the narrow 
places in the seal, often separating and further weakening the 
seal. 

Each station in the system was similarly defined. The 
performance and design-acceptance criteria were also established 
to optimize the system's performance. Most importantly, the 
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guidelines stressed avoidance of negative effects on the 
quality and integrity of the finished package. The criteria 
for the finished package were based on pouch developments dur¬ 
ing the past decade. 

The system has 16 stations. They are designated as pouch 
material, pouch fabrication, transfer to pouch conveyor, pouch 
opening, pouch filling, pouch shaping, partial seal*, transfer 
to carrier and conveyor, pouch evacuation and sealing, pouch 
transfer to racking station, pouch placement in retort rack, 
retorts, pouch drying, pouch inspection, pouch jacket packing, 
and case packing. 

Because the packaging material, which was specified in the 
project contract, has its own characteristics, it had to be 
our first consideration. The material is three-ply. When 
formed in a pouch, the outer layer is 50-gauge polyester; the 
middle layer is 35-gauge foil; and the inner layer, which is 
the layer that seals and is in touch with the food, is 300- 
gauge (3-mil) polyolefin. Curing type adesives are used for 
the lamination. 

The material meets the 14 requirements listed by Long in 
"Flexible Packages Now Withstand Heat Processing Temperature 
of Foods" {PACKAGE ENGINEEhlNG, March 1962). The requirements 
include low gas and moisture permeability; resistance to 
thermoprocessing temperatures of 250°F and variable storage 
temperatures; low hydrophilic properties; economy; heat seal- 
ability; FDA approval; resistance to penetration by fats, oils, 
and other food components; dimensional stability and chemical 
inertness; resistance to tearing, pin holing on impact, and 
abrasion; consumer or esthetic appeal; adaptability for use on 
automatic fabricating and filling equipment; long shelf life; 
and receptivity of printing inks that withstand thermoprocessing. 

For this contract, the polyester film was reverse, or 
trap, printed with military olive drab before it ivas laminated 
to the foil. The printing could be done as easily in other 
colors or designs for commercial products. 

Pouch material specifications cover yield, odor, carbon 
count, bond, seal strength, heat resistance, color, visual 
appearance, retortability, and roll-dimension tolerances -- all 
relatively typical requirements in contemporary roll-stock 
specifications. All stock was subjected to a quality analysis 
using accepted sampling techniques for roll-form production 
operations . 

The guidelines, in addition, require the stock to meet an 
air-burst value. Air burst is a test unique to retortable 

* This station was not used in the final machine design. 
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pouch development. It was developed a number of years ago to 
comparatively evaluate the structure and quality of formed 
material under retort conditions. In the test, a sample pouch 
is inserted in the testing machine shown in Figure 1. The open 
end of the pouch is clamped with rubber-faced jaws against an 
open air port in an air line. Regulated air pressure can then 
be forced into the pouch for a specified number of seconds, such 
as 35 psig for 30 seconds. Considerable past experience con¬ 
firms that set air-burst levels are necessary criteria for 
pouches to be retorted. They also provide quick and meaningful 
quality-control data once production has begun. 

Each station in the system was assigned tentative 
specifications based on anticipated design requirements. From 
the time the project began through Phases I and II, the specifi¬ 
cations and associated values were altered as necessary, with 
the overriding consideration always the absolutely unique 
performance goal of the project. 

ACCEPTANCE TESTING 

Throughout Phases I and II, the performance of each 
station was tested individually and in conjunction with the 
stations associated with it. The tests were repetitive. 
The testing plan required that three lots be taken at each 
station. Each lot consisted of 30 consecutive pouches under 
simulated full-scale production. One or more failures result 
ing from defects in the 90 pouches was cause for rejecting 
the particular stationrs operation. Statistically, a single 
failure implied that the minimum reliability goal of 1 defec¬ 
tive pouch in 2,000 could not be met and that the ultimate 
goal of 1 (or less) defective pouch per 10,000 could not be 
met under full-scale production. Conversely, meeting the 90 
defect-free pouch requirement provides 95 percent assurance 
that the production-reliability goal will be met. 

EQUIPMENT ENGINEERING 

In addition to supplying the laminated material, preparing 
specification^guidelines, and testing the acceptability of all 
modules, Continental Can Company was responsible for engineering 
and constructing certain pieces of equipment. 

The problem of transferring the unsealed pouch from the 
filling module to the evacuating and closing module was resolved 
with the development of a carrier unit. The carrier unit 
underwent several stages of design; the final design is shown 
in Figure 2. 

The carrier is a unique approach to flexible pouch handling; 
it was also a key factor in designing related equipment for 

Hi ÉÉ 
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handling the filled uns 
number of functions inc 
abuse, positive feeding 
automatic-racking capab 
cross section during re 
important -- particular 
possible establishment 
tion of undue pouch swe 
processing . 

ealed pouches. The carrier serves a 
luding protecting the pouch from physical 
and positioning in the closing machine, 

ility, and maintaining a constant pouch 
torting. The last two functions are 
ly for bakery items -- because they make 
of optimum processing times and preven- 
lling from high inside pressures during 

The carrier is die-cast aluminum with the inside bottom 
shaped to receive the tapered pouch. Cut-outs in the bottom 
allow water to flow through the carrier and protuberances on 
the outside allow water to flow between carriers -- assuring 
that each pouch in the retort will be exposed to uniform pro¬ 
cessing temperatures. The top third of the carrier side walls 
are cut out to allow for the flattening action of the evacua¬ 
tion and sealing station. 

A stainless steel rack, shown in Figure 3, was designed 
hold 12 carriers. The rack was also designed so that in the 
future the carriers could be loaded or, once emptied, fed back 
into the production line automatically. 

to 

As with the carriers, the racks are designed to allow 
maximum water flow. They have perforated side walls, two 
narrow ribs for a bottom, and an open top. 

Th 
Bartelt 
with th 
system. 
placed 
unseale 
Figure 
will fi 
each po 
fit. 

e problem of transferring the filled pouches from the 
intermittent-motion machine to the carrierwas resolved 

e development of a transfer module -- a chain-mounted 
are The system also shapes the pouches before they 

in the carrier. Top grippers pick up the filled 
d pouches from the Bartelt edge grippers. As shown in 
4, when it is necessary to shape the pouches so they 
t in the carriers, shaping paddles (or plates) close on 

it to a cross-section dimension that will uch, molding 

Natick Laboratories data had previously confirmed that 
the pouch closure seal was the most critical production aspect 
in assuring quality and reliability of the finished package. 
Absence of foodstuff from the sealing surfaces, achievement of 
high tensile strength, and uniform wrinkle-free seals were 
considered mandatory requirements. There was also need to 
evacuate air from the pouch to a specified level immediately 
before sealing. 

