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Preparati~n f~r spa~e flights ~f inereasing durati~n With enlarged 
crews requires the dlevelepmeat !llf a feev4ing system whici» along with 
other req_l!Jlir~nts 9 will mia.iai:ze lN>th the weight aai vel mae ef t'he feed 
inveat~ryo S1Wch'requirel!Mlntsn h,\Q)wever 9 must not jeGpardize the 
aceepta'Dility anti the n\U\triti@raal ~uality ef the fcodlo In the absence 
®f a reliab:ll.a meth.\Qld for predli~~~iag acceptability utuier ·the eonclitions 

actual.spa®.e flight 11 it is ass1Ull!Ded on the basis of experience witb 
tlldlitary fee<iing systams}) that fadliar fc«llds have a significantly 
better aceeptanr.ee than unfailiaro It is alae rrecegnized that the 
depressing effect of ~aotony is minimizee by providiag a variety ef 
foedlo 

hhyd.ratifllnp spe<tifically freeze dryia~h c<~mD'biaes a reliable methccl 
GJf prrt~s®rvati<®n with. t'he attai~at (llf maximum e!Ql)D.Centratien of natural 
fee• nutrients for unit of weight~ It has been experiaentally 
established that a numbttr ef, free&e~:-dried feeds~ when. preperly 
pretreatetdl~ tean be ~®1!llp~esgs{!l-~., t~ apprexiliU.tely 0 .. I gram per cu~ie 
eentilll1eter wit'hnt ~~-iag thfaeapability efreturning ciurin& reayclratien 
tttJ!> pre~~ressien si,e an4.~bapeo By t'b.e all»eve teehaelogy it becomes 
feasi'ble te achieve a &llj~lt'-r<aiuetil!lll ia Nth t'he weight and velume ef 
may failiaf f<®e<is .itke•t sa~tifice ef m.utritieaal functiea er 
irreversible.claage t~~> ace~eptabilityc. 

In a earlier ~entract (JA 19 .... l29-=AJ!C=21G3 9 All Purrpose Matrices 
for: C.pressed Jeilld Bars) TY:-·Pil'lsbtmry 'COlmpaDy ~m~:stratecl the 
eff~t®tiveaess el a blan®lp Mghc.~alerie bimndling material te prcvic1e a 
deairabl~ level fllf ~•aesi~n ia bars pr~pared frea a large variety of 
iehydratedl te_.,t®neate., lD<i(Q)'it']p@J:4ti~n ef pre4.etermiaed &M'Gts <~~f this 
bim~iDg aaterial pr@'\}'i<ies a ·basis forr ~•mpressiag a variety of · foecls , 
int~ bars ef unif~~ size aD.4 e~ual ®al~ri@ ~~ntento Ia aa®ther 
<f!~!Ditra~t (DALl9ol29..,AJ!Ce'Jl~ fG<ID<dlAtdlj®m«!ts Sta'Dilized as·Taia Sheets or 
Laitmat®f~ The Pillsbury C<Mapuy prepared·•re tha thirty sawces 9 

spreads$) relishes aa<dl the like in the ftQ'Jrm ef flex:l:blep sheets suitahle 
f<IDr ~irect c®nsum.ptin im e~~Jajun@ti{®mt with a bled carr~er. 

By c®mli>iaillg the te®ha®l!li!lgies ©iteti aheve it aprears pt>ssible te 
prepare a large number @f c~B m®al items by hyeratiag and mixing 
e®mbinati®B$ ef sele©ted c~ressed f®®d bars with apprepriate 
stal»i ll.ize<li sa:Clees ui ©~adl~a.ts <> furthe~re th(!l regular geomet·ry of 
the ab®ve ~~~neats ~ul~ permit maximum pa~kiag effieieaey in a 
rectangular ~entainero Thus a r~latively ~11 packing box weuld 
p~©V~~® a high ealc~.nrie Qltllsity ~n 'Mlth. a weight·· sri volUJM has is, ana, 
at ~~e sam® time prcvide ©®ap~nente f@r the prepa,atiflln ef a large 
number of ~ifferent familiar fGo•se 

This e~ntra®lt seeks te ~~astrate the feasibility of cembining 
these CGlncepts in the de"e1G~Rt ef compressed foca. bars anci 
stabilized adj~nets which eaa:be packed! int~ a box with maxi~ 
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efficiency an'd from which can be prepared a great variety of familiar 
feods of uniformly high ac,eptability. 

The experimental effort clescribed herein was performed at 'the 
Resi5arc:h Laboratories of The Pillsbury Company, 311 Second Street s. E., 
·Minneapolis, Minneseta 5·5414 uncier contract lA 19·129-AMC-860. Funds 
were ·provided by Project: ~ASA-DPR R-22-015•004. Dr. Jack R. Durst 
served as the Official Investigator; his collaboraters were· 
John D. Ringstrom, Gary W. Hall, Ronald J. Gauth~er, William c. Winters 
and James C. Blodgett. Project Officer and Alternate Project Officer 
fer the u. s. Army Nati~k Laboratories were Dr. Haxwell C. Brockmann and 
Mrs. Mary V. Klieka, respectively. 
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ABSTRACT 

This study was origi~ated to design, develop, and clemoastrate an 
integrated feeding system based on a spe~ified number of stable food 
eompenents w:hich ean be stored in a limited space and from whieh can be 
prepared a variety of nutritious feed items. 

Information is presented fer the preparation-of 10 food bars, 4 
food -sheets and 13 foe~ adjtm.ct cubes. Data are given on these 
eompcnents packed in flexible pouches, some under vacuum, after a 
thirteen week .Stll)rage study. Evaluations were earrJed out on 
mierobiologieal 9 physical ana organeleptiie eonsi<ierations. Hedonic 
ratings are shoW!l fer 45 meal, prepared fr~m these components before ancl 
after thirteen weeks' storage at 38°C usi~g both a nine point 5 neutral 
seale. and a nine point 3 neutJal scale •. Nutritional values of 
ingredients usecl are listed. · 
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COMPRBSS.ED·FOOD COMPONENTS'TOMINIMIZB STORAGE SPACE 

S00,U'';$!F CONTRACT 

1. The purpose of this project shall be to design, develop and ,, 

clemo_ns.Lrate an iategrated feeding. systelll based on. a specified number of stable 

foed coap()nents which can be stored in a limited space and from wJ:t,ica can be 

prepared a variety of nutt:itionally defined meal items. Specific pareeters 

for this contract shall be met by a maxim• of ten (10) differe~t compact 

dehydrated food bars and aot Jaore than fifteen (15) different stabilized 

modules of sauces, seasonings and other food adjuncts. When hyclrated and 

mixed ill def£ned eo~~Jbinations, ~hese compollents shall permit prepara~ion of at 

least thirty (30) f4llliliar meal items in servings of approximatttiy 600 

calories each. co-,onents for thirty (30) servings, equivalent to 18,000 

calories •hall be cfpable of storage in a rectangular container }laving an 

interQ.tJ.l volume of v.ooo cubic centimeters or less. 

~. The following requirements shall apply to both compact~d bars and 

stabil~zed adjuncts. 

a. Ingredients shall conform to current regulations of the Food and 

Drug Administration. 

b. CODlponents for any meal item shall hydrate to an a~ceptable 

level within twenty minutes after addition of a prescribed amo~t of room 

' temper~ture water. To facilitate disintegration hydr~tion and ~ixing, gentle, 

intermittent agitation may be'applied. 

c. Geometry shall favor efficient and orderly packing in the above-

mentioned rectangul~r container. 

d. Pressure and shear arising from normal handling at temperatures 

between 0 and 38°C shall produce no fracture, fragmentation or dimensional 

1 



change in excess of two percent. 

e. Surlaces shall not become sticky when exposed for ~wo ho"rs at 

room temperature to a relative humidity of 75 percent. 

f. Components sealed in laminated pouches and stored for tl,lree 

months at 38°C shall undergo no significant 'physical, chemical or 

microbiological changes and shall remain acceptable for preparafion of meal 

items. 

3. Each of the thir.ty or more meal items shall be rated as acceptable 

for human consumption by a. panel under th~ direction of Contractor's 

technologist trained in the management of panels and the interpretatiOl'l of 

results ther;_ftrom. These meal items shall remain acceptable wh•n pre.p~red 

from components stored three mon.ths at 38°C in accordance with 2£ above. 

4. Prior to the completion of this contract, four packed Qnits. 

conforp1ing to this Scope, together with instructions for use, shall be 

submitted to the Pr9ject· Officer. 

2 
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INTRODUCTION 

From experience gained ''in house" and during ~ork on Contr4lct No. DA19-

129•QM-1970(01-6063) ''Formulation and Fabrication of Food Bars,'' Contract No. 

DA19-129-AMC-2103(X) »All Purpose Matrix for Compressed Food Bars," and 

Contract No. DA19-129-AMC•l(X) "Food Adjuncts Stabilized as Thip Sheets or 

Laminatesn and in the interest of fabricating food bars from foods faBliliar to 
~ .. 

the greatest number of potential users, the ten following foods were chosen as 

the base for the ten bars. 

0 (1) Ground Beef (6) Tuna 

(2) Diced Beef (7) R.ice· 

(3) Diced Pork (8) Pot.,to 

(4) Diced: Chicken (9) Mixed v,ge~ables (:Peas 
·and Corn) 

(5) Diced Turkey (10) Mil~ Solid' 

We decided to fabricate th,a bars l/2._inch thick inst•ad of l .. inch thick 

because we could combine.bars of two varieties for a given meal. This would 

allow a greater menu variety than if each meal were restricted to one 1..-inch 

bar of one variety.. All of the above bars were retaine.d in the final menu. 

As adjuncts to the ten basic bars, the following fi~teen were chosen for 

preliminary study. 

(1) Beef Gravy (9) White Sauce 

(2) Pork Gravy (10) Chocolate $auce 

(3) Chicken Gravy (11) Van~lla s-.,ce 
,. -

(4) Turkey Gravy (12) To1114t0 Sau~e 

(S) Creaming Adjunct (13) Cheese Sauce 

(6) Barbecue Adjunct (14) Starch Adjunct 

(7) :, Mayonnaise Adjunct (15) Onion Sauce 
,, 

(8) Bacon Adjunct 
3 
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The following twelve adjuncts were selected for the final •enu. All 

adjuncts used in the final menu were fabricated as ll/16.inch cubes. 

( l) Brown Gravy 

'(2) Home Style Gravy 

(3) Chicken Gravy 

(4) Barbecue Sauce 

(5) Tomato Sauce 

(6) Mayonnaise 

The final menu is as follows: 

Meal Item 

(1) Beef 9 Rice and Gravy 

(2) Beef and Gravy 

(3) Beef Stelf 

(4) Beefv Potatoes and Gravy 

(5) Beef and Vegetables 

(6) Creamed Beef 

(7) Barbecued Beef 

(8) Chicken, Rice and Gravy 

(9) Chicken and G.ravy 

4 

(7) Baeqn 

(8) Whiee Sauce 

(9) Cheese Sauce 

(10) Onion Sauc~ 

(11) Cho~olate Sauce 

(12) Butterscot~h 

Components and Quantity 

Ground Beef Bar·. ( 1) , Rice Bar 
(1), Bro~ Gravy Cube (2 «t 
more) · 

Diced Beef Bar (2), Brown 
Gravy Cube (2 o:r more) 

Diced Beef Bar (1), Vegetable 
Bar (1) ~ ~rown (,;ravy Cube (2 
or more) (Combi-ne all 
eomponenteo) 

Diced Beef Bar .(1), Potato Bar 
(1), Brown Gravy Cube (2 or 
more) .. ~~ 

Diced Beef B•r (1), Vegetable 
Bar (1) (Serve separately.) 

