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FOREWORD

Weight and bulk are major factors in the design of food packets to
be carried by the combat soldier during perieds when he cannot be
resupplied, Freeze-drying of meat and many fruits and vegetables results
in highly acceptable products with nutritional values and safety needed.
They are light in weight, but have a very low bulk density since there is
no significant shrinkage during dehydration. The products can be
compressed into bars which are satisfactory for use in food packets.
However, due primarily to their low moisture content, most of these bars
take up saliva in the mouth more rapidly than it is produced, resulting
in extreme dryness sensation.

This investigation attempts to develop and demonstrate agemnts which
will quantitatively reduce the sensation of dryness in compressed freeze-
dried foods. The agents used should not markedly affect the flavor of
the food nor interfere with rehydration.

The investigation was performed by General Foods Corporation, White
Plains, ‘New York. Official Investigator was Frank Hollis, Jr. The
investigation was funded under Prqject No., 1J662708D553, Food Processing
and Preservation Techniques, under Contract Number DAAG 17-67-C-0055.

Project 0fficer for U, S. Army Natick Laboratories was Mr. Justin M. Tuomy
of the Food Laboratory. Alternate Project Officer was Dr. Donald E. Westcott
also of the Food Laboratory.
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ABSTRACT

Moisture mimetic agents and panel techniques have been identified
and a bench-top procedure epplied to dehydreted compressed food bars to
eliminate or reduce the sensation of dryners. Preliminary studies have
yroduced chicken stew, chicken, peas and csrsal bars which havae the
prorequisite cube form, nutrition and reduced dryness vhan consumed.
Sensory taste panel data have shown that the clesses: polyhydric
alcohols, sugars, fruits, fets and oils exhibit bensficial wmoisture
minetic properties es edditives to compressed dehydreted foods.
Rehydretion, storege and structural stebility tests are reported.




Introduction

‘Freeze dried foods have contributed greatly in assuring greater
mobility and dispersion of combat forces. However, although they provide
a substantial reduction in weight, they do not provide a consequential
reduction in volume, The development of light weight yet bulky freeze
dried foods has led to the investigation of compressed dehydrated food
bars. There was concern of the mouth drying characteristics of the food
bars when used in direct consumption. Therefore, a project was initiated
for the development of mmlsture blnding mimetic agents.

The primary objective of this research effort was to develop edlble
compositions which, when incorporated into bars prepared by the-
compression of dehydrated foods, eliminate or markedly reduce the
subjective sensation of dryness when consumed as a bar, but which would
not significantly impair the hydration characteristics of the food bar.

Primary experimental work was directed towards the development of
compressed food bars for direct consumption with secondary emphasis on
the rehydration characteristics of the bars.  Design 1imitations of the
food bars to be developed are as described below:

1) The dry product is to provide a minimum of 4.0 kilogram calorles per
gram with a high quality protein content between 20«50% on a dry basis,
2) Fat and ash should not exceed 20% and 1 5% on a dry basis
respectively,

3) The edible compositions should not exceed 20% by weight of bar when
used with the following classes of foocds: combination items, meat and
seafood, cereals, fruits, vegetables and dairy items,.

4) Bars are to be formed by compression of one ounce of material at
pressures below 5000 psi to give a rectangular bar one~half inch thick,
5) Compressed product should be easily sheared by incisors at
temperatures between 30° and 100°F and subsequently chewable without
becoming crumbly or difficult to swallow.

6) Product should not shatter when dropped on a smooth concrete floor
from a height of three feet and should remain dimensionally stable within
10% when held at 100°F for 24 hours under a load of five pounds per’
square inch.

7) When packaged, it should remain organoleptically acceptable without
significant manifestation of chemical, physical or microbiological
deterioration. throughout three months at 30°, 70° and 100°F,

8) They should rehydrate completely in hot and cold water within 15
minutes with the rehydrated food showing the presence of discrete pieces.
In this manner the bars will serve a dual purpose--direct consumption or
rehydrated to yield a familiar food item.

The technjical literature has been surveyed to provide a basis for
the expervimental approaches to the resolution of the assigned technical
objectives. A bibliography of pertinent publications has been compiled.
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Methods and Materials

Raw Materials

Availability. Freeze dried samples of the six classes of food to be
studied were ordered from & wide rangp of potential suppliers.* Selection
of each food class was based on nutrition, wholesomeness, stability, and
rehydration charecteristics. When developing edible compositions for re-
ducing ths subjective semsation Of drymess, selesilon of ingredients was
contingent upon the class of food under consideration. All ingredients
selected conform to Food and Drug Administration requirements.

Composition. Tho hydrated and dry composition of classes of food
psrtinent to this study have been summarized in Table T,

The relatively high ash content (dry basis) of all classes was a metter of
concern in the formmlation of the food bars. In—ew of the desired low
ash content specified (1.5%), efforts were dire to screening potential
mimetic agents with this factor in mind.

Review of Table I indicated that no major tpchnical problems exist from
the aspect of achieving the desired caloric density of the finished bar.
The wide range in the protein, fat, carbohydrate and fiber of the six
classes of food included in this study suggested that more than one
combination of ingredients would be necessary to achieve good palata-
bility.

TABLE I

COMPOSITION OF FOODS

Ttem** % Composition on Dry Basis
Food Item Fumber Protein Fat CHO  Ash
Chili Con Carne 756 27.1 22,6 43.8 6.5
Chicken - Light Meat 682 87.3 9.k X 3.3
Beef - Round 353 59.2 33.6 X 7.2
Pork - Ham 1706 .5 22.b X 3.1
Fich - Halibut 1104 T5.5 20.9 X 3.6
Corn Flakes 866 8.2 o+  88.7 2.7
Rice Krispies 1834 6.1 0.3 90.6 3.0
Oatmeal 1391 1%.9 7.4 T1.8 5.9
Fruit Cocktail 1021 3.9 1.0 93.2 1.9
Peaches 1479 5¢5 0.9 87.9 5.5
Arricot 30 6.8 1.4 87.0 4.8
P“-S, Creen 152!‘ 2109 109 71.3 ‘&.8
Corn, Sweet 845 13.6 4.3 80.0 2.13
Choese, Amcrican 653 38.6 50.0 3.2 8.2

#Selection from 1966 Directory of Freeze-Drying publiched by U.S. Department
of Agriculturc, Markgting Ecomomics Division ~ Economic Research Service

*¥Ttems described in sition of Foods, Agriculture Handbook No. 8, U.S.
Dept. of Agriculture {Revised December 1963).
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Compression

Equipment. A Model B Laboratory Carver Press equipped with a 1-7/8"
compression plunger and cylinder was used for the studies. Preliminary
studies indicated that one ounce of material when compressed to the de-
sired one-half inch thickness would occupy approximately 2 cubic inches.
From the aspect of resistance to fragmentation and overall structural
strength, it was postulated that a geometric form approximating a circle
would be preferred. Two pnossible rectangular bar forms were considered:
1) a long sided rectangle approximstely 1" x 4" x 0.5", and 2) a square
with rounded edges having the approximate dimensions 2" x 2" x 0.5".
After consultation with the project officer, it was decided the latter
form would be suitable for purposes of the astudy.

A stainless steel die baving the form of a square with rounded edges with
dimensions 1-7/8" x 1-7/8" was designed and fabricated of stainless stcel
stock, This die was used for forming the bars under compression. Appendix
A contains detailed drawings of this die.