Initially, impulse-type seals were considered because of 
their proven advantage of cooling under bar pressure imme¬ 
diately after the heating portion of the sealing cycle. 
Earlier work with impulse sealing, using seal-bar pressures 
up to 100 lbs per inch, had demonstrated it was possible to 
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achieve closing-seal strengths of up to 22 lbs per inch of 
width and optimum seal uniformity. 

Of known available equipment, the Continental Can Company's 
Model 216 (normally used for evacuating and closing ham cans) 
was selected because potentially it required only minimum 
modification. The modified unit is now known as Model 661. 

The rigid carriers for the filled pouches allowed the use 
of conventional transport mechanisms to and through the vacuum¬ 
closing module. At the same time, the carriers protected the 
pouches from damage in transport and during positioning and 
handling in the rotating turret of the Model 661. 

An analysis of sealing-cycle time versus the productivity 
goal quickly confirmed the need to consider the advantages 
and disadvantages of resistance-type sealing. The seal 
strengths attainable with resistance sealing equaled the seal 
strengths obtained from impulse sealing. From available tech¬ 
nology in resistance, or bar, seals the Model 661 evacuation 
and closing unit, shown in Figure 5, was developed for Phase II 
production. This figure shows the conveyor feeding carriers 
into the rotating turret of the unit. The turret carries the 
carrier through three progressively higher vacuum stages to the 
final chamber, where the closing seal is made on the package. 
The seal bars are closed with a pneumatic cylinder-mechanical 
clamp-linkage action, and can exert up to 200 lbs per inch 
width pressure. As on the Bartelt pouch former, uniform and 
positive seal-bar pressures are assured by a metal-faced bar 
pressing against a Teflon and glass-cloth-covered rubber-faced 
bar. 

The no-seal-wrinkles requirement resulted in the use or a 
positive gripper system for flattening the seal area when the 
pouches contained meat products. Various grippers were eval¬ 
uated and metal-to-metal grippers were selected. The grippers 
are located above spring-loaded fold-over bars and their 
opening and closing can be carefully timed. The fold-over 
bars also help prevent seal wrinkles. 

The grippers and fold-over bars close on the pouch just 
before the seal bars close. The jaws of the grippers move in 
opposite directions, an action that flattens the seal area. 

The time required to position the carrier, grip the pouch 
edges, close the seal bars, seal the pouch, and release the 
pouch indicated that this size sealing unit could process 35 
to 40 packages per minute. A unit with a turret of larger 
diameter and multi-head sealing unit would have increased 
productivity. 

In a later design stage, the Model 661 turret-movement 
index of the pouches was halved to 22 1/2° to allow more time 





for the seal to cool before it was exposed to atmospheric 
pressure. This overcame a stress on the nascent seal that 
caused wrinkles to form. 

The staged vacuum approach of the Model 661 avoids 
boiling or splashing the air-filled foodstuffs and contamina¬ 
tion of the closure-seal area. The four vacuum stages proved 
satisfactory. 

In the next module, the racks of pouches in carriers are 
loaded on carts. The carts are designed to optimize space 
use in the retorts. The size of the retorts was based on the 
productivity goal and the time restrictions on holding the 
uncooked foodstuffs. Filled meat pouches have especially 
restrictive maximum holding times of 120 minutes before retort¬ 
ing. A basket-weave aluminum grid is locked over the top of 
the rack-loaded cart, making it a self-contained unit when 
placed in the retort. 

For fruitcake, which is not evacuated before sealing, a 
hold-down bar keeps the pouches from floating out of the 
carriers in the retort. The hold-down bar is perforated alu¬ 
minum and V-shaped. 

SYSTEM QUALITY ASSURANCE 

There are three categories of quality assessment and 
prediction systems for producing thermoprocessed shelf-stable 
foods in flexible packages. They are incoming packaging 
material, equipment reliability, and production. Of these, 
sound statistical assessment of equipment reliability before 
production began was considered the most important. To assess 
the equipment, 14 inspection stations were established to 
evaluate the complete packaging system. Tests for critical 
defects were made at each inspection station and at selected 
strategic points in the production line so as to assess the 
capability of combined production modules to produce defect- 
free packages. While this method of acceptance testing is 
rigorous, it is the optimal means of generating sufficient 
statistical data for making precise probability predictions. 
The key to the approach is the system's ability to produce 
small lots of defect-free pouches successively. In addition, 
the system will be assessed from the running record of 
pouches that swell or leak after two weeks of incubation. 



FORMING FILLING 

William N. Miller 
Chief Engineer 

Packaging Machinery Division 
Rexham Corporation 

To meet the reliability goal of this research contract, 
Rexham Corporation was faced with the most restrictive and 
demanding performance requirements in the history of flexible- 
packaging forming, filling, and sealing machinery. 

During Phase I, our program, which led to the conclusion 
that the reliability goal could be achieved, included: 

(1) Testing the machineabi1ity of the laminate. 
(2) Development and testing of the package-forming and 

package-filling modules. 
(3) Determining the filling methods for 17 food products. 

MACHINEABILITY 

The packaging material was first subjected to a 
pouch-forming test to determine whether any material damage 
occurred during this operation. Heat seals and the easy- 
opening notch were omitted so that the material could be 
unfolded and inspected. The results of this test were accept- 
able. Only six foil breaks and no material failures over a 
o-toot length of material resulted from the machine folding 
and forming operations. 

PACKAGE-FORMING PACKAGE-FILLING MODULES 

A prime function of the basic packaging machine is sealing 
and the heat-sealing specifications for this material required 
maintaining a temperature uniformity on the sealing surface of 
each seal bar with variations of no more than ± 10°F during 
machine operation. Standard components could not meet this 
requirement. 

The six separate side heat-sealing bar configurations shown 
in Figure 1 were evaluated during development of reliable seal 
bars. Configuration 1 is a standard heat-sealing bar used on 
a Bartelt form, fill, seal machine. Configurations 2 through 6 
are modifications to this basic design. They position additional 
seal-bar material adjacent to the sealing surface. 

! 



FIGURE 2 Bottom Heat Sealing Bar Configurations 
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More than 195 separate temperature tests were conducted 
during this development. Four different seal-bar materials and 
four brands of cartridge heaters were also evaluated. The 
size of the cartridge heater hole and the location of the car¬ 
tridge heater and thermocouple probe were optimized with 
respect to the sealing surface. Configuration 6, incorporating 
the optimum of the preceding features, was successful in meet¬ 
ing the static temperature uniformity requirements. Figure 2 
shows several configurations of the bottom heat-sealing bar. 