Ground Beef Bar (2), White 
Sauce Cube ()."or more) 

Ground Beef Bar (2), Barbecue 
Cul>e (1-l) 

Chicken .ar (1)~ Riee Bar (1), 
Chicken Qravy Cube (1 or more) 

Chicken Bar (2), Chicken Gravy 
Cube (2 or more) 



Meal Item 

(10) Chte·ken Stew 

(11) Chicken, Potatoes and Gravy 

(12) Chicken and Vegetables 

(13) Chicken Salad 

(14) Barbecued Chicken 

(15) Turkey, Rice and Gravy 

'"\. 

(16) Turkey and Gravy 

(17) Turkey Stew 

(18) Turkey, Potatoes and Gravy 

(19) Turkey and Vegetables 

(20) Turkey Salad 

(21) Barbecued Turkey 

(22) Tuna and Rice 

(23) Tuna and Potatoes 

(24) Tuna Salad 

(25) Tuna and Vegetables 

5 

Co!Ponents and guantity 

Chicken 'ar (1). Veaetable Bar 
(1), Chic~en Gravy Cube (2 or 
more) (Combine.) 

Chicken,ar (lf, Potato Bar 
(1), Chicken Gre.vy Cube (2 or 
more) ' 

Chicken Bar (1), Vegetable Bar 
(1) (Se;ve_ sep•rately.) 

Chicken 'ar (2) ·, Bacon Cube 
(4) , May~;nnaise.., Cube (5) 

Chicken Bar (2), Barbecue 
AdjUnct (2 Gf mere) 

.. . 
Turkey B~~ ·~(1), Rice Bar (1), 
Home Style Gravy Cube (2 or 
more) 

Turkey B,.,r .(2) , Home Style 
Gravy Cube (2 or more) 

Turkey Bar (l), Vegetable Bar 
(1), Rom• Style Gravy Cube (2 
or more) (Combine.) 

Turkey Bar (1), Potato Bar 
(l), Home1 Style Gravy Cube (2 
or more) 

Turkey Bar (1), Vegetable Bar 
(1) (Serve separately.) 

Turkey Bar (2), Bacon Cube 
(4}, Mayennaise Cube (5) 

Turkey Bar. (2) , .· Barbecue Cube 
(2-3) 

Tuna Bar .(1), Rice Bar (1) 

Tuna Bar (1), Potato Bar (1), 
White Sauce Cube (1 or more) 

Tuna Bar (2), Bacon Cube (4), 
Mayonnai$e Culp$i,', (5) 

Tuna Bar (l), Vegetable Bar 
(l) (Serve separately.) 



(26) Creamed Tuna 

(27) Pork, Rice and Gravy 

(28) Pork and Gravy 

(29) Pork Stew 

(3tl) Pork, Potatoes and Gravy 

(31) Pork and Vegetables 

(32) Barbecued Pork 

. (33) Beef- in Tomato Sauce 

(34) Pork in Cheese Sauce 

(35) Pork in Tomato Sauee 

(36) Tuna in Tomato Sauce 

(37) Tuna in Cheese Sauce 

(38) Beef in Cheese Sauce 

(39). Vegetables with Cheese & Bacon 

(40) Chocolate Pudding 

(41) Chocolate Drink 

6 
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Component,_s I· 4Uld ·Quantity 

Tuna Bar (2), Wbite Sauce Cube 
(3 or more) 

Pork Bar. (1) J. Rice Bar (1), 
Home Style Gravy Cube (2 or 
more) · 

-- Pork.Bar (2), l}qme Style Gravy 
Cube (2 or more) 

Pork Bar (1)• V<fgetab1e Bar 
(1), Hom• Sty1e'Gravy Cube (2 
or more)· 

Pork Bar (1) ., l?ota.to Bar (1), 
Home Style Gravy Cube (2 or 
more) 

Pork Bar (1), Vegetable Bar 
(1) ._ (Setve .. ~e,t-rately .) 

Pork Bar (2), B'-rbecue Cube (3 
or more) 

Diced Beef Bar (2), Tomato 
Cubes (3 or· mot:~) 

Pork Bar (2), C~eese Cube (3 
or more) 

Pork Bar (2), Tomato Cube (3 
or more) 

Tuna Bar (2), Tomato Ciibe (3 
or more) 

Tuna Bar (2), Cpeese Cube (3 
or more) 

Dieed Be'f Bar (2), Cheese 
Cube (3 otmor$) 

Vegetabl' Bar (2), Bacon Cube 
(3), Cheese Cubt (3 or more) 

Milk Solids Bar (2)~ Chocolate 
Cubes (4'or mGltf) 

Milk Solids Bar (2), Chocolate 
Cubes (4 or mere) 



Meal Item 

(42) Butterscotch Pudding 

(43) Butterscotch Drink 

(44) pream of Potato Soup 

(45) Cream o.f Tomato Soup 

CompGD.ents and. Quantity 

Milk Sol~ds Bar (2), 
Butterscotch Cu\)es (4 or more) 

Milk Sol:J.ds aar, (2)' . 
Butterscotch Cubes (4 or more) 

Potato Bar (2), Onion Cube (4) 

Milk Solids Bar,.,(2), Tomato 
Cubes (3-4) · 

From the results of the study of nrood Adjuncts Stabili~ed as Thin Sheets 

or L81llinates'• we knew it was possible to form flexible sheets from a wide 

variety of food stuffs. We felt this approach would be'-quite compatible· with 

the parameters of the contract. Therefore, eight varieties of sheets were 

fabricated and on the whole were found successful but difficulty was 

encountered in hydrating a f'w types. This fact in conjunction with the 

number of operations necessary to produce the finished sheet~prom.pted us to 

investigate another ·method of producing the stabilized adjunct. We decided to 

apply the techn'ique of the bars to the adjuncts and obtained ve"y good results. 

·A Denison ten ton hydraulic press was used for all cpmpact~on work. 

Pressures given are those upon the surface of the compacted material. 

All items were packed in aluminized PVC pouches (pouch stock: 0.5 mil 

Mylar; 0 .00035'• alu;ninum foil, 3 mil polyvinyl chloride) • 

The bars were packed under 29n of vacuum with very 1ood reJults~ But 

packaging the adjuncts in this manner caused some of the$ to become very hard. 

Subsequent storage without the vacuum of these items showed a marked decrease 

in their tendency to harden. This ~s explained fully in the se¢tion on 

interpretation of storage study resultso 
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EXPERIMENTAL 

I. Use orf -M,atriees A3 at\d B2 as Binders I 

Matrices A3and !2 were formulated and found very-successful as 

binders for dry foodstuffs during the course of researbh on the "All Purpose 

Matrix for Compres-sed Food Bars'' cent rae t. They are easy to handle l} have ', 

high cal~ric values (4.9 and 6.3 calories per gram1respectively), go!Old 

~tability 9 mild :flavor and gof!)d rehydration properti~s. Matrix A3 has better 

binding_ power than. B2 in the same applieation but due to a higher percentage 

of s~gars may in some cases be too sweet. 

we:· felt! Mat11ic~s··Aj. a~d.:B2L~uild· more ,.than..:,adeq\l~tely ·.fill our 

rzequir~®nts as. b~ndters in the a:pplicrations called for in this c~nt:ract" 

A. Preparat.ion o~ ~trix: f\-3. 

1. Formula 

Sodium Caseinate~ Edible~ 
I.,aruil•O·Lakes 

Water 

Dextrose 

Durkex 500·0il 9 Durkee C®o 

Starch 

Lactose, Fo.remost Dairies 

Water (fon: laet())se make• . 
up) 

8 

% Dry 

27.00 

--•••e 

10.00 

15 .. 00 

20 .. 00 

10.00 

18.00 

--.---

Typical 
g_uantities \lb) _ ; 

54.0 

216.0 

20 .. 00 

30.00 

40.0 

20.0 

36.0 

36.0 

452.0 t<crttal 
200 .. 0 dry 



.. 
//./ 

a. Make up 20~. soium Caseinate soluti'?ll usi~f Scbnellkutter 

2. Procedure 

or stmilar high speed mixer. 

b. Pass to make up tank and raise temp,rature to 130°F. 

c. Add sucrose and dextrose to sodium caseinate solution and 

mix until dissolved. 
-

d. Suspend starch in Durkex oil and PA~S to make up tank, 

aud mix with the sodiunl !caseinate solution by passing through a11 Oakes mixer. 

Check stability a't this point by placing .a drop or two of tll,e m~xture in abt?ut 
1 ' ~ 

250 ml of 130°F water in a el•an container and stirring •. If, after the 

swirling llC)tion of the water ·~'s ceased, no oil globules are visible upo~ the 

surface, tl\J dispersion is stable. If globules are visilple eon~inue11ixing 

the batch ~ntil it cheeks stable. 

e. ..ke up lactose in an equal weight Qf · w•ter. Add to make 

up tank ani mix. j 
£. Recirculate this completed dispersiQn thro~gh an Oakes 

mixer• 

g. Pass to surge tank and spray dry at
1

2400 p-i with an 

outlet temperature of· 170-17 5°F and an ~n1et temperature of 265°r·, using a 

#67 orifice and #17 core. 

results. 

3. Results 

A free flowing white. powder of the foll<nfing composition 

Protein 

Fat 

Moist~re 

23.4% 

20.0% 

9 

Ash 

Carbohydrate 

Calories 

1.1% 

51.17. (by 
diff.) 

4.9 per gram 



Bacteriological data: 

Standard plate count per gram < 10.0 

Coliform colonies per gram 

Negative 

Fecal Streptococci per gram < 1.8 MPN 

Salmonella' 

·staphylococci per gram 

B. Preparation of Matrix Bz· 

1.. Formula 

Negative 

Negat-ive 

% Dry 

s·odium· Caseinate~ edible, Land-0-La~es 19. 2 

Water (for Sodiuin.Caseinate solution) 

Sucrose, Granulated 7.0 

Durkex 500 Oil, Durkee Co .. 47.1 

Starch 

Lactose, Foremost Dairies 16.7 

Water (for lactose make up) 

2. Procedure 

Typical 
Quantities (lb) 

14.0 

94~2· 

33.4 

33.4 

387.0 total 

200.0 dry wt 

a. ,Make .up 20% sodium caseinate solu~ion using a Schnellkutter 

or similar·high speed mixer. 

b. Pass to make up tank and raise temperature to 130@F. 

c. Add sucrose.to the sodium caseinate and mix until dissolved. 

d. Slurry the· starch in the Durkex 50'0 (temperatureJ145~F.) oil 

and pass to th~ make up tank., Mix with.the sodium caseinate solution by passing 

through an Oakes :mixer. , Check S:tability as outlin~d in Section I~ A, 2~ d. 

e. Dissolve the lactose in an equal weigh~ of water. Add to 

the make up tank and mix .. 

f e Recirculate the completed 4fs.ie.t:6\ilcm through an Oakes mixer o 

10 
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.g. Pass to surge tank and spray dry at 2000 psi with an outlet 

temperature of 263-270°F. using a 4167 orifice and a /117 core. 