Dimensional Stability. The compression characteristics of several
of the base food categories were studied. Informstion regarding compres-
sion ratios, density changes, pressure-dvell-time requirements and post
compression expansion factors for the following items have been surveyed
to date:

Corn Flaker

Sugar Coated Corn Flakes

Freeze Dried Cooked Beef Slices
Freeze Dried Cooked Beef Dices
Freeze Dried Cooked Chicken Dices
Dried Apricot Powder

Freeza Dried Peach Slices

Freeze Dried Whole Pea

Freeze Dried Pea Powder

Table 1] summarizes the compression characteristics of selected classes of
some freeze dried chicken, beef, peaches, apricots, peas and conventional
corn flakes. These studies indicated that some food classes raquired the
addition of some type of binding or plasticizing agent to permit making
dimenaionally stable bars at the allowed pressure., Peas, apricots and
corn flakes were equilibrated with various levels of water and held sealed
in jars at 40°F for 24 hours. It was found that by this simple process

it was possible to produce bars which could be handled without exceeding
the upper limit of pressure (5000 psi). Fragility and excessive frag-
mentation were not evident in tke case of chicken, beef and peaches.

.-I
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TABLE II

COMPRESSICOR CHARACTERISTICS
OF SELECTED FOOD CLASSES

Food Item $ B0* Pressure (psi) Comments
Post Corn Flakes T-9 2900-14300 Firm Bar
Chicken, Dices x 3900-5000 Fragile Bar
Beef Slices x 2200-5000 Soft Firm
Perch Slices x - 2900 i Hard Firm
Apricot Powder k-9 ;ﬁa—sooo Hard Firm
Peas Waole 3-10 y Fragile

*¥Minimm water required to form & bar which could be haadled without
crumbling at slight finger pressure.

Note: All bars compressed to 1" thickness.

It ws apparent that the compressior characteristics of freeze dried
foods could not be predicted from the composition alone, but must be re-
lated to other potentially significant factors such as the morphology and
rheological properties of these food materials. Other factors such as
mre-treatment before drying and particle size may also affect the
coumression.

[ 4

tion

Mothods., Contract specifications state that the compressed dehydrated
bar must rehydrate completely in hotsand celd water within 15 mimrtes with
the rehydrated feod showing the presence cf discrete pleces wherever the
starting material consisted of discréte pileces or slices.

Two methods were identified which allowed for the cbjective measurement of
the rate of rehydration as well as pércent rehydration of the commressed
food bars. These simple tecaniques appear to be reliable and rerroducible,

Details of the capillary test method and & sketch of the apparatus are

given in Appendix B of this report. The method was used as an index of
the rate of rehydretion because of its simplicity and speed vhile per-

mitting an objective measurement of the rate of rehydration.

Rates of Rehydration. Table III represents a summary of data ob-
tained by the capillary test methcd in an attempt to generally classify
the technical problems to be resolved relative to ease of rehydration
of compressed bars.




TABLE ITT

RATE OF REN/DRATION OF VARIOUS FOOD ITEMS

(mls) HoO Absorbed*  Total Hp0

Material Description ’ 5 Min. 10Min., 15Min. Absorbed mls Comments

Chicken F.D./Dices  23.1 1.1 0.1 2,3 Hydrated

Beef F.D./Dices 17.0 0.0 1.6 18.6 Hydrated,

Peas F.D./Whole 6.1 T.2 8.k 21.7 Partial Hydra.
Corn Flakes Post/Whole 0.5 O 2.2 2.7 Partial Hydra.
Peaches F.D./Slices 0 0 1.0 1.0 Negligible Hydra.
Apricot Powder 0 0 0 0 Negligible Hydre.

*Read directly off burette . -

Nobe: AL sanples were pressed to one-half inch thickness in a lw 7/8"
cylinder and tested with water at S50°F.

Results of this test indlcated the following order of ease of
hydration: meat - chlcken and beef; vegetables - peas; cereals -
cornflekes; and frult - peaches and aprlicots. TFor comparatbive
purposes data from Tebles I and IIT have been assenbled inbo
‘Teble IV, This was done in an attempt to correlate compression
characteristics with the compositlon of the foods studled.

TABLE IV
COMPRESSION/ COMPOSTTTON,/ RERYDRATTON
CHARACTERISTICS OF FOCD BARS ’
Tobal Ha0 % Composition on Dry Basls
Food Them Absorbed (Mle) TFroteln Fabt CHO Ash  Item Number
Chicken F.D./Dices 2.3 87.3 9.+ - 3.3 682
Beef F.D./Slices 18.6 59.2 33.6 - Te2 353
Peas F.D./Whole 20,7 22, 1.9 T1.3 4.8 152k
Corn Flakes/Post 2% 8,2 0.4 88,7 2.7 866
Peach ¥.D./Slices 1.0 5’ 0.9 87.9 5.6 1479
Arrlcos/Powder 0 1.4 87.0 L.8 30

trong caplllary forces mey explain this order of rehydration.
The mozvghology of' these systems may be a greater factor than the
actual chemieal composition. I% e,p;oears that the closer a com-
rressed food resembles a sponge, the faster the rate of rehydration.
These exploratory stulles provided the basis for the following
study intended to eluecldate methods for accomplishing the re-
guired rehydratlon specifications for the compressed hars.

AL Ltems deseribed in Composition of Foods, Agz:':lcul tuwre Handbook No. 8
TS Depariment of Agrleulture. (Révised December 1963)
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Effect of Selected Additives on Rehydration.

1. Soluble Carbohydrstes

Table V demonstmater the beneficisl effects of the addition

of crystall’re sucrose (20% by weight) to corn flakes. The
cold water'(50°F) capillary test method was used in this

sxperimant,

TABLE V

EFFECT OF SUCROSE ON REHYIRATION OF COMPRESSED CORNFLAKES

ML H.O Absgorbed

Food Titm 5 Min, 10 Min. 15 Min, Absorbed Mi Comnent
Corn Flake Bar 0.5 0 2.2 2.7 Not completely rehydra.
Corn Flake-Sucrose Bar 26,0  10.7 1.2 37.9 Completely rehydrated

There 1s a substantial increase in the rate as well as total
amount of rehydration of the compressed material. Similar results
have been obtained thus far by the use of other soluble carbohy-
drates such as lactose and low dextrose equivalent corn syrup
sclids. These studiies have provided valuable informaticon relative
to selection of moisture mimetic components for foods (meats and
poultry) not compatible tastewise with carbohydrates havimg high
swetening power,

2. High Fat Content Spray Dried Emulsions

Study of the effect of a high fat content spray dried emulsion
on the rate of rehydration of a compressed corn flake bar indi-
cated a repression of hydration. Teble VI demonstrates the
inhibiting effect of the high fat content dry emulsion on corn-
flakes (20% emulsion and 80% cornflakes.)

TABLE V1

FFFECTS OF HIGH FAT CONTENT SPRAY IRTED EMULSION
ON REHYDRATION

___(m1s) HoO Absorbed
Food Item 5 Min, 10 Min., 15 Min. Totel Absorbed Comment

Corn Fleke 0.5 0 2.2 2.7 Not completely rehydratad
Cozn Flake/ © 0 0 0 No rehydration
Dream Whip

This isolated experiment does not preclvie the possibility of
obtaining a beneficlal effect on the rate of rehydration by use of
a spray dried emulsion. The composition of the emulsion, no doubt,
has a significant effect on rate of water transfer when the spray
dried emulsion is mixed with the base materials.

6




Screening and Identificabtion of Moisture Ageuts

This section of the report is concerned with a discussion of the
problems to be resolved in the subjective and cobjective measurement of
those food materials which enforce or simulate the effect of edded water
in the reeconstitubion of dried materiels within the scope of this re-
search. For organizationsl purpose the research is discussed under
three headings:

Sensoxry Panel Technlques
Summery of Moisture Mimetic Agents Screened
Moisture Mimetie Prineiples

Sengory Panel Techniques. Based on mebhodology evolved over a number
of years of experience in the sensory eveluation of food products, a panel
was selected and oriembed in the use of a combined teste/texture profile
technique designed specifically for the eveluation of the moisture mimetic
grality of compressed dehydrated food bars. .