Three types of temperature controllers were tested. 
These included variable-voltage transformer, on-off time pro¬ 
portioning, and voltage proportioning controllers. The 
latter provided the most accurate temperature control. 
Conductive-heat losses from the seal bars into the supporting 
mechanisms were also evaluated. They were reduced by machin¬ 
ing a deep circumferential groove into the support plug. 

Tests indicated a s 
on machine start-up and 
temperature limits after 
control system was devel 
involved supplying full 
prior to start-up to eac 
temperature controller, 
requirements. After eac 
cycling by a time delay 
set point. 

ignificant seal-bar temperature drop 
an overshoot beyond the allowable 
shut-down. A unique anticipatory 

oped to eliminate this condition. It 
voltage for a short predetermined time 
h cartridge heater, by-passing the 
thus anticipating the initial heat 
h run, the machine is prevented from 
until the temperature has returned to 

Pouches were produced on a modified Bartelt horizontal 
packager in the sequence shown in Figure 5. The operations 
include bottom heat sealing, bottom seal cooling, side heat 
sealing, side seal cooling, easy-opening notch, photoelectric 
registration, and pouch cut-off. The completed pouch is 
shown in Figure 4. 

Pouches were then transferred to the 11-station conveyor 
of the packaging machine. Station 0 is pouch pickup; Station 1 
is air-jet opening; Station 2 is pouch-forming; Stations 3 
and 7 are product-filling; Station 8 is reserved for top-pre¬ 
sealing, which is not required; Stations 9 and 10 are open; and 
Station 11 is pouch-removal. 

The most difficult requirement in maintaining package 
reliability is dispensing and positioning the product in the 
pouch without contaminating the top seal area. 

Our first consideration on the Bartelt machine was to 
provide a reliable pouch-conveying clamp to positively control 
and position the pouch for opening and filling operations. 
This new clamp, attached to an endless chain, consisted of a 
fixed leading jaw and a movable trailing jaw. The pouch was 
then formed into an oval configuration by a mechanical forming 
mechanism. 
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FIGURE 4 Flexible Pouch Dimensions 
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FILLING METHODS 

The 17 menu foods were arranged in three classifications 
for detailed filling-method study. These were "pumpable 
’’extrudable," and "placeable." 

Standard fillers with successful histories were first 
surveyed and tested. Eight filling units were evaluated for 
pumpable products, three for extrudable, and two for placeable. 
In all, 221 separate, thorough, comparative filling tests 
were conducted to obtain the correct filler for each category 
of product. Modifications were necessary to improve each 
performance. Each filler was evaluated for filling speed, 
accuracy, and absence of product damage. Dispensing tempera¬ 
tures were optimized for each product. 

Two separate fillers are required to dispense the pumpable 
products. A horizontal piston filler is used for barbeque 
sauce, beans in tomato sauce, beef stew, chicken a la king, 
ground beef in pickle-flavored sauce, and pineapple in syrup. 
A rotary pump filler is used for the five bakery products. A 
Bartelt auger filler is required to dispense the extrudable 
beef, chicken, and ham and chicken loaf products. A mechanical 
depositing device was developed to load the beef slices, 
beef steak, diced meat for beef stew, frankfurters, and pork 
sausages. 

Selection of the proper filler device solved only half of 
the filling problem. Locating each product in the pouch with¬ 
out contaminating the top 11/2 inches of the pouch became the 
real challenge. 

Product-dispensing nozzles, connected to the pumpable and 
extrudable fillers, were developed to preclude top-seal con¬ 
tamination. The first nozzle designed was for the products 
using the piston filler. It consists of a round vertical 
chamber with a product-entry port near the center and an exit 
port at the bottom. A piston rod, located inside the chamber, 
is raised or lowered to open and positively close the exit 
port in time with the filler. The piston rod is hollow and 
both a vacuum source and compressed-air blow-off can be valved 
through the piston to prevent product build-up on the end of 
the nozzle. A stationary external vacuum ring, immediately 
below and around the nozzle tip, eliminates any product con¬ 
tamination on the outside end of the nozzle. A unique constant 
water-flush ring between the internal moving parts of the 
nozzle reduces the possibility of internal product build-up. 
Movable shields are provided to protect the top seal area of 
the pouch as the nozzle enters. 

Bottom-up filling techniques were used to position all 
pumpable and extrudable products in the pouch. This technique 
involves placing a filling nozzle inside and near the bottom 

11111¾¾¾¾¾ 
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of the pouch before dispensing the product and slowly raising 
the nozzle as the pouch is filled to 
of the lower tip of the nozzle. The 
before the nozzle reaches the top of 
suck-back or air blow-off is applied 
port closes and before the nozzle is 

prevent contamination 
flow of product is stopped 
the pouch. The vacuum 
immediately after the exit 
removed from the pouch. 

A rotary spool valve nozzle was developed for the bakery 
products. It has a vertical product chamber with the rotary 
valve at the bottom. A vacuum suck-back is provided. Movable 
shields protect the top seal area of the pouch. 

A sliding tube nozzle was designed for dispensing the 
extrudable loaf items. It consists of a product-entry chamber 
connected to the Bartelt auger filler. A round sliding tube 
with a matching entry port is located inside this chamber. A 
movable piston is positioned inside the sliding tube. Product 
flows into the tube and is cut off into a round slug as the 
tube and piston descend together into the pouch. The piston 
is then moved down, relative to the tube, to strip the product 
and position it in the bottom of the pouch. A vacuum suck-back, 
protector shields, and water-flush ring eliminate top-seal-area 
contamination . 

In Phase II, our objective was to design and build a 
package-forming and package-filling module using the technical 
guidelines established in Phase I. 

A special Bartelt 11-station horizontal intermittent-motion 
packaging machine was designed and manufactured to form the 
package automatically from a minimum of 30 to a maximum of 60 
machine cycles per minute. Only one operator is required for 
this machine. 

All equipment was designed following the guidelines of 
the Meat and Poultry Inspection Program of Animal and Plant 
Health Inspection Services. I want to emphasize that this 
machine was not a standard catalog item. A detailed descrip¬ 
tion of the equipment includes: 

(1) A powered web-roll arbor to unwind the roll of 
packaging material in time with the machine. 

(2) Automatic web-centering control to continuously posi 
tion the top lip overlap of the pouch. 

(3) A printer assembly to code an identification control 
number on each pouch. 

(4) Web-forming assembly. 
(5) Temperature-control system that includes a separate 

temperature controller and chart recorder for each seal bar. 
High- and low-temperature warning lights and alarm are also 
provided for each heat-sealing bar. 