3. Results 

The product was a white, free flowing powder of- the fo.Jlowing 

composition: 

Protein 16.8% Carbohydrate 32.5% (by diff.) 

Fat 47.7% Ash 0.8% 

Moisture 2.2% Calories 6.3 per gram 

Bacteriological Data: 

Standard plate count per gram < 10.0 

Coliform colonies per gram < 5.0 

E. Coli p·er gram Negative 

Fecal Streptococci per gram < 1.8 MPN 

Salmonella Negative 

Staphylococci Negative 

c. Use of Matrix B2 to Make Diced Beef Food Bars 

1. Formula 

Beef, diced 3/8", freeze dried (Wilson & Co.) 50~0% 

Matri~ B2 36.8% 

Pillsbury Brown Gravy Mix 9.9S{o 

Beefatone (Henry H. Ottens, Mfg. Co.) 0.05% 

Monosodium Glutamate 1.00% 

Salt 2.00% 

Caramel Color 0.20% 

Add 4 ml water per too gms ·of solids while mixing to increase 

cohesion. 

2. Procedure 

Combine all dry ingredients in a Hobart A-200 mixer bowl and mix 

at speed #1 until homogenous. Continue mixing while adding the w~ter by use of 

11 



an atomizer .. The depth of fill on.tP,e Denison hydra~lic pre~s was adjusted to give 

a finished bar weighing 60 gms." .. Press:Lng conditions we:re: 940 psi with a dwell time 

of 30% of one second. 

3. Resultr:l 

The finished bar measured 2" x 4" x 1/21'. When dropped from 6 feet · 

to a hard flat surface, it did not break but tended to dis~nte~rate around the edge 

on successive drops. 

When crumbled. and placed in 90 ml of 80°F. water the bar rehydrated 

readily within 20 minutes. The calculated caloi;ie value was 4.9 calories per gram 

resulting in 297 calories per bar. 

Some loss of piece identity was noted, possibly caused by the mixing 

procedure. 

D. Use of Mattix B2 to Make Ground.Beef Food Bars 

1~ Formula 

Beef; ground 3/16", freeze dried (Wilson & Co.) 72% 

Matrix Bz 25% 

Monosodium Glutamate 1% 

Salt. 2% 

.Add 4 ml water per 100 gms of solids while mixing to increase 

cohesion. 

2. Procedure 

Combine all dry ingredients in an A-200 Hobart bpwl. Mix until 

homogeneou.s using speed 1fol on the mixer, then spray on the wat~r with continued 

mixing. Depth of fill on the Denison press was adjusted to yield a 60 gm bar. 

Pressing conditions were 1060 psi with a dwell of 40% of 1 second. 

3. Results 

The finished bar had the following dimensions: 2" x 4" x 1/2" . 

. When dropped from six feet to a hard flat surface, it broke into two pieces (3/4 
l 

1/4). 
12 



The bar rehydrated readily in 20 minutes when crumbled and added 

to 60 ml of 80°F. wat·er • 

. The computed caloric value was 5~4 calories per gram resulting 

in 324 calories· per· bar •. 

cohesion. 

E. Use of Matrix B2 to Make· Diced Pork Foc>d Bars 

1. Formula 

Pork, diced 3/8", freeze dried (Wilson & Co.) 

Matrix B2 

Pillsbury Home Style Gravy Mix 

Monosodium Glutamate 

Salt 

50% 

37% 

10% -

1% 

2% 

Add 4 ml per 100 gms of solids of water while mixing to increase 

2. Procedure 

"' Add all dry ingredients with the exception of the pork to an A-200 

\ii.. 

Hobart bowl. Mix at speed 1fol until homogeneous, then spray on the water~ Add the 

po»k pieces and mix only long enough to obtain homogeneity. Over-mixing will result· 

in excess distribution of the pork fat making good cohesion extremely'difficult. The 

depth of fill on the Denison press was·set to give a:6o glU bar. Pressing conditions 

were 900 psi and a dwell time of 30% of one second. 

3. Results 

The finished bar measured 2" x 4" X.:l/2". 

When dropped from six feet to a hard flat surface, it did not 

break but tended to disintegrate on successive drops. It rehydrated readily in 

20 minutes when crumbled and added to 90 ml of 80°F. water. 

Computed caloric value was 5.5 calories per gram resulting in 

330 calories per bar. 
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cohesion. 

F 0 Use 9f Matt;ix B2 to Make . Dic~.d Chickc=n. Bars 

1. Formula 

.Chicken, diced 3/8~', free~e dried (Wilson & Coa) 50% 

Matrix B2 J7% 

Pillsbury Chicken Gravy Mix 9.95% 

Chickatone (Henry H. Ottens Mfg. Co.) 0.05% 

Monosodium Glutamate 1. 0% 

Salt 2.0% 

Add 4 ml of water per 100 9IDS of solids during. mixing to increase 

2. Procedure 

Combine all dry ingredients except the chicken in a Hobart A-200 

using speed 111 until homogeneous. Continue mixing while spraying on the water, then 

add the chicken and mix only until homogeneous. Over-mixing will result in loes of 

particle identity. Depth of fill on the Denison press was adjusted to give a 60 gm 

bar. ?ressing conditions were 950 psi with a dwell time of 40% of one second. 

3. Results 

·The finished bar had the .following dimensions: 2" .x 4" x 1/2". 

When dropped from six feet to a hard flat surface the bar had not broken after 

four dropso 

Hydration was readily accomplishedin less than 20 minutes by 

adding the crumbled bar to 90 ml of 80°F. water and stirring intermittently. Com"" 

pu ted caloric values were ~. 2 calo.ries per gram resulting in a 312 calorie bar. 

G... . Use of Mc:ttrix B2 to Make a Diced Turkey Food Bar 

1. Formula 

Tux;:key, diced 3/8'', .fre~ze dt;:ied., Wilspn & Co. 

Matrix Bz 

Pillsbury Home Style Gravy Mix 

Monosodium Glutamate 

Salt 
14 

50.0% 

37.0% 

10.0% 

1.0% 

2.0% 



~': 

Add 4 ml of water per 100 grams of solids wh-ile:mixing to increase 

cohesion. 

2. Procedure 

Mix all dry ingrediehts. except the turkey uritil homogene·OUS using 

a Hobart A-200 mixer at speed #1. Spray on the water with continued mixing, th~n 

add the turkey pieces and mix only until homogeneous. Overmixing will result in 

loss of piece identity~ Depth of fill on the Denison press was 'adjusted to give' a 

bar weighing 60 grams.· Pressing conditions were 950 psi·with a dwell time of 40% of 

one second. 

3. Results 

The resulting bars measured 2" x 4" x ·1/211
• They rehydrated 

readily in 20 minutes when. crumbled anp added to 90ml of 80°F .. watE;!r and exhibited 

good strength in that they did not break when dropped a number of times from stx 

feet to a hard flat surface but tended to slowly dist.ntegrate around the edges. 

Computed caloric values were 5.2 calories per gram giving a 312 calorie bar. 

'H. Use of Matr·ix B2 to Make a Rice Food Bar 

1. Formula 

Rice, freeze dried (California Vegetable Concentrates) 80% 

Matrix B2 20~ 

Add 4 ml wat'er per 100 grams solids to increase cohesion. 

2. Procedure 

a,. Place rice in Hobart A-200 mixer. Spray on the water while 

mixing at speed 1ftl. Immediately add the matrix and continue- mixing only until the 

matrix is distributed on the rice. Depth of fill on the Denison press was adjusted 

to give a bar weighing 60 grams. Pressing conditions were 950 psi with a dwell 

time of 40% of one second. 

b. Place matrix in Hobart A~200 bowl. Spray on water while mixing· 

at speed #1. Add rice and mix until homogeneous$ Depth of fill was adjust~d to 

yield a 60 gr~m baro Pr'essi .. ng conditions were 950 psi ·with a dwell time of 401o 

nf one second. 15 



3. Results 

a. The resulting bar measured 2" x 4" x 13/16" and broke. into four 

pieces on the first drop from six feet to a hard flat surface (1/5, 1/5, 1/5, 2/5). 

When crumbled and added to 85 ml of 80°F .. water, the bar rehydrate<;! reaclily wi:t'hin 

20 minutes. 
'! 

b.·'\ This procedure produced a bar 2" x 4"-· x 25/32" which when dropped 
:!~ 

as above broke into threepieces (1/4, 1/4, 2/4). This bar also rehydrated readily 

within 20 minutes when crumbled and added to 85 ml of 80°F .. water. This method was 

used to produce the bars for storage study because of superior strength. 

Computed caloric values are 4.42 calories per gram resulting in a 

266 calorie bar. 

I. Use of Matrix B2 to Make a Milk Solids Food Bar 

1. Formula 

Red Owl Instant Nonfat Dry Milk Solids 50% 

Matrix B2 50% 

Add 3 ml water per 100 grams of solids while mixing to increase 

cohesion. 

2. Procedure 

Thoroughly blend the matrix and milk solids using a Hobart A-200 

mixer.. Continue mixing while spraying on the water, using an atomizer • Depth· o'f 

fill was adjusted on the Denison press to yielcl a 60 gram bar. Optimum pressure 

anddwell time were 380 psi and 20% of one second respectively. 

3.. Results 

The resul t.ing bar was 211 x 4" x 19 /32" thick and when dropped 

from a height· of six feet to a hard flat surface broke into four pieces on the 

first drop. When thoroughly crumbled and added to 600 ml of 80°F. water it readily 

dissolved within 20 minutes resulting in a beverage tasting very much like recon= 

stituted milk solids. 

The comput.ed caloric values w.ere 4. 95 calories per gram and 297 

calories per 60 gram bar. 



------------------------------------------------~~-- ~ 

J. · Use of Matrix B2 to Make a Mashed Potato·Food Bar 

1. Formula 

a. Pillsbury Instant Mashed Potato Fl.kes 80% 

Matrix B2 20% 

When blended and hydrated with 90 ml of 80°F. water the 

above formulation tended to be lumpy and had a distinct flavor from the matrix. 

We then decided to investigate the possibility of using Pillsbury Sour CreamMashed 

Potato Mix because the dehydrated sour.·cream solids have a composition similar to 

the matrix. 

b. Pillsbury Sour Cream with Bleu Cheese Mashed 
Potato Mix 

4 ml ofwater per 100 gms of solids 

2. Procedure 

l00'7o 

Add the water to the potato mix by spraying on with an atomizer 

while mixing at speed :/11 using a Hobart A-200 mixer. Depth of fill on the Denison 

press was adJusted to yield a bar weighing 60 grams. Optimum pressing conditions 

for this material were 750 psi with a dwell time of 40% of one second. 

3. · Re.sults 

The compacted bar measure.d 2" x 4" x 15/32;' and when dropped from. 

a height of.six feet to a hard flat surface did not break but tenqed to disintegrate 

along the edges with successive drops. Rehydration was readily accomplished within 

20 minutes by crumbling the bar and adding to 230 m1 of 80°F •. water. 