The panel, comprised of four to six members and a leader, was selected
on the basls of training, experience and interest in flavor and texture
profile methods. Twelve paremeters of taste and texture were selected
to provide guidelines for a final palatabllity score. A scale of ten
points was established and used in the evaluvation of the experimental
semples. In each panel session, one control compressed bar (cornflakes
and honey) was used as a reference for three experimental bers conteining
the moisture mimetic agents belng evaluvated. The panel members evalu-
abted each sample independently and then dlscussed thelr responses, The
vanel lesder was responsible for defining and reviewlng the objectives
of the panel with the moigbure mimetic concepts in the foreground of the
vanel discussions. In addition, the panel leader composlited the ratings
o each parameter to reflect the average of the individusl panelist's

Juigments.

Parameters of taste and texture chosen to assist the panelists in ar-
riving at a final palatability score are glven velow:

Initial Molstwre Coheslveness of Chewed Mass
Hardness Molstness of Chewed Mass
Plastieity Deliydratlon of Mouth
Amount of Salilvatbtion Fase of Swallowing
Cruubliness ‘ After Effect -~ Thirst

Appendix C of thls report contains a tabulation of the terms used by the
Sensory Panel end & sample ballot. Definiticns of the berms have also
been encluded in this section of the Appendix,

Sumery of Molsture Mimetle Agents Screened. The scope of this research
mrcject Ald nob vermit an exbeustive evaluabion of all potentisl moisbure
mlmesic agents et all possible levels, With the mgsistance of the Produch
dveleostlon Group of the Ceneral Foods Technical Center it wes possible to
orpranize and sereen inltlally Inthse eabegories: (1) carbohydrates,

(2} 2ot and odls, (3) frult powders, (%) frult acids, (5) proteins and
7




56).unlsiﬁers, (7) waxes, (8) artificial sweeteners, (9) flavor enh&ncers,
10) coolants, (11) bittering ageuts, (12) astringents, (13) spices.

Data from the initial screening of the potential moisture mimetic agents
have been tabulated and placed in Appendix D of this report. The findings
from ths initial screening of these agents as potential moisture mimetic

compounds are summarized in the following paragraphs.

"
i. Carbohydrates

Based on the panel results it appears that carboydrater as & class exhivit
varying degrees of effectiveness as moisture mimetic agents. Of twenty
four samples initially screened, the following were selected as worthy

of further review and consideration: honey, glycerol, glycerol and honey
combined and brown sugax=. Others which contributed moderately desirable
effects were: dextrose, fructose and sorbitol.

2. Fruit Powders

Sprey dried fruit powders and drum dried rrults as a class did exhibit
desirable moisture mimetic agents. DPanana in particular seemed to
have the most acceptable overall qualities vhen tasted from the aspect
of a moisture mimetic agent. In addition, the biack currant, straw-
bexry and raspberry exhibited the moisture mimetic peroperty. Those
fruit powlers which contained a relatively high level of citric acid
were excedsively salivating and left an astringent dehydrated feeling
in the mouth. This undesirable effect was due in part to the level

of the mimetic agent and no doubt would be eliminated by a reduction
in the use level.

3. Fats and Oils

Representative fats and olls were selected for initial screening to
determine the eff'ect of this class of materials on the moisture mimetic
properties of the bars. Those studies indicated the desiratle effects
of the addition of some fats and oils; some aromatic notes pcesent in
certain oils such as clive oil, palm oil and peanut oil can be
objectionable and, as a result, the palatability scores wers lower
than might be expected for fate and oils generaliy. It was not pos-
sible on the basis of this preliminary study to identify ary perticular
oll or fat as being best suited for all classes of foods studied.

This area in any future study would have tc be expanded in scope to
establish firmly the contribution of factors such as the solid/liquid
fat index, and the various fatty eacid compositions on the overall
suitability of the fat or oil on the desired moisture mimetic propexrty.

k, Proteins

Proteins as a class, as predicted, exhibited a very negative effect
from the viewpoirt of moisture mimetic propexrties. In general these
cortributed & dehyd—ating, tacy and siticky mouthfeel as well as un-
desirable tastes.
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10.

Emulsifiers in 0Olils

Propylene glycol, glyceryl monostearate and lecithin were evaluated
for their potential beneficial effects when incorporated in an oil
phase., As additives to oils these enxulsifiers did not improve the
moisture mimetic quality of the oil itself. These preliminary studies,
however, could be expanded in the future to gain an insight into the
possible beneficial effect of the increase in the monoester content

as a nosgible way of inducing more mimctic properties in oils and

e ——— W

fats.

Frult Acids

Preliminery screening of the effect of small levels of citric, mlic
and tartaric acid indicated that these agents de contyribute a signifi-
can’ beneflicial effect. As components of fruits which did exhibit good
molsture mimetic properties it was not unexpected that the acids com-
monly found in fruits would contribute to the moisture mimetic effect.
Wexes

Of the iwo samples screened, Carbo-Wex seemed worthy of further study.
It was rated higher than the control sample in practically all aspects
of a molsture mimetic agent.

Sweetner

The aitificlal gweetner examined, sodium cyclamate, exhibited a wvery
negative effect from the new pcint of a moisture mimetic agent.

Flavor Enhancers

All samples evaluated exhibited a negative effect from the viewpolnt
of moisture mimetic qualities. Two of the samples, ribotide and
mertaste were very dehydrating.

Coolants

th samples, Ice Cream Coolant and menthol, were cor.sidered poor as
possible molsture mimevic agencs. They were very dehydrating and
difficult to swallow.

Idn
Bitter

A1l 3 samples evaluated, narringen, caffeine, and Chiretta did not im-
prove the eating quality of the control sample and were considered

poor as moisture mimetlic agents. Due to the high level of bitterness
imparted by these agents, any positive characteristics were obscured.

e s e




12, Astringent

This sample after chewing, exhibited negative qualities from the stand-
point of being a potential moisture mimetic agent. The full drying
and burning impact of the astringent agent, Quabracho Extract, was
felt as well as a dry mouthfeel and an unpleasant after taste.

13. Spice
Inttially +his sexmle wag high in salivalion bul upon sacessive sali-

vation a feeling of dehydration and estringency occurred. The sample
was relatively moist but due to the fact that it stuck to the teeth
swallowing was difficult. This sample was regarded as & poor moisture
mimetic agent.

Moisture Mimetic Principles. Screening of potential moisture mimet
compounds by the Sensory Panel indicated that in general all compounds
could be classified into three broad categories: (1) those that tend to
increase the subjective impression of moisture, (2) those that decrease
the subjective sensation of moisture and (3) those that make no signifi-
cant positive or negative impression.

For purposes of this study, however, interest was centered only on
those compounds which tend to increase the subjective impression of molisture
in dehydrated compressed food pars.

The screening studies provided the vasis of selection of tie materials
vhich would permit formulation of a moisture mimetic composition which in
addition to meeting the nutrition requirements would provide the palata-
bility associated with the addition of water to dehydrated foods.

Textural considerations evidently influenced the sensory panel to a
sigrificant degree; it is almost impossible for the panelists to consciously
differentiate between the taste and textural aspects of the compressed
dehydrated bars.

Freeze dried structures apparently provide a desirable stimulus to
the mouth in the case of fruits; however, chicken and cottage cheese on
the other hand were very unpalatable. In addition to providing lubri-
cation and salivation it was necessary to modify the plasticity of the
freeze dried materials. In the latter instance glycerine was found tu
be the nost effective agent for most classes of fcods.