(6) Bottom heat-sealing and cooling bars. Teflon-coated 
glass cloth is positioned between the laminate material and 
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each seal bar to keep the material from sticking to the bars. 
Silicon rubber, reinforced with fiberglass, is used on one 
seal bar to distribute the sealing pressure uniformly over the 
laminate material. 

(7) Side heat-sealing and cooling bars. 
(8) A strain link has been attached to both the bottom 

and side heat-sealing assemblies to accurately measure heat¬ 
sealing pressures. The output signal from the link is 
connected to an amplifier and continuous indicating meter. A 
chart recorder is provided to obtain a permanent record. 

(9) Easy-opening notch and photoelectric registration 
assemblies . 

(10) Web-feed and pouch cut-off assembly. 
(11) Clamp assembly to position and convey each pouch. 
(12) An automatic pouch-diverter assembly that deflects 

certain pouches away from the bag clamps where they can be col¬ 
lected for process-control inspection. 

(13) Air-jet splitter blade assembly to pre-open each 
pouch. 

(14) Pouch-former assembly to provide the controlled pouch 
opening . 

(15) The horizontal piston filler for barbeque sauce, beans 
in tomato sauce, beef stew, chicken a la king, ground beef in 
pickle-flavored sauce, and pineapple in syrup. The filler is 
positioned behind and above the machine and is connected to the 
dispensing nozzle through a reinforced flexible plastic hose. 

(16) The nozzle for these products with the external vacuum 
ring. 

(17) The rotary-pump filler for the five bakery products. 
(18) The nozzle for dispensing these. 
(19) The Bartelt auger filler and sliding tube nozzle for 

dispensing extrudable beef, chicken, and ham and chicken loaf 
products . 

(20) The rotary-drum placeable filler for beef slices, 
beef steak, diced meat for beef stew, frankfurters, and pork 
sausages. These products are manually positioned in the 
rotary drum for this contract; however, this function can be 
mechanized . 

(21) Pouch-flattening paddles to shape the pouch for entry 
into the pouch carrier for subsequent operations. 

Safety interlocks are provided to stop the packaging 
machine automatically at the end of each roll of laminate mate¬ 
rial and to interrupt the filling of product (but not stop 
the machine) if one or more pouches are missing from the bag- 
clamp conveyor. This no-pouch/no-fill feature also reduces 
product contamination on the bag clamps. 



FEASIBILITY OF RETORTING 
FOODS IN FLEXIBLE PACKAGES 

James H. Gee 
Staff Project Engineer 

Engineered Systems Division 
Food Machinery Corporation 

In the overall program of packaging and thermoprocessing 
food in flexible pouches, FMCfs Engineered Systems Division, 
had responsibility for retorting the food items after the 
pouches have been filled and sealed 

Preliminary studies of the flexible pouch material, pouch 
construction, and the foods to be processed indicated that the 
retorting operation could be similar to that now being used 
for cooking food in glass containers; this system is a water- 
cook with overriding air pressure. The glass containers are 
loaded into the retort, which is then filled with water to 
completely cover the containers; steam is introduced into the 
water through steam inlet spreaders and the water is usually 
agitated either by air or mechanical means, or it is recircu¬ 
lated by a pumping system. By this method the product is 
uniformly heated up to the cooking temperature and held there 
for a predetermined length of time. The product is then cooled 
at a controlled rate and unloaded from the retort. If the 
product is to be cooked at more than 212°F, air pressure must 
be applied over the water to prevent boiling and container 
damage due to excessive pressure differences between the inside 
of the container and the retort. 

Six products -- frankfurters, beef stew, ham and cheese loaf, 
beef steak, pineapple, and fruitcake -- were to be processed. 
For retorting, these products are divided into three categories: 
meat, fruit, and bakery. The different cooking temperatures 
and times shown in Figure 1 were established by Pillsbury and 
Swift in their pilot plants. 

The three diagrams show the theoretical process curves for 
each type of food item. Process time is shown on the horizontal 
axis with temperature on the vertical axis. Preliminary process 
times are as follows: 

Fruit, 
19 5 0 F, 

Ten minutes to fill the retort, 18 minutes to heat to 
5 minutes to cook, 12 minutes to cool the retort, and 

minutes to drain it -- for a total time of 50 minutes. 

« 
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TIME (MIN) j 

TIME (MIN) 

FIGURE 1 Graph Showing Theoretical Process Functions 
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Mea . Ten minutes to fill the retort, 23 minutes to heat to 
240“F, 40 minutes to cook, 18 minutes to cool the retort, and 
5 minutes to drain it -- for a total time of 90 minutes. 

Bakery. Ten minutes to fill the retort, 24 minutes to heat 
to 250°F, 20 minutes to cook, 19 minutes to cool the retort, 
and 5 minutes to drain it -- for a total time of 78 minutes. 

The tentative design requirements in Figure 2 were 
established for the water-cook, overriding-air process. These 
requirements were to be used as goals in developing the retort 
equipment. At the outset of the program, the major foreseen 
problem was achieving even distribution of the heat throughout 
the retort during the complete processing cycle (see Figure 3). 
Previous studies have shown that heat distribution can be con¬ 
trolled accurately if the retort is relatively short in length 
(a maximum of 4 feet) and all the water is recirculated through 
the retort every 4 to 5 minutes. These facts helped to estab¬ 
lish the design approach. The 14-foot retort was considered 
as 4 short retorts, although no physical separation existed 
between the sections. 

The diagram shows a cross section of the retort. Each 
section has recirculation water headers, recirculation water 
collectors, and a steam spreader. The steam spreader also 
serves as the feed water inlet. All the spreaders and headers 
run the full length of the retort. A single 25-hp pump 
recirculates the water through all sections. Manual control 
valves are located in the supply lines for each retort section. 
The flow of water and steam to each section can be accurately 
controlled by these valves. Because of the extreme temperature 
control requirements, agitating air is also used to help 
provide uniform temperature throughout the retort. 

Steam is fed into the water at the bottom of the retort. 
This area is used as a steam-and-water mixing chamber. The 
heated water is immediately pulled from the retort through the 
two recirculation water collectors by the pump and fed back 
into the retort by the three recirculating water headers 
located below the water level at the top of the retort. This 
recirculation creates a downward flow of heat through the 
packages. In order to provide a clear path for the recircu¬ 
lating water, the aluminum carriers used to transport the 
pouches through the filling and sealing machines are used. 
These carriers are designed to space and support the pouches 
for optimum water flow during the retorting operation. 

Figure 4 shows 12 carriers positioned in a rack, the path 
for the heating or cooling water around the carrier is indi¬ 
cated by cross hatch marks. Three holes in the bottom of 
carriers allow additional water to be circulated between the 
pouches and the inner carrier wall. The racks with the carriers 
are loaded onto retort cars as shown in Figure 5. 