Caloric values are 5 calories per gram or 300 calories per pan; •. : ->1;i~~- Q 

K, Use of Matrix B2 to. Make a Mixed Vegetable Bar 

1. Formula 

Corn, freeze-dried (California Vegetable Concentrates) 30.0% 

Peas, freeze-dried (California Vegetable Concentrates) 20.0% 

Matrix B2 44.43% 

Salt 2.9% 

Sugar 1.1% 



Corn Syrup S~lids 0.6% 

Onion Powder 0.17% 

Monosodium Glutamate 0.30% 

White Pepper 0.20% 

Celery Salt 0.20% 

Butter Flavor 0.10% 

Add 10 ml of water per 100 grams of solids while mixing to increase 

cohesiono 

2. Procedure 

Combine all dry ingredi,.ents with the exception of the corn and 

peas using a Hobart A-200 mixer set at speed 111. Continue mixing while spraying on 

the water. Add the vegetables and mix only long enough to obtain homogeneity. Over­

mixing results in loss of piece identity. Depth of fill on the Denison press was 

adjusted to yield a bar weighing 60 grams. ·The mixture was compactedunder a pressure 

of 315 psi with a dwell period of 20% of 1 second. The bars were then placed in an 

air circulating oven sat at 140~F. for 4 hours. 

3. Results 

The resulting bar measured 2" x 4" x 17/32" and when dropped from 

six feet to a hard flat surface broke into three pieces on- the first drop (1/4, 1/4, 

l/2)a When crumbled and added to 100 ml of 80°F. water, the bar readily rehydrated 

within 20 minutes_.. A green color was predom'inate from the crushed peas. Calculated 

caloric values were 4.6 per gram or 276 calories per bar. 

LG Use of Matrix·B2 to Make a Tuna Food Bar 

1. Formula 

Tuna, Freeze~Dried (see procedure) 

Matrix B2 

Salt 

Monosodium Glutamate 

Sugar 

60.0% 

35.5% 

2.4% 

1.39% 

0.40% 



Corn Syrup Solids 0.20% 

· Onion· Powder 0.08% 

0. Ol1o 

Celery Salt 0.01% 

Butter Flavor Q. 011o 

Add 4 ml of water per 100 grams of solids while mixing to increase 

cohesion. 

2 .. ·.Procedure 

Giesha brand water-packed tuna was used. Prior to freeze drying, 

it was drained, broken into pieces having a cross section no greater than 1/2" and 

frozen. Freeze'drying was done with a Stokes freeze drier; model 2003F2, ·serial 

number P65699e 

Combine all ingredients using a Hobart A-200' mixer set at speed 

1!1. The water should be sprayed on while mixing. Depth of fill on the Denison 

press was adjusted to give a 60 gram bar. Compact;:ion was done at a pr~ssure of 

1, 250 psi with a dwell time of 30% of 1 s·econd. 

3. Results 

The resulting bar measured 2" x 4" x 9 /16''. It broke in half 

on being dropped from six feet to a hard flat surface. Rehydration was readily 

accomplished within 20 minutes when the bar was crumbled and added to. 90 ml of 

80°F. water. The calculated caloric values were 5.2 per gram giving 312 calories 

per bar. 

II. Production of Flexible Food Adjun~ts Using Hydrocolloids As A Structure 

Matrix 

A. Flexible Barbecue Sauce Adjuncts 

1. Formula 

Barbecue Sauce (Kraft) 99% 

Carboxymethylcellulose 1% 



2. Procedure 

The carboxymethylcellulose and barbecue sauce were combined by 

mixing at high speed using a Waring Blendor. Mixing was continued to ensure thorough 

dispersion of the carboxymethylcellulose (approximately_· 5 m:l.nu tes). The mixture was 

then poured into-2" x 2" x 7" paperboard molds which had been sprayed inside with Dow 

Corning Slipicone,. an aerosol di.spen~ed silicone release agent ·whtch is F. D.A. approved 

for food use as long as the resulting silicone content of the food is no grea_ter than 

10 ppm~ The filled molds were then placed in a freezer at 0°F. ·When th.e mixture was 

frozen, the mold was peeled away and the mixture sliced :i,nto 2" x 2'.' x· 3/32" sheets 

using a Hobart meat slicer. These shee.ts were placed on silicone release paper, then 

put in an air circulating oven set at 70°C. and dried for three Q.ours. They were then 

turned over and further dried for-45 minutes:. al~owed to cool, d~sted.with rice flour 

to avoid sticking. and packaged. 

3. Results 

The resulting sheets were flexible, measured 2" x 2" x 1/16" thick, 

weighed approximately 5 grams and when cut into small pieces (1/4" x 1/8") and added 

to 80@F. water rehydrated readily in 20 minutes. Computed caloric value was 5.4 per 

gram. 

B. Flexil;:>le Tomato Sauce Adjuncts 

f. Formula 

Tomato Sauce '99% . 

Carboxymethylcellulose 1% 

2o Procedure 

Mixing, freezing and slicing procedures were ·the same as for bar ... 

becue adjuncts. The -sliced sheets were placed on silicone release paper, put in the 

air circulating oven setat 140°F. for 2 hours, cooled, turned oyer and left to dry 

in the laboratory (72°F~) for 24 hours • 

.3. Results 

The resulting sheets were flexible, measured approximately.2" x 
20 



2" x 1/32", and weighed approximately 2.5 grams. They rehydrated readily in 20 minutes 

when cut into 1/8'' .x 1/4" pieces and added· to 80°F. water and stil:red intermi~tently .. 

Caloric values were 2. 6 per gram giving 6. 5 calories per shee.t. 

C. Flexible Chicken Gravy Adjuncts 

1. Formula 

Pillsbury Chicken Gravy Mi~ 

Carboxymethylcellulose 

Water (100°Co) 

2. Procedure 

7.5% 

1.0% 

91.5% 

The carboxymethylcellulose and gravy mix were thoroughl.y blended 

by mixing in a Hobar·'t No;..SQ mixer. The powder was added to. the boiling water 'using a 

Lightning mixer to disperse the mixture. This was brought to a boil with constant 

stirring to avoid scorching, then placed in a Waring Blender and mixed at high speed 

for 2•1/2 to 3 minutes·. The mixture was cooled and placed in 3" x 3" x 1?" molds 

prepared as for the barbecue adJunct. The 'filled molds were placed :in the free~er 

and when thoroughly frozen, the mf)~d was peeled off and the mixture sliced into 3" x 

3" x 1/4" sheets which were placed on polyethylene sheets and dried at ambient labora­

tory. conditions (72°F .. ) for 36 to 48 hours, turning every 8 to 12 hours. A. 2" X; 2" 

template was then used .to trim the resulting she.et to the prope.r size. 

3. Results 

The adjunct was flexible, measured 2" x: 2"x 1/64"- 1/32" thick,. 

weighed approximately 1. 5 grams and r.ehyd.rated readily within 20 minutes when ·cut. 

into 1/4" x 1/8" pieces and added to 80°F.· water and stirred. 

Caloric value.was 3.2 per gram. 

Time and space considerations prohibited.production. of quantities 

large enough for storage .studies although physical characteristics were very good. 

D. Flexible Brown· Gravy Adjuncts 

1. Formula 

Pillsoury Brown Gravy Mix 7.5% 



Ca,rboxymethylcellulose· 

Wat~r 

4. Procedure 

. 1.0% 

Th~ procedure was exactly the same as that used tor the chicken 

gr·~vy adjunct, section II, C. 

3. Res·ults 

. Results were identical to those obtained for the chicken gravy 

adjunct. Computed ca~oric value was 4.5 per gram. Time and s.pace considerations 

prevented production of quantities .large enough for stol;'age st;tidy although the prod­

uct .was very acceptable in all pther respects .• 

II,t. Incorporation of Food Adjuncts into Stable Dispersions 

We knew. from the. results of Contract No. DA19-129-AMC-l(N)(Ol9000) "Food 

Sheets Stabilized ,as Thin Sheets or Laminates" that it was possible to incorporate 

fo<:>d ·adjuncts into st.abl~ dispersions and then dry the dispersions as thin sheets. 

The stable dispersion or encapsulation process is simply two immiscible systems, a 

fi~m former in the continu~us ·phase surrounding a liquid or on.ce liquid discontinu­

ous phase. The following are :·needed to form the stable dispersion: (1) Film 

former; something that is.capab~e of ·forming a·film around something, (2) a liquid 

which is immiscible i'n this film former, (3) a plasticizer which actually makes the 

fillll former able to form a film; and (4) proper: mixing. 

It. has been found· that other materials can ~e carried in the stable dis­

persions without breaking the dispersions and thus when the dispersions are dried 

into sheets~ the materials are also incorporated into the sheets. 

A. Displ!~f:Og!;Yeebkligue:i .. fot Making White Sauce Adjuncts 

1. Formula 

Durkex 500 Oil (Durkee Co.) 

Nonfat Dry Milk Solids (Red Owl Instant) 

Dextrin (American Maize ARD 1606) 

Gelatin (Knox) 

12.,5% 

23 • 5'/'o 

12.0% 

1.8% 



Paprika 0.2% 

Water 50.0% 

2. Procedu.re 

a. Slurry the oil NFMS, dext.rin 'and paprika using a Waring 

Blender.' 

b. Dissolve the gelatin in the· water and add this to the slurry 

with high speed mixing.. Continue mixing until a stable dispe'rsion is formed. Check 

stabil~ty as described in section ~' A, 2, d. ''Make-up ot Matru Aj''·,$. 

c. PLica in 211 x- 2" x· 7" molds prepared as in 11,~-A, 2 and freeze .. 

d. Slice l/8n thick using a Hobart meat slicer and place:' on rele~se 

paper• 

e. Dry 40 minutes at 14o•F. in an air circulating oven, then 16 

hours' at '\room temperature. Some case hardening W'SS evident' 80 the sheets were placed 

:lti p9ly.E;9::hylene bags for 24 hours to equilibrate. 

3.. Results 

The resulting sheets were flexible, l\leasuted 2" x·2" x<l/8", we'ighed 
. . . . . 

8 gra~$ :<and tasted like white sauce: b\.1 t unfortunately did not· rehydrate acceptably 
,, ;··.·:.·:· 

withib:~O n1inutes when cut into 1/8" x 1/4" pieces and added to an excess of 80°F. 

water.. These ·adjuncts were not ~torage tested. 

B.· Diapers ion . Technique for Making Mayonnaise Ad :lunc.ts 

1. Formula 

Durkex 500 Oil (Durkee Co.) 

Gelatin (Knox) 

Sodium Casemate 

Salt 

Dry Mustard (DUrkee) 

White Pepper-(Red.Owl) 

Sucrose 

Vinegar (Red Owl) 

Water 

-30, o-4 

5~0% 

~. 

7.5% 

1.6% 

1 .. 0% 

0.2% 

4.T!. 

10.0% 

40 .. 0% 



2. Procedure 

a. Heat the Durkex oil ·to 150°F., place in a Waring Blender and 

slurry with the sodium caseinate, sucrose, salt~ pepper and mustard. 

he Dissolve the gelatin in the water, heat to 150°F., add this 

solution to the slurry and m~x at high speed until a stable dispersion forms. Check 

stability as outlined in Section I, A, 2, d. "Make-up of Matrix A?>"· 

c. Add the vinegar with contiril!ed mixing. 

d. Place i~ molds prepared as in Section II, A, 2 and freeze. 

e. When. thoroughly frozen remove· the mold and slice into 3/32" 

thick sheets using a Hob~rt electric meat slicer and place on silicone release paper 

to dry for 24 hours at ambient conditions, turning three times. 

3. Results 

The adjuncts were flexible, measured 2" x 2" x ~/8", weighed 7.5 

grams and tasted like mayonnal.se but did not rehydrate well eno~gh in 20minutes to 

be acceptable, when cut into 1/8" )(.. 1/4" pieces and added to 80°;F. water. This 

adjunct was not storage tested. 