The mechanisms of moisture stimation is far from clearly under-
stood; these exploratory studizs have not as yet allowed & classification of
data ,which would permit predicting behavioral patterns for potential moisture
nimetic agents., It appears that it will be necessary by trial and error
and careful and methodical sensory taste panel techniques to arrive at an
wderstanding of the principles involved in the simulation of moisture in
campressed dehydratnd foods.

10
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Application of Moisture Mimetic Agents to Various Food Categories

Within the scope of this research contrect specificetion was made that
the moisture mimetic compositions be appiied to six primary classes of
foods as follows:

a. Combination items such as beef stew, chickepr stew, chili;

b. Meat and seafood items such as diced or sliced beef, diced or

sliced PorkK, diced or siiced chicken, cooked fisnj
¢, Cereals such as cornflakes, Rice Krispies, oatmeal;
d. Frults such as fruit cocxioil, peaches, apricots;
e. Vegetables such sag peag, bheans, corn;
f., Dairy items such as scrambled eggs, cheese.

Concurrent with the screening by the senscry teste panel, studies of
potential meisture mimetic agents were initiated to apply those compounds
which appeared promising in the early screening.

Representative foods wers selected from each of the six classes to be
used in conjunction with the moisture mimetic compositions. These were:
chicken stew, chicken, Special K, peas, cottage cheesa and peaches.

Selected represertative foods from each of the six classes specified
by the contract were experimentally studied from the aspect of moisture
mimetic agent application. A summary of this work is presented below by
species under the following related aspects relating to the overall
contracs requirements:

Raw Materlals

Seleced Moisture Mimetic Composition
Processing

Sensory Panel Iata

Nutritional Comparison

Prargical Measwrements

Combination Items - Chicken Stew Bar,

l, Raw Materia.s

Military specification freeze dried chicken stew was ordered
from a range of potential suppliers. Since difficulty was en-
countered in procuring samples, it became necessary to prepare
the stew in the laboratory by obtaining and combining the in-
dividval freeze dried components (Table VII).




Table VI

Compoeition of the Chicken Stew Bars (5827-43)
&)

Ingredients * Grams/Base % Composition
Freeze Dried Chicken 10.10 L, sk

Freeze Dried Stew Sauce (5827-30) 5.99 26.41
Freeze Dried Potatoes 5.21 22.97
Freeze Dried Peas 0.79 3.48
Freeze Dried Carrots 0.59 2.60

Total 22,68 100.00
Table VII (cont)

Chicken Stew Sauce Formulation (5827-30)

% Composition on

Ingredients % Composition Dry Weight Basis
Spring Water 88.57 X
Instant Non-Fat Dry Milk Solids 3.43 30.00
Tapioca Starch Prejel 3.43 30.00
Soup Base Chicken flavor 2.86 25,00
Salt 1.21 10.60
Onion Dehydrated 0.39 3.4ko
Fepper White Ground 0.07 0.60
Just-Rite Sea:-ning All-purpose 0.02 0.22
Monosodium Glutenate 0.01 0.09
Garlic Powder 0.01 0.09
Table VIII

Moisture Mimetic Chicken Stew Bar (5827-43)

Grams per bar on a ‘ﬁ Composition on a

Tngredient- Grams/Bar Dry Weight Basis  Dry Weight Basis
Precooked Freeze Dried Chicken 10.10 10.10 35.66
Chicken Stew Sauce (Freeze Dried) 5.99 5.99 21.13
Composition I (Whipped Emulsion) 11.4%0 5.67 20.00
Precooked Freeze Dried Potatoes 5.21 5.21 18.34
Precoocked Freeze Dried Peas 0.79 0.79 2.79
Precooked Freeze Dried Carrots 0.59 0.59 2.08

2
&
&

Total 100.00

(4) Freeze dried chicken dices, freeze dried stew sauce, pre-cooked freeze
d>ied potatoes, peas and carrots.

12




2.

Samples of precooked, freeze dried carrots, potatoes (3/8"
dice) and peas were received from California Vegetable Concentrates,
Inc. (C.V.C.). Pre-cooked, freeze iried chicken dices were ob-
tained from Henningsen Foods, Inc., The stew sauce was prepared,
freeze dried and used in combination with the other stew components
as specified in IP/DES S-36-6. (1)

Selected Molisture Mimetic Composition

A number of technical problems had to be considered in de-
veloping a moisture mimetic composition for this category. A
rlasticising agent was needed so that compression could be
achieved with little fragmentation. Binding agents had to be incorp-
orated in order to increase the dimensional stability of the
compressed food bar. Ingredients selected had to fall within
the general nutritional requirement levels established by the
contract specifications.

The composition developed consisted of a whipped emulsion con-
taining fats/emulsifiers, proteir and carbohydrates (Table VIII).
When incorporated with the dry chicken stew components it allowed
for sufficient plasticization so that little fragmentation
occured when compressed into bar form. The protein and carbohy-
drates greatly aided in forming a dimensionally stable bar.

Table IX

Moisture Mimetic Composition No. I (5827-43)
% Composition on

ingredients % Composition  Dry Weight Basis
Spring Water 50.25 X
We~otop "A: 21.35 k2.9
Sucrose 15.08 30.3
Propylene glycol Monostearatea 5.03 10.1
Sodium Caseinate 4.02 8.1
Wesson 01l 3.77 7.6
Lecithin 0.50 1.0

(1) Packet, Subsistence, Lorg Range Patrol, No. IP/LES S-36-6
Paragraph 3,3.5.
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Processing

The standard procedure for emulsion preparation as described in
the Appendix E was used for preparing the whipped emulsion moisture
mimetic Composition No. 1 (Table IX).

A dry blend of the individual chicken stew components was pre-
rered in single bar quantities. The stew sauce was prepared by
heating the formulation to a boil for five minutes, freezing it and
freeze drying at 120°F shelf heat until all the moisture was
removed.

To 22.68 grams of the freeze dried chicken stew mixture, 11.4
grams of the whipped emulsion was added. The sample was mixed and
allowed to egquilibrate in a sealed container overnight at 4o°F,

Compression of this material was accomplished by using a Model
B laboratory Carver Press at 2000 psi. for 30 seconds. The press was
eavivped with a die having dimensions which were previously accepted
by NIABS representatives. Preliminary studies indicated that one
ounce of material when compressed to the desired one-half inch
thickness would occupy approximately 2 cubic inches. A stainless
steel die having the form of asquare with rounded edges with dimen-
sions 1-7/8" x 1-7/8" was prepared. This die was used for all
studies described in this report.

The compressed bar was then quickly frozen and placed in a
Stokes ‘Model 21 Freeze Dryer at 120°F shelf heat until the moisture
was removed. Detailed description of the bar 1s given in Table X.

Sensory Panel Data

The experimental chicken stew bar wes evaluated against a
bar prepared by the compression of one ounce of freeze dried
chicken stew. This control sample did not contain the moisture
mimetic Composition No. I. )

Panel resulis indicated that the experimental bar was a marked
improvement over the control in reducing the subjective sensation
of dryness. It was more molst initially and when chewed, it was
more plastic, easier to swallow and less crumbly and dehydrating.

Palatability ratings, based on a scale of 0-10, were 2.5 1.
the cortrol and 5.5 for the experimental stew bar.
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1.

Rutritione) Coaparison

Table XI
Rutritional Comparison of Moisture Mimetic Stew Bar vs. Requirements

Chicken Stew Par Requirements
grams /| ¢
Protein 10.6 37.5 5.7-1%.2  20-50
Fat 5.91 20.8 J2-5.7 0-20
Ash 1.4 5.0 0.-0.43 0-1.5
Calorie 112 total 4 cal/gm  113.% total

All nutritiomal requirerents, except for ash conteat, have been
satisfied as shown in Table XI.