.. ... 
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FEEDWATER 

FIGURE 3 Retort Cross Section Showing Piping 
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FIGURE 4 Carriers Positiohed in Rack 
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The reason for only three layers of racks when handling 
bakery products is that it was thought that the pressure 
difference due to the head of water felt by the pouches in the 
top and bottom layers would be sufficient to affect the quality 
and uniformity of the product. 

To control the overall retort operation, a combination of 
Taylor instruments was selected. These instruments are housed 
in a vertical control panel beside each retort. Figure 6 
shows the front of the control panel. A digital-set program¬ 
mer, which is the process-control memory, is used to determine 
which function and when each function of the process is to be 
performed. The temperature controller controls the temperature 
at which the product is processed and is reset for each 
category of food being cooked. The center instrument is the 
steam-and-water flow controller. The quantity of steam 
controls the rate at which the retort is heated, whereas the 
amount of water determines the cooling rate. The third con¬ 
troller, the differential-pressure controller, is used for 
bakery products. It is also used, however, for the retort- 
pressure control when cooking meat and fruit. When retorting 
bakery items, a close pressure differential must be maintained 
between the internal pouch pressure and the retort pressure; 
this controller does that. Charts of the temperature, 
steam-and-v;ater flow, and differential pressure are plotted by 
the Taylor recording controllers. These charts are kept as 
permanent records for each batch in each retort run. 

To go into a little more detail on the controls, Figure 7 
schematically illustrates the temperature-control system. The 
temperature controller is connected to a temperature sensor 
that is located inside the retort, halfway between the center 
of the retort and the top of the water. A control line from 
the low-pressure selector is connected to the pressure switch. 
The pressure switch is actuated when the cooking temperature, 
as set on the temperature controller, is reached. The tempera¬ 
ture is maintained for the cooking time by the temperature 
controller, which opens and closes the steam-flow control valve. 
The solenoid-activited air valve is operated by the digital- 
set programmer at the start of the heating phase of the process 
and maintained until the end of the cooling phase. This valve 
controls the flow of agitating air into the bottom of the 
retort. 

The steam-and-water flow-control system is shown in 
Figure 8. The optimum heating and cooling rate of the food items 
is 8°F per minute. It was determined that with a constant heat 
load, a constant flow of steam and cooling water would produce 
the desired heating or cooling effect. The steam-and-water 
flow controller, which is activated by the programmer during 
the heating and cooling phases, is a dual control unit 
connected to flow transmitters in the supply lines, which 
monitor and adjust the flow of steam or cooling water into 
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FIGURE 6 Control Panel Block Diagram 
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the retort. The high-pressure selector also shown in Figure 
8, allows the retort to be filled by the same cooling-water 
supply line. The control valve is held wide open as the retort 
is being filled. To control the level of water in the retort 
during the fill cycle, a level transmitter is used in conjunc¬ 
tion with a pressure switch. As the retort is filled, the 
pressure due to the waterhead on this side of the transmitter 
increases until the differential pressure is great enough to 
activate the pressure switch, which in turn closes the fill 
water-inlet valve. 

When processing bakery products, it is essential to 
maintain a positive pressure inside the pouch at all times. 
The control system shown in Figure 9 performs this function. 
It consists of a pressure can, which simulates the pressure 
in the pouch, differential pressure transmitter, differential 
pressure controller, and inlet and exhaust air valves. The 
differential pressure controller is set at the difference in 
pressure to be maintained between the inside of the pressure 
can and the inside of the retort, A predetermined weight of 
bakery product from the same batch that is being processed is 
loaded into the pressure can and the can is sealed. The retort 
door is closed and the cooking is started. As the product is 
heated it expands. The pressure inside the can and the pres¬ 
sure in the retort are sensed by the differential-pressure 
transmitter and controlled by the differential-pressure control 
1er by opening or closing the air inlet and exhaust valves. 
In processing non-bakery products, the pressure control is not 
so critical; then, a fixed air pressure is introduced into the 
pressure can. The system then controls the pressure in the 
retort to within 2 psi of the can pressure. The digital-set 
programmer activates the control system at the start of the 
heating phase and maintains it during the complete cooking 
process. 

In summary, the operation of the retort is as follows: 

(1) At the retort, open all main hand valves in the supply 
lines to ensure that all automatic valves are in control when 
operations commence . 

(2) Load racks on retort cars and load cars into retort. 
Close and secure door. 

(5) Set desired operational mode and set product selector 
to appropriate product -- meat, bakery, or fruit. 

(4) Set desired temperature and cooking time for the 
appropriate product. 

(5) Start digital-set programmer. The subsequent steps in 
the process are fully automatic. 

(6) The feed-water valve is opened and the retort is filled 
to a predetermined level. The level is detected by the level 
transmitter and the feed-water valve is closed when the pressure 
switch is closed. 

(7) Overriding air-pressure valves are opened by the 
digital-set programmer. 

MH 
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DIFFERENTIAL 

RETORT 

FIGURE 9 Schematic Showing Differential Pressure Control 



(8) Steam-flow and agitating air valves are opened and 
the heating phase is started. Recirculation pump is started. 

(9) When cooking temperature is reached, the steam valve 
is throttled down and the timer in the digital-set programmer 
is activated. Temperature is then maintained at this level 
by the temperature controller. 

(10) When cooking time ends, the steam valve is closed 
and the cooling water valve opened. 

(11) The flow of cooling water is controlled by the flow 
transmitter and the control valve to maintain the desired 
cooling rate. 

(12) When the retort is cooled to approximately 100°F, the 
pressure control and the cooling water stop, the drain valve 
is opened, and the retort is drained. 

(13) The process is now complete; the product is removed 
from the retort. 

In order to verify the uniformity of temperature 
distribution and pressure and the retort-control system, an 
extensive test program was carried out at FMCTs plant in 
California and the Swift plant at Oak Brook. All the design 
requirements for an automatic retort for processing foods in 
flexible pouches were satisfied. 
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TEST PROCEDURES AND PERFORMANCE VALUES 
REQUIRED TO ASSURE RELIABILITY 

Gerald L. Schulz 
Packaging Technologist 

Systems Development Branch 
Packaging Division 

General Equipment 5 Packaging Laboratory 
U.S. Army Natick Laboratories 

We are rapidly approaching the time when flexible packages 
of heat-processed foods will be used as components of opera¬ 
tional rations. Therefore, it is necessary to consider the 
documentation necessary for large-scale procurement under the 
military system. The effort at U.S. Army Natick Laboratories 
has been directed toward adapting established test methods or 
developing new tests to measure performance characteristics of 
flexible packages of heat-processed foods, and toward establish¬ 
ing test levels to assure that the packages will meet the 
performance levels required. 