C. Dispersion Technique forMaking Vanill!..!!avored Adiuncts 

1. Formula 

Durkex 500 Oil (The Purkee Co.) 20.0% 

Sodium Caseinate 7.0% 

Gelatin (Knox) 3.0% 

Vanilla Concentrate 1. Oio 

Sucrose 32.0% 

Water 37.0% 

2. Procedure 

a. Heat· the oil to 150°F. Place it in a Waring Blender with the 

sodium caseinate and slurry. 

b. Dissolve the gelatin in the water, heat to 150°F. and add to 

the slurry along with the sucro~e. 



co Mix at high speed untiL a stable di$persion is formed. Check 

stability as outlined in Section I, A, 2, d. "Make-up. of Matrix AJ" . 

d. Add the vanilla concentrate and mix to distribute. 

e. Place in molds prepar"ed as in Section II, A,> 2 and fr.e·e~e~ 

. f. When thoroughly frozen remove the mold, slice 3/32" thick, 

place on silicone release paper and dry at ambien.-t conditions. for 24 hours tutning 

three times. 

3. Results 

.:~~~~~~~:····' .. ~ 
"~"":-·~'grams and rehydrated to an accept,able level' within twenty minutes w.hen cut into 

The resulting sheets were flexible, measured 2" x 2" x 1/8", weighed 

1/4" x 1/4" pieces and added to an excess of 80°F. water. They had a calculated 

caloric value of 4.85 calories per gram. These adjun,cts were storage tested. 

D. Diseersion Technique for Makip.g Chocolate Flavor·ed Adjuncts 

1. Formula 

Durkex 500 Oil (The Durkee Co.) 19.0% 

Sodium Caseinate 7.0% 

Gelatin (Knox) 2.0% 

Gelatinized Cocoa 5.0% 

Vanilla Concentrate 0.5% 

Sucrose 32.0% 

Citric Acid (anhydrous) 0.15% 

Water '34.35% 

2. Procedure 

To help keepi:the bacteria count down and to.. make the product 

smoother and more palatable,- the cocoa was gelatinized before addition to the 

product. 

Procedure for Gelatinized Cocoa . 

Mix cocoa and water (approximatej;y 20% solids) intq a s,lurr.y 

and place into a Groen vacu·um or pressure mixer.·· Set temperature of the outside 

steam jacket to 170°F. Set mixing spee.d a~ No. 10 .and mix for 10 minutes, Next 



cut temperature 'to 150°F. and mix for.an addi.tiQnal 1-1/2 hours.· Make sure that the 

lid is fastened tightly while the gelatinizing isbeing carried on. This gelatinized 

cocoa is then used in the formula allowing for the moisture in the cocoa. The stable 

dispersion was made as'follows: The Durkex 500 was heated to 150°F. and the sodium 

caseinate added and mixed until coatEid with 'oil. ·The sucrose was added and mixing 

continued until all the ingredients'were well .dispersed. The water, heated to 150°F. 

in which the gelatin had previously be·en dissolved, was added with continued mixing 

until a stable dispersion was formed (ap~xima~ely 2 minutes) •. To this stable dis­

pers·~on was added the pregelatinized cocoa, vap.illa concentrate, citric acid and 

mixing was cdri.tinued Until all ingredients. were thoroughly distributed. This product 

was then poured into molds prepared aef in Section II, A, 2 and placed in the freezer. 

The frozen blocks were then sliced at a No. 10 setting on a llobart slicer and dried 

on release paper for 24 hours. 

3.. Results 

The resulting sheets were flexibl~, measured 2" x 2" x 1/8~ 1 , 

weighed 7.8 grams and readily rehydrated when cut into 1/4" x 1/4" pieces and 

added to an excess of 80°F .. water. Calculat·ed caloric value was 4.G~ calories per 

gram. These adjuncts were storage tested. 

IV. Production of Stabilized Food Adjuncts By Compression 

By using the same technique employed for forming the food bars we found 

we were able to produce adjuncts stabilized as 11/16" cubes. We chose the cube'' 

shape to conform to the requirements of the contract for maximum space utilization 

within a rectangular container. and because the cube would have almost equal resist­

ance to physical damage on all sides. 

To fabricate the. cubes we used a trial and error method of placing a 

weighed amount of material into the press cavity and p~essing. Varjing amounts 

were used until we obtained a good cube .. ~this usually necessitated three to six 

trials. No pressure determinations' were made as in coy:npressing t'o a specified 

height the-stops of the top ram rested ori' the stop blocks of the lower ram 



preventing determinat~on of the pressure upon ~he com~acted material. Pressures used 

were those .. sufficient to compact tpe material to, the .11/16 height. 

A. Compressed Brown Gravy Adjuncts 

1. Formula 

Pillsbury Brown Gravy Mix 

Starch 

Kelset (Kelco Co.) 

Water 

2 •. :procedure 

61.0% 

31.8% 

3 • 2i'o 

4.0% 

. Thoroughly dry .ble~d all of the dry ingredients using a Hobart N-50 

mixer. Add the water by spraying on with co11tinued mixing. Best results were obtained 

when depth of fill on the Denison press was set to yield a cub.e weighing 5. 8 to 6 grams. 

Dwell time was 40i'o of one second. 

3. Results 

When the cube was thoroughly crushed between the thumb and_forefinger 

and added .to 33· .ml of 80°F. water, it rehydrated .in less than 20 minute~ to a product 

whicll had tl1e c9.ppearanc~, taste and consistency of gravy. Each cube contained approx:t­

mately 18 calories at 3.0 ~alories per gram. It broke into two pieces on the second 

drop from six fee~ tq a hard flat surface. 

B. . Compressed Chicken Gravy Adjuncts 

l. Formula 

Pillsbury Chicken Gravy Mix 

- Starch 

Kelset (Kelco Co.) 

Water 

2. . Procedure 

31"8% 

3.2% 

4.0% 

The procedure was identical to that in section IV, A, "Compressed 

Brown Gravy AdJuncts." 
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3. Results 

When the cube'' was tb.orough±y crusP,ed between the thumb and· .fore­

finger and added to 33 .. ml .of 80°F. water, :i.~ rehydrated to a product which had the 

appearance, taste and consistency of gravy in less than 20. minutes. :Each. cube con-

tained approximately 21 calories at 3.6 calories per gram. It broke into two pi,eces 

on the second drop from six feet to a hard flat surface. 

C. Compressed HolT,le St;xle Gravy adjuncts 

1. Formula 

Pillsbury Home Style Gravy Mix 61.0% 

Starch 31.8% 

Kelset (kelc~' Co.) 3.2% 

Water 4.0% 

2. Procedure 

The procedure used was identical to that in section IV, A, "Com-

pressed Brown GravyAdjuncts." 

3. Results 

When the cube was thoroughly 'crushed between the thumb and fore-

finger and added to 33 ml of 80°F. watet, it rehydrated to a product which had the 
. . . 

appearance, tast.e and consistency of gravy within 20 minutes. Each cube contained 

approximately 18 calories at 3.0 calories per gram. It broke into two pieces on 

the second drop from six feet to a hard flat surface. 

D. Compressed Mayonnaise Adjuncts 

1. Formula 

Matrix B2 

Dried Egg Yolk 

·Salt 

Dry Mustard (Durkee) 

Vinst:ani (Delawi:l.re Food Prod.·, Inc.) 

White Pepper 

Water 
28 

84.37% 

3.85% 

3.08% 

2.88% 

1.44% 

0.38% 

4.00% 



2. Procedure 

Thoroughly blend the dry ingredients using a Hobart N-50 mixer set 

at speed 411. Continue mixing while &praying on the water. Best results were obtained 

when the depth of fill on the Denison .press was set to yield a C\lbe weighing about 5 

grams, with a dw~ll time of 20% of one second. 

3. Results 

When the cube was_ thoroughly crushed between the thumb and fore­

finger and added to 6 ml of 80°F. water with stirring,_ it rehydrated to a product 

resembling may.onnaise in less than 20 minutes. Calculated caloric value was 5. 7 per 

gram or 28.5 per cube. lt broke into two pieces ·on the fifth dr9p from six feet to a 

hard flat surface. 

E. Compressed White Sauce Adjunc~ 

1~ Formula 

. Matrix Bz 

Nonfat Dry Milk Solids (Red Owl) 

White Pepper 

Salt 

Paprika 

Water 

2. Procedure 

48.0% 

0.1% 

3.7% 

0.2% 

4.0% 

Thoroughly blend all dry ingredients using a Hobart N-50 mixer 

set at speed #1. Continue mixing while spraying on the water. Best results were 
·., r 

obtained when depth of fill on the Denison press was se,t to· yield a cube weighing 

about 5 grams. Dwell time was 12% of one second. 

3. Results 

~hen.: thoroughly ·crumbled between the thumb and forefinger and 

added to 6 ml of 80°F. water with stirring, thi·s material rehydrated to a product · 

very much like_white sauce within twenty minutes. Calculated caloric values are 

4.6 per gram and 23 per 5 gram cube. It bro.ke into three equa~ pieces on the 

fifth drop from six feet to a hard flat surface. 



· F. Compressed Cheese Sauce Adjunct 

1. Formula 
;· 

Uncolored Cheese Tang (Kraft) 

Colored Cheese tang (Kraft) 

Water 

2. Procedure 

86.5% 

9. 51() 

4.0% 

Thoroughly dry blend the cheet;;e tang using a Hobart N-50 mixer. 

Spray on the water with continued mixing. Best results were obtained when the depth 

of fill on the Denison press was adjusted to yield a 4.8 gram·cube. DWell time was 

20% of one second. 

3. Results 

When the cube was thoroughly crushed between the thumb and fore ... 

finger and added to 8 ml of 80°F. water, it rehydrated to a cheese sauce product in 

less than 20 minutes. Calculated caloric values were 5 .• 4 calories per gram or about 

26 calories per cube.. When dropped from a height of six feet to a hard flat surface, 

this cube broke into four pieces on the second drop. 

G. Compressed Chocolate Sauce·Adiuncts 

1. Formula 

Sugar 37. 551() 

Cocoa 30.30% 

Matrix A3 24.00% 

Vanilla ~. OO'ro . •( 

Pillsbury Sweet*30 Artificial .Sweetener 1.15% 

Water 5. 001() 

2. Procedure 

Thoroughly blend all of the dry i.ngredients using a Hobart N-50 

mixer at speed 111. Continue the mixing while spraying on the water. The best 

results were obtained when the depth of fill on the press was set to yield .a cube 

weighing approximately 6 grams and dwell time was 80% of one second. In this case 



the high pressure was held on the bottom ram until· just befoxe tbe tQ_p ram cleared 

the cavity during the ejection stroke. Failure to do this always resulted in cubes 

split horizontally. 

3 ~ Results 

When thoroughly crumbled between the thumb and forefinger and 

added to 5 ml of 80°F. water the material hydrated to a chocolate sauce consisten~y 

within twenty minutes. When dropped from six feet to a hard flat surface, it broke 

into two pieces on the fourth drop. Calculated caloric values were 3.6 per gram or 

21 per cube. 