Physical Measurements

Pressures of 2000 psi. for 30 seconds have tccn ‘dentified for pre-
ring reproducible samples with a uniform rc¢ctangular cross section of
inch.

ObJjective nusufgxrnts of the pressures needed to pierce the bar
have been ccnducted. Results indicate that a pressure of 58.7 1bs.
is required at 30°F and 37.9 lbs. at 100°F, These data are in agree-
ment with the profile panel results indicating that the bar can easily
be sheared by the incisors.

Objective measurements of the bars dimensional stability were
mde according to the method given in Appendix F.

PBars packaged under vacuum in 4" x 5" metalized polyester pouches
were stored at 30°, 70° and 100°F. After 3 months of storage the
sunples aypeared to be in excellent condition with no significant
adverse organoleptical changes noted.

Rehydration tests were made according to the methods given in
Appendix G. Results of these tests indicated the bars did not
rehydrate completely within 15 minutes in either hot or cold water.

Meat and Seafood Items - Chicken Bar.

Ravw Materials

Samples of various freeze dried meats were ordered from a number
of potential suppliers. Satisfactory samples of freeze dried fully
cooked 3/8" diced chicken were obtained from Henningsen Foods, Inc.
(No. 3707SI). This material was used for all experimental work
conducted on this category.

(3) In accordance with procedure given in private commmication
NiA.‘/B&Inlabs t13774: "Texture Measurements on Compressed Fords"
9/1/66.

16




2. Selected Moisture Mimetic Composition

The moisture mimebic composition developed for this category consists
of a whipped emulsion containing gum arabic, Table XII. The fibrous,
sandy, straw-like characteristics of the freeze dried chicken appeared
to be 51gan1canuly reduced. This was due to the gum arabic forming
a thin f£1lm around the chicken fiber thus allowing for ease of swallowing.
The addition of fat from the emulsion greatly increaseithe palatability
of the dry, high protein chicken. Formulation is given in Table XTIT.

Table XTI,
Moisbure Mimetic Composition No. IT {5827-76-B)

% Composition on

Tnzredients _ _ % Composition Dry Weight Basis
Water Spring ' 50.25 b's
Wecotop "A" 19.58 39.36
Sucrose 11.56 23.24

Gum Arabic . 10.55 : 21,20
Propylene glycol monostearate ' 3.27 6.57
Sodium Caseinate ) 2.27 o k.57
Wesson 01l . . 2.02 L, 06
Teeithin Centrolene S 0.50 1.00

Table XIIT

Moisture Mimetic Chicken Bar Formulation (5827-76-B)

Cms /Bax % Composition on

Ingredients Gme/Bax Dry Weight Basis Dry Weight Basis
Freeze Dried Chicken Dices 22,68 22.68 80.00
Moisture Mimetic Composition No. IT  11.40 5.67 ' 20,00

3&.08 28.35 100
Detailed Description Qf Moisture Mimetic Chicken Bar
Tngredieats
Freaze Dried Chicken Precoocked 3/8" Dices Henningsen Foods 80.00
Wecotop _ Drew Foods 6.76
Sucrose ) Domino ) 4,78
Gum Arabic ' ‘ ' Stein Hall Co.Inc. 4,23
Propylene glycol monostearate _ Wilson Martin Co. 1.59
Sodium Caseinate ' ILand O'lakes 1.28
Wesson Oil Wesson Co. 1.20
Iecithin Canirolene S Central Soya 0.16
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Procescing

The standard emilsion preparation procedure was used for pre-
paring the moisture mimetic Composition No. II. The gum arabic was
dispersed in the sugar/sodium caseinate mixture and added to water
and homogenized in the Waring Blendor.

1.4 grams of the vhipped emulsion wvas added to 22.68 grams of
freeze dried chicken. The sample was mixed well and equilibrated in
a sealed container at 4O°F for four hours.

The Ber was formed by compression of the equilibrated chicken
in the chilled stainless steel die at 2000 psi. for 30 seconds.
The compressed bar was quickly frozen and freeze dried at 120°F
shelf heat.

Sensory Panel Data

The experimental chicken bar was evaluated against a bar pre-
pered by the compression of one ounce of freeze dried chicken dices.
This control sample did not contain the moisture mimetic Composition
No. II.

Panel results indicate that the experimental prototype was
better than the control on all moisture mimetic qualities. It was more
moist, plastic and cohesive and less crumbly and dehydrating than the
control. It did, however, contain hard pieces and was therefore slightly
difficult to chew. It was considered to be slightly too high in sweet-
ness and too low in chicken flavog.

Palatabllity ratings were 3.0 for the control and 5.0 for the
experimental prototype.

Nutritional Comparison

Table XIV

WMok wsd o d mon
VUL L AW LWVIA

Chicken Bar Requirements
Protein 19.2  67.7 5.7-14.2 20-50
Fat 5.9 20.8 0-5.7 0-20
Ash 0.8 2.8 0-.43 0-1.5
Calorie 136. 4 cal/gm  113.%4 total

The nutritional picture for the chicken bar is presented in Table
XIV. The protein content exceeds the protein requirement range solely
based on 22.68 grams of freeze dried chicken. Therefore, when supple-
merted with additional ingredients, the protein content is even further
lsawenged.
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1.

Physical Measurements

Reproducible samples uniformly 3 inch thick are attained by com-
pression at 2000 psi. for 30 seconds.

Pressures of 55.7 1lbs. et 30°F and 33.9 1bs. at 100°F are required
to shear the bar. These objective data indicate that the product can
easily be sheared by the incisors at these temperatures.

Objective measurements of the bars dimensional stability were
mde according to the method given in Appendix F.

Bars packaged under vacuum in 4" x 5" metalized polyester pouches
were stored at 30°, 70° and 100° F. After 3 months of storage the
samples were judged to be excellent from a quality aspect.

Rehydration tests were made on the bars according to the method
given in Appendix G. Results of these tests indicated the bars re-
hydrated completely into discrete pieces within 15 minutes in both
hot and cold water.

Cereal Item - Special "K"

Raw Material

The availability of suitable representative items for this
catagorv presented no problexr. Kellogg's Special "K" was selected
upon evaluating numerous ready-to-eat cereals as to their nutrition,
vholesomeness, taxture and rehydration characteristics.

Selection of Moisture Mimetic Composition

The moisthure +i2 composition developed for this category
(Table XV) allowed for supplemerting protein into the Special "K',
it contributed a strong tirding property as well as & plasticizing
effect to inswre little fragmentation upon compression.

The composition consisted of a high protein whipped emulsion.
When mixed with the Special "K" careal, it produced a tacky surface
which permitied the addition of powdered sucrose to adhere to the
surface of each flake., Upon redrying, the sucrose is present in
crystalline form thus produc.ng a cooling effect on the tongue
when eaten.




Table XV

Moisture Mimetic Composition No. III (5827-54)

% Composition on

Ingredients $Composition Dry Weight Basis
Water 61.61 X

Wecotop "A" 13.87 36.11
Sodium Caseinate 9.78 23.48
Sucrose 8.68 22,61
Propylene glycol monostearate 3.27 8.53
Wesson 01l 2,46 6.42
Lecithin Centrolene S 0.33 0.85

Table XVI

Moisture Mimetic Cereal Bar Formulation (5827-55-BI)

Jms/Bar % Composition <n
Ingredients Gms/Bar Dry Weight Basis Dry Weigh! Basis
Special "K" 22,68 22.68 80,00
Moisture Mimetic Composition No. III 12.92 k.96 17.50
Sucrose, powder 0.71 0.T1 2.50
36-31 55-35 100,00
Deteiled Description of Moisture Mimetic Cereal Bar
Ingredients % Composition
Special "K" Kellogg Co. 80.00
Sucrose Domino 6.46
Wecotop "A" Drev Foods 6.32
Sodi'm Caseinate Iand O' Iakes L.46
Propylens glycol monostearate Wilgon Martin Co, 1.bo
Wesson 01l Wesson Co. 1.12
Lecithin Centrolene S Central Soya 0.15
3. Processing

Formulation of the cereal bar is given in Teble XVI. The standard
procedure for emilsion preparation was used for preparing the whipped
emulsion moisture mimetic Composition No.~III.