MATERIAL REQUIREMENTS 

A number of obvious requirements must be met by packaging 
materials before they can be considered for this application. 
Included are such items as: 

(1) Extractive levels must meet U.S. Food and Drug 
Administration regulations. 

(2) Basic strength of the material must be sufficient to 
withstand handling during processing. 

(3) Barrier properties must be sufficient to prevent product 
deterioration during storage. We have accepted, at least for 
the present time, that a layer of aluminum foil is necessary to 
provide the barrier to oxygen and water vapor needed to meet 
military storage requirements. 

(4) Material structure must be capable of withstanding 
thermal processing under commercial conditions without adverse 
effect on the package or the contents. 

Although meeting these basic material requirements is 
essential, the fact that a material has met them does not assure 
that long-term storage life and handling durability of the 
fabricated pouch will be adequate for military applications. 
Therefore, in addition to basic material requirements, our 
procurement documents must be more detailed, at least until an 

Preceding page blank 
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industrial base is established and more experience 
packaging system is obtained. Because many of our 
test procedures and performance levels are still in 
I cannot give you a set of minimum values for speci 
manee characteristics that will assure that a mater 
meet all military requirements. I will, however, p 
of the findings of our studies on flexible package 
and discuss some test procedures that, at this poin 
to be feasible. 

with this 
studies on 
progress , 

fic perfor- 
ial will 
resent some 
performance 
t, appear 

FLEXIBLE PACKAGES VERSUS METAL CANS 

Because the Flex-Pack is being developed as a replacement 
for metal cans in operational rations, we conducted a series 
of tests on both types of containers to compare the relative 
resistance to damage from rough handling. For these tests, two 
commercially available flexible materials were compared with 
metal cans under identical rough handling conditions. The 
flexible packages were 11.4 cm x 17.8 cm pouches and the metal 
cans were standard 300 x 200 three-piece sanitary cans. 

For all tests, the flexible packages were glued to a 
paperboard folder, shown in Figure 1. Two foodstuffs -- 
chicken a la king and beefsteak -- were used; one is pumpable 
and the other semisolid. Shipping containers for both package 
types were style RSC, fabricated from 200 lb test corrugated 
fiberboard. The test consisted of one hour of vibration at 
1 "G", followed by 10 drops from 45.7 cm. The drop test was 
in accordance with ASTM* test D-775-68, Objective B. Table I 
shows the aggregate percentage of failures of 3600 flexible 
packages and 2160 metal cans. In all instances, the failure 
rate of the flexible packages was equal to or lower than that 
of the metal can, but a difference in failure rate was found 
between the two test products. The failure rate was higher 
when both the flexible packages and the metal cans were filled 
with a pumpable product, that is, chicken a la king, than when 
filled with beefsteak. Table II shows the failure rates from 
tests with packages filled with pumpable product. Both flexi¬ 
ble packages have a lower failure rate than the metal cans; 
however, for this product, flexible material No. 2 was found 
to be significantly better than flexible material No. 1. As 
shown in Table III, the flexible packages performed as well 
or better than the metal cans when both were filled with a 
semisolid product. It is interesting to note that the flexible 
material, which showed the lower failure rate with the pumpable 
product, showed a 50 percent higher failure rate than the 
other flexible material when filled with the semisolid product. 
Failure criteria were either product leakage or swelling after 
biotesting and incubation. 

* American Society for Testing and Materials 
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FAILURES % 
CAN + FLEX-PACK ROUGH HANDLING TESTS 

PUMPABLE 
PRODUCT 

SEMISOLID 
PRODUCT 

TOTAL 

METAL 
CANS 

2.22 0.56 1.66 

FLEXIBLE 
PACKAGES 

1.62 0.41 1.14 

TABLE I Comparative Failure Rates of Cans and Flexible Packages under Identical 
Rough Handling Tests 

PUMPABLE PRODUCT 
ROUGH HANDLING TESTS 

TESTED FAILED 
% 
FAILURE 

CANS 1440 32 2.22 

FLEX. MTL. NO. 1 1440 30 2.08 

FLEX.MTL. NO. 2 720 5 0.7 

TABLE II Comparative Failure Rates of Cans and Flexible Packages when Filled 
with a Pumpable Product 

SEMISOLID PRODUCT 
ROUGH HANDLING TESTS 

TESTED FAILED 
% 
FAILURE 

CANS 720 4 0.56 

FLEX. MTL. NO. 1 720 2 0.28 

FLEX. MTL. NO. 2 720 4 0.56 

TABLE III Comparative Failure Rates of Cans and Flexible Packages when Filled 
with a Semisolid Product 

lÊBÊjÊÊÊÊMÊÊÊÊÊâaÊÊÉâSÊÊÊSÊÊâÊmÊliââÊÊiÎââÊÿlÊIÊÊâàÊÊÊÊmmiÿm^iâM^immm. 
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It should be pointed out that this was a comparative test 
intended to cause failure. These data should not be inter¬ 
preted as an indication of lack of durability of the metal can. 

In all instances, the flexible packages were found to 
perform as well or better than the metal cans. At the 
90 percent confidence level, flexible material No. 2 was found 
to be significantly better than material No. 1 or the metal 
can when used for the pumpable product. No other significant 
differences were tound. 

PACKAGE STRENGTH 

A number of tests are available to measure the strength of 
a package. These include such tests as seal tensile strength, 
bond strength between the inner layer and the aluminum foil, 
static load, and internal pressure burst. Limitations exist, 
however, with many of the standard tests; these include: 

Seal tensile test. This test does not necessarily measure the 
strength of the weakest part of the package. It is adequate 
as a spot-check on sealing conditions and equipment operation, 
but does not provide a true measure of the overall package 
strength. 

Bond strength. Bond of the inner ply plays a direct role in 
package performance, but it has been found that a comparatively 
low bond in the body areas alone may have only a minor effect 
on the package performance during rough-handling tests. 
Reliance on bond strength alone as a measure of package strength 
could therefore lead to overrestrictive requirements. 

Static load. A static-load test has the primary advantage of 
being non-destructive and it can be conducted on finished, 
filled, and processed packages. This test is limited to liquid- 
type products, and is therefore applicable only to selected 
items. 

Internal-Pressure burst tests. Studies conducted at Natick 
Laboratories indicate that an internal-pressure burst test 
provides a good overall measure of the ability of a package to 
withstand transportation and handling. Our tests have shown 
a correlation between internal-pressure burst and bond strength 
at the seal area, tensile strength of seals, and rough-handling 
endurance. This test offers the advantage of measuring the 
weakest part of the package and, with experience, an operator 
can identify irregularities in sealing bars, excessive heat 
creep, and non-fusion seals by visual examination of packages 
after pressure testing. 
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CLOSURE SEALS 

Another area to which we have devoted attention ii- the 
closure seal. Our aim is to define closure-seal requirements 
without being overrestrictive. Because occasional contamina¬ 
tion of the seal surfaces can be expected, at least during 
initial procurements, a study was conducted to determine the 
effect of items entrapped in the closure seal on package 
performance. 