H. Compressed Butterscotch Adjuncts 

1. Formula 

FD&C Yellow Color 1~5 & #6 (equal parts) 

Butterscotch Flavor (Florasynth) 

Caramel Color 

Vanilla Flavor 

Sucrose (Granulated) 

Ma'trix A3 

Water 

2. Procedure 

0.016% 

0.016% 

1.20% 

0.40% 

'~'l6. ~68% 

19.60% 

2.00% 

Combine all dry ingredients in a Hobart N-50 mixer. Spray on the 

water while continuing the mixing. · The best results were obtained when the depth of 

fill was adjusted to yield a cube weighing about 6.3 gr~ms and using a dwell time of 

one second. 

3. Results 

When crushed thoroughly between the thumb arid forefinger and 

added to 6 ml of 80°F. water the material rehydrabni to a sauce-like consistency. 

The cube broke into three pieces on the third drop from six feet to a hard flat 

surface. Calculated caloric value was 4 per gram or 25 per cube. 



I. Compressed OnionAdiuncts 

1. Formula , 

Onion Powder 

Onion Pieces 

Salt 

Black Pepper. 

Matri~ B2 

Water 

2. Procedure 

4.1% 

23.8% 

35.3% 

0. 7io 

33.1% 

3.0% 

Combine all dry ingredients in the Hoba~;t N-50 mixer. Spray on 

the water while mixing. The .. best cubes were obtained wh~Hl the depth of fill was 

adjusted to yield a cube weighing 5. 75 - 6. 0 grams with a dwell time of 40% of one 

second. 

3. Results 

When thoroughly crushed b~tween the thulllb and forefinger and added 

to 7 ml of 80°F. water the material rehydrated t;:o an onion sauce consistency within 

tw.enty minutes. The cube broke into three pieces on the sixth drop from 6 feet to a 

hard flat surface. The approximate caloric value is 3.4 per grQJDor 20 calories per 

cube. 

J. Compressed Barbecue Adjunct 

1. Formula 

Onion Powder 

Celery Se.W(.> (whole)· 

Paprika 

Cayenne Pepper 

Cinnamon 

Allspice 

Salt 

Sugar (Granulated) 

Tomato Powder 
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0.17% 

0.06% 

·0.19% 

0.06% 

0.03% 

0.045% 

3.30% 

26.00 io 

51. 345io 



Sodium Diacetate 

Smoked Yeast (Florasynth) 

Water 

2. Procedure 

8.40% 

8.40% 

2.00% 

Sift and then thoroughly blend the dry ingredients. Continue 

the mixing while adding the water by use of an atomizer. Th~ best cubes were pro-

duced when the depth of fill was adjusted so,as to yield a 5.5 gram cube and the 

dwell time was 601o of one second." 

3·. Results 

When thoroughly cru.shed between the thumb and forefinger and added 

to 10 ml of 80°F. wafer, a"barbecu'e type sauce resulted almost immediatelyo ·.This· 

cube did not break when dropped ten times from a height of six feet to a hard flat 

surface although some flattening of the edges and corners did-occur. Calculated 

caloric value is :3.6 per gr~'per cube·~ 
K. ComPre·ssed Tomato S'aqce Adjuncts 

1. Formula 

Tomato Powder 59% 

Matrix B2 39% 

Water 

2. Procedure 

Thorqughly dry blend the ingredients. Then spray on the water 

with continued mixing using an atomizer. The best cubes.were obtained by adjusting 

the depth of fill to produce a 5.5 gram.cube and the dwell time was set for 60% of 

one second. 

3. Results 

When thoroughly crushed between the thumb and -forefinger and 

added to 10 ml of 80°F. water, a tomato sauce-like product resulted in about five 

minutes. Drop test·re'sults were identical to those fdr the barbecue cube abovee 

Calculated caioric values were 4.5 per gram or 25 per cube. 



L. Compressed Bacon Adjuncts·. 

1. Formula 

Bacon (Wilson's Prefried) 

Matrix B2 

Water 

2. Procedure 

58%' 

38% 

4% 

Prefry the bacon until quite crisp and then while still hot St>read 

between sheets of absorbent toweling and blot to remove as much fat· as possible. Place 

the matrix in a Hobart N-50 mixer and add the water by spraying on while mixing. Add 

the bacon and mix only until homogeneou$. The best cubes were optained when the depth 

of fill was adjusted to yield cubes we·ighing 5 grams and the dwell set at 401. of ten 

secondse 

3. Results 

The finished cubes had a caloric value of 5.6 per gram or 28 per 

cube. Theycrushed easily between the thumb ~nd forefinger and rehydrated within 20 

minutes in 6 ml of 80°F. water. 

M. Compressed Cream Sauce Adjunct 

1. Formula 

Coffeemate 

Sour Cream. Flavor (I.F.F. V-9418) 

Water 

2. Procedure 

96.91. 

0.1% . 

3.0% 

Thoroughly dry blend the dJ:'y ingredients using a Hobart .N-50 

mixer. Continue mixing while spraying on the wateJ;. The best results were 

obtained when the depth of fill was adjusted to yield.a 4.z· ... 4.6 gram cube and 

the dwell set at 20% of one second .. 

3. Results 

The finished cube broke into three pieces when dropped from 

six feet to a hard flat surface. It also crushed easily between the thumb and 

3/.~. 



forefinger and rehydrated almost instantly in 5 m1 of 80°F. wa,l!.e:!'J;!;~::hCalO:t-ic~ v.a:~lues*:~:are 5. 

per gram or 26 per cube. 

v. Physical Data 

As called for in the Scope of the Contract, tests were conducted to determine 

the amount of fracture, fragmentation and dimensional. . change resulting from normal 

handling at temperatures between 0 and 38°C. In addition to the above determinations, 

the bulk densities .of the compacted items were measured and all items checked for 

stickiness. The determinations were made after the item had been inspected, weighed, 

measured and packaged in the flexible pouch stock (0.5 mil mylar, 0.00035" aluminum 

foil, 3 mil ··polyvinyl chloride), coded and stored four weeks at 38°C. This, we felt,. 

would simulate normal handling. 

The procedures for the det.erminations were the following: 

Fracture: Fracture in this application was defined as a complete cleavage 

which, if separated, would yield two or more pieces each weighing 10% or more of the 

initial weight of the item. Particles weighing less than 10% of the initial item were 

termed fragments. All items were inspected before packaging for fractures. No item 

was packaged for storage if any fracture was present. After storage the same items 

were again inspected as before to determine if handling and storage had produced any 

fractures. 

Fragmentation: The percent of fragmentation was determined by removing the 

!tern from the pouch and then collectively weighing those particles remaining in the 

pouch which individually weighed less than 10% of the total weight of the item. The 

collective weight of the particles was divided by the total weight of the item and 

this ffgure multiplied by 100. 

Dimensional Change: The percent dimensional change was determined by meas­

uring the item with calipers before storage, then again after four weeks storage at 

38°C, dividing the difference by the original dimension and multiplying this by 100. 

The percen·ts which were negative denoted a decrease in size probably due to vacuum 

packaging. 

Stickiness: Stickiness was determined by placing the items on a porcelain 

support above the liquid level in a glass desicc~tor containing a saturated solution 

of sodium chlor~;;; A saturated solution of sodium chlor will maintain a relative 

humidity. of 75% at. 20°C. in an enclosed container. The items were then checked for 

stickiness two hours after the humidity had stabilized at 75% ± two percent as indi­

cated by a dial hygrometer by touching the item and by pressing two identical items 

together to see if any sticking occurred. 

·Bulk Density:. The bulk density of the compr~ssed items was determined by 

dividing the weight of the item by the volume. The volume of the compacted bars was 

measured by use of a National Loaf Volume Meter~ The volume of the compressed ad­

juncts was found by observing the displacement when the adjunct was placed in a 



graduated 100 cc cylinder and 25 cc of fine granulated non-caking NaCl was added. 

VI. Microbiological, Moisture and Organoleptic s·torage Study Results . . .. ' . ' ' ~ . . ' ' 

The .following microbiological determinations were m'ade on all items before 

storage and after eight and thirteen weeks storage, except for Escherichia Coliform 

which was inadvertently not determined on the Turkey, Pork, Chicken, Diced Bee£, or 

Potato and Milk Solids bars and Chocolate, Vanilla, Barbecue and Tomato Sheets· after 

eight weeks storage: standard plate count per gram, Coliform colonies' per gram, Fecai 

Streptococci per gram, Coagulase positive etaphylococcl and Escherichia Coliform 

colonies per gram. 

Procedures used for the determination were those specified in the "Micro­

biological Requirements for Spacefood Prototypes", Addendum No. l.B ,; dated 30 December 

1966,, publisned by the u.s. Army Natick Laboratories, Natick, Massachusetts. 

Moisture determinations were made by breaking up the bar or compacted 

adjunct in an Osterizer, weighing a sample and placing it in a vacuum oven. set at 

70°C. for 16 hours, then reweighing to determine moisture loss. The flexible sheets 

were put through ,a food chopper and then samples weighed and placed in the vacuum 

oven. 

Odor was checked immediately after opening the pot:e h. 

To check hydration of the bars they were crumbled in the hand into pieces 

no larger than 3/8", placed iri a container and the required amount of 80°F. water 

added with stirring. 

Rehy9ration of the compacted adjuncts was accomplished by crushing the 

cube to a powder between the thumb and forefinger and adding to the requiredamount 

of 80°F. water with sttrring. 

The e,;heets were rehydrated by cutting into 1/8" x 1/8':' pieces and adding 

to an excess of 80°F. water with intermittent stirring. Flavor of all the items was 

checked after complete hydration was attained. 
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TABLE I 

PHYSICAL ~TA AFTER 4 WEEKS STORAGE AT 38°C. 

~. Dimens i.onal Stability 

% 'Frag- ** Frac.- % Cpange 
. Bulk " 

Item ...... ~, mentation tures Lengtr Width Density 
'. 

--:-
' . ,• 

0 Diced Beef ·Bar I.e. 3.9 None ·0 + 1:.54 .73 
0 Ground Beef Bar I.A. 0 None + . 77· + 1!54 .84 
0 Pork Bar E •. 0.17 None r + 1.54 .··, + 3 .70 

@Chicken Bar I .. F~ 0.0 None + 2} .. 34 + 1.54 . 73 
0 ·Turkey Bar I.G. .2. 0 None + 1.54 + 3 .76 

.. 

. 16 1.54 
,_, -..·,,-.. , .... 

Rice I. H. 
·' 

None + + 1.17 . .,~(} 
0 Milk Solids Bar I. I. </Oe83 None .+ .]8 .. ,. 0 .95 ... 

o Mashed Potato Bar I.J. 0.34 None + 
-; 

1.54' + 1 •. 54 .67 
0 Vegetable Bar I .. K. 0 None 0 + ·~77 . 69 ,' 
0 Tuna I. 0 None + .77 + 1;~54 .69 
c Barbecue Sheet II.A. 0 None - ... ~ 

o Tomato Sheet II. B. 0 None .. - ... ' 

: 
0 Vanilla'· Sheet III. Co 0 None - - -' " ' 

° Chocolate Sheet III. D. 0 None ... - -
· Hei2ht * Width 

o Brown Cube IV.A. 0 None + 2.27 + Z.27 1.18 
r.hi .rkPn Gravy Cube .IV. Bo ' 

0 None +13 + 2.27 1~1 ,' 
' 

Home Style Gra.vy Cube IV.C; 0 None + 9 ·+ 2 •. 27 • 93 
0 Mayonnaise Cube IV. D. 0 None .., 4.54 - 2,;27 1.09, 
0 White Sauce Cube E. 0 None 0 0 .. 94 

o Cheese Sauce Cube IV.F. 0 None - 2.27 ... 4.54 1.03 

° Cho.co late Sauce Cub IVoGo 0 None 0 0 .16 
@ Butterscotch Cube IV .. H .. 0 None +. 2.27 + 2.27 1.30 
@ Onion Sauce Cube I. 0 ~one 0 

' 
0 1.53 

Barbecue Sauce Cube IV.J.; 0 None + 6.6 + 2.27 'l;, 1 

Sauce Cube IV.K .. 0 None + 4.5 + 2.27 1 .. 1 
@ Bacon Cube IV.L. 0 None + 9 0 1.1 
c Creaming Cube IV.Mo 0 None - 9.0 - 4.54 1.30 

'. 