To 22.68 grams of the Special "K", 12.92 grams of the moisture
mimetic Composition No. III was added. Sample was mixed well, until
the whipped emulsion was no longer noticeable.

0.7 grams of powdered sucrose was then carefully sprinkled onto

the mass, and mixed periodically to insure even dispersion. Sample was
ejuilibrated in a sealed container at 4OOF for 2-%4 hours.
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Compression of the equilibrated cereal was accomplished in the
chilled stainless steel die at 2000 psi. for three minutes. The
sample was quickly frozen on dry ice and then freeze dried at 120°F
shelf heat until all the moisture was removed.

Sensory Panel Data

The experimental cereal bar was evaluated against a control bar
prepared by the compression of one ounce of Special "K". In order to
prepare a dimensionally stable control bar, it was necessary to equili-
brate the cereal with 8% water, press into bar form and freeze dry.

Nutritional Comparison

Table XVII

Nutritional Comparison of Moisture Mimetic Cereal Bar vs. Requirements

Cereal Bar Requirements
Protein 5.80 20.5 5.7-14,2 20-50
Fat 2.84% 10 0-5.7 0-20
Ash X 0-0.43 0-1.5
Celoric 121 total 4 cal/gm  113.4 total

All the nutritional requirements have been met as indicated in
Table XVII,

Physical Measurements

Reproducible samples % inch thick are attained by compression at
2000 psi. for 3 minutes.

Pressures of 95.7 1bs. at 30°F and 88.8 1bs. at 100°F are required
to pierce the bars. These results indicate that moderate pressures
would be required to shear the bar with the incisors.

Objective measurements of the bars dimensional stability were
made according to the method given in Appendix F.

Bars packaged under vacuum in 4" x 5" me%alized polyester pouches
were stored at 30°, 70° and 100°F. After 3 months of storage the bars
appearad to be in excellent condition.

Rehy@ration tests were made on the bars according to the method
given in Appendix G. Results of these testes indicated the bars re-
hydrated completely into descrete pleces within 15 minutes in both
hot and cold water.
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Vegetables - Pgu
1. Raw Materials

Samples of precoocked freeze dried peas were obtained from California

Vegetable Concentrates, Inc.

2, Selected Moisture Mimetic Composition

The development of a moisture mimetic composition (Table XVIII) for

this category consisted of two phases.

the freeze 4ried peas with glycerin,

bar.

The first phase involved treating

This treatment served two pur-

poses in that the glycerin functioned as a plasticizing agent permitting
compression of the freeze Aried peas with little fragmentation. Similarly,
it aided in softening the individual peas in the dry moisture mimetic

The second phase consisted of treating the glycerinated peas with

the moisture mimetic Composition No. I.

This whipped emulsion greatly

aided in forming a dimensionally stable bar as well as contributing
towards reducing the sensation of dryness.

Formuation of pea bar is given in Table XIX.

Table XVIII

Moisture Mimetic Composition No. IV.

% Composition on

22

Ingredients % Composition  Dry Weight Basis
Moisture Mimetic Composition No. I 88.46 80.07
Glycerin/H,0 10.96/0.58 19.93/X
Table XIX
Moisture Mimetic Pea Bar (5858-11)

Gms/Bar on % Composition on

Ingredients Cms/Bar Dry Weight Basis Dry Weight Basis

Freeze Dried Peas 22,68 22,68 80.00

Moisture Mimetic Composition No.I 9.13 b,54 16.01

Glycerin 1.19 1.13 3.99
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Detailed Description of Moisture Mimetic Pes Bar

Ingredients : 4 Composition
Freeze Dried Peas Precooked California Vegetable Concentrates 80.00
Wecotop "A" Dreq Foods 6.87
Sucrose Domiro .84
Clycerin Baker Chemical Co. 3.99
Propylene glycol monostearate Wilson Martin Co. 1.62
Sodium Caseinate Iand O' lakes 1.30
Wesson 0il Wesson Co. 1l.22
Iecithin Centrolene S. Central Soya 0.16

3. Processing

The moistur« mimetic Composition No. I was prepared as previously described,

1.19 ml. of (95%) glycerin was heatei to 180°F and sprayed onto
22,68 grams of precooked freeze dried peas tumbling in a stainless steel
coating bowl. Sample was equilibrated at ambient room temperatures in
a sealed container for 20 hours.

The glycerinated peas (23.87 gms) were then treated with 9.13 grams
of the whipped emulsion moisture mimetic Composition No. I. Sample was
equilibrated in a sealed container for three hours at Lo°F,

The peas were compressed at 2000 psi. for 30 seconds in the chilled
stainless atgel die. The bar wis quickly frozen on dry ice and freeze
dried at 120 F shelf heat.

Censory Panel. Data

The experimental pea bar wes evaluated against a control bar pre-
pared ty the compression of 1 ounce of freeze dried peas. It wes
necessary to equilibrate the freeze dry peas with 8% weter and redry
in order to form a dimensionally stable control bar.

Panel results indicate that although the experimental bar was more
moist initially and slightly better on all moisture qualities, i+ was
still considered hard and fairly crumbly when chewed, stuck to the
teeth and was difficult to swallow.

Palatability ratings were 1.0 for the control and 2.5 for the
experimental.
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5.

Nutritional Comparison

Table XX.

Nutritional Comparison ef Moisture Mimetic Pea Bar vs., Requirements
Pea Bar Requirements
grams/ %

Protein 6.97 2,6 5.7-14.2 20-50

Fat 5.5 19.4 0-5.7 0-20

Ash 0.83 3.0 0-0.43 0-1.5

Calorie 127 b cal/gm  113.4 total

All nutritional requirements, except for the ash cuntent, have been
satisfied, as indicated in Table XX.

Physical Measurements

Reproducible samples with a rectangular cross section uniformly
é- inchsthick are prepared by compression at 2000 psi. for 3C ceconds.

Objective measurement of the pressures needed to pierce the bar
vere 76.3 1bs. at 30°F and 68.5 1bs. at 100°F. This indicat-s that
the bars can easily be sheared by the incisors.

The dimensional stability of the bars was tested according to
the procedure given in Appendix F.

Bars packaged under vacuum in 4" x 5" metalized polyester pouches
were ‘stored at 30°, 70° and 100°F. The condition of these bars after
3 months of storage was excellent.

Rehydration tests were made on the bars according to the metnod
glven in Appendix G. These bars ~ompletely rehydrated into discrete
pleces within 15 minutes in both hot and coll water.

Dairy - Cottage Cheese

1.

2.

Raw Materials

Creamed, freeze dried cottage cheese, éwdained from the Post
Division of General Fooda Corporation was used in the studies.