Our studies included 0.32 cm- and 0,64 cm-wide seals 
with and without defects. The defect used was an 0,16 cm x 
0.16 cm x 0.08 cm piece of rubber. The results of internal- 
pressure burst tests on the two seal widths without defects 
before and after retorting are shown in Figure 2. The 0.64 cm- 
wide seal showed greater strength prior to retorting, but after 
retorting, there was no significant difference between the two 
seal widths. Figure 3 shows the results of internal-pressure 
burst tests of packages containing defects. Again, there was 
no significant difference after retorting between the 0.32 cm- 
and 0.64 cm-seals. The effect of a defect, although not 
evident in the above data, proved significant in the number 
of failures during retorting (8.3 percent) and in the failure 
rate during rough handling of the narrower seals (11 percent). 

Although these tests are still in progress to determine 
the changes over time and under storage conditions, it appears 
that a contamination-free closure seal is a valid requirement, 
especially with narrower seals as normally made with thermal 
impulse sealing. 

Because a relatively 
a comparatively large unse 
inspection can detect many 
closure seals. An automat 
by Natick Laboratories for 
Shown in Figure 4 is a pro 
currently in operation at 
is capable of scanning sea 
and will automatically rej 
cles or voids in the seal. 

small entrapped particle results in 
aled area in the seal, visual 
packages that have contaminated 

ed infrared method has been developed 
detecting closure-seal defects, 

totype infrared scanner that is 
Natick Laboratories. This machine 
Is at a rate of 15.24 cm per second 
ect packages with entrapped parti- 
or completely unsealed packages. 

LONG-TERM STORAGE 

Figure 5 shows a flexible package that was filled, sealed, 
and retorted approximately 8 years ago. The package is still 
intact and no signs of deterioration are visible. Shown in 
Figure 6 is a package that was opened after 3 months' storage. 
Nearly complete delamination has taken place. The two packages 
were made from different materials, and both were intact 
immediately after retorting. I have chosen examples at both 
extremes to point out the need for a rapid, simple test to 

...... . 
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screen out materials that are likely to deteriorate rapidly as 
a result of product exposure during storage. A test of this 
type would be of value to material manufacturers, packers, and 
the government. 

Under our exploratory development program, we are 
investigating methods of accelerating package delamination, 
with the ultimate goal of developing a test that can be used 
to screen materials without the necessity of retorting and 
storage for extended periods of time. This work is in the 
early stages and the data are based on a limited number of 
tests . 

To accelerate the effect of product reaction on the 
package, we are experimenting with model products which contain 
components of selected food items. A typical model product 
contains oil, acetic acid, and a terpene in a starch-water 
matrix. Changes in bond strength of the inner layer of film 
to the aluminum foil are measured after the model product is 
stored at an elevated temperature for various periods of time 
in a pouch made of the test packaging material. Figure 7 
shows the changes on bond strength at 24-hour intervals of a 
material exposed to the model product and the changes after 
storage of a food item in packages made from the same material. 
I want to emphasize that this is one material, one test-product 
formulation, and one set of tests. We are currently testing 
several materials with different product models, and conduct¬ 
ing long-term storage of a variety of food items in pouches 
made of various materials. Our objective is to devise a 
go-no-go type test, that is, if a material will survive expo¬ 
sure to a test product lor a specified period of time without 
delamination, we will be reasonably sure that long-term storage 
properties are adequate. We are currently using the most- 
difficult-to-package food items as our standard. In the 
future, it may be possible to use less stringent requirements 
for foods that are less damaging, such as low-fat food items. 

in I have reviewed some of the work currently being done 
our program at Natick Laboratories and have summarized the 
results of some rather extensive testing that we have recently 
completed . 

After 
heat - procès 
of informât 
tion into r 
performance 
the contrac 
encouraging 
sion any ma 

many years of work in flexible packaging for 
sed foods, we have accumulated a considerable amount 
ion. Our next step is to translate this informa- 
ealistic procurement documents that will assure 
without being overrestrictive. Based on past work, 

t effort discussed at this symposium, and the 
results from our preliminary tests, we do not envi- 

jor obstacles in preparing the procurement documents 
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Model Product-Hours 
65.6 °C (150 °F) 

Food Item-Months 
22.2°C(72°F) 50%RH 

FIGURE 7 Changes in Bond Strength — Model Product and Food Item 
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SUMMARY OF RELIABILITY CONTRACT RESULTS 

Dean D. Duxbury 
Manager, Grocery Products Research 
Research and Development Center 

Swift 5 Company 

The results of the reliability contract discussed today 
illustrate two types of accomplishment, both of which were 
based on predetermined goals, whether specified or assumed. 
Let me briefly summarize the latter more intangible 
accomplishments first. 

First, a government-industry team was established to plan 
coordinate, and complete a complex research and development 
program. Sjcond, to implement the effort, a five-company work 
ing team of various -- sometimes competitive -- industries was 
developed. The give and take resulted in an appreciation of 
each other's capabilities and limits. Each, therefore, had to 
undertake burdens to assure performance. There was no room to 
blame factors outside one’s own responsibility -- such as film 
or equipment or food product characteristics -- for non¬ 
performance. The team was successful. Third, improvements in 
design and construction found in our prototype processing line 
are applicable to operation and sanitation of all types of 
food equipment. They were developed by the equipment ma .fac- 
turers during this contract. These improvements include the 
seal-bar design to achieve a burst-test level of more than 
30 psi; minimizing closure-seal wrinkles in the vacuum closing 
machine; a pouch carrier to control the position of the pouch 
through the equipment line, provide maximum water and heat 
circulation during retorting, and control the shape of the 
product; the capability of the single basic processing line to 
package 17 or more different food items (although we will test 
only 6 now); and the adaptability of the equipment for han¬ 
dling minor film variations. In this regard, there have been 
a total of 12 patent disclosures so far in this project. 

Tmprovements designed for microbiological protection 
included use of stainless hex-head bolts instead of slotted 
screws, use of a crack-sealing compound approved for food use, 
and use of rectangular-tubing frame construction instead of 
angle iron to prevent bacterial build-up. 

Advancements have also been made in packaging knowledge 
and food-safety assurance as it relaces to the flexible- 
container concept for shelf-stable thermoprocessed foods. 
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equipment 
industry. 
formulât i 
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nation of 
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rmation has been gained for military research and 
nt agencies, government regulatory agencies, the 
development industry, and for the food processing 
The experience In handling technology and product 

on for the variety of foods should also benefit 
industry. Of necessity, for clarity in the coordi- 
the efforts of the participants, a glossary of 

rminology*has been established. 

The specific primary results in this interim report are 
based on fully analyzed data regarding fruitcake, the first 
food item produced. Although we completed the manufacture 
of the ham and chicken loaf before this symposium, the incuba 
tion period is still in process for part of the samples and, 
therefore, the data are only partially available. 

First, let me review the preliminary and necessarily 
limited data on ham and chicken leaf. Only 9 of 396 fell 
below the fill-weight specification of 142 ± 14 gms. These 
9 included 7 that were underweight by .5 gm, 1 underweight 
by 1.5 gms, and 1 underweight by 2.5 gms. An additional 260 
samples -- 18 from each of 20 loss -- weighed after retorting 
yielded only 4 underweight by .5 gm. Based on this, we have 
the ability to control the net weight. 

In each lot, two sealed uncooked pouches and two retorted 
pouches were analyzed for residual gas. None recorded more 
than 7,0 cc of gas. The maximum allowable in the guidelines 
was 10.0 cc. 

Organoleptic testing by a 10-member sensory panel was 
conducted each working day on the previous working dayTs pro¬ 
duction lot. The panel provided general acceptance scores 
and specific comments on flavor, texture, and appearance. The 
panel acceptance-score goal was 7.0. Of 20 lots evaluated, 15 
were rated 7.0 or above, and all were above 6.6. This indi¬ 
cates there were no off-flavor problems in any lot. 

Outgoing product-quality evaluation of ham and chicken 
loaf to date is based on more than 45,400 pouches retorted, 
incubated, and 100 percent visually inspected. This has 
shown a total of 13 top-seal leakers confirmed by the Meade 
vacuum leak test. There have also been 11 top-seal-wrinkle 
rejects after incubation, although none were leakers. 

Results from the fruitcake processing are based on 26 
lots of 2,016 pouches each. Our first in-process evaluation 
during production focused on package integrity as related to 
sealing-equipment performance. Formed pouches both before 
filling and after filling and sealing were subjected to an 
air-burst test. Specifications for this test were established 
at 35 psi for 30 seconds with a 30-second come-up. Six 
consecutive packages were sampled every 30 minutes for side 
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and bottom seals after forming and for top seals after filling 
and vacuum closure. This allowed a continual auditing of 
the production line and an occasional corrective action was 
taken to control the process and permit consistent quality and 
assurance of integrity of the pouch seals during forming, fill¬ 
ing, and sealing operations. After retorting each lot, an 
additional 13 randomly selected samples were evaluated for seal 
integrity against an air-burst specification of 15 psi for 
10 seconds with a 15-second come-up. Six of these samples were 
checked for the side and bottom seals and 7 for integrity of 
the top seals. There were no air-burst test failures on any 
sample seals after retorting -- again illustrating the consis¬ 
tent reliability of the package-sealing operations. 

Another in-proc 
30 minutes was made 
production complianc 
of 135 ± 10 gms for 
indicated that the c 
gms as compared with 
of 456 samples check 
125 gm fill-weight 1 
fill-weight data wer 
per lot -- or 338 pa 
these samples fell w 

ess sa 
after 
e with 
fruit 
apabil 
the s 

ed , on 
imit ( 
e coll 
ckages 
i t h i n 

mpling of 6 
the filling 
the net fil 

cake. Stati 
ity of the f 
pecification 
ly 1 package 
it contained 
ected on 13 
in all -- a 

the specific 

consecutive pouches every 
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stical evaluation of data 
illing process is ± 8.9 
spread of ± 10 gms. Out 
fell below the minimum 
121 gms). Additional 

randomly selected pouches 
fter retorting. All 
ation. 

A requirement for ’’uniform and identifiable" ingredient 
distribution was specified to ensure a uniform product. Six 
filled pouches of raw dough were sampled and evaluated every 
30 minutes. In addition, 13 samples were randomly selected 
from each retorted batch. All samples indicated excellent 
uniform distribution of all ingredients both in the raw dough 
and in the finished cake slice. 

As an additional check on the quality of dough mix, 
handling, processing, and organoleptic acceptance, two samples 
per retorted lot were subjected to a moisture analysis. 
Specifications called for 13 to 18 percent moisture; all sam¬ 
ples analyzed fell within a range of 15.7 to 17.1 percent. 

Organoleptic testing by the sensory panel resulted in 
general acceptance scores and specific comments on flavor, 
texture, and appearance. These scores were compared against 
the "no off-flavors or off-odors detected” requirement. An 
average panel score of 7.5 (or a minimum of 6 out of 10 
panelists scoring 6.5 or more on a l-to-9 hedonic scale) was 
the goal. Results indicated no objectionable off-flavors 
reported in any lot. Also, although only 9 out of 26 aver¬ 
age panel scores were 7.5 or higher, all batches scored an 
average of 6.2 or higher (in descriptive panel terminology, 
a 6.2 score is equivalent to "like slightly" or better). 
The lower scores were apparently due to a nebulous response 
of the panelists regarding a dryness in texture. 
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Microbiological analyses were conducted for aerobic 
bacterial, yeasts, and mold counts. These tests were made 
for reference and reassurance of finished product safety 
on packages being shipped for further military testing. 
Six representative random samples per retorted lot were 
selected after 14 days in 100°F incubation for analysis. 
All samples indicated microbial counts of less than 10 per 
gm to provide what is commonly considered a ’’commercially 
sterile” product. 

In summary of the assessment of outgoing product 
quality from our prototype line, we have drawn the follow¬ 
ing conclusions. Of approximately 50,000 pouches of fruit 
cake that were manufactured, retorted, incubated, and 100 
percent visually inspected, no top-seal wrinkles were found. 
Seven hundred sixteen packages were removed because of 
various imperfections, and these were all subjected to the 
Meade vacuum-leak test to isolate any leakers. Twenty-two 
packages were found to leak -- 17 for reasons not related 
to the performance of the packaging line. Five leakers 
could be related to the packaging line, but the causes were 
considered to be random and, therefore, a direct indication 
of the ability of this prototype line to provide reliable 
shelf-stable thermoprocessed packages. The ratio of 5 out 
of approximately 50,000 packages demonstrated that we are 
approaching the goal of the contract of one detectable 
defective pouch in 10,000. 

The 694 non-leakers contained imperfections such as 
minor film delaminations, body creases, uneven seals, and 
imperfect tear notches . None of these defects affect 
package performance. 
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