* Refers to orientation in the die when pressed 

** By Weight 

0 Vacuum Packed 

The cube was t;:he only item to exhibit any stickiness when exposed to a rela-
ti.ve humidity of 75% for 2 hours at 72°F. · 



TABLE II 

-MICROBIOLOGICAL, MOISTURE AND ORGANOLEPTIC STORAGE STUDY DATA FOR COMPRESSED FOOD BARS 

STORAGE AT 100°F. FOR 13 WEEKS 

Weeks In 
Storage 

0 

2 

4 

8 

13 

0 

2 

4 

8 

13 

0 

2 

--- -
~ 

--

Moisture % 

4.92 

·-

4.99 

5.15 

5.14 

5.13. 

4.37 

4.26 

4.27 

4.32 

4.20 

4.65 

4.69 

) 

TPC* Coli forms 

2840 < 10/gm 

1360 40/gm 

900 J1MPN 

1880 < 10/gm 

1230 < 10/gm 

480 <.JMPN 

840 < 10/gm 

* Standard total plate count per gram 

Staph. Strep. Eo Coli. 

Turkey Bar . 

. 

Neg. 70 MPN Neg. 

. ·. . 

. _::_ 

Neg. 62 MPN 
. 

Neg. 24 MPN Neg .. 

Pork Bar 

Neg. > 140 MPN Neg. 

I· 

Neg. 36 MPN -
i 

Neg. < 110 MPN ~ Neg. 

Mashed Potato Bar 

Neg. 0.6 MPN Neg. 

' j 

Organoleptic 

Rehydration: good. Crumbles 
easily. Flavor, odor & appear~ 
ance: good. 
Rehydration, flavor & odor: 

, t;_yQical . 
Rehydration: good. Flavor&' 
odor: tvpical. . 

Rehydration: fair. Odor: typi-
. cal. Some flavor loss . 
. Rehydration: fair. Odor: typi-
cal. Some flavor· lQ~_s_. ____ -~-

Rehydration: good. Crumbles 
easily. Flavor; odor & appear-
ance: good. 
Rehydration: good. Flavor & 
odor:. typical. 
Rehydration: good. Flavor & 
odor: tY}!ical. 
Rehydration: fair. Odor: typi-
cal. Some flavor loss~ 
Rehydration: fair. Odor.: typi• 

--~al ~_Some _fJavor_lo~.§... ---

Rehydration: excellent. Crum-
bles easily. Flavor, odor & 
appearance: good. 
Rehydration: excellent. Odor 
& flavor typical. Some ~hip-
ping on edges. .I, • 

I 

I 



Weeks In 
Storage 

4 

8 

13 

0 

2 

4 

8 

13 

0 

2 

4 

8 

13 

Moisture % 

4.68 

4.57 

4.66 

-

4 .. 37 

4.41 

4.38 

4.35 

4.32 

5.42 

5.12:9 

3 ... 33 
' 

tS .. 41 

;·5,.57 
-

TPC* Coli forms 

4740 < 10/gm 

1020 < 3/MPN 

~ 

2570 10/gm 

820 < 10/gm 

1140 < 3 MPN 

800 < 0.23 MPN 

!· 

124Q>. < 3 MPN 

2500 I< 3 MPN 

TABLE 11 4 - (cont'd) 

Stapho Strep .. Eo Coli. Organoleptic 

I Rehydration: excellent. Odor & 

I 
flavor: typical. Some chipping 
on edges. 

Neg. 2.3 MPN - Rehydration: excellent.· Odor & 
I 

flavor: typical. Some chipping 
·on eclges. -

Neg. 2.3 MPN Neg. Rehydration: very good. Odor & 
flavor: typical. Some chipping 

- -- .. ~~---- --- ~-- , ___ Q!').~edges. _____________ 

Milk Solids Bar 

Neg. < 140 MPN Neg. Rehydration: good. Crumbles 
readily. Flavor, odor & appear~ 
ance: good. 
Rehydration: fair. Flavor & odor: 
ty]:tical. 
Rehydration: poor. Bar too hard 
to break up easily. Flavor & Qdor: 
tvltical. 

<C Neg. 110 MPN - Rehydration: poor. Some fat 
globules present. Bar too hard to 
break up easily. Flavor & odor: 
tvoical • 

Neg. . < 110 MPN Neg. Rehydration: poor.. Many l4mps. 
Bar too hard to break up easily. 
Flavor & odor: tvpical_. ___ 

Ground Beef Bar 

Neg. 24 MPN Neg. Rehydration: good. Crumbles 
easily. Flavor & appearance: 

; ii!:Ood. Odor: strong. ,,·· ; 

· R~hydration: _good. Flavor 6t odor:' 
- typical. 

Rehydration: good. Flavor & odor: 
typical. 

Neg. ~-2~ MPN Neg.~ Rehydratiqn:· good·. Flavor & odor: 
typical. I 

Neg. 24 MPN Neg. · ~:i:~~-~~op: g:o~. Fla:or & odor: j 
_____........ ~-------·--



TABLE .. :li - (cont' d) 

Weeks In 
Moisture.% Coliforms · Staph. Strep~ 

Tuna Bar 

0 4.85 1250 < 0.23 MPN · Neg. 16 MPN ·. 
·,. 

2 5.01 

4 4.90 

8 4.99 1380 < 3 MPN Neg. llO·MPN 

13 5.08 2050 < 3 MPN Neg. 4 3 MPN 

Di C:e:tf :~eef_J.Ba-r 

0 < 10/gm 140 MPN 

2 

4 

8 < 10/gm Neg .. 24-0MPN 

13 < 3 MPN Neg. 7tlb_MPN 

Mixed Vegetable Bar 

0 4.17 640 < Oe23 MPN Neg. 140 MPN 

2 4.44 

4 4.49 

8 4.--36-. - 1160. 3 MPN Neg. 9 3 .MPN 

13 4.68 1700 3 MPN Neg. 7.5 MPN 

' ~~-

E .. Coli. 

Neg. 
I· 

Neg. 

Neg. 

Neg. 

Neg. 

Neg. 

Neg .• - ... 

Neg. 
-

Organoleptic 

Rehydrat.ion: good. Crumbles 
easily. Flavor _&appearance: 

:good .. Odor: strong. 
Rehydration: good. Flavor & 
odor: typical. 
Rehydration: good. Flavor & 
odor: typical. 
Rehydration: go.od. Flavor·& 
odor: tvt:>ica.l. 
Rehydration: go.od. Flavor & 
odor~.· _tyQ_ical. 

·- ----

Rehydration: good. Cry.mbles 
easily. F laver, odor & a_ppear­
ance: good. 
Rehydration: good. Flavor .& 
odor: tvoical. 
Rehydration: good. Flavor & 
odor~ tvoical. 
Rehydration: Flavor & 
odor: tvoical .. 
Rehydration: good. Odor: typi­
cal. Verv little flavor loss. 

Rehydration: good. Crumbles 
easily. Flavor, odor & appear-
ance• s;zood 
Rehydration: good. Flavor & 
odor: tvPical. 
Rehydration:good. Flavor & . 
odor: normal. 
Rehydration: fair. Flavor & 
odor: normal. 
Rehydration: fair. Flavor & 
odor. nor1llal ·' . 

. 

-



Weeks In 
Storage 

0 

2 

4 

8 

11 

0 

2 

4 

8 

13 

, 

Moisture % 

3.75 

3.46 

3.36 

3.68 

3 .. 76 

I 5.66 

I 4.66 

I 4.63 

I 4.67 

' 4.58 

550 < 3 MPN 

150 < 3 MPN 

770 < 3 MPN 

I 640 I < 10/gm 

J I 
J I 
I 400 I < 10/gm 

I 710 l < 3 MPN 

TABLE II (cont' 

Staph¢ E. Colic OrsJ!noleptic 

Rice Bar 

Neg .. < 0.3 MPN Nege Rehydration: very good. Crumbles 
easily. Flavor, odor & appear-
ance: ~ood. 
Rehydration: very good. Flavor & 
odor: normal. 
Rehydration: very good. Flavor & 
odor: normal. 

Neg. < 0.3 MPN Neg. Rehydration: very good. Flavor & 
odor: normal. 

Neg. 21.0 MPN Neg. Rehydration: very good. Flavor & 
.. odor: normal 

I Neg. I > 140 MPN I Neg. I Rehydration: good. Crumbles 
easily. Flavor, odor & appear-

I I I I ance: good. 
Rehydration: good. 

I I I I typical. 
Rehydration: good. Flavor & odor:. 

I I t I typical. 
Neg. 240 MPN - Rehydration: fair. Odor: typical. 

Some flavor loss. 
I Neg. I > 110 MPN I Neg. I Rehydration: good. Odor: typical. 

Some flavor loss. 



:t 
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TABLE III 

MICROBIOLOGICAL, MOISTURE AND ORGANOLEPTIC STORAGE STUDY DATA FOR FOOD ADJUNCT SHEETS 

Weeks In 
Storage 

0 

2 

4 

8 
13 

o· 

2 

4 

8 
13 

Moisture.% TPC* 

15.24 120 

15.59 

15.25 

15.09 160 
15.89 :260 

-- -

12.06 so 

12.41 

12.07 

11.83 200 
12.60 380 

STORAGE AT 100°F. FOR 13 WEEKS 

Coli forms Staph .. Strep. 

Chocol~te Sauce Sheets 

< 10/gm Pos. < .23 MPN 

< 10/gm Ne_g_. 2.3 MPN 
< 3/~N Neg. < 3 MPN 

L__ - --- -- - - -------- ~ ---

Vanilla Sauce Sheets 

< 10/gm Neg. . 26 MPN 

< 10/gm Neg. 62 MPN 
< 3 MPN Neg. < 3 MPN 

* Standard total plate count per gram 

E. Coli. Organoleptic 

Neg. Rehydration: fair. Flavor, odor 
& ap~earance: good. 
Rehydration: poor. Sticking 
together. Flavor & odor: 
normal. Flexible. 
Rehydration: poor. Sticking 
to.gether. Flavor & odor~ 
normal. Flexible. 

~ Same as 4 weeks. 
Neg. Rehydration: poor. Sticking 

together. Bloom. Flavor & 
odo.r: normal. ---- --

Neg. Rehydration:_ fair. Flavor, odor . 

& appearance: good. 
Rehydration~ poor. Sticking 
together. Oily surface. Flavor 
& odor~ normal. Flexible·. 

' 

Rehydration: poor. Sticking I 

I 

together. Flexible. Oily surface. I 

Odor& flavor: normal. 
- Same as 4 weeks. 

Neg. Rehydration: poor. Sticking 
together. Surface oily & matted. 
Flavor & odor: normal. 