Selected Moisture Mimetic Compoaition

A moisture mimetic eemposition has not been identified which is
considered suitable for this categery. Bars containing potential
moisture mimetic agents therefore were not panel profiled nor placed
in storege. Direction for future studies in this category resulted
from these explorations (Table XXI).
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Various fruit flavored drinks as well as one vegetable flavored
drink were evaluated as possible moisture mimetic agents in the
formulation of a cottage cheesz bar. The fruit and vegetable Jjuices.
were selected on the basis of their compatibility with cottage cheese.
The julces selected were: Tang, Start, Awake, peach nectar, apricot
nectar and V-8 vegetable juice. The composition ratio of cottage
cheese to juice was 80/20. Teng was also evaluated at a 70/30 ratio.
The Tang-Cottage Cheese sample (70%/30%) appeared to Lave more advan-
tages than the other samples at a 20% level. The Tang sample at the
20% level was considered imadequate. The best flavored drink at 20%
level was Start but it still did not compare with Tang at a 30% level.
The excess acid taste was beneficlal since it caused salivation, the
orange flavor was very pelatable with the cottage cheese and it
appeared that gum arabic helped eliminate the chalky character of the
compressed cottage cheese.

25
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In general it appears that the combination of fruit and cheese may
result in a satisfactory ber; considerable further work must be done
in this category to arrive at a bar meeting all the requirements set
forth.

3. Processing
Processing techniques have not been identified.

4. Sensory Panel Datas

Product profile panel evaluationa have not been made,

5. Nutritional Comparison

Since a satisfactory bar has not been identifiod; nutritional data
has not been provided. This aspect will nct present any difficulty
because of the excellent nutritional quality of the base.

©. TFhysical Measurementis

No physical measurements have been conducted.
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Fruits - Peaches

1.

2.

Rav Materials

Due to the difficulty encountered in obtaining satisfactory
samples of freegze dried peaches it was necessary to prepare a
small quantity of freeze dried peaches.

Peaches obtained at a local market were washed, sliced
(1/8" slices), soaked for one minute in 1% water solution of
ascorbic acid and then dipped in a 0.01% water solution of
sodium bisulfite. After draining the slices were frozen at
minus 30°F overnight and freeze dried.

The quality of these freeze dried peaches was considered
excellent and were selected for use in our experimental studiez
in this category.

Selected Moisture Mimetic Camposition

Iimited experimental studies have been conducted in this
category. Analytical dats for peaches indicated it would be
necessary to supplement this base with added protein in order to
satisfy the nutritional requirements.

Proliminary indications were that a combination of fruit
with cheese should result in a good tasting product. Subsequent
studies indicated that although a reconstituted mixture of cottage
cheese and peaches is quite delectable this did not hold true
for the dried compressed combination.

Freeze dried peaches vhich are not compressed are quite
palatable; compression, however, renders them much less pala-
table. This loss in palatability may be due in part tec the
relatively high concentration of acid resulting from the change
in the density of the product. In eddition, it appears that
the pectinous nature of the peach adds an undesirable gurmy
auality to the freeze dried compressed product.

A preferred moisture mimetic composition has not been
identified for this category. Bars containing moisture mimetic
agents have not been profiled nor were they subjected to
storage studies.

Exploratcry studies conducted in the area of fruits as
exemplified by peach slices may shed some light on the problems
to be iesolved prior to identification of a satisfactory com-
rressed moisture mimetic fruit bar.
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Studies made in this category ere shown in Table XXITI.

Efforts were made to examine the relative ease of hydration of the
bars as well as the overall taste qualities.

The effect of sucrose on freeze dried peach slices was studied in
the range of 20% to 50% with no significant improvement in the
eating quality of rehydration properties.

Combinations of peach fines and peach slices did not improve the

taste or rehydration ability of the bar. Other agents investigated
included wet and dry emulsions, fresh. cottage cheese and dried cottage
cheese rehydrated in a mixture of glycerine and water. All attempts
were unsuccessful in that the compressed bar lacked rehydration
capability and were generally gummy and unpalatable.
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3. Processing

Since a satisfactory corpressed fruit bar meeting minimm require-
ments was not formula:ed e processing method is not given.

4. Sensory Panel Dnta

Compressed fruit bars were not subjected to panel studies.

5. Nutritional Comperison

Formal nutritional comparisons of various experimental bars
containing fruit have not been included in this report. It is evi-
dent that a protein supplement will be necessary to bring this
base into the desired range of nutrition.

6. Physical Measureme.ts

Physical measurements were not made on these bars; none were
considered at a level of acceptability that would warrant these
studies.

Moisture Mimetic Composition and Process Compared.

Teble XXIII provides a.comparison of four categorles from the
aspect of the moisture mimetic compositions and processes for pro-
ducing the compressed bars at benchtop.
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Nutrition And Sensory Panel Preference For Selected Moisture Mimetic

Bars Having the Required Cube

Table XIV summarizes the nutrition and sensory panel preference for

the moisture mimetic bars.

TABLE XXIV

HUTARITION - CONOCUMER PREFERENCE - CUBE FOR SELECTED FOOD CATEGORIES

Ttens Gen. Quality-Palatability Rating
(C-10 scale) Fat Ash Cal, Cube
Control Experimental Terget: 5.67-14.18 5,67 0.43 4/Gm
Chicen Stew 2.5 5.5 6 1.4 4 Satisfactory
Chicken 3.0 5.C 6 0.8 5 Satisfactory
Specicl "K" 3.5 6.5 3 - b Satisfactory
Peas 1.0 2.5 6 0.8 5 Satisfactory

Incisor Penetretion and Rehydration Characterist.cs For Selected Moisture

Mimetic Bers

The comparison of incisor penetration ard rehydration qualities of four
selected moisture miretic bars is given in Table XXV,

TABLE XXV

INCISOR PENETRATION - REHYDRATION CHARACTERISTICS FOR SELECTED FOOD

CATEGORIES

Items

Chicken Stew
Chicken
Special "K"

Peas

Incisor Penetration (1bs)

30°F

58.7
55.7
95.7
76.3

Rehxdration

Cold

Poor

Hot

Poor

Very Good Satisfactory

Poor

Poor

Satisfac- Satisfactory

tory
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Storage Studies

Ttem

Chicken
Stew

Chicken

Storage Characteristics of Selected Food Classes

Storage studies of the compreseed food bars of four classes
represented by the chicken stew, chicken, cereal and pea bars
are summarized in the following Table XXVI. Results represent
storage of these moisture mimetic bars for a period of three
months at various temperaturee.

TABLE XXV1i
STORAGE QTHREE MONTHS ) CHRARACTERISTICS OF SELECTED FOOD
CLASSES AT 300F, {OOF and 100°F
30°F TOOF 100°F
Color Flaver Odor Color Fiavor Odor Color Flavor Odor

lgl
(@]
2
=
g:
2
a
8
&
a
[
2
=

Normal Clean Clean ormal C

" " n n " " n " ”"

Smcm th" " " 1] " n n n " n
n

Peas

" n " n " " ” n

Examination of the data tabulated in the above Table XAVI indi-

cated a favorable forecast for the ultimate shelf life of moisture
mimetic compressed bars in the classes examined. Though bacterio-
logical data is not available the overall appearance and taste of
the stored products indicated no avvarent problem in this regard.

Shatter Test of Storage Samples

A relatively simple test was divised to measure the shatter
properties of the bars containing the moisture mimetic agenta.
Details of this method are included in the Appendix F., Four
classes of food bars represented by the chicken stew, chicken,
cereal and pea bars were stored at various temperatures for a
period of three months. The test was conducted on the bars after
removing them from storage. In all cases the packaging material
wes removed so that the falling weight impacted directly on the
center of the exposed bar,

TABLE XXVII

SHATTER TEST OF SELECTED FOOD AFTER STORAGE
THREE MONTHS AT 300F, TOCF and 10055_:

Iten 30°F 1008 2008
Chicken Stew (¥) (%) (&)
Chicken (1) (1) (1)
Special K (4) (hg (4)
Peas (1, (1 (1)

Note: # in bracket indicates the number of falls required to
cause the unwrapped bar to shatter.
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Though correlations of these test data with actual test performance
is not available it was felt that the test provided a good index of the
shatter characteristics of the bvars. From this simple test it was pre-
dicted that the bars tested have good shatter characteristics and could
withstand considerable handling and shock without crumbling. When
pockaged it would appear that this physical property would be further
enhanced.
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SUMMARY

This is the final report of the work directed to the development,
testing and demonstration of edible compositions which incorporated in
compressed dehydrated food bars eliminate or markedly reduce the sensations
of dryness while not significantly impairing the hydration characteristics
of the bars.

