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FORERORD

This investigation reprasents a f.cet of a broad experimental
program directed to the design and develapwent of speciazl food
packets for the combat scldier who must carry on his puersen his
antire food supply for prolonged periods during which resupply is
not feasible. Design of such fosd packets must assure whole-
someness and acceptability. It is essential that packets impose
a minimum addition to the weight and bulk of the already immederate
load a soldier must carry.

While freeze drying permits maximum weight reduction with
minimum iwmpairment of scceptability for a wide variety of foods,
it provides little or no reductinn in food bulk. Two general
procedures appear feasible for c¢ompensating the low bulk density
resulting from the porosity of freeze dried foods. One such
procedure sezeks to eliminate the porsus structure through
compr-asion; this aslternative has been the subject of several
investigations, The second procedure, which provides the basis
for this investigation, secka to fill the pores ot freeze dried
foods with stable, high caloric muterials, which are normally
consumed in conjuncticn with the purent tood. This latter procedure
appears to be potentially aspplicable to other porous items such as
bakery products.

This report describes work conducted under contract DAlS-129-AMC-84
with funds provided by the projesct titied., Combat Feeding Systems.
The investigation was performed at the Central Engineering
Laboratories of the +HC Corporation, 1185 Coleman Avenue, Santa Clara,
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ABSTRACT

Methods together with sujitable high caloric formulations were developed for
filling the voids of representative baked items and freeze dried meats, fruits
and vegetables. Panel tests for acceptability and relevant physical, chemical
and microbiological observations are reported for infiltered products stored for
4 months at & maximum temperature of 38°C. Preparative experience has been
extrapolated into an engineering flow diagram for large scale production of
in€iitered foods.
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1. INTRODUCTION

Froeze-dried focds and many bakery items have low bulk densities and yield
relatively few calories per unit volume, From a logistica point of view, it
would be advantageous o increase caloric density of thewe foods £illing

the voids with edible high caloric material, Tc enplors this possibility, work
was initiated under Quartermaster Corps Contréct DA 15-129-ANC.BU(N) to infil-
trate selected dried foods with high caloric fillers to yield a caloric content
of 4.4 Kg-cal per gram, Under the gubject contract, two phases of work were
involved,

The first phase of work dealt primarily with the development of formmulae and
infiltration techniques for twelve various foods, Tha detailed results of this
experimental work were covered in Phase I, Final Report.

This report is the final report of the second phase of studies covered under

the contract. The objectives of this phase were to apply the successful infiltra-

tion technigques and formulas of Phase I to fourteen specific foods and to evaluate
the storage Stability of these infiltrated foods by chemical, organoleptic and
microbioclogical methods. Also included in Phase II scope of work is the prepar-

ation of a flow sheet diagram supplemented with type and capacity of unit equipwent

to process 500 Kilograms per hour of infiltrated fonds,
This final report is divi.ded into two separate sections:
Section I The Preparation and Evaluaticn of Fourteer Infiltrated Foods,

Jection Il Flow Sheet Diagrams and Design of Equipment for Producing
$00 Kg/hr of Infiltrated Foods.
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11. EXPLRIMENTAL

For the most part, the infiltration techniques and formulas developed in the
first phase were @mployed in producing the high caloric foods specified for
tha second phase work, Special emphasis was placed on selecting infiltratfiom
methods which could be mest easily adapted to autcmated processing since these
techniques would supply the necessary data for the design and detail of the
process flow diagrams for producing the high caloric food items,

To best describe the experimental work performed, the discuscussion will be
divided into three sections,

1,

2,

3.

A.

A description of the inflltrating techniques and methods for evaluating
the Infiltratiom,

The specifieé¢ foods and the materials used for filler formulation.

The infiltration procedures and filler formulae for each of the fourteen foods.

Description of Infiltrating Techniques and Evaluating Infiltration

Two of

the four methods of infiltration described in Phase I Final Raport

were used for preparing the foods for the second phase studies, A third

method

of impregnation was nacessitated for one of the food items,

1, Inﬁ_jlttratlat Methoda

b,

Yacuum Releass

e maln method of penetration was vacuum release., The equipment
set-up for this procedure involved the use of a vacuum dessicator
and a vacuum pump, and this set-up ia illuatrated in Figure 1,
Sanmples to be impregnated were kept submerged in the liquified
14pid filler materiel and placed in the vacuum dessicator. A 30"
Hg vacuum was drawn and released as soon as the emulsion or aintwre
began to bubble. For all foods infiltreted in this manner, subjecting
each sample to six consecutive cycles of vacuum and release was found
to produce the best results. Less tham six vecuum-release c¢cycles
resulted in {ncomplete infiltration. Nore them six cycles did not
result fa any additional infiltration, since pwmetration was either
near complete or further penetration was limited becawse of hardening
of the absorbed 1lipid filler material within the food. Thi; sixn
cycle vacuum-release method waa satisfactory only vhen using relatively
low viscosity filler mixtures.

itive Pressure Method
or se requiring a higher viscosity emulsion, positive
pressure proved to be the best method for achieving infiltraticm,
Tha ona by two inch rectangular die shown in Figure 2 was used for
the pressure method of infiltration. The emulsion ves placed over
the sample and placed in a Carver press. Pressurm was slowly epplied
until reaching 100 pounds per square inch and held for ome minute to
permit escape of air entrepped in the food. Because pressure is

I.2
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applied to the food in this method, only firm dry foode can be
infiltrated successfully,

c. Manual Injectiop Method
For ons food item, macaroni, the above mentiomed methods of imfiltra-

tion were not applicuble and a manual injection method was necessary
In this procedure, a pump was fashioned from a short place of tubing
on the stem end of a small funnel, A blunt ended 20 penny nail was
used as a plunger for the pump. (This set-up is illustrated in
Figure 3). A single piece of macaroni was fitted into the tubing
and powdered filler material in the funnel was pushed into the

void space of macaroni.

2, rwvaluation of Inflltration

Two methods of evaluating the degree of infiltration were amployed,

a. Visual Evaluation
The Initlal method of evaluating the degree of infiltration was by
visual examinatior. of the inflltrated food through a 2 1/2 power
ndgnifying glass, When two phase (aguacus-lipid) emulsions were
used for infiltration the aqueous phase was tinted with a royai
bive dye (FDEC Blue No., 2). In Phase I work, tulm dye was found
to tint only the aqueous phase, and this tinting helped in ascertaining
the degree of penetration achieved by each phase,

b, Quantitative Evaluation
Aftar visuzl evaluation of the infiltrated food quantitsiive methods
wape amployed to determine if the Inflltrated foods tu: the 4,4 Kilo-
gram caloric requirements by weight and by volume, The quantative
methods involved calsulations of both true and appsrent densities
of each food before and after infiltration., The density information
wag then used in caloric calculations foy each item. Further
details of these calculations will be discussed in the section on
evaluation of infiltrated foods,

fcoda and Materisls Usad in The Infiltration Studies

l. Foods

fhe contract spacifications called for infiltrdting fourteen foods to be
salected from the following {tems,

1. Pound Cake (or doughnuts)

2. Pancake (or waffles)

3, Zwieback toast (or crackers)
4, Puffed rice (or puffed wheat)
. Macaroni

» Chicken®

Baef

Shrimp® (or fish#)

. Peas* (or corn®)

< O ~3 O K
-
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10, Asparagus* (or green beans)

11, Strawberries* (or pineapple)

12, Apples* (or peachest)

13, Cottage cheesa® (or scrambled eggs)

14, Dehydrated Beef Stew* (or chicken with rice)
{#Freeze-dried)

The actual foods selected are listed first, with the alternates

in parenthesis. The alternates are listed because, in many cases, the
afforts to infiltrate these fouds are discussed in the preparation of
the individual foods.

Filler Materials

During the first phase, a wide variety of filler compositions were
explored, mainly in attempts to reduce "greasiness" during consumption.
of those fillers, only the more promising ones from the aspects of
completeness of impregnation or organoleptic acceptability and proba-
bility of good stability during storage were used in the second phase,

Because the infiltrated foods had to undergo storage at 100°F, only
those lipids which had melting points exceeding this temperature could
be employad. Acceptability of the infiltrated foods by a taste panel
was an additional requirement which precluded the use of some high melt-

ing point lipids because of the totally unacceptable taste and/or mouth
feel,

CCC; a shortening supplied by the Durkees Famous Foods Company, Berkely,
California; was found to be acceptable in many of the filler formulae
used for infiltration, The 112°F melting point of this lipid made it
ideal as far as the 100°F storage requirement was concerned. In zddition,
this shortening mixture was found to be very stable under adverse storage
conditions, and most of all, the mouth feel and taste of thie lipid when
used in filler combinations was found to be the most acceptable.

Myverol 18-00; supplied by the Dist{llation Products Industries Incorpor-
ated, Rochester, New York; was used to some extent in formulating coatings
for several of the imnfliltrated products. Myverol, because of its high
melting point of 149°F, was useful in raising the melting point of the
chocolate ccating used for sevaral of the food items,

Ligquicane Type 50; a high soluts sugar syrup containing 50% invert and

e brix of 77° made by the California and Hawailem (C6H) Sugar Company,
Crockett, Californiaj wes successiully used as an infiltrating material
for several dried foods., This syrup added the greatest amount of calories
of any syrups testa! and was rated most acceptable on the basis of taste,.

Purity 270 Starch, produced by the National Sterch and Chemical Corporation,
New York, New York, used extensively in Fhasa 1 filler formulations, was
agein employed in the make-up of fillera of the second phase., A minture

of éry Purity 270 starch end melted CCC shortening resulted in a steble
nixture which could be easily infiltratec. On rehydration, this starch
cembined with the water of rehydration anc formsd a gravy which complemen-
ted the product.,

I-4
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When satisfactory irnfiltmated products were achievad with the besic 2isdd,
starch and syrup ingrodisnts, attempte ware mzde to anhance the flaver
of the filier comn~unds uith several typaa of flavoring maeriel..

Varisus oll so.ibls slavors were added to pures 12pid #{llars, but oftom
provad to be unsa-i:Ffattory becauz. 1+ was not posuikle to achievr ectally
acceptable flavor Lcvels in both the dry and reh,dratied form of the fsfit-
trated products., If the flavor level in tha rehydz "tod nsroduct was
acceptable, it was overpowering when the product was consumed dry. When
the flavoring level was adjusted for the dry fifiltrated produet tha
flavoring went unnoticed in the hydrated product.

Lesa potent flavoring materials such as vanilla and other common spioes
ware found te be useful in several filler formulations, and the use of
thase falvorings will be discussed under the preparations of the indiwfdual
foods. For many foods, salt would have enchanced the taste of the infil-
trated product, but since salt is known to have an adverse effect on

1ipid stability, it wat not used in any filler prepzration. Because the
selaction of sultable flavorings is a time consuming art and may add

mere variables as far as stability and acceptability is concerned, little
or no flavorings were used with the many infiltrated products preparsed.

In the following discussion the functionality as well as atorage stubility
of the infiltrated foods was given more emphasis. Each infillitraiasd food,
however, was tested by an informal taste panel to assure minimum organo-
leptic acceptability.

Praparation of The Individual Infiltrated Foods

1,

Pound Cake or Doughnuts

Of the two balery items, pound cake was selected for infiltration and
storage studies because it wag one of the items in Phase I work that

was successfully infiltrated by the positive pressure method. Cakes
were purchased from a local market (Lagendorf United Bakers, Ime.,

8an Francisco, California) and cut into 1 x 2 x 1/2 inch pleces to fit
the die usad for infiltration. From the results of the sarlier studies,
it was found that positive pressuro infiltration required the pieces to
be firm while under pressure within the die., Consequently, thr e
pleces were placed in a 100°F oven for 1/2 hour to achieve the necesesary
firmness prior to infiltration,

A 1:1 ratlio of butter frosting and CCC shortening, developed in Phase 1
work, was used as the filler fer impregnating the cake pisces. The
butter frosting was made from the following ingredients:

Ingredient Percent %z Weight
onfectioner's Sugar .

CCC Shortening 25.2
Heavy Cream 10.3




2,

3,

To make the butter frosting, sugar was first thoroughly mixed with the
shortening and then followed by the addition of tha cream. The weighed
iipid phase vas melted, mixed with 0.25 percent by weight of lecithin
and slowly blended into the butter frosting using a low-spesd rotary
beater, (Lecithin, A, E, Staley Company, Decatur, Illinois, was found
in Phase I work to aid in emulsion formation and stability, resulting
in better infiltration results, The blending temperatures were
approximately 80°F for the butter frosting and 160°F for the lipid phase.
It was important tc keep the emulsion at a creamy consistency to achieve
good penetration results; this was achieved by keeping the smulsion

at a relatively constant temperature in the rarge of 115° to 120°F,

At higher temperatures the components of the emulsion separated and

at lower temperatures, the fat solidified.

This butter frosting-CCC mixture was placed over thepiece of cake within
the die and 100 pounds pressure applied for one minute to effect complete

infiltration. A sample of the infiltrated pound cake is illustrated in Figure 4,
Pancakes or Waffles

Previous positive pressure infiltration work with waffles revealed that
the shape of the waffles did not lend itself to uniform penetration

or to removal of excess filler material, and consequently, pancakes were
the item selected for infiltration and storage studies,

Pancakes were prepared from a mix (Betty Crocker Brand, General Mills,
Inc., Minneapolis, Minnesota) and cooked in the FMC kitchen. The prepared
pancakes were first cut into 1 x 1 x 1/2 inch pieces and air dried for

ohe half hour at l00°F to achieve the firmness necessary for positive
preassure infiltration,

Two filler formulations were tried with the pancakes and tested. The
initlal formula for infiltrating pancakes was the same butter frosting-
CCC mixture used for the pound cake except with the addition of 0.1
percent of vanilla flavoring and 0.1 percent of maple flavoring (Both
Schilling Brand, Mc Cormick and Company, Baltimore, Maryland.) These
infiltrated pancakes were judged acceptable when freshly made, but after
four months storage became rather hard and grainy and f°~ the most part
rated unacceptable by the panel.

Another filler formula was tried with pancake to minimize the increase in
firmness occurring during storage. The formulas for this geconu iiller

was the 21211 combination of peanut butter, red currant jelly and Myverol
mixture used for infiltrating toast,and its preparation is discussed in
that section, Successful positive pressure infiltraticn was achieved with
this second fillar formulation. A sample of the infiltrated pancake is also
fllustrated in Figure 4,

Toast or Crackers

Toast, because it was very similar to pound cake in texture, was the item
selected for infiltration by the positive pressure mathed. Zwieback Toast
(National Biscuit Company, New York, New York) was purchased and cut i{nto
1 ® ? inch pieces fcr infiltration. Since this product was already in firw



4,

condition, no further drying for tempering was necessary.

Peanut butter and jelly combination was found to be the most acceptable
filler formulation used for infiltrating the dry tnast, Grape, blackberry,
strawberry, black raspberrv and red currant jelliez were mixed with the
peanut butter and pressure infiltrated into the toast. Of the products
tested, toast infiltrated with a l:1 ratio of red currant jelly (Mary
Ellen's Inec., Berkeley, California) and peanut butter (Skippy Brand,

Corn Products Company, Alameda, California) received the best rating

from an informal taste panel. Samples which contained a greater amount
of peanut butter were rated too gummy, while those with a greatar ratio
of jelly were too sweet, To offset the natural oilness of the filler
combination and to increase caloric content, 20 pert¢ it by weight of
Myverol 18-00 was incorporated intc the neanut butter-jelly mixture,

This level of Myvercl was found to be the maximum amount acceptable;

the use of higher levels resulted in a noticeable waxy taste,

To make this filler, peanut butter and jelly were mixed at room tempera-
ture with a rotary beater until a homogenous mixture was obtained. Myverol,
which had been heated to 200°F, was then added with rapid mixing. Continual
mixing and constant heating at 125° was necessary to keep this filler at

the desired creamy consistency.

Puffed Rice or Puffed Wheat

Puffed wheat and puffed rice made by the Quaker Company of Chicago, Illi-
nois were purchased for the infiltration studies, Initial infiltration
trials revealed that both foods could be infiltrated by the vacuum
releass method. In an informal poll of panel members, puffed rice was
regarded as more acceptable as a cereal product,and as a result it was
decided to select rice as the item for further penetration work.

The first infiltration attempts with puffed rice weve to use a flavored
amulsion so that the final product would ressmble some of the flavored
cereals now on the market.

Several flavored emulsions were tried, and in each case the final preduct
was unsatisfactory, When the hot aqueous-lipid mixture came in contact
with the puffed rice, the samples softened and collapsed, and as a result
further work with emulsicns was discontinued.

Pure lipid fillers such as CCC and Hyverol were then tried., Less shrink-
age was noted, but the flavor of the product was bland .nd not very
scgeptable. Several compatible cil aoluble fiavors were then incorporated
into the lipid filler to enhance the final infiltrated product. Although
thase flavored products were some improvement, suitable flavoring levels
could not de achieved, A strong burning after-taste was experienced with
those products after eating several pieces,

Room temperaturs infiltration with other high caloric fillers materials
wag thex atrempted. It was found that honey could be successfully finfil-
trated dy the vacuum release method., Further work with this fiiler wes

discontinued when it was revealed that the infiltrated product fell short
of the caloric requirements,
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Equally successful infiltration results were achieved using the high
solute sugar syrup, Liquicane, with an increase in caloric value over
honey, although the final product was still below the caloric requirements.
Both infiltrated items were sticky, but from a taste standpoint, Liquicene
vas more preferable than honey,

Attempts wer‘ then directed toward reducing the stickiness and increasing
the caloric - ontent, and the begt approach appeared to be by the use of

a high caloric coating, A special commernial coating chocolate, supplied
by the Ghiradelli Chocolate Company of San Francisco, California was tried
and found to be ideal as far as coating was concerned; however, further
work wes necessitated when it was found that chocolate coating melted

at 100°, and that more calories were needed in the coating. In subsequent
tests a 3:1 chocolate-Myverol mixture proved to be the most promising.
This chocolate-Myverol combination did not melt at 100° and was not con-
sidered too waxy tasting. When applied, this coating hardened quickly

and served a three fold purpose, it made the product non-sticky, it kept
the syrup from seeping out and it added the necessary calories to meet

the 4,4 Kg-calories per gram requirement,

Temperaturs proved to be a critical factor in the application of the
chocolate coating, A lU0°F tem.erature had to be maintained for the
chocoldte-Myverol mixtuve, Below this temparature, the mixture was too
thick, and above this temperature it was too thin,

Macaroni

The plan with macareni was to fill the void with all of the ingredients
except water that are needed to make Macaroni au Gratin sc that this dish
would be the result of hvdration of the infiltrated macaroni. Elbow
macaroni (Golden Grain Brand, Golden Grain Macaroni Company, San Leandro,
California) was purchased from a local markct for use in these trials,

The first emulsion tested was composed of powdered cheddar cheese (Beatreme
1326, Beatrice Foods Company), Purity 270 starch, and CCC, The lipid was
melted and blended with the other ingredients using a rotary beater.

This emulsion was then injected into the macaroni void using a hand pump.
The resulting stuffed macaroni was cooked in boiling water for thirty
minutes. At the end of this time the macaron! was ccoked and a sauce

had formed; however, all of the emulsion had not escaped from th~ macaroni,
and the resulting product was somewhat gummy.,

Next, a 311:l ratio of the powdered cheddar cheess, Purity 270 starch,

and a powdered shortening (Besatreme 1184-A, Beatrice Foods Company) was
introduced into the macaroni void using the hand pump. The hydration
product in this case was very satisfactory, since all of the filling
ingredients had bdlended finto the boiling water. The flavor of the sauce,
howsver, was rather bland with only a slight suggestion of the cheese
flavor, Nontheless, an informal tasts panel rated this product as quite
acceptable, The amount of filler that can be introduced into the macaroni
void is such that, should only cheese bz used; there would still not be a
significant cheese taste upon hydration.
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The filled product was coated with a thin layer of Myverol 18-00, both

to kaep the filler from spilling out of the macaroni and to add essential
extra calories. The final product meets the 4,4 Kilogram-calories per
gram minimum, but not the 4.4 Kilogram-calories per cubic centimeter
minimum, Perhaps, if the filler were introduced into the void under
greater prassure, the percent voids could be reduced sufficiently to
increase the caloriec content per cubic centimeter value of the finished
product,

Chicken

Cooked and frozen chicken rolls comnosed of both light and dark

meat were purchased, sawad into 172 inch slices, and then freeze-dried

in the FUC pilot facilities, The dried slices were then cut inte
approximately one inch squares for subsequent infiltration procedure,
Phase I infiltration work indicated that chicken could be successfully
infiltrated by both positive pressure and the vacuum release techniques,
Since the vacuum release method was the easier method of the two, it

was decided to use this method exclusively to prepare infiltrated samples
for test purposes.

Satisfactory infiltration of an emulsion could be achieved by the vacuum
release method,but the infiltrated product was unsatisfactory due to
shrinkage., The shrinkage occurred when the food sample came into contact
with the agueous phase of the emulsion. The use of viscous emulsions
reduced shrinkage, but infiltration was not uniform and the product was
hard to hydrate in water, Since partial hydration occurred with all

the emulsions tried, and since a partiallv hydrated chicken would be
more susceptable to spoilage, it was felt that it would be best to
eliminate entirely the use of any water in the filler formulation,

A filler mixture containing CCC and Purity 270 starch powder was found

to be ideal for infiltrating the freeze-dried chicken, This mixture

did not contain any water and was more acceptable from a taste point of
view than pure fat., When the infiltrated product was added to warm
water, the fat-starch mixture hydrated to form a gravy base that emhanced
the product taste and appearance.

This filler mixture was prepared by mixing equal weights of the Purity 270
starch and melted CCC. The best penaetration results were achleved when

the CCC~starch mixture was maintained at around 120°F during ti.. i.filtra-
tion by the vacuum release method,

Beaf

From the first phase infiltration work with freeze-dried beef, it was

found that satisfactory impregnation of low viecosity emulsions was possible
by the vacuum release method. But, again, as in the case with chicken, the

use of an aqueous phase resulted in partial hydration or the besf and
consequently, the aqueous phase was eliminated in the maka-up of the pene-

trating material, And, again, infiltrating with a 1:1 CCC~Purity 270 starch

nixture was found to be the best scolution for the same reasons Jiscussed

earlier. Using the six cycle, vacuum release method, complete infiltration

of the baef was readily attained,
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The beef used for the infiltration studies was purchased fresh from a
local supplier. Since the infiltrated product had to be :ucceptable

for direct conswiption, the meat was first cooked to 14¥5°F, center temn-
erature before drying in the freeze dryer,

8. Freese Dried Fish or Shrimp

9.

10,

Shrimp was the item selected for infiltration studies because of its ease
of penetration, The ‘ast method for penetration into these sanples was

the six cycle vacuum-release method, As with beef and chicken samples,
there was partial hydration of shrimp samples using aquecus-lipid emulsions,
and once again the best filler material was found to be the 1:1 CCC~Purity
270 starch combination,

For preparing the infiltrated storage samples, medium-jumbo, freeze-dried
cooked shrimp was purchased from the Kraft Foods Company of Chicago, Illi-
nois .

Peas or Corn

Vacuum-release penetration trials were conducted with both freeze~dried
peas and freeze-dried ce™r, usin; a 1:1 ratio of a white sauce and CCC
as the penetrating emulsion. The white sauce was made from the following
ingredients: milk-79,6%, oleomargarine-13,2%, and flour-7,28%, In both
cases there was thcrough penetration of the lipid phase, but only insig-
nificant white sauce penetration. Further trials with this filler
combination were discontinued, however, when it was discovered that the
white sauce spoiled quickly.,

In subsequent work it was found that both corn and peas could be easily
infiltrated with the 1:1 CCC-Purity 270 filler used for infiltrating
other foods. Although both infiltrated foods were considered bland,

they both were still considered palatable when eaten directly. Upon
rehydration, the lipid-starch combination formed a sauce with the water
that complemented the products. The consensus of an informal taste panel
indicated that infiltrated peas were more acceptable when eaten directly
(dry) than the infiltrated corn; as a result, peas were salected for the
storage studies,

Commercially available frozen peas were used for prevaring the infiltrated
samples, The peas were first cocked and then refrozen and fre . Jried
prior to infiltration by the vacuum release maethod.

Asparagus or Green Beans

Infiltrated freeze-~dried beans have proved to be rather tough and less
acceptable, and for this reason, asparagus was selected for infiltrvatiom,

It was found that complete infiltration of the freeze-dried asparagus could
be achieved with the six-cycle vacuum release method. An initlal attempt
wes made to incorporate powdered sour cream (Beatreme 1038, Beatrice Foods
Company, Chicago, lllinocis) into the CCC-Purity 270 starch mixtura, Satis-
factory infiltratioh results were obtained with this forwula, however,

the hydrated product was quite chewy with an unacceptable fiavor.
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Asparagus was next infiltrated with the 1:1 CCC-Purity 270 starch
mixture, This product was not quite as chewy and was more palatable
when eaten, directly and rehydrated., As a result, asparagus samples
were inflltrated with the CCC-Purity 270 starch mixture and placed into
storage,

Samples used for the infiltration studies were prepared from fresh
asparagus that was sliced, blanched, frozen and then freeze-dried cn
the pilot freeze-dryer. The infiltrated product is illustrated in Fig. 5.

Freeze-Dried Strawberries or Pineapple

It was found in the attempts to infiltrate freeze-dried pinaapple that

the filler materials penetrated only the cavities open to the exterior
rather than through the cell walls, Besides the inconsistent penetration
results, the extreme brittleness and hygroscopicity of the dried pineapple
made handling difficult and less suitable for penetration purpose,

Fracze~dried strawberries were found to be easily infiltrated using the

six cycle vacuum release mzthod, but there were some difficulties exper-
ienced with the type of fillers employed. Whenever an aqueous-lipid emulsion
was employed as a filler material the strawberries shriveled badly.

If pure lipid fillers such as CCC or Myverocl 18-00 were used there was little
shrinkage, but the accompanying waxy mouth feel masked any atrawberry taste,
and this product was rated very poor. Less shrinkage of the berries was
experienced with a filler combination of Liquicane, CCC and Purity 270
starch, but the impregnated product was difficult to hydrate,

It appeared then that the best solution for infiltrating strawberriec was
to accept the 15 - 20% shrinkage that occurred when using plain Liquicane
as a penetrant and coat the pleces with chocolate. The final infiltrated
product resembled a chocolate coated candy product and rated very accept-
able,

Completa infiltration of the Liquicane was achieved with the six cycle
vacuum release technique, Before coating the infiltrated pieces, the
excess sugar was drained off, The coating formula was the 3:1 chocolate-
Myverol mixture used in coating puffed rice. A sample of the final product
is illustrated in Fig. 6.

Freeze-Dried Apples or Peachesu

It was found that both apples and peaches could be easily infiltrated by
the vacuum release method, but that both samples exhihited a tendency to
shrivel during the infiltration procedure. This tendency for shriveling
was more marked with the peach slices, When using aqueous-lipid filler
enmulsions there was no difficulty in filling the voids with lipids, but

the aqueous phase penetration of the peach slices was unsatisfact-oy
ragardless of emulsion viscosity. Because the results with apples appeared
to be mor: promising, no further work was attempted with peaches, For

this iten, frozen diced apples were purchased and freeze-dried in the

FMC pilot dryer.

I-11




13,

The best aprle dice penetration was achieved with low viscosity emulsions
but wes alzo accompanied by the greatest shrinkage. When high viscosity
enulsions were employed the shrinkage of the product was reduced, but by
the same token, the aqueous phase penctration was significantly reduced.
Successful butter frosting-CCC shortening penetration of the apple dices
were achieved, but the rehydrated product provad to be both sweet and
greasy and not very appetizing.

A 1:1 ratio of CCC and confectioners sugar was tried and found to produce
an Infiltrated apple product that was acceptable both dry and rshydrated.
0.25% Lacithin was added to this mixture to aid in stabilization durirg

the vacuum infiltration procedure. Further flavor enhancement was achieved
when a light flavored coating was applied to the infiltrated pieces, The
formula for the coating consisted of a 2:1 ratio of Purity 270 starch

and granulated sugar. that also contained 8.,3% cinnamon and 2.1% nutmeg.,
When eaten directly, this product resembled a candied fruit, and when
rehydrated, the finished item resembled and tasted like a spiced apple
sauce dish,

Cottage Cheese or Scrambled Eggs

Initial infiltration work was done with freeze-dried scrambled eggs which
were prepared in the pilot plant facilities according to U. S, Army Speci-
fications LP/P Des. C-203-63 (1 Feb, 1963), The scrambled aggs were frozen
in solid cne half inch thick layers and freeze-dried, but upon removal

from the dryer the layers crumbled into smaller particles which made sub-
sequent handling difficult. Attempts were made to compress the dried eggs
ir.to bars which would then be infiltrated. The efforts to compress dried
gcrambled eggs, however, met with little success because of the high lipid
content (22%) and granular structure, Pressures up to 10,000 psi were
applied, but a good cohesive bar was not obtained, This compression treat-
ment also succeeded in separating the egg lipids, and the compressed egg
bar emerged from the die coated with fat that had migrated to the surface.
Since these bars were in a sense partially infiltrated with a lipid, and
further infiltration efforts met with little or no success, work was then
directed toward producing infiltrated cottage cheese,

Large and small curd cottage cheese was purchased and freeze dried. The
resulting dried product was of high quality, but of fragile structure. and
as such, did not lend itself to any infiltration procedures, Compression
was again tried and it was found that a suitable cohesive bdar ~~ *’ be
obtained by placing a 10 gram sample in the 1 x 2 inch die under 2500 psi
for 30 seconds. This bar was readlly infiltrated with melted CCC using
the vacuum releases procedure, but taste tests revealed that further
work wzi necessary to make the bars more acceptable,

The initial taste tests also revealed that bars made from small curd or
cream style cottage cheess were more preferable than those made from large
curd cottage cheese and as a result, small curd cottage cheesa was used

in further expariments,

Two approaches were followsd in the development of an acceptable tasting
infiltrated and compressed cheese bar, The addition of 20% powdered sugar
to the cottage cheese resulted in a more flavorful bar and the addition
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of an oil soluble pineapple flavoring to the CCC masked tha greasy taste
of the fat, Pineapple flavoring No, 17828 (Fritzsche Brothers New York,
New York) added to the melted CCC at the rate of 0.8 ml per 1000 ml was
juiged to be the best formula used, This bar met the szloric requirements
as well as being rataed organoleptically accepted, and was tested only in
dry form.,

Dehydrated Beef Stew or Chicken with Rice.

The decision to produce infiltrated beef stew or chicken and rice was

not made until the results of the taste panel evaluations with the stored
chicken and beef were completed, The test results showed that both
impregnated samples were stable and were equally acceptable when hydrated,
but tha panel expressed a significantly greater preference for beef in

the dehydrated form, Because of the greater preference for baef, the
decision was made to proceed with formulation of an infiltrated beef

stew product,

Beef, potatoes, onions and peas were selected as the ijugredients for
infiltration. TFor the beef and pea components, the previously described
infiltration procedures and filier formulaes were used, Dehydrated onion
flakes (Schilling Brand, McCormick Company, Baltimore, Maryland) were
readily infiltrated with melted CCZ using the six cycle vacuum release
method, but attempts to infiltrate dehydrated potato flakes (Idahoan Brand,
Idaho Fresh-Pak Potatoes, Lewisville, ldaho) met with little success. The
relatively impervious surface and non porous structure of the dehydrated
potatees did niot lend itself to any infiltration procedures. The potato
pieces were more lipid coated than lipid infiltrated, and furthe —aoxe.

the treated product did not meet the caloric requirements.

Since it was not possible to obtair a satisfactory impregnated potato,
dried pre-ccoked rice was used as a substitute, Minute Rice (General
Foods, White Plains, New York), being of a porous structure, was readily
infiltrated by the vacuum release method with melted CCC,

Upon completion of successfu infiltration of the staw components various
component mixtures were prepared and rehydrated to determine the most
acceptable cembination., On a dry weight basis of the infiltrated foods
the following formula was found to be the most ideal; Rice-5G%, Beef-30%,
Peas-19%, Onions-1%, To promote better particle distribution und to reduce
rehydration time, the beaf used in the product combination was cu. into
1/4 inch cubes prior to infiltration,

When this infiltrated combination was rehydrated and a gravy ssuce was
formed from the starch and lipid, the product resembled scme of lhe
prepared dinner mixes that are commercially available and accepted. Both
the dry and rehydrated beef stew is illustrated in Fig. 7,
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I1XI. EVALUATION OF INFILTRATED FOOD3

It was specified in the contract that upon achieving successful infiltration
with each food, a series of special tests were to be performed. These teuts
can best be discussad under the following two headings: (A) Chemical and
Physical Analysis of Infiltrated Foods and (B) Storage Stability Studies of
Infiltrated Foods.

A. Chemical and Physical Analysis of Infiltrated Foods

Under this heading the following analyses were performed on all the infiltrated
foods: (1) Chemical Analysis for Holsture, Protein, Fat, Ash; (2) Density;
(3) Caloric Value; and (4) Equilibrium Moisture Value,

1. Moisture, Protein, Fat and Ash Content

-

The resulcs of these four analyses are summarized on Table 1 and were
run on freshly prepared samples. The following analytical procedures
were used in the determinations:

Moisture Content:(l) Moisture content was determined by drying in a
vacuum oven under a wminimum vacuum of 28 inches of msrcury for sixteen
hours. To promote moisture removal, all samples wers pulverized before
drying, All determinations were run in triplicate,

Moisture contents are expressed on the dry basis.

Protein:(l) The Kjeldahl method for determining nitrogen was used in
calculation of the protein content. Samples of infiltrated food were
first dried and extracted with petroleum ether and then digested with
sulfuric acid, Sodium sulfite and copper sulfate wers2 used as catalysts
in the digestion. The distilled ammonia was collected in boric acid
and titrated with 0.1 N HCl, using methyl red indicator. Protein was
then calculated from the following formula:

T ST e 1 = % Ny x 5,14 = § protetn

Fat:(2) Petroleum ether was used for determining the fat content of the
Inflltrated foods, Test samples were ground, weighed into tared Soxhlet
thimbles and dried for two hours at 90°C, in air hefore extraciion for
six hours. Lipid values are expressed as percent of petroleum ether
extract,

Ash:(l) The ash content of all the infiltrated fnods was determined by
ashing to constant weight in a muffle oven at 600°C. In most csses
ashing was completed in less than three hours.
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Density

Density calculations of the impregnated foods vwere calculated xe

apparent and true densities, The apparent density figures are

based on the observed weight gain per cubic centimeter of the infiltrated
produst as compared to the original food., Samples were weighed to the
nearest milligran on a Mettler Analytical Balance, Volume measurements
were made with the ald of the ruler and are less accurate, To compensate
for any high percent of error, apparent density mesasursmente wvere nmade

on ten randemly selected samples, Apparent density data are summarized

on Table 2.

True densities were measured with the aid of a Beckman Modei 420 Air
Pycncometer, With the exception of shrimp, the volumes of weighed samples
were measured using the one to two atmosphere operation. Shrimp exhibited
high surface absorption activity that affected the accuracy of readings,
and consequently, a one tc two atmosphere helium purge was used. True
densities of all the infiltrated foods are listed in Table 3.

Knowing the truz and apparent density values, it is then possible to
calculate porosity with the following formula:

true density - apparent density = popesity
trues density )

By calculating porosity of both infiltrated and uninfiltrated foods, it
is then possible to determine the fraction of voids filled by the following
method:

Porosity of original food - porosity of impregnaced food = Fraction of voids
filled.

Table 4% summarizes poroasity values of the infiltrated and uninfiltrated
foods and the fraction of voids filled,

Caloric Value

Caloric vaiues of the infiltrated foods were calculated in terms of both
weight and v?b)me. Standard reference guides were used in determining
these values'3’), 1In all cases the infiltrated foods yielded at least
4,4 Kilogram-calories per gram, but there were a few foods that "1 not
approach the 4,4 Kilogram-calories per cubic centimeter,

Table 5§ summarizes the caloric value of each uninfiltrated food, the
caloric value of the respective filler and the resulting caloric density
calculated on the basis of weixht change.

The true density and porosity values calculated sarlier were omployed
to determine the percent of food, filler ani void, respectively the make
up one cubic centimeter of the infiltrated jroduct, Knowing the percent-
ages of the voluwme occupied by each, the Kilsgrem-calories per cubic
centimeter of the infiltrated product was ciilculated from the following
formulay

Kilogram~-calories/gm x gri/icc = Kg-cal/ce
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Results of these calculations are summarized in Table 6,

Several foods failad to achieve the specified caloric density on a

volume basis. In these cases there are more unfilled voids than filled
voids. With rice, psas and strawberries, low initial caloric density
with relative high porusity makes it difficult to achieve the high final
caloric density., For twc of these items, strawberries and rics, it was
necessary to add a coating for supplementary calories, Possible increases
in caloric value may ke achieved by the application of more coatings;
however, this averius of approach was not fsllowed since a heavily coated
product would be -.ore associated with a manufactured food rather than

an inflltrated food. Based on practical limits of the infiltrating
method, it does not appear that the specified caloric density on a volume
basis will be achieved with puffed rice, macaroni, peas, strawberries and
apples,

4, Equilibrium Moisture Values

Included in the chemical and physical evaluations was the determination
of equilibrium relative humidity moisture contents for each infiltrated
food at the three relative hunidities, The method used for determining
equilibrium moisture values was based on a techuique first proposed by
Wink (3) , and modified by Levine and Fagerson("), The apparatus used
was designed by Lampi (5} as a further modification ¢f the preceeding
methods ana is illustrated in Figuve 8,

A pint canning jar witn a standard two piece metal lid (Ball Brothers)
is used as a humidity chamber, The infiltrated food sample is placed

on a plactic petri dish that 1s suspended over a saturated salt solution
used for humidity regul«:ion,

The three saturztad salt solutions used for regulating humidity within
the jars were as follows:

Salt $ R,H. at 20°C,
Lithium Chloride 11,1
Potassium Av:tate 23,0
Potassjum Carbonate 43,7

The outer upper end of the suspension wire is looped so that it . _.ens
on to the pan hook of a Mettler Balance, With this set-up, frec.ent
weizhings can Me made to follow the course of equilibration without
disturbing the inner contents of the jar.

The equilibrium moisture values for each iufiltrated food at the three

relative humidities along with the approximate equilibration time are
summarized on Table 7,

« Storage Stability Studies of Infiltrated Foods

The evaluation of storage stability of the infiltrated foods involved three
phases of analyses: chemical, microbiological and organoleptic studies.
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The storage tests were designed to evaluate the effects of four months
storage on the chemical, microbiological and organoleptic stability of
the infiltrated products stored under the following three temperatures:

1. 20°C,

2, 3s°cC,

3., Cycling between -18° and +20°C,
(Yor this cycling program, the
following schedule was followed:
24 hours at 20°C, 24 hours at 18°C,
60 hours at +20°, 60 hours at -18°C,)

A secondary objective of the storage test was the determination of minimum
gstorage precautions to be taken to avoid deterioration under the temperatures
listed &bove.

To accomplish both objectives of the storage stability studies, three sets
of esach infiltrated food sumple were prepared, One set of samples was
stored in atmospheric oxygen (as is), a second set sealed under N, and a
third set prepared with the addition of an anti-oxidant and stored in atmos-
pheric oxygen. 0.077% of Tenox 6 (Eastman Chemical Company, Kingsport,
Tennessee) based on the lipid filler weight was the anti-oxidant used in the
third set of samples.

All samples prepared for the above storage conditions were sealed in standard
303 cans, and the cans were maintained at the thres temperatures. Some of
the larger infiltrated samples (beef, shrimp, chicken, cottage cheese and
cake) were first loosely wrapped in aluminum foil to maintain better sample
identity and to facilitate packing into the 303 cans,

1, Chemical Tests for Storage Stability

The chemical tests used to determine storage stability of the infiltrated
foods were primarily tests to measure lipid deterioration. Since all

the products were of high fat content, it was thought that the major source
of off flavors and odors would be the result of lipid reactions, Chemical
cvidence of any lipid deterioration was determined by free fatty acid and
peroxide value analysas, The procedures for these analyses were as follows:

Frea Fatty Acids(z)

A one-gram sample obtained from the lipid analysis was first hi.ated to

got it into liquid form, Next, fifty milliliters of neutralized alcohol
was added to the sample and brought to boiling. Two milliliters of phen-
olphein indicator were added, and the samples were then titrated with .01 N
sodium hyasoxide to a persistent pink color. Free fatty acids were then
calculated and expressed as percent nleic acid using the foll Ing formula:

% Oleic , ml of alkali x N x 28,2
weight of sample

It is worth noting that in determining both the free fatty acid content
and the peroxide values, some difficulty arose in determining the and
point in samples where the fat had a color to it, An example cf tilz
would be macaroni and cheese in which the fat was orange in colnxr.
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Peroxide Values(?)

A one-gram sample obtained from the lipid analysis was dissolved in a

2:3 acetic acid=chloroform solution., One milliliter of saturated
potassium icdidu solution was added to the samples, after which they
were placed in the dark for ten minutes, Next, fifty milliliters of .1 N
hyirochloric acid was added and the samplas titrated with .0l sodium
thiosulfate to a water-white end point using starch as an indicator.
Peroxide values as milliequivalents of peroxide per thousand grams of
sample were calculated using the following formula:

Perocxide value . ml of Na,S,03 x N x 1000
welght of sample

The results of the free fatty acid and peroxide value determinations are
sumnarized in Tables 3 and 9,

Except for the three foods listed, the peroxide value of most infiltrated
foods were found to be less than 0,1, The results of the free fatty acid
analyses on the other hand, showed varying degrees of increases for all
foods., Tests were also run on the filler materials stored under the same
conditions as the infiltrated samples, and in all cases there were no
observed significant changes in free fatty acid and peroxide values,

Conaiderable variations within samples were experienced in the lipid
deterioration analyses, but generally the increases were relatively small.
Samples stored under 38°C showed more change than at the other temperature
and less deterioration was experienced with N» packing with freeze-dried
foods. Mixed results were observed with the Tenox added samples. In the
final analysis there was no observed off-taste due to lipid deterioration
with any of the stored products; consequently,the values recorded must be
within the limits of acceptability.

Miévobiolg;ical Studies

Upon completion of the four month storage test, all infiltrated foods were
analyzed to determine microbiological stability. The determination for
evidence of microbial deterioration consisted of a careful visual examin-
ation for any macroscopic evidence of any microbial growth followed by
cultivation and plate counting of infiltrated samples,

No mold growth or other macroscopic evidence of contamination or ! “.erior-
ation was observed with any of the stored samples, but the results of
plate counts revealed both slight increases and decreases in microbial
population, It must be mentioned here that in the course of preparing
infiltrated food samples, no special procedures other than good hygenic
food practices were followed,

Because of the high lipid content of the infiltrated foods and the high
melting point of he lipids used, some difficulty was first experienced

in naking satisfactory water dilutions for plating purposes, The 1lipid
fraction did not disperse or stay dispersed in room temperature suspensions
and clogged pipettes during the plate innoculations, This difficulty was
overcome when it was found that by heating the suspension solutions and
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pipettes to 103-105°F the focd and linid were better dispersed, which
allowed for more uniform innoculation.

Samples used for microbiological examinations were randomly selected
from the respective storage containers and each sample was plated at two
dilution levels,

From the sample thus prepared, total count determinations were made with
Difco Plate Count following the progedures »f the Standard Methods for
the Examination of Dairy Products (°) and the Recommended Methods for

the Microblolegical Examination of Foods (7). A1l innocculatad plates
were incubated at 30-35°C for 72 hours and then examined. Results

of the plate count analyses together with the gram stains of the typical
colonies observed are summarized in Tables 10 and 1l. The increase in
microbial population is cne of the principle criteria of assessing bacterial
deterioration in food, Because little or no increase in bacterial popu-
lation was observed in the stored infiltrated samples, the indications
are that little or no deterioration occurs as a result ol microbiological
activity. This conclusion is further substantiated by the analysis of
the bacterial types encountered in the control and storage samples, The
contrcl samples most often revealed bacterial types commonly associated
with handling contamination while the more resistant types of bacteria
were observed in the storage samples., This evidence indicated that the
infiltrated products did not support microbial growth and that gocd
microbiological stability was achieved with all the infiltrated foods.

Organoleptic Evaluation

The third series of storage stability evaluations was the determination

of organoleptic stability of the fourteen infiltrated foods, Upon comple-
tion of the four months storage tests, all samples were evaluated for
organoleptic stability by comparisen with the freshly prepared counterpart,
The taste panel tests were designed to evaluate organoleptic stability

at the three storage levels (packing environment) and temperatures (treat-
ments) and determine the minimum precautions to be taken to avoid orgaloleptic
deterioration of the infiltrated foods.

Storage samples were presented in two randomly selected groups, four or
five samples in the morning and the balance in the afterncon of a given
day. Each group of samples was compared wi‘ ' freshly prepared samnles.
Using the ballot shown in Figure 9, vpaneli members were asku .. denote
their preference and difference between the control and storage samples,
For calculation purposes, a rating of 1, 2, and 3 was assigned to the pre-
ference levels and a score from 1 through 5 for the difference levels,

For those samples requiring testing in the rehydrated form, 160°F water
was added to the infiltrated product and allowed to simmer over low heat
for 30 minutes., Before serving the warm rehydrated products to the panel,
any excess gravy that was formed was drained off,

With the exception of the first product, pound cake, the taste panel
consisted of 8 members who tasted all of the infiltrated products.

Some difficulties were encountered in achieving complete rehydration of
the larger intact pieces of infiltrated foods, but this problem was easily
overcome by reducing the size of the pieces before immersing in the 160°F
water. 7-19
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With three of the infiltrated foods, namely beef, shrimp and chicken, all
of the dried infiltrated samples wcre not presented to the panel. Previous
sxperiences and preliminary taste tests revealed a high degree of reluct-
ance and resistance to tasting all the nine storage samples for esach of
these foods. In order not to antagonize panel members and still give

some¢ meazsure of acceptability of the thres dry infiltrated foods, only

two samples of each food in dry form were tested, These two samples
selected represented the highest and lowest acceptability rating in the
rehydrated form,

The tas.a panel results showed that the storage samples were generally
considered different from the contrels, but the differences did not

effect the preferences, Because of varying panel responsas to each food
and storage condition, the taste panel results of each food will be dise
cussed under its own heading, The taste panel data are summarized on
Tablas 12 through 44 , The conclusions drawn from the data are based

on the t-test and two way analysis of variance,(8) Based on practical
experience, a trues value of 2 was assumed for prefaerer:e and 0 for differ-
ence caleculations. Conclusions were tested for significance at the 95%
confidence level,

a. Pound Cake
Low average scores were recorded for samples stored at 38° and packed
in N; and 0,. Of the two methods of packing, samples packed in 02
were significantly unacceptable, Samples prepared with Tenox showed
the hest overall acceptability and would appear to qualify as the
minimum precautionary procedure to avoid organoleptic deterioration,

b. Pancake

It was mentioned earlier that two separate filler formulas were used

to infiltrate pancakes. The first infiltrated pancake samples became
increasingly harder in texture during the four month storage test and
were rejected by the panel members, It must be admitted that all the
infiltrated pancakes are fairly firm because this firmness is necessary
for the positive pressure infiltration method, but the change in texture
was not anticipated, The primary objective of the seccnd attempt was

to reduce the storage-induced hardness with another tested formula,

Time limitations precluded complete tests with this second infiltrated
sample, The fiiler formula for the pound cake {(2:2:1 ratio of peanut
butter, red currant jelly and Myverol) proved to be equally successful
in infiltrating the pancake, and with essentially the sanm .orie
value for the infiltrated product,

Besides a different filler formula, the second set of infiltrated
pancakes were of higher initial moisture, It was thought that the
hardness could be reduced with the higher initial moisture. The second
set of samples was only stored two months and tested. Since the Tenox-
treated samples did not produce any beneficial effect in the first tests,
only two treatment leveols were tested, atomospheric 0, packing and pack-
ing under a N, atomsphere. The results from the tasts with both samples
are included in the appendix.

I1.20
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It can be concluded that pancakes can be successfully infiltrated to
the specified caloric density. However, a major formula revision

of the pancakes is required to achieve good textural stability in the
infiltrated product

Toast

Fer Infiltrated toast, cycling storage temperatures resulted in

best acceptability rating for all levels of packing, Although the
Tenox-treated samples scored highest with the ecycling storage treat-
ment, low acceptance ratings were noted at the other storage temperatures.
Near equal overall acceptance is noted with the 0, and N, packed samples,
Since N, packing represents an added step in the packaging precedure,

the minimum packing requirement for organoleptic stability appears to

be plain packaging of infiltratad toast in atmospheric 02.

Puffed Rice

The best overall ratings for storad samples of puffed rice were for
those samples packed in atmospheric oxygen, Nitroge. packing of the
infiltrated rice samplsz resuited in complete rejection of the samples
stored under cycling temperatures. The reason for the total rejection
of this sample is unknown., OF ‘the samples stored with Tenox, the 20°C
storage samples were disliked by panel members.

Based on overall storage results, the best method of packaging infil-
trated rice appears to be by packaging in atmospheric oxygen.

Macaroni

Of the nine storage treatments for infiltrated macaroni two samples
were significantly disliked according the the t-test; nitrogen pack-
irg under cycling storage and the atmospherie 02 pack stored at 20°C,
The observed deviations for the above responses are not attributable
to envirnoment or temperature and cannot be explained in any practical
manner, The highest overall ratings for the infiltrated macaroni was
achieved by the addition of Tenox and appears to be the minimum method
of packaging for best quality retention of infiltrated macaroni.

Chicken

The analysis of the panel results with rehydrated chicken reveals

that samples stored under N2 were rated equal to or better than the
control samples, Samples stored under atmospheric oxygen also received
acceptable ratings, but all the Tenox treated samples were r~jncted,
Greater differences were also noted for the Tenox treated ch.cken,

and it is possible that the level of Tenox used for this proiuct may
have affected the results, For infiltrated chicken the minimum method
of storage appears to be packing in atmospheric oxygen, but the high-
est overall acceptability ratings were achieveld with the samples packed
under a Ny atomsphere,

As mentioned earlier, panel testing of the dry infiltrated chicken

was reduced to testing two samplas with the control. The samplas
which had the hijhest and lowest ratings in the rehydrated tests were
selected for testing in dry form, The 20°C stored in N, was rated
highest, and the lowest rated product was the 38°C storage sample con-
taining Tenox.
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The nuserical results of this test showed that the N, packed sample

was slightly more preferable and more differences were noted with the
Tenox added sample, both reflecting somewhat the rehydrated test re-
sults, Statistically speaking however, the panel could not distinguish
any differences betwsen the sampls extremes in preference or difference
within the 95% confidence limits.,

Based on the overall results of the panel tests, storage at the infil-
trated chicken in a N, atmosphere qualifies as the best method for
maintaining organoleptic stability.

g. DBeaf
The best overall preference of the stored infiltrated beef samples
was recorded with samples stored at 20°C, and lower overall acceptance
was observed with samples stored under cycling conditions, A wide
range of differences was noted with all the samples, but these differ-
ences did not appear to affect the preferences,

Although the panel members expressed a unanimous zcceptance of the
20°C storage sample under N,, the opinion was divided with the other
N2 packed samples at the other two storage temperatures.

With the Tenox added samples the 20°C and 38°C storage samples were
rated acceptable, Cycling storage conditions resulted in the great-
est varistions in tast. differences.,

The 38°C-0, samples and the cycled-Tenox samples were compared with
the control to test the acceptance of infiltrated beef in dry form,
Results of this test showed that samples rated highest in rehydrated
form, 38°-02 was again preferred over the cycled Tenox sample,
lowest rated when tested in rehydrated form,

Based on the overall acceptance at the threa storage temperatures,
atmospheric O, storage samples resulted in the least quality deterior-
ation and appears to be the recommended method of packing for best
quality retention,

h, Shrim

When Easte tested in rehydrated form, all infiltrated shri amples
stored under atmospheric 0, received the lowest ratings, and highest
overall ratings were noted with samples stored under a N2 atmosphere,
Samples stored under cycling temperatures appear to be more acceptable
than at the other temperatures. The Tenox-added samples were rated
scnewhat better than the plain samples stored in atmospheric 02, but
the beneficial effects were not roted at all storage temperstures,

On the basis of the highest overall ratings, it appears that infil-
trated semples of shrimp must be maintained under a N, atmosphere for
best quality retention, '

Panel testing of the dry infiltrated shrimp, as in the caye with chicken.
and beef, was limited to twn storage samples. The highest rated (20°-Nj

I1-22
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and lowest rated (20°-Atmospheric 02) of the rehydrated samples were
presented with a freshly prepared control, In this test the panel
results showed that more differences were noted in the 20°-N; seample
with slightly lower preterence. The statistical results, however,
show that both samples were rated fairly close to the control and the
indications are that when this product is eaten in dry form, panel
members cannot distinguish too well between samples,

Peas

K11 storage samples of infiltrated peas were taste paneled in dry

and rehydrated form, As can be expected, the panel members expressed
a greater acceptance for the rehydrated product, and all samples

were judged acceptable and very nearly equal to the control. In dry
form however, two of tho samples were less acceptable. Lower overall
preference scores were noted with the 20°+40, and 38°+Tenox samples.
The addition of Tenox to the infiltrated samples resulted in slightly
better quality retention, The best quality retsntion in both dry

and rehydrated forin and at the three storage temperatures was achieved
by storing the infiltrated peas under N,, On the basis of these
results, storage of infiltrated peas unéer N, appears tc be the minimum
method for preventing quality deterioration,

AsEaragus

Panel tests with infiltrated asparagus revealed that the product, when
rehydrated, was judged to he inferior to the fresh ccatrol. In dry
form, however, most samples were judged acceptable., A major contri-
buting factor for the rejaction of the hydrated samples was the lack
of uniform rehydration, Loss of rehydratability is associated with
storage deterioration in many freeze-dried foods, and may be the case
with freeze-dried asparagus. Further loss of rehydratability can then
be expected when asparagus fibers are coated and infiltrated with a
lipid.

Based on the overall results, indications are that limited acceptabil-
ity can be expected with infiltrated asparagus.

Strawberries

With one exception, panel members rated storage samples very nearly
equal to the controls., Significant rejection was notec for samples
stored under N, at 38°C, For some reasons unknown, the {.avor of
these samples was not acceptable., All Tenox-added samples were rated
alike and acceptable, but less preferred than those samples stored
under atmospheric oxygen.

Aside from several ccmments regarding the waxy taste of the chocolate,
the infiltrated chocolate samples were considered highly acceptable

as a confectionery item. For this product, hest overall organoleptic
stebility can be achieved by packaging in atmospheric oxygzen.

Apples

The tests with dry and cooked infiltrated apples showed thiat the dry
storage samples were rated equal to the control. When {nfiltrated

apples were presented in rehydrated form there was consideralbile variation
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in response, This variation in response is not consistent and indi-
cates that both storage temperature and environment have a significant
effect on quality retention, It does not appear then, that there {s
a packaging procedure which will minimize quality deteriorstion

at the three storage temperatures for this infiltrated preduct,
Indications are that major reformulations are required to produce

a stable infiitrated apple product.

m, Cottags Cheese
The vesults of the panel testing with compressed and infiltrated

cottage cheese reveal that very little organoleptic deterioration
took place during stcrage. On the basis of storage temperature,
higher overall acceptance was achieved at 23°C and on the basis of
environmeat, samples with Tenox wers considered equal to or better
than tha control,

Minimum ucceptable stability of infiltrated cottage cheess samples
can be achleved under atmospheric 0; packsging, but greatsr accept-
ability will be accomplished by the addition of Tenox,

Cottage Cheese in compressed and infiltrated form was not recognirzed
on sight as a familiar food, but on the whole must panel mcmbers found
this infiltrated product to be very acceptables, )

Beaf Stew

WIth the exception of the samples mentioned at 3¢°C, practically all

panel members rated storage samples &s being very comparable to the
control. The 38°C storage samples were judged to be slightly inferior,
indicating that storage tomperature had an effact on the quality, Of
the samplea stored at 38°C, equal perference was shown for the samples
packed under N, and treatud with Tenox, and both were rated higher
than the samplaes stored under atmospheric 0,.

The addition of Tenox appears to offer minimum quality stability.
However, on the overall analysis, storege under a nitrogen atmosphere
results in the highe. - acceptabiiity rating.

I-2y4
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IV, SUMMARY

The objective of this gtudy was the invastigation of mathods Jer infiltrating
porous fresezawipiad foods with Kigh caloric fillers to achieve & total dalevie
density of 4,4 Kilogramecalories per gram and 4,4 Xilogram~2alaries per cudie
centimeter, The Fiprat phase of tha study was concerned with the development

of filler formulaa and penatration methods with various fands, The sedond phase
of work dealt with the mvaluation and storage stability studliss of fourteen
infiltratad fosds,

The overall results of the studies indicate that porous driud foods caft be
infiltrated to higher c¢aloric densities with reasonable infticl acceptability,
The results van ba sumtarized a¢ to their bearing on the following:

1, Penerration Procedures.

Thre¢ methods .o infiitrating foods were established, vacuum releass,
positive pressure and mechanical injection., The vacuum release method
is best suited {or infiltrating freeze-dried foods with low viscosity
fillers. Fositive pressure inflltration can only be applied to firm
food products or products made firm, and the best infiltration results
are ontained with high viscosity filler combinations. Mechanical injec-
tion is the only method of Filling the voids of one item (elbow macaroni)
and is the ¢nly mathod whera a powdered filler material was used, The
methods of Infiltrating each of the respective foods can be adapted to
commercial operations yielding 500 Kilograms per hour.

2. TPoods for Infilteation

Out of the 24 poisible foods, the required number (14) were infiltrated
with high calorie fillers with good or mederate vesults., Eleven foods
met the requirements as to organoleptic acceptability in the dried end/or
rehydravad form, For two foods, successful infiltration was possibie,
but equal acceptabilivy in both the dri:d and rehydrated forms was not
obtained, With one item (pancake), the basic porous food itcelr lacked
Qtabilityt

3., Filler Formulas

Filier materials used for the infiltration materials can be Sormulated from
commercially available and F,D.A, approved ingredients. By the proper
¢combination of these products, stable and organnleptically acceptable fillev
combinations ¢an be formulated fov each food,

4, CQaloric Valuas of Inilltrated Foods

All the foods studied were infiltrated to yield 4,4 Kiiogran-caicries ver
gram but not ali could be infiltrated to yield 4.4 Kileyram-calories per

cubic centimeter, With those foods that failed the caloric requiresects

on a volume basis, there were more unfilled veoids tham filled voids.

I-25
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5. Stability of Infiltrated toods

All infiltrated foode exhidited good storage stability c¢a the basis of
chenical and bacterioclogical analyses.

Taste tests comparing freshly prepai.d samples with samples stered fer

four months reveaied that organcleptic stability was achieved fer most foods
with some minor excepiions, In these instances, the indications are that
goed atorage stability can be achieved by minor revisions in the filler com-
bination &nd in one case by a change in the formulation of the foed to be
infiltrated,

{~26
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TABLE 1

ORIGINAL FOOD ANALYSIS

PER 100 GM IMPREGNATED SAMPLE

e e e WL

FOOD $HOISTURE. YPROTEIN — XFAT SASH |
(1) (2) (3) (4)

Pound Cake 1,87 2,61 46,84 0.16
Pancake-lst Test 6,38 €.97 28,61 3.49

Rerun~2nd Test 12,27 13,27 28,63 2,87
Zwieback Toast 15.20 10,89 22,65 1.30
Pufted Rice 7.03 3,95 23,59 0.79
Macaroni 7.81 11,81 23,07 1,06
Freeze¢-Dried Chicken 2,37 24,61 60,78 1.4
Freeze~Drisd Beef 1,08 34,75 53,16 1.26
Freeze-Dried Shrimp 3,44 26,69 50,72 1.11
Freeze-Dried Peas 1,39 3.31 63,80 0.56
Freeze Dried Asparagus 2,46 1.86 64,83 0.54%
Strawberriss 11,25 2,45 12,87 0.91
Apples 2,03 0.4l 40,10 0.22
 Cottage Cheese 1.60 36.81 35.47 2,95
Stew 3.89 13.84 43,65 0.66
(1) AOAC, 20,908, p, 264
(2) RABAT, 2,033 Total Nitrogen Official, p.l12
(3) Sy 22,032, p.287
(v) W.T, 22,010 Ash Official, p.284
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TABLE 2

APPARENT DENSITIES OF INFILTRATED FOODS

Unimpregnated Tmpregnated Average Welght
Density (gm/cc) Density (gm/cc) Gain (gm/cc)
Pound Cake 0,37 0.68 0.51
Pancake (1st Test Only) o, ug 0,92 0,44
Zwieback Toast 0,22 0,33 0,71
Puffed Rice .01 0,43 0,42
Macaroni (Dry) 0.29 0.47 0.18
Chickan® 0,39 0.89 0.50
Beef® 0. 44 0.%9 0,55
Shrimp* 0.31 1, 15 0.84
Peas® 0.05 0.16 0.11
Asparagus¥ 0.06 0.58 0.52
Strawberries® 0,08 0.95 0.87
Apples* 001“ ol“ 0056
Cottage Cheese*
(Compressed Bar) 1,20 1,45 0.25
Beef Stew 0,50 0.7 0.29
(Calculzted on Basis
of Following Ingredi-
ents by Weight.)
Rice (50%) 0.72 0.97 0.25
Beef® (30%) See Above
Peas®* (19%) See Above
Onions (1%) (Not Calculated - onion pieces highly irregular in
shapes ané not possidble to caiculats.)

*Preeze Dried I-29
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TRUE DENSITIES OF INFILTRATED FoODSt

TABLE 3

Unimpregnated ~ Impregnated Average Chenge |
Food Density %,p/cc) Density (*g/oc) in Density
T -
Pound Cake 1,41 1.22 -0,19
‘Punclkc (ist Test Only) 1,45 1,27 -0,18
12wioback Toast 1,38 1.28 -0.08
"Puffed Rice c.37 1.20 0.83
Macaroni (Dry) 1.37 1.23 -0,14
Chicken* 1.32 1.09 ~0,23
Beef#* 1.39 1.15 -0,24
Shrimp* 1.95 1.28 -0,.70
Peas® 1.26 1.48 0,20
Asparagus® 1.22 0.90 -0,32
Stravberries® 2,01 1.32 -0,69
Apples* 0.58 1.18 0.60
Cottage Cheese*
(Compressed Bar) 1,30 .20 <0.10
Beef Stew 0.84 0.9 0.06
(Calculated on Basis
of Following Ingredi-
ents by Weight.)
Rice (50%) 0,37 0.52 0,17
Beef® (30%) See Above
Peas® (19%) See Above
Onion {18) 1,45 1,21 -0,24
AFreeza Dried

By Pycnometer Method
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TABLE &

POROSITY MEASUREMENTS

~1Inltlal Porosity TInal Poroslty Tractlon of |
Food (Uninfiltrated Food) (Infiltreted Food) Voids Filled
ound Cake 0.74 0.26 0,46
ancake 0.87 0.28 0.39
wieback Toast 0.84 0.11 0.73
uffed Rice 0.98 0.64 0,3
acaroni 0.79 0.62 0.17
nicken® 0.76 0.18 0.52
sefh 0.68 0.1u 0,54
hrimp# 0,84 0.08 0.76
eash 0,96 0.e9 0,07
sparagus® 0.95 0.3 0.59
trawberries® 0,98 0,28 0.68
dples* 0.75 0.32 0.43
ottage Cheese* 0.08 0,04 0,04
Freeze-dried
I-31
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TABLE 7

EQUILIBRIUM MOISTURE CONTENTS OF IMPREGNATED FOODSt

INIT. MO1S- L V H,0tF  APPROXIMATE EQUILISRIUM
FOOD TURE CONTENT STCRAGE AT EQUIL. TIME (WEEKS)
POUND CAKE 1.87 11,1 0.99 12
23,0 1.55 12
43,7 2,44 12
" PANCARE 530 T 1,50 %0
23,0 2,24 16
43,7 3.88 18 .
TORST 570 T Z.05 78 {
23,0 3.32 28 :
43,7 5,33 28 !
(PUFFED RICE ~7.03 11,1 .02 30 \
23,0 4.63 ao !
_ _ 43,7 6,29 30 |
MACARONI 7.81 11,1 1.96 12 |
23.0 4,53 10 i
43,7 7.54 12 _j
CHICKEN® 2,37 11,1 1.86 20 ‘ﬁ
23,0 2,74 20
43,7 4,07 20
EEErE 1.88 11,1 7.08 L i
23,0 5,03 24 ‘
43,7 4,87 24 3
SHRIMP® 3. 44 11.1 2,74 32 :
23,0 3,71 32 !
43,7 5.38 32 :
"PEATH 1,39 11,1 0,98 3
23,0 1.59 8
43,7 2,52 10
ASPARAGUS® ~2.U6 11,1 1.59 )
23,0 2,40 8
43,7 3,19 8
STRAWBERRIESY 11,25 11,1 ~7.06 28
23,0 7.65 22
43,7 9.61 22
"APPLESF ~7.03 Y 1.23 ]
23,0 1.51 8
43,7 2,56 8
"COTTAGE CHEESER 1,60 TI.T 1.58 %
23,0 1.80 14
43,7 3.01 14
BRI KN Ty 78D T
23,0 3.4k ]
43,7 5.80 6

-'.

*

Mcisture Content on Dry Basis by AO0AC Method, 9th Edition, 1960,
Page 264 20,008,

t+ Equilibrium Storage Temperature 20°C,

Freaze Dried.
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TABLE 12

TASTE PANEL DATA

POUND CAKE

Means of Scores

Preference Difference
-18° [, 20° C, 38° C, -18° C, 20° C, 3age C,
2.17 1.7% 1,25 02 1,92 2,67 2.92
1,83 L.58 1. 42 N, 2.75 2.50 2,50

. e
2,08 1.75 2,25 T 2,58 2.50 2,92
Variance in Scores

Prefarence Difference
-18° C, 20°¢C, ag® ¢, -18° C, 20°C, 38°¢C,
.52 .75 .39 0, .63 .61 .99
«70 .63 45 N 57 .82 1.00

— 2

+81 57 i T «63 1,00 99

5,-39
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TABLE 14
TASTE PANEL DATA

SANCAKE (1st Run)

Means of Scores

Preference Difference
-18° C, 20° ¢, 38° C, -18° C, 20° C, 38° C,
02 1,75 1,13 1,13 02 2,13 2,50 3,00
N, 1,38 1,13 1,38 Ny 2,38 3.09 2,88
T 1,25 | 1.50 | .25 r | 2.25] 2.00] 2.75

Variance in Scores

Preference Difference
-18° C. 20° C, 38° C, -18° C, 20°C, 38° C,
0, .50 .13 .13 0, | 2.27 1,14 .86
N, «27 .13 027 N, | 1.70 1,43 | 1.58
T 21 29 021 T .64 - «57 1,07

Leal
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TABLE 16
TASTE PANEL DATA

#PANCAKE (SECOND RUN)

Means of Scores

Preference Difference
-18°C.  20°C,  38°C, -18°C,  20°C,  38°C,
0, 2.00 1.63 1.25 0, 2,38 | 2,50 2,38
N, |1.38 1.62 | 1.38 N, 12,38 2,38 | 2.38

Variance in Scores

Preference Difference
-18°C,  20°C, _ 38°C, -18°C,  20°C.  38°C,
02 .29 .27 .21 0, .27 57 ] 1.13
N, 55 | .55 .55 N, .84 .27 .27

* Time limitations precluded completion of complete storage testing.

Taste panel data is based on two levels of treatment and taste test
after two months storage.
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TABLE 18

TASTE PANEL DATA

TOAST

Means of Scores

Preference Difference
-18° C, 20° C. 3ge C. -18° C, 20° ¢, 3g8° C.
02 2,00 1,88 1.50 02 2,38 2,38 2,75
N, 1.75 1.63 1,75 N, 2,88 2,13 2.59
T 2,13 1,25 1.25 T 2,63 | 2,50 2,50

Variance in Scores

Preference Difference
"180 Co 20° Co 380 CQ _180 C. 2°° C. 5’90 Cc
c, 57 «70 57 0, .84 1.13 «50
Nz 1007 .27 579 Nz 070 .98 l.lﬂ
T 98 21 21 T 55 «86 .86
le4n
T e —— i T — T D



~46

e

e

cT’t zo° = (TTYITM)SH/(ST®APTISH OTIERY-J sT'e s9° = (UTHITM)SH/(STIAPT)SH OFINY~-J
£$°C 9s° = (UTUITM)SH/(T X L)SH OTIRY-J £5°2 00°T = (UTYITMISH/{T ¥ L)SK OTI®y~-3
ST°¢ LY = (UTYITM)SH/(IBMNL)SH OTIRY-I sT°¢ oh°Z = (UTYITA)SH/(ICII1)SH OTITY=-3
($S6) 3 (sq©)3 #DINOS (%56) 3 (sq0)J3 832N0Y
66°65 1L Ie3oy 3 5 L {®30
KA 88°2¢ £9 sdnodsqns UTUITM o] TO LT €9 s qhs GIG3T,
A (Gt 4 STHADT X S3IUSWIPAI] [}t e ot " C : STIADT X SIUBWILBI
98949] (®) ST190 (t0°9) (8) ST19
—T0" £0° z 7oA 6t” 8L” Z ST3407
09° BT Z SIUSWIPaI], EnTT 98T z ‘ “SIUMIIEIT
L_SH SS 3q UOTIETIRA JO 3DJaNOg SH qS _Ja VOTIBTARA JO BDINOE
SOUNPTIUCD, PRAIISIO,
£66°2 §9€°Z $68°T 86°6 Do 0Z+ BT- §6h°E G9E° ¢ $68°T SE°0 do 0T+ 8T~
866°Z $38°2 S68°T LENA D o8BE xousg, 66h°€ s6e°e See°T BS h= ‘D oBE xouney
866°Z S8E°Z 668°T ©9°L J 0T 66h°€ SAE°T S58°1 T BSTR- 0 o0C
866°2 S9E°Z 668°T LA Do 0%+ BI- 66h°€ S9E°C S68°1 B9 0= Jc 0Z+ B(-
866°Z G9E'Z 568°1T 19°9 D o8F ZN 66h°€ S9c°C S68°1 B 0= O o€ N
866°2 SOE°Z $68°°T 90°9 D o0 66h°¢ S9E°Z 568°T S07¢= O ol
866°C 6822 S68°1 E€E°L Jo 0C+ 8T~ 66h°¢E S9€°Z S68°T 00°0 Jo 0Z+ BT~
B866°Z S9€°Z 568°T 00°1T O o8€ ) 66h°C SOE*Z 668°T L8°T= 'O o8f 20
866°Z3 S9t°Zs 568°1s €E*9 0 002 66h°Es S9€°Ts S68°Ts Th°0- D oO0Z
Wﬂa $66 JWOD §G5°Lp JUOD §66  {SQ0)2 SUOTITPUOD FUOD §66 JUOD 456  LFUOD 406 (($°)3 SUOTITPUOD
e8eao3g ou!uolqu
soustei3tq SOTBIBINIG

1svol

VIVQ 13IRVd ILSVI JO SISATVAV TVOILISIIVIS

61 FIGVL

R R g

e dm M > Mk St

W s e oy S e




02

N,

TABLE 20

TASTE PANEL DATA

PUFFED RICE

Means of Scores

Preference Differencs
«18° C, 20° C, 38° C. =18° C, 20° C, 38° C,
1.8 | 1.88 | 2,00 o, | 150 | 150 | 1.8
1,00 1,63 1,63 N, 2,25 2.25 2.13
1.75 1,50 1.7 T 2,00 1.88 1.50

Variance in Scores

Preference Differc ce
-18° C, 2C6° C. 3ag° C, -16° C, 2(‘ C. 368° C.
o4l Jul «29 0, l.1M « 86 « 84
00 »55 -1 "z 79 1,07 «98
.50 029 021 r 057 1055 0“
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‘TABLE 22

TASTE PANEL DATA

MACARONI

Meang of Scores

Prs “arence Difference

=187 C, 20 ¢, 302 C, =-18° ¢, 20° ¢, 38° C,

0 | 175 | 1,50 | 1,88 o | 8 | 2| 1s0

N, 1.38 1,78 1,75 Ny 1.50 1,25 1.38

Vaclance in Scores
Preference Difference

‘180 C. 200 C. 380 CQ -10° CQ 2°° C. 380 CQ

02 50 29 oidl 02 55 1,07 1.71

N’ 427 021 02‘ "2 057 1007 021

T o“l .'&l 0“1 'r 1036 10“1 090
I~k
T - ; A Y —

%

S S |

ITETN ey

R
Y4



9z°

ST ¢ = (UTUITH)SHR/(STRAPT)SH OTIEY~J sT'e (490 = (UTUITM)SH/(STRA®])SH OTIRYN-J
€s°z 8T* = (GIY3TM)ISH/ (T X 1)SH OTiBY~3 £s*z 0L° = (UTYITM)SH/(T X 1)SK SIaey-j3
sT°e 8T * = (UTUITM)SH/(IBIL)SK OTIRY-J ST°€ Zs° = (UTUYITM)SH/(IPSIL)SH OTIRY-3
(%56) 3 (3q0)4 aTanog (%56) 3 (8Qq0)4 #0anosg
T9°h9 TL Te3cy 66°€C TL Te30]
0071 [\ ] £9 SANOIAQNS UTYITH ce’ 88°1¢ £9 sdnogZqns UTYIIM
1N [ 44 D) ST8AD] X SjUMZiBoa] we? L6° n ST9AST X S1USG3ESI]]
(19°T) {8) STT9D (TT°2) (8) STT3D
[ 9z €5° z STeAD] 6E° 8L° z ST3a97
BAGE gt "’ 'z SIUSUIEA] 8T* ag”® z Siustieedr
SW _SS_ 3G UOTIPTIRA JO addncs SK SS 3a UOT3IBTIRA JO ©OJNOS
jag
“
-
9JUBPTIUOD, pBAIISAC,
866°C S9E°Z €58 T €0°€ Do 0Z+ 8T~ B6h' € §9€°Z S66°T §S°0~- Do 0Z+ 81—
866°2 59E°C <68°T T¢°E J o8¢ xouay, 664 "€ SGE°Z SBR'T €5°0~ D o8¢ xousy,
856°Z S9E*Z S68°T L't 2 o0C 664 °€ c9¢°2Z C68°T 5570~ S ol
866°2 see*z S58°1 1975 Do 0Z+ 8T~ 6eh"E G98°Z S68°T Ch™€= 5. 07+ BI-
866°2 SaE'Z S68°T T5°L J o8F 4% 66h "€ SSE°Z S68°'T _£S°T- 3 o8F (4N
866°Z 59€°L G68°T Zhog J 002 66h°€ S9€°Z $68°7 £5°T~ d 02
8E6°Z G9E°Z £68°T 8T°9 Jo 0T+ 8T- _ 66h°E S9E°Z SER°T 00°T~ Do GI+ 8T-
866°7 S9€°2Z SEB°T HZ°E J oaf <0 | 66h°E SSE°Z S68°T SS°0= ' oBE Zn
866 s S9¢°Zs S68°Ts Zh'e 0 o002 66h €3 S9€°Zs S68°Ts S9%Z~ 3 onc
I FTOD 000 FUoT “W.hm Juod #mm AmAOvu, mCOW‘VH@COO Juod *mm FUOd ﬁmm NNEOU #Om A—OAOVP ng..nﬂw:vg..(
) 9382015 sEwexoy
*OUSIRIFIq SSteasyeng 238
INOYVOVN

€T FI9vVl

V1Vd 73NVd JLSVL 30 SISATVNY TVIILSILIVLS

—

——

L



TABLE 24
TASTE PANEL DATA

Fx

g

CHICKEN
Means of Scores
Preference Difference

~*%" Cs 20° C, . 38° C, -10° C, 20°C, 3e¢ ¢C,

02 { 1.88 | 2,00 | 2,00 02 1,75 | 2,00 | 2,00

N, 2.13 2,25 2,13 N, 1,13 .88 1,75

T 5625 1.38 1.38 T 2,50 2,63 2,50
Variance in Scores

Preference Difference

-18° C, 20° C, 28° C, -18° C, 20° C, 38° .

0, .70 57 57 0, 1.93 1.14 i.l%

N, .13 .21 .70 N, .70 .70 1,93

T .21 455 55 T 1.43 1.13 2,00
CHICKEN = DRY

Storage Preference Difference
Sample Cond{tions Means ™ Varlance Heans Variance
A N, 20° C, 1.5 0,571% 2,0 1,426
B Tenox 38° C, 1,375 0,5533 2,625 1.695
1-51
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TABLE 25

TASTE PANEL DATA

BEEF (RERYORATED)

Means of Scores

Preference Diffsrence
-18° C, 20°C, as° C, ~18° C, 20° C, 38° C,
1.75 1.75 2,38 02 2.G0 1.88 2,25
1.75 2,25 1.50 N, 2,75 1.63 1.63
1,63 2,00 1.75 T Z2.75 2.25 1,50
Variance in Scores
Preference Differenca
-18° C, 20° C, 38° C, -18° C, 20°C., 38°¢C,
e 50 «50 55 0, l.14 1.27 «50
.79 .21 029 N, 1,36 o4 | 1.98
« 84 »86 21 T 1.07 «50 «57
BEEF - DRY
Storage Preference Difference
Conditions Yeas Yarlance Neans Yarisace
0z 38° C, 2,75 0,4998 2,62 0.2678
02 Tenox «18 420 °C, 1,875 0.6961 2.0 1,182
1-53
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TADLE 28

TASTE PANEL DATA

SHRIMP

Means of Scores

Prefarence 0ifference
=-18° C, 20° C, 38° C, -18° C, 20° C, 3ge ¢,
02 { 1.38 1.38 1.38 0y 2,13 2.25 2.63
N, 2,00 2,13 1.88 N, 1.50 2,13 1.50
T 2,00 1,50 1,63 T 2,00 2,00 2.75

Variance in Scores

Preference Difference
-18° C, 20° C. 3e° ¢, -18° C, 20° C, 38° C.
0, .27 .27 .27 0, .70 1.64 .27
N, 57 | .70 4l N, .86 < <86
T 57 .29 .84 | T .57 1.1t 21
SHRIMP -~ DRY
Storage Preference Difference
Sample Conditions Means Varlance Means Varlance
A N, 20° C, 1.78 0.4997 2,25 1.07
B 0, 20° C, 2.0 0.887% 1.875 1.553
I-55
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TABLE 30

TASTE PANEL DATA
PEAS (DRY)

Means of Scores

Preference Difference
-18°C, 20°C, 3sgec, -18°C,  20°C, agoc,
0, 1,63 1.50 1,63 02 2.13 2,13 1,88
N2 1,63 2,00 1.88 N, 1.38 2,00 1,75
T 1.88 1,75 1.50 T 1.63 1.13 1.63
Variance In Scores
Preference Difference
-18°C, ~ 20°C, 3goc, -18°C,  20°C, 3go¢,
0 +55 .57 <27 0, .98 l.84 1.27
N, W27 .57 .70 N, 1.13 1.43 1.93
T Lul .50 .29 T 1.13 .70 1.13
PEAS (COOKED)
Means of Scores
Preference Difference
-18°C.,  20°C, 3soc, -18°C. 20°Cc, 3geoc,
0, 1,75 2.38 2,00 0, 1.63 1,63 1.63
N, 1.88 1,88 1.88 N2 1,75 2,13 1,38
T 2,00 2,25 1.88 T 1,88 1,63 2,00
Variance in Scores
Preference Difference
-189C,  20°C, asec, -189C,  20°C, 3goc,
0, W21 .55 .57 0, .84 1.13 .84
N2 W4 M1 .70 N, 1.64 1.27 .84
T 57 .50 W41 T .70 1,13 1,14
I-07
TR e e R o T TR SR < e

-




Ao ——— .

—

- -

B T

. r—

c—— g

AN N e Pt gttt

. y— bl

sT'e ISTT = (UTYITH)SH/(STPA®T)SH OTIeY-g ST°¢ c8* = (UTYITH)SH/(ST®A®T)SH OTIey~-3
es°z mw. = (UTHITM)SH/(T X 1)Si oT3ey-3 £s'z hg* = (YTH3ITM)SA/(T X J)SK oTamy-3
S A1 -2 oo ¢ (UTU3TX)Si/(3®8a])Si OTaey-3 SLe £ = (YIRITA)SK/(IPBITISH OTaeN-3
(%s6) 4 (8€0)d Soanog (%56) 2 (sqo)3 ( ) 95anog DISH exaRE=s
- 6678 TZ ‘ Te30_ 88 °0€ TL ‘ Te30]
8T 1 mo.cm k] .__SCnoJagns utylTy 9k"* 88°82 £9 SCnoaEgns uiLyTv
18" cc € h Si54%% X Sjtsuimad: 6Z° LT°T h ST3A9] X SiUs-1Podr
wm.m 8 STT5D 00°2 8 STT92
90°Z I1°h [4 SToATT Qe c/* z ST9AR]
T0° ) o z SIUBUIEDI +H0* an? ) Z Siusugrax]
Sh ) 3G UoTPTaR; JO Toancg Sh SS 4G UOTIETJRA JO 3dJInog
3duspriu0y, Paazasqo,
866°C S5t ¢ 5681 €6 H __ 'D.02+ 51- BEH € TaE2 B8 1 SS° -~ “3.02+ 81-
866°C Sse’z ce8’1 EC'h  ‘CoBE  xousy, 664 °€ S9E°C S68° 1 "59°2- *DoBE XOU3]
866°2 §oe*e SEL°T I8°C  'Do0Z 66h 7 39t 208 1 00 ‘T~ 2002
866°2 S9E°C S68°T L9'€  *D.,02+ Bi- BGf € _S9ET 568 T 60°Z- _ *Do0Z+ BI-
866°2 S9E°Z S68°T 95°€  *Dogt N 66h°€ SO9E°C SE8 T Zh” = *D.8€ 2y
866°2 SsE°Z $68°1 EL°h  *DoGZ 561 € SOE ¢ 3Ry 0 s
BEE°Z S9g°2z S68°T 80°S8 ‘3Jo0Z+ BI- 664°€ S9E "¢ 5b8 "1 cHoT— *Do0Z+ 81-
| 8RE°Z gep*z S6E°T TIL°H_ *DoBE 4 EH°C LT S68°T S0z~ *0086 20
866°Z3 S3€°Zs S68°Tx e D002 66h"€Cs S9E°Zs 568°Ts L8°T- *0002
JUOD 466  JUOD 45 .p ;900 396 (s90)a SUOT3TPUO) U0 §66 JUOD 456  ZJUOD 406  ({5q0)3 SUQTITPUOD
$3RJ035 a3ea035
SOUNIRIJ 1q VUM
SV3d xda

V1VQ 7T3INVd 3JLSVL JO SISATYNV TVOIlSILVILS
1€ T18Vl

» . .
e W



-

S -«-ad—«-g.»w'. PSS

.

1] Ot

ce 2 . = (SPETA)SH/(STea?T)SH OT3ex-3 MM w NM. = (UFYITH)SH/(STRA®T)SH OTIRY~J
ST°E 60° = Mmmuwmnww”\mmm”uwwwm Mwwuwnw oT*e hz T = AMMsumsvw:\aq X 1)SK c¢fawd-g
= Ty X VAl t - = e PSR
(s6) 4 (590)3 Soamos (356) 3 (530)3 (UFRIRISELOZRILIS O¥3me=d
] 66°69 1L . TRIOL 66°CE 1L 1230 ]
90° 1 £€9°99 €9 SCNoaaqns utyzIy 84" 8€ "CFE €9 SCROJRGNRS UTILITY
Q9° H9*2Z + ST8AY] X SJUPLIESI] he* ) L6 E ST9ATT X Sjuaujeaaqy
9g°E 8 STT9D 19°¢ 8 STTes
9z* €5’ Z STeA®] tAAd Wt z STOAD]
o1’ 61" z SIUSWR Py 0g° 61T s Sitauyead] |
Sn S§8 3a COTIRTJIRPA IO §0ancg Sh SS 1] udIIeIIR) JO IDINOS
IDUBPTIUOY, Paaaasqy,
866°C S9E° ¢ G681 ECRE “Jo0C+ 81- 650 € St ¢ 55T 0 30027 BI-
866°2Z S9£°¢ S68°T 6C°S ‘J08E XOusjy 664°¢€ S9e°Z Sb8 1 ~ G6G° - *DeBE Xouay
8662 S9E°C 568°1 £ETh *J002 M3 e SBE( 00°1 307
866°2 S9E°Z G68°1 98¢ *D002+ BI~ boh £ SOt ¢ S6E T 38" = *5.,0z+ BI-
8C6°C S9E° ¢ 568" 1 §T°H  "Do8E (4% 66h°€ 54 SEB T S5° = oot 2y,
866°¢2 S9E°T 568°1 hE"S “J007 66h°¢€ -4 =RET \wmwr - *Jol2
BB5°Z q9e'g §68°T ¢0'S  +350z+ I~ 660 € S9E"C 5681 €5 1~ 0,0+ 81-
REEZ 596°Z S68°T ¢0S  “Doge %o 568°E S9E°Z 568°T 0 *J08E 2
866°Z3 €9e"Zx G68°T% ceom *J002 66h°¢C3 S9E°Zs S68° 1% th°1 ‘Dol
FU0D 466 JUCO ¢6°(F5 JUOT §GH (sqo)3 SuUOTITPUON IJUOD §66 FUOD %65 Z3U0O {06 (1599)2 SuoIITPUOY
a%eaols a3RIClS
IO2USIIFIIA NUIIBFIAJ

SY3d QIIVNCAHR

V1VQ "I3NVd ALSV] 4O SISAZ NV TVOIISILVIS

¢ T1evL




K2

N2

TABLE 33
TASTE PANEL DATA

ASPARAGUS (DRY)

Means of Scores

Preference
-18°C, 20°C, 3s°cC,
2,13 1,50 2.00 02
.75 1,75 1,68 | Ny
1.75 J,63 2,00 T
Variance In Scores
Preferesnce
-18°C,  20°C, 3s°cC,
Sl v 29 57 0,
50 +21 »70 N,
+50 .27 .57 T
ASPARAGUS (COOKED)
Means of Scores
Preference
-18°C, 20°C, 38°cC,
1,28 1.38 1,13 0,
1.50 1,80 1,13 N2
1.50 1,63 1,38 T
Variance in Scores
Preference
-18°C,  209¢, ae°c.
L.21 ,27 »13 0,
.29 .29 413 N,
.57 455 027 T

Difference
-18°C, 20°C, as°¢,
2,13 2,13 1.83
1.63 2,13 2,00
2.00 1.75 1.88
Diffarence
-18°C,  20°C, 38°C,
.70 .70 1.13
1.13 70 1,14
2,00 | .50 .98
Difference
-18%C,  20°¢C,  3so¢,
2.38 2,00 3,25
1.38 2,00 3,00
2,25 2,25 2,25
Difference
-18°C,  20°C, 3a°cC,
.84 .50 1.43
‘1.55 57 1,14
.50 «79 1.07
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TABLE 36
TASTE PANEL DATA

STRAWBERRIES (DRY)

Means of Scores

Preference Difference

-18°C,  20°C,  38°C,

-18°C.  20°C,  38°C,

0, 2,13 | 2,25 2,13 0, | 1.88| 1,75 2,13
N, 1.75 1.75 1.25 | N2 1.50 1,88 2,25
T 1.88 | 1.88 | 1.88 T 1.A3 | 2,13 2.13

Variance in Scores

Preference Difference

-18°C, 20°C, 38°C,

-18°C,  20°C,  38°C,
0, .98 .50 .70 0, 41 | 1,07 .70
Ny .21 .21 .21 N, «29 | 1,27 1,07
T .70 .70 .70 T l.ul | 1.84 .98
1-62
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TABLE 38

TASTE PANEL DATA
APPLES (DRY)

Means of Scores

Preferance
-18°C, 20°C, 38°cC.
2,00 2,00 2,25 02
2,00 2,00 2,00 N,
2,00 2.00 2,25 T
Variance In Scores
Preference
-18°C,  20°C, 38°C,
.57 .29 .50 0,
.29 ~29 .29 N,
57 «57 «50 T
APPLES (COOKED)
Means of Scores
Preference
-18°C,  20°C,  3s°cC,
1,50 1} 1,75 2,25 0,
1,75 2,25 1,63 N2
2,38 | 1,83 1,38 T
Variance in Scores
Preference
-189C, 20°C, asec,
.29 21 21 ¢,
»21 21 »55 N,
.27 «27 .55 T
I-65
-- R ——

Difference
-18°C.,  20°C, 3s°C,
1.50 1,63 1,88
1.88 1,50 2,13
1.88 1,88 2,00
Difference
-18°C,  20°C, 3sg°C,
1.14 .84 .70
.98 .86 1,27
.70 .70 1.71
Difference
-18°C, 20°C, 38°C,
2,13 2,00 1,63
1,63 1.88 1,88
2,13 2,00 2,75
Difference
-<18°C, 20°C, asec,
.98 | .29 l.41
1.13 W41 .98
.98 57 .50

e g
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TABLE 41
TASTE PANEL DATA
LOTTAGE CHEESE (DRY)
Means of Scores
Preference Difference
-189C., 20°C, 38°C, -18°C,  20°C. 38°C,
1.75 1.8 1.608 0, 1,78 2,13 2,13
1,08 2,13 2,00 N, 1.50 2,00 1,78
2,00 | 2,25 2,13 T 1,88 2,00 2,25
Variance in Scores
Preference Difference
-189C,  20°C, 38°C, -18°C,  20°C, 3e°cC.
50 .70 .70 0, 1,07 1,55 1.27
4l .70 .29 Ny 1.1y .86 .79
.86 21 .70 T 1,27 .86 1,07

1-63
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TABLE 3
TASTE PANEL DATA

BEEF STEW (REHYDRATED)

Meana of Scores

Preference Difference
-18°C, 20°C, 38°C. -18°C,  20°C, 38°C,
2.50 2,38 1,63 02 1.88 1,25 | 2.28
2,50 2,50 1,68 N2 | 1.88 1,38 1.7%
2,28 2,13 1.88 T 2,00 2,13 1.%0
Variance in Scores
Preference Difference
-18°C, 20°C, 38°C, -18°C. 20°C, 38°C.
57 | .27 .84 0, |1.89 .79 .50
29 |.29 .70 Np .98 .55 .50
«50 U1 »70 T «29 Ml «86
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Fiure 8

ASSEMBLED VIEW OF HUMIDITY JAR USED FOR DETERMINING
EQUILIBRIUM MOISTURE CONTENT
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Name Product
Compare the flavor of each of the numbered
samples vith that of the reference sampls "S",
and indicate the relative difference and
relative acceptance from sample "S" by checking
the appropriate squares. DO NOT MARK BETWEEN
SQUARES!
SAMPLE
Difference Preference
Great 50 More
Acceptable 30
Moderate 40
31ight 30 Comparable 20
Very slight 20
Less
No difference 10 Acceptable 10
Comments
I
FIGURE 9

Sample Taste Ballot
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SECTION II

Flow Sheet Diagrams and Design of Equipment for Producing
500 Kg/hr of Infiltrated Foods
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I, INTRODUCTION

Contract No, DA 19-129-AMC-84(N) requires that a process flow sheet be prepared
for the fourteen foods listed, The flow sheets are required to show materials,
quantities, and equipment necessary to produce 500 Kg/hr (1102 1bs/hr} of food
product. A more detailed investigation and definition is required for the process
equipment necessary in processing the sbove production on one product within each
of the following groups:

Group 1. Freeze dried beef, chicken, shrimp, and cottage cheese,
Group 2, Freeze dried peas, asparagus, strawberries and apples,

Group 3, Puffed rice, zwieback toast, pound cake, and pancakes.

Group 4, Macaroni and freeze dried beef stew.

For the more detairea investigation, shrimp was chesen from Group 1, asparagus
from Group 2, nound calie from Greup 3, and beef stew from Group 4.

ZI. METHODS Or PROCESSING

The freeze dried beef, chicken, shrimp, peas, asparagus, and beef stew are pro-
cessed by the vacuum relegase system. Freeze dried cottage cheese is also processed
by the vacuum release system, but with a prior pressing operation to form the cheese
into a solid bar. " eeze dried strawberries, apples, and puffed rice are processed
by the vacuum release system and subsequently coated, Zwieback toast, pound cake,
and pancake are procssgsed by the positive pressure method, Macaroni must be filled
by mechanical injection,

A, VYacuum Relcase

The vacuum release sys:em requires that the food be submerged in the filler
emulsion within a container. The container is then placed in a vacuwa chamber
and a vacuum drawn, The vacuum is then quickly releastd when the emulsion
starts to bubble. Breaking the vacuum causes the emulsion to penetrate the
focd: For best penetration, 6 cycles of vacuum and relezze are required,

B+ Positive Pressupre

Impregnation of food by the positive pressure system is accomplished by plac-
ing the food sample in a die set, The emulsion is placed on top of the food,
and the mating die is used to press the emulsion intc *he food under pressure,
The pressure required is approximately 100 psi and is leld fou about 6C s2conds
to permit the escape ol air entrapped in the food.

Cs Mechanical Injection

A mechanical injectio.. system is needed to fill the void in macaroni, The
machine to accemplish this on a large scale would be necessarily complex and
costly, but nevertheless feasible, ’

I1-1
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I1II, PROCESS TLOW

The process flow diagrams, showing materials, quantities of materials, and
equipaent necassary to produce 1102 lbs/hy (:.0 Kg/hr) of product, are shown
in Figures 1 thirough 14, Table 1 shows the methed used in arriving at the
quantities shown on the process flow diagram, The dengities shown in Columns
1, 2, and 3 are given Iin Table 2 of the previous section. Columns 4 and §
are based on the original density as being the percent of food in the final
product and the weight gain as teing the percent of filler in the final pro-
duct, Columns 6 and 7 are the percentages shown in Columns 4 and 5, taken of
1102 1bs, which is the desired preduction per hour, The filler ingredients
and their mixture ratios (Columns 8 and 9) are given in Table 5 of the pre-
vious section, Column 10 of Table 1 is the percentags shown in Column 9 of
ths weight flow established in Column 7. Flows of food shown in Column 8

and fillers shown in Column 10 are the flows shown in the process flow dia-
grams, Thase flows may be used to select the size and type of equipment
needed to process the various ingredients, With proper corrslation it is
possible to seslect equipment so that more than one product may be processed
with the same equipment, However, before any equipment could be selected

the physicl characteristics pertinent to handling and proportioring the
material must be conaidered,

IV, EQUIPMENT DESIGN PARAMETERS

in order to specify production facilities for the food products concerned
here, it is necessary to formulate parametsrs and requirements to guide the
plant design and equipnent selection, The following must be considered alung
with the more general parameters:

A. The amount and type of labor required, This would detormine the degree
of automation needed to meet the production rates, and would be a prime
consideration .n the selection of equipment,

B.

c.

D.

A more detailed specification is required concerning the numbsr of different
food products to be handied by the facility. This information is necessary
in crder to specif; equipment which could be used for more than one ingre-
dient or for more than one food product. A master flow sheat could then

bs formulated.

Requirements concerning exposure of the foods and ingredients to the
atmosphere during storage, proportioning, filling, and handling must
be determined in order tc specify protective means, Protection from
bacteria and moisture must be considered,

Means for increasing the capacity or increasing the variety of products
must be considered,

I1-2



E. The nature of the foods and flller ingredients to be processed must be
studied to establish the handling means, proportioning techniques, and
protective measures best suited to each particular ingrsdient in the
product. Data needed would concern weight, nature of product (powder,
liquid, slices, paste, etc.), size of pieces (if solid or granular),
flowability, cohesive tendency, adhesive tendenay, friabilicy, and com-
paction problems,

F. Conditions relating to storage of the foods, fillar ingredients, and
final produst must be jutermined (type of atmosphere, moisture, tempera-
ture, etc,) and data concerning shipping, receiving, and condition of
product as received, must be established in order to provide adequate
storage space and facilities.

G. The type of container for the final product must be established in order
to select the proper packaging equipment.

H. A thorough investigation must be performed of available commercial equip-
ment which would have to be designed,

V. EQUIPHMENT SELECTION AND DESIGN

In order to satisfy the contract requirements as outlined in Section I, paragraph
1; that is, define the equipment needed to process the selected four foods,

it is necessary to design a vacuum chamber for processing shrimp, asparagus,

and beef stew and a press for processing pound cake., Capacity of both the

vacuum chamber and press is to be 1102 lbs/hr of these foods.

It is felt that all or most of the other processing equipment needed is commer-
clally available and can be accurately defined when the design parameters outlined
in Seetion IV are known, A preliminary selection was made basad upon known
information about the particular task and physical characteristics of the material,
This equipment appears on the flow sheets of the four foeds (shrimp-Fig. 3,
asparagus-Fig., 6, pound cake-Fig, 11, and beef stew-Fig. 14), No attempt is

made to define the facility beyond this,

A, Vacuum Chamber. The vacuum chamber and its associat.d equipment are
designed based upon laboratory test data, and the vacuum chamber shown
in Figure 1% represents a scaled-up version of this equipment,

The vacuum chamber, vacuum pump, emulsion trays, and food baskets are
gized according to the desired production, in this case 500 Kg/hr or
1102 1bs/hr. Assuming the chamber and vacuum pumping system is sized
so that the required 28 inch Hg vacuum is drawn in four minutes, then
the required 6 cycles would taka 24 ~inutes., Alloting 6 minutes for
loading and unloading the required processing time for one chamber load
would be 30 minutes, giving two loads per hour, The vacuum chamber
must then be large enough to produce 551 1bs of product per load, The
density of the food then determines the final size, Table 1 gives the
densities of the various foods and Table 2 gives the associated volumes
needed for the required production. If more than one product is to be
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processed in the same chamber then the chamber should be sized for the
food with the greatest volume per pound.

Table 2 shows that of the three foods concerned, i.e. shrimp, asparagus,
and beef stew; asparagus has the greatest volume per pound, requiring
§2,650 cu in/hr to obtain 1102 1bs of product per hour. The beef stew
is not considered since it is made of four processed foods and it is
assumed that these foods will be processed separately, stored, and then
mixed at the proper weight ratio to obtain the desired production., The
chambar (Figure 15) then in order to process asparagus at the required
production rate should hold‘52125° or approximately 26,400 cu in,

The trood must be placed in baskets so as to be submerged in the filler
materisl. A basket one inch deep was selected so that the food layer
would bs thin enough for good impregnation., The basket would bae retained
in a tray of emulsion with 1/2 inch emulsion depth on bottom and 1/2 inch
on top of the food, thus raquiring a tray about three inches deep., Allow-
ing for adequate clearance, eight trays, 32 inches wide will fit in a four
foot dismeter chamber, which is a convenient size.

Length of tray 3(331%93 y = 103 inches, For ease of handling, 16 troys
51,5 inchas long 30458 832 In ordar to facilitate loading and unloading
the food trays in the vacuum chamber, a mobile cart is provided, running
on rails which extend inte the vacuum chamber. The shalves of the cart
are in actuality heating plattens containing a circulating heating fluid
which mainteins the correct emulsion temperature during the penetration
operatira, The heating fluid lines are coupled to the shelf cart by flex-
ible h .ses after the cart is placed in the chamber. Before the cart is
removid from the chamber, the heating fluid must be purged from the . art
and stored, and the hoses disconnected. The heating fluid temperature
ca’. be maintained by a steam hesat exchanger and the necessary temperature
¢ :ntrols,

Loading the food in the basket, filling the trays with emulsion, and
placing the foo¢ basket in the trays can be accomplished manvally or by
automatic loading and unloading equipment. The cart should move along
tracks to the stations where each of these operations are performed.

Orice the cart is placed in the chamber, the heading fluid hoses cornected,
and the chamber door closed, the 6 cycles of evacuation and release can
ba completely automatic by vacuum switches, motor operated valves, and
electric timers,

The design parameters for a press to force fillers into foods
are established by laboratory tests and by contract No, DA 19-129-ANC-84(N),
The laboratory testing equipment and tast results are described in the
earlier part of this report, These tests show that for good penetration
the die pressure required is 100 psi and that the pressure should be main-
tained for 6C seconds. The above contract specifies the food sample eise
be 1" x 2" x 1/2" and that the production rate be 500 Kg/hr (1102 1bs/hr),

To determine the number of dies required to obtain this production, it
is necessary to sstabligh: (1) Density of product in 1bs/cu in;
(2) Weight of one bar of product; (3) Number of bars needed to weigh

II-4
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110z pounds; (4) Number of cycles obtainable per hour of sach die; and
(5) pounds eof production per hour per die.

For pound cake, the selected food for the positive pressure system, the

impregnated density is .88 gms/cc (Table 1) x ,0327 x ,032 lbs/cu in.
081 x 16

1 cu in, so one bar weighs ,032 pounds,

1102 = 34,375,

,032

One bar of product 1 x 2 x ,5
Bars needed to weigh 1102 1lbs

A machine capable of producing 34,375 bars per hour is the design goal.
Asguming 5 seconds to load the food and emulsion into the die and 2 sec-
onds to eject the product, establishes the cycle time for the die at 67
seconds; therefore, 3600" = 53,73 cycles per hour per die, Pounds of
product per hour per die, then, is 53.73 x ,032 = 1,72, The number of
dies required for 1102 1lbs of product is 1102 er 6406, This data, and

data for pancakes and Zwieback toast is gi¥éfi in Table 3,

A die large enough to produce a product food bar 1" x 2" x 1/2" would need
a spacing of about 1.9 inches., Tf placed in a straight line, this machine
would be over 100 feei l»ng, and each die would have to be loaded and
unloaded by a separvate feed mechanism, To simplify the die loading and
unloading and to decrease the required machine fleor space, it was decidasd
to place the dies in a2 circular pattern and rotate the machine so that

the load-eject stations would be the same for all dies. A machine with
640 dies and the above die spacing would then be 101,3 feat in circumfer-
ence, or 32,2 feet in diameter, A rotating machine of this size would
still be too complex and costly. Three machines, aach having 213 dies
would greatly simplify the design, being only 11 feet in diameter, A
concept of this machine is shown in Figure 17, with an enlarged detail

of a die element shown in Figure 18,

Providing one common loading and ejecting station to serve all dies would
require the machine to rotate once during a pressing cycle, which is

67 seconds. Rotational speed then is 80 on ,g95 R.P.M., giving .895 x
213 = 191 bars per minute. Three mach?Zes then give 191 x 60 x 3 =34 ,400
bars per hour which is the required production for 1102 lbs of product
per hour, One food pressing cycle (one revolution of the machine) is
shown in Figure 16,

The wvacuum outlet and the filler inlet are plunger type valves with the
plunger extending into the sleave flush with the inside surface to prevent
plugsing., The valve plunger may be sclenoid actuated and switch controlled,

or a spring loaded cam actuated type., The die must also contain a cartridge

type heater to control the filler material temperature.
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From

VI. CONCLUSION

Infiltration of porous foods with high caloric fillers by the vacuum
release system and by the positive pressure system is feasible on a large
scale production basis, Most of the equipment for handling, mixing, blend-
ing, feeding, etc. is available commsrcially and the equipment that would
have to be designed is not so complex that it would prove sconomically
infeasible, It is recommended that further study be given the equipment
and that a pilot plant be defined for the ahove two systems,
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TABLE 2

) VOLUME DATA = VACUUM CHAMBER
q D W | rudle [rudde (PRI

‘ Food Flow Rate |Density Volume (Flow Rate |Density | Volume

: lbs/hr /¢c cu in/hr | lbs/hr |gms/cc |cu in/hr
Puffed Rice 42,0 .008 |2,381,400 | 508.0 42 33,470
Chicken 484, 0 ~390 34,346 | 621.0 50 34,370
Beef 491,0 <440 30,880 | 612,0 .55 30,780
Shrimp 298,90 310 26,600 | 806.0 .84 26,550
Peas lub.4 .125 32,000 | 957.6 .83 40,000
Asparagus 118.0 . 062 52,650 | 990.0 52 52,670
Strawberries 78.2 .083 26,064 | 460.6  {1.u40 9,100
Apples 243,0 . 140 48,017 | 381.0 .86 16,000
Cottage Cheese 794, 4 1,200 18,310 | 352,6 .25 40,000
Rice 385,7 0,790 13,500 | 165.3 .80 5,700
Onions 7.3 0.120 1,680 3.7 .80 128

rAbLs 3
PRODUCTION DATA < POSITIVE PRESS
Food Density Density Per Per Lbe/ for ‘
" gus/%e 1bs/cu in lbs 0102 lbe |hr/die 11102 lbs/hr,|
Pound Ceke .88 .0320 +0320 | 34,375 | 1.72 640
Pancake .92 .oiao <0330 | 33,000 | 1,77 621
Zwiebesk Teast .93 0938 .0338 | 32,800 | 1,80 611
1I-10 ]
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STORAGE FILLER STORAGE

FREEZE DRIED
BEEF cee STARCH
2]
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=
FEEDER E
[
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FEEDER |  FEEDER
MIXER 120°F
490 1bs/hr. 612 1bs/hr
VACUUM
CHAMBER

1162 1bs/hr

FEEDER

PACKAGING

1102 1bg/hr

PRODUCT
STORAGE

FIG, 1 PROCESS FLOW DIAGRAM
FREE2E-DRIED BEEF, 500 Kg/hr (1102 lbs/hr)
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STORAGE FILLER STORAGE
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FEEDER
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PRODUCT
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FIG. 2 PROCESS FLOW DIAGRAM
FREEZE-DRIED CHICKEN, 500 Kg/hr. (1102 lbs/hr.)
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STORAGE FILLER STOPAGE
FREEZE DRIED cec STARCH
SHRIMP
£
N .
Sio
r g |
. n |
FEEDER 4
(o]
HEATER 2
~
<
N
213 *
FEEDER | FEEDER
MIXEZ. 120°F
298 1bs/hr } 804 1bs/hr |
VACUUM
CHAMBER

1102 1bs/hr

FEEDER

PACKAGTNG
1

t

l1102 lbs/hr

PRODUCT
STORAGE
P

F16. 3 PROCESS FTLOW DIAGRAM
FREEZE~DRIED SHRIMP, 500 Kg/hr (1102 1lbs/hr)
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STOPASE FILLER STORAGE

FREEZE DRIED | ‘ PI
[COTTAGE CHEESE PONDERED SUGAR cee FLAVORING

729.5 ibs/br  181.8 1pe/hr

190.5

1bs/hr

FEEDER R FEEDER

.1 lbs/hr

MIXER HEATER

1

911,3 1bg/hr 1190.5 1bs/hr

!

( FEEDER | FEEDER

PRESS .
[ MIXER

2500 psi

o - —

911,3 lbs/hr - 190.6 1bs/hr

VACUUM
CHAMBER

1102 1bs/hr
FEEDER

PACKAGING

1102 1bs/hr

PRODUCT
STORAGE

FIG. % PTOCESS FLOW DIAGRAM
FREEZE-DRIED COTTAGE CHEESE 500 Kg/hr (1102 1bs/hr)
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STORAGE s FILLER STORAGE
TREEZE DRIED —_— ]

PEAS

ece STARCH
o] 8
[d S
JF:
2l g
FEEDER :5
@
HEATER ©
g
w| &
o] =
2 (7]
=18 K
FEEDER | FEEDER
MIXER 120°F
L
144 ,4 1lbs/hr 957.6 1bs/hr
{ f
VAZUUM
CHAMBER

1102 1bs/hr

FEEDER

PACKAGING

1102 lbs/hr

PRODUCT
STORAGE

F1G, 5 PROCESS FLOW DIAGRAM
FREEZE-DRIED PEAS 500 Kg/hr (1102 1lbs/hr)

Jiel9

L .
—, R




STORAGE FILLER STORAGE
FREEZE DRIED
ASPARAGUS eec STARCH
FEEDER 2
A
HEATER &
:.
N
g
TEEDER | FEEDER
MIXER 120°F
8 lbg/hr <[32_Ah§£hn_____
VACUUM
CHAMBER
1102 1bs/hr
. IREDER !
PACKAGING
1102 1be/hr
FRODUCT
STORAGE

FIG. 6 PROCESS FLOW DIAGRAM
FREEZE-DRIED ASPARAGUS, 500 Xg/hr (1102 lbs/hr)
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STORAGE FILLER STORAGE
FREEZE DRIED SUGAR -
STRAWBERRIES SYRUP CHOCOLATE MYVEROL

| 95.9 1bs/hr 451.8 1bs(hr

& £
VACUUM & 35
CHAMBER n ﬂ

A
[« .}
wn »
. @D
n (<]
-4 ed

k-4

547.7 1bs/hr
FEEDER [ FEEDER | _ FEEDER

———

\

COATING EQUIPMENT 1u40°F

1102 1bs/hr

FEEDER

PACKAGING

1102 1bs/hr

(o]

1
PRODUCT
STORAGE

F1G., 7 PROCESS FLOW DIAGRAM
FREEZE.DRIE0 STRAWBERRIES 500 Kg/hr (1102 1bs/hr)

117



STORAGE FILLER STORAGE
FREESE DRIED CONF, [3RADULATED
APPLES cce SUGAR | LECITHIN| STARCH SUGAR [CINNAMON | NUTMEG
& 3
~ H i €
3 ] & & P S 3
FEEDER N & P = 3 o
5 12 & % 4
HEATER - ~ o <
g 8 F | "
=+ o~
!
FEEDER [FEEDER |FEEDER EDER | FEEDER | FEEDER | FEEDER |
]
MIXER ] MIXER X
2
192.8 =
1bs/hr g 4 i
]
ey
[¢]
VACUUM e
CHAMBER ©
o
N
1077.2 1bs/hr
\ |
FEEDER | FEEDER
COATING EQUIPMENT|
1102 1bs/hr
FEEDER
PACKAGING
1102 1lbs/hr
\
PRODUCT
STORAGE
FIG, 8 PROCESS FLOW DIAGRAM
FREEZE-DRIED APPLES, 500 Xg/hr (1102 1lbs/hr)
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STORAGE FILLER STORAGE

PUFFED RICE SYRUP CHOCOLATE MYVEROL

0.5 1bs/hr 517.9 1bs/hp

VACUUM
CHAMBER

422.6 1bs/hr
140.8 Jbs/hr

538,4 1lbs/hr

L
FEEDER

l FEEDER ] FEEDER

COATING EQUIPMENT 14O°F

1102 1bs/hr

FEEDER

PACKAGING

1102 lbs/hr

PRODUCT
STORAGE

FIG. 9 PROCESS FLOW DIAGRAM '
PUFTED RICE, 500 Kg/hr (1102 1bs/hr)
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STORAGE FILLER STORAGE
ZWIEDACK PEANUT
TOAST . MYVEROL BUTTER JELLY
261 1bs/hr , 168, 4 236.0 336.8
1bs/hr lbs/hr | 1bs/hr
EDER FEEDER | FEEDER
HREATEK
- 200° F | HIXER
SLICER 68,4 78.6
1bs/hr 1lbs/hr
FEEDER { FEEDER
MIXER
261 lbs/hr 842 lbs/hr
EDER
PRESS

100psi 60 sec

1103 lbs/hr

T

1103 lbs/hr

PRODUCT
STORAGE

FIG, 10 PROCESS FLOW DIAGRAM
ZWIEBACK TOAST, 500 Kg/ hr (1102 1bs/hr)
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STORAGE FILLER STORAGE ‘
POUND CAXE LECITHIN cce CONF. SUGAR|HEAVY CREAM|
& 218
~ 10
2 & 2]
FEEDER
$ 3
- ©
] HEATER é ?
FEEDER 318 .
15s/hr 5 5
SLICER ) ' o~ o~
& . s
FEEDER | FEEDER| £ o w
[ ]
a1 MIXER 160°F |~
S =
3 o|g o
31 3 { | {
FEEDER TEEDER | FEEDER | FEEDER | FEEDER
OVEN 100°C MIXER 80°F
462 lbs/hr 638 lbs/hr
FEEDER | FEEDER
PRESS
100 psi 60 sec
1100 lbs/hr
‘M—‘
PACKAGING
1100 lbs/hr
DUCT ® PLUS WEIGHT OF WATER
:.:gmas NEMOVED BY OVEN
FI1G.11 PROCESS FLOW DIAGRAM
POUND CAKE, 500 Kg/hr (1102 ibe/hr)
11-21
. - : _;mﬁq*-——mu’ . "-’—*‘—ﬂ-ﬂm



STORAGE

PANCAKE

g
~

4
FEEDER

SLICER

»
~

£
DER
OVEN
100°F 30 Min.

576 lbs/ hr

__YILLER STORAGE

- AVY [VANILLA LE
LECITHIN| CCC |CONF.SUGAN CREAM |FLAYORING FLAVORING|

F

FEEDER

66 lbe/hr

HEATER

| i

[_FEEDER | FEEDER

MIXER 2

‘ w

FEEDER | FEEDER] |

MIXER 8O°F,

527 1bs/hr

{ |
FEELER | FEEDER |
PRESS

100 psi 60 Sec

T
11103 lbs/hr

| # PLUS WEIGHT OF WATER
) REMOVED BY OVEN,

" PACKAGING

1103 lbs/hr

PRODUCT
STORAGE

FIG. 12 PROCESS FLOW DIAGRAM

PANCAKE 500 Kgs/hr ( 1102 1bs/hr )
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STORAGE FILLER STCRAGE

POWDERED “POWDERED
MACARONI CHEESE STARCH SHORTENING MYVEROL
g g g
] ”
5 A ]
g X "
© e =~
o~
§ FEEDER | FEEDER |  FEEDER
MIXER
" &
5 5
w 38.5 lbs/hr
o
e
S
|8
FEEDER | _ FEBDER

FILLING EQUIPMENT

714 lbs/hr

iy —

COATING EQUIPMENT

1102 1bts/hr

FEEDER

PACKAGING

1102 1lbs/hr

PRODUCT
STORAGE

FIG., 15 PROCESS FLOW SHEET
MACARONI, 500 Kg/hr (1102 Lbs/hr)
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PRODUCT STORAGE STORAGE FILLER STORAGE

INFILTRATED BEEF | INFILTRATED PEAS| PEHYDRATED | PRECOOKED
SEE FLOW SHEELT SEE FLOW SHEET\ ONIONS | RICE - cec
"Oo 1. NO. 1‘ J
. 3,78 1bs/h 165.3 1ibs/i
" for Onions for Rice
)| & 1
s
] .
2 3
~ ~ FEEDER
N
p ~ §i 180°F
5 S 3,75 1bs/hr I
f 165.3 lbs/hr |
) ‘
3 ] . i
VACUUM VACUUM
CHAMBER CKAMBER
11 1bs/hr §51 1bs/hr
Y 1
FEEDER | FEEDER |  FEEDER | rEEDER

HIXER

1102 1bs/hr

FEEDER
PACKAGING

1102 lbs/hr

PRODUCT
L__STORAGE

FIG, 14 PROCESS FLOW DIAGRAM
DEHYDRATED BEEF STEW 500 Kg/hr (1102 1bs/hr)
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VACUUM MANIFOLD

SEE FIG, 18 FOR ENLARGED DETAIL
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