----------~-



Weeks In 
Storage 

0 

2 

4 
8 

13 

0 
~!1''.> 
1::;.'? 2 

4 
8 

13 

Moisture % 

14.83 

16.13 

15.34 
15.62 

15.39 

12.48 

12. 7.1 

13.71 
12 .. 88 

14.23 

TPC* Coliforms 

1000 10/gm 

910 < 10/gm 

1170 < 3 MPN 

750 <. 10/gm 

10 <' 10/gm 

780 < 3 MPN 

TABLE III = (cont 1 d) 

staph. Strep. E. Coli. Organoleptic 

Tomato Sauce Sheets 

Neg. < . 23 MPN Neg. Rehydration: fair. Flayor, odor 
& appearance: good. 
Rehydration.: poor. Stuck· togeth"" 
er. Flavor & odor: normal. 
Same as 2 weeks., 

Neg. 2.3 MPN - Rehydration.: poor. Stuck togeth-
er. _Flavor & odor: normal. Some-~ 
what darker appearance. . .. 

Neg. < 3 MPN Neg. Rehydration: ve:ry poor. Burneq I 

odor. Very dark color. Not 
I tasted. --

Barbecue Sauce Sheets 
.·· 

Neg. 24 MPN Neg. Rehydration: good. Flavor, odor 
. & appearance: good~ 

Rehydration: fair. Stuck togeth-
. er. Flavor & odor: normal . 

Same as 2 weeks. 
Neg. " 2.'3 MPN. - Rehy~ration: fair. Stuck toge·th,;. 

er •. Flavor & odor: normal.· ~ 

Neg. < 3 MPN Neg. Rehydration: poor. Stuck· togeth.-
er. Flavor & odor: no_IJ!!_al ... -· __ 



TABLE IV 

MICROBIOLOGICAL, MOISTURE AND ORGANOLEPTIC STORAGE STUDY DATA FOR COMPRESSED FOOD ADJUNCT CUBES 

STORAGE AT F ~ FOR 13 WEEKS < 

Weeks In 
Storage 

0 

2 

4 

8 

13 

0 

2 

4 

8 

13 

Moisture % 

4.10 

3.75 

4.12 

4.20 

3.96 

4.60 

4.46 

4.42 

4.49 

4.24 

TPC* Coliforms 

700 < 3 MPN 

310 < 3 MPN 

690 < 3 MPN 

3000 3.6 MPN 

;3:i 3000 < 3 MPN 

> 3000 < 3 MPN 
<10, 000 

-----

* Standard total plate count per gram 

Staph. Strep. E. Coli. 

Brown Gravy Cubes 

Neg. < 3 MPN Neg. 

Neg. < 0.3 MPN Neg. 

Neg. < 0.3 MPN Neg. 

Onion Sauce Cubes 

Neg. ·:'> 110 MPN Neg. 

_:c_ 

Neg. < 0.3 MPN Neg. 

Neg. 0.3 MPN Neg. 
' ... -

Organoleptic 

Rehydration: excellent. Crushes i 

easily. Flavor, odor & appear~ 
ance: good. _: 

Rehydration: excellent~ Flavor & i 

odor: normaL. 
Rehydration: excellent. Flavor & 
odor: normal. 
Rehydration: excellent. Flavor & • 
odor: normal. 
Rehydration: excellent. Flavor, 
odor & appearance: nopmal. 

Rehyd~ation: good. Crushes 
easily. Flavor, odor & appearance 
good. 
Rehydration: good. Hard to crush. 
.Flavor & odor: normal. 
.Rehydration: fair. Very hard to 
crush. Somewhat darker. Flavor.; 
& odor: normal. 
Rehydration: fair. Very hard to 
crush. Col-or darker. Flavor & 
odor: normal. 
Rehydration: fair. Very hard. 

__ Fll;lvor & odor: normal. Darkening. 
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TABLE IV - (cont'd) 

Weeks In 
Moisture % TPC* Coliforms Staph. , E. Coli.. Orga-noleptic 

Chocolate Cubes 

0 4.95 1150 < 3 MPN Neg. < 3 MPN Neg .. Rehydration: good. Cr-ushes 
easily. Flavor, odor & 
appearance: good. 

2 3.98 Rehyc1ration: good. Crushes 
easily. Flavor, odor & 
appearance: normal. 

4 5.19 Rehydration: good. Very diffi-
cult to crush. Flavor, odor & 
aQpearance: normal. 

8 5.14 1000 < 3 MPN Neg. < 0.3 MPN Neg. Rehydra·1:ion: good. Hard to 
crush. Flavor, odor & appear-
ance: normal. 

13 5.09 925 < 3 MPN Neg. < 0.3 MPN Neg. Rehydration: good. Hard to 
crush. Flavor, odor & e3:ppear-
ance: normal. 

Butterscotch Cubes 

0 1.99 '100 < 3 MPN Neg. < 3 MPN Neg. Rehydration: good. Crushes 
easily. Flavor, o·dor & 
a~earance: good. 

2 2.24 Rehydration: good. Slightly 
hard to crush. Flavor, odor & 
appearance: normal. 

4 2.24 Rehydration: good. Imp'ossfble 
to crush with fingers. Flavor, 
odor & ap'pearance: normal. 

8 2.28 45 < 3 MPN Neg. < 0.3 MPN Neg. Rehydration: good. Very hard 
·' 

to crush. Flavor, odor & 
' appearance: normal. 

13 2.20 15 < 3 MPN Neg. < 0.3 MPN Neg. Rehydration: good. Impossible 
to crush with fingers. Flavor, 
odor & appearance; Normal. 



·.~ 
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Weeks In 
Storage 

0 

2 

4 

8 

' 

13 

0 

2 

4 

8 

13 

Moisture % TPC* 

4. 83 142.0 

4.92 

4.93 

4.88 45 

4.99 220 

4.59 2690 

4.68 

4.68 

4.64 20 

4.71 50 

TABLE IV ... (cont 9 d) 

Coli forms Stapho Strepo 

Cheese Cubes 

9 .. 1 MPN Neg. 4.3 MPN 

< 3 MPN Neg. 2.3 MPN 

< 3 MPN Neg. 2.3 MPN 

Creaming Adjunct Cubes 

< 3 MPN Neg. 9.3 MPN 

< 3 MPN Neg. < 0.3 MPN 

< 3 MPN Neg. < 0.3 MPN 

Eo Colio Organoleptic 

Neg. Rehydration: good. Crushes 
easily~ Flavor," odor & appear~ 
ance: good. 
Rehydration: fair •. Hard to 
crush. Flavor, odor & appear-
ance: normal. 
Rehydration: good. Very diffi-
cult~ to ·~rush with fingers. 
Flavor:~ odor & appearance: 
normal. 

Neg. Rehydration:. good. Very· diffi= 
cult to crush with fingers. 
Flavor, odor & appearance: 
normal. 

Neg. Rehydration~ good. Hard to.· 
· crush with fingers. Flavor, I 

odor & aQ_I>'earance: normal. J 

Neg. Rehydration: good. Crushes 
easily. Flavor, odor &'.appear-
ance: ··. good. 
Hard to crush. Rehydration: 
fair. FLavor, odor & appearance: 
normal. 
Rehydration: good. Impossible 
to crush by hand. Flavor, odor 
& appearance: normal. 

Neg. Rehydration: fair. Impossible 
to crush by hand. Flavor, odor I 

I 

& appearance: normal. i 

Neg. Rehydration: fair. Very hard & 
brittle. Flavor & odor: normal. 
Darker color. 

t. 



~ ..... 

0 

2 

4 

8 

13 

0 

2 

4 

. 

8 

13 

Moisture% 

4.,18 

.. 

4. 27• 

4.,26 

4.,14 

4,.21 

2 .. 02 

2.74 

2 .. 70 

2.72 

~ 

2.,88 

TPC* 

780 < 3 MPN 

60 9.1 ·MPN 

240 < 3 MPN 

> 3000 < 3 MPN 
<10~000 

r r ~ ,., 

'- * 3000 23 MPN 
< 10,000 

~ 3000 < 3.0 MPN 
< 10,000 

TABLE IV= 'd) 

Strepo E., Coli., Organoleptic 

Mayonnaise Cubes 

Neg" < 3 MPN Neg. Rehydration: .good., Crushes 
easily. Flavor, odor.& appe_ar-
ance: goodo 
Rehydration: poor. Hard to 
crush .. Flavor, odor & appear-
ance: nonnalo 
Rehydration! good. Impossible 
to crush with fingers. Flavor, .. 
odor & a.ppearance·: normal~ 

Neg., 2.3 MPN Neg. Rehydrat_ion: good~ Impossible 
I 

to crush· wfth fingers" Flavor, 
- odor & appearan:ce: normal .. 

Neg., < 0.,3 MPN .· Neg., Rehydration,: good. Impossible 
to crush with fingers .. Flavor, · 

--
_ ...._ odor:~ normal., Co lor: darker. 

White Sauce Cubes 
c 

Neg .. < 3 MPN Nego Rehydration: good., Crushes 
easily. Flavor, ·odor & appear= 
ance: good. 

,. .,. 

Rehydration: fair • .Hard to 
crush. ~Flavor, odor & appear-
a:nce: normal. - . 
Rehydration:_ good. Hard to ,_- - .. '· 

crush. Flavor, odor & appear-
ance: normal., 

Neg., .,91 MPN Neg. Rehydra-tiorr: good .. Impossible 
to crush with fingers .. Flavor, 
odor & a~earance: normal. 

Neg. 0 .. 73 MPN Neg. Rehydration: good. Impossible 
to crush with fingers. Flavor, 
odor & appearance : . normal o 



TABLE IV ~(cont'd) 

Weeks In 
Moisture %0 TPC* Coliforms Staph. Strep. E. Coli., Organoleptic 

Chicken Gravy Cubes 

0 2 .. 39 240 < 3 MPN Neg. < 0.,3 MPN Neg. Rehydration: good. Crushes 
easily. E:lavor, odor & appear-
ance: good. 

2 2.54 Rehydration: good. Crushes 
easily. Flavor, odor & appear-
ance: normal. 

4 2.41 Rehydration: good. Crushes 
easily. Flavor, odor & appear-
ance: normal. 

8 2.-64 520 < 3 MPN Neg. < 0 .. 3 MPN Neg. Rehydration: good. Crushes 
easily. Flavor, odor & appear-
ance: normal. 

11* 2.73 280 < 3 MPN Neg. . 91 MPN Neg. Rehydration: good. Crushes 
readi}y. Flavor, odor & appear• 
ance: norma 1. 

Home Style Gravy Cubes 

0 2.53 180 < 3 MPN Neg. < 0.3 MPN Neg. Rehydration: good. Crushes 
easily. Flavor, odor & appear..;. 
ance: good. 

2 2.61 Rehydration: good. Crushes 
easily. Flavor, odor & appear-
ance: normal. 

4 2.82 Rehydration: good. Crushes 
e.asily ... Flavor, odor & appear-
ance: normal. 

8 2.75 1280 < 3 MPN Neg. < 0.3 MPN Neg. Rehydration: good. Crushes 
easily. Flavor, odor & appear-

·- ance: normal.,. -. 

11* 2.76 190 < 3 MPN Neg. < 0 .. 3 MPN Neg .. Rehydration: good. Flavor, I 
I 

odor & appearance: normal. I 
--

* See page 55 



Weeks In 
Storage 