Sensory panel techniques h&ve been effectively utilized in screening
and idenmification of moisture mimetic agents as additives to compressed
food bars. These studies support the premise that certain compounds
vhen tasted alone or in combination do exhibit moisture mimetic
properties.

Compounds in the following food categories have been shown by
sensory panel testing to be effective moisture mimetic agents:
polyhydric alcohols, sugars, fruits and fats and oils. Further
study will be required to quantify the relative effectiveness of
the various agents in each category in terms of compatability for
each of the classes of foods within this study.

An emulsion technique has been identified which permits the
effective incorporation of the moisture mimetic agents into the base
food materials. Four mimetic compositions suitable for the de-
hydrated compressed bars were successfully incorporated by the
emidsion technique.

The sensory taste panel preferred the chicken stew, chicken meat,
cereal and pea bars conteining the moisture mimetic agents over the
counterparts without the added molsture mimetic agents. A universal
moisture mimetic composition has not been identified which is sultable
for all classee of fodds within the scope of the study. The nutritional
requirements promulgated ror the various classes of foods precludes
this accomplisnment.

Compression studies using specially designed stainless steel dies
were carried out whicn indicated the desired tube structural stebility.
Nutrition and shelf 1ife can be achieved for the moisture mimetic
chicken stew, chicken, cereal and per bars.

Moisture mimetic compositions sultable for the dalry and fruit
classes have not been identified; however, initial studies in these
ereas suggest pre-treatment of the base prior to freeze drying mey
result in excellent moisture mimetic bars.

Compressed bars of all clasges have been rehydrated in studies
designed to shed light on the factors affecting the rehydration of
these bars. Theece studies have shown that addition of soluble
carbohydrates when mixed with the freeze dried major components of
the compressed bars, significantly increased the rate of rehydration.
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Included in this report are descriptions of raw materials, formulas,
processing descriptions, panel data, nutritional comparisons and physical
measurements completed in the categories: combination items, meat and
seafood items, cereal items and and vegetables. The Appendix contains
summary tables of the sensory panel data, a sample panel ballot, defi-
nitions of panel terminology, rehydration, and shatter test methods, a
description of the compression die, and a description of the benchtop

process for making the whipped emulsion.

A bibliography of pertinent background data is also included.
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APPENDIX A

Blueprint of Compression Die Used in Studies

on Compressed

Moisture Mimetic Food Bars
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APPENDIX A (cont)
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APPENDIX A (cont)
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APPENDIX B

CAPILLARY REHYDRATION TEST METHOD

Fill the pint jar to the 200 ml mark with water @ 50°F.

Place the compressed bar on the screen; it should just touch the
water. Put the ring around the bar.

Close the jar by lightly screwirg down the cap.

Insert the burette filled with water at 50°F to the zero mark
(25 rl burette)

Replenish with water from the burette to keep the water at a
constant level (up to the 200 ml mark)

Read the burette at 5, 10 and 15 minute intervals.

43

T W r R d

£ e 2 P,




APPENDIX B (cont)
CAPILIARY REHYDRATION EQUIPMENT

El

25ml BURET

-—

RUBBER STOPPER
METAL LID

D - INT JAR

RING >
STAND

i~

UPPER GLASS
RING

_FOOD BAR

200ml MARK
—SCREEN
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APPENDIX C

DATE

SAMPLES

Ballot For Evaluation of Moisture Mimetic Food Bars By Trained Profile Panel

Initial Moisture
Hardness
Plasticity
Amount of Salivation
Ease of Chewing
Crumbliness

|
Cohesiveness of Chewed Mass
Moistness of Chewed lMass
Dehydration of Mouth
Ease of Swallowing

Stuck to Teeth

After Effect- Thirst

- Palatability

Not
At A1l

Very
Much So

10
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APPENDIX C (cont)

Moisture Mimetic Fcods Sensory Taste Panel Terminology For Use With Ballot

1.

2.

30

4.

5.

T..

12,

13¢

Initial Moisture

Hardness

Plasticity

Amount o?
Salivation

Ease of Chewing

Crumbliness

Cohesiveness of
the chewed mass

Dehydration of
Mouth

Ease of
Swallowing

Stuck to Teeth

After Effect -
Thirst

Palatability

Response of tongue to sensation of moistness upon
first tasting.

Resistance to incisor shear during the first one
or two bites,

Sensation of brittleness or lack of brittleness.

The initial response of the saliva glands to the
product.,

A measure of the effort required to form a cohesive,
plastic mass.

A measure of the relative ease of breeking the bar
into small particles having little or no eohesive
properties,

A mz2asure of the tendency of the bar to fragment
into discrete particles which require a relatively
large effort to reassemble into a form which will
be acceptable to the throat for swallowing.

A measure of the effect of the product on mouth and
tongue surface after arriving at a condition of the
product which permits swallowing.

A measure or' the resistance offered by the throat
to the passage of the masticated food.

A measure of the affinity of the product in terms
of adhesion to the teeth,

A measure of the residual mouthfeel or after-taste
elicited as a result of swallowing the product; a
cottony mouthfeel or desire for water.

An overall score of the acceptability of the product
afier review by the taster of the various taste and
texture attributes and tlie scores assigned. This
score is not a numerical average but rather a judg-
ment value guided by the individual elements which
together affect the taste sensations,
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APPENDIX D

Data from survey of moisture mimetic agents.
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APPENDIX E

Benchtop Procedure For Whipped Emulsion

1. In a stainless steel container melt together Wecotop, Propylene Glycol
Monosiearate, Lecithin and Wesson 0il. Heat to 50°C.

2. To & Waring Blendor add the proper amount of spring water at 20°c 5
preblend sugar and sodium caseinate and add to water in blendor.
Whip at high speed for 2 minutes; insure good solution of material.

3. Add to the caseinate/sugar/water blend, the mixture of hot fats
(cf. step #1).

4, Blend at high speed for ten minutes in the Waring Blendor.

5. “QWAGRY cool in ice bath to 15°C; sample for over-run.

6. Return over-run sample to batch and whip at Speed #5 in the small bowl
of the mixmaster for 30 seconds. Increase speed to Speed #11 (825-875

rpm, ), continue to beat for 4-4 minutes. Use rubber spatula to guide
vhipped material intc beaters. Sample for over-run and viscosity.
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APPENDIX F

SHATTER TEST METHOD

1. Place compressed bar sample in centering device (unvrapped‘
sampie is then automatically centered directly beneath the‘

glass tube).

2. Allow the steel ball to fall through the tube and strike
the test sample.

3. Record the number of falls necessary to fracture the test
sample.
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APPENDIX F (cont)

STEEL BALL
BEARING (1 0Z.)

«—GLASS TUBING
(3 FOOT LENGTH)

&

O
o RING STAND

COVER

TEST
SAMPLE
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1.

AFPPENDIX G

STATIC REHYDRATION TEST METHOD

HOT TEST

Sgb%rge compressed bar in 100 ml of distilled water at
1 o .

2. Record the degrze of "sluffing" or shedding of the
components away from the bar matrix as time elapses
during the test period. (5, 10 15 minute intervals)

COLD TEST

1. Submerge compressed bar in 100 ml. of distilled water
at SOOF.

2. Record the degree of "sluffing" or shedding of the

components away from the bar matrix as time elapses
during the test period. (5, 10, 15 minute intervals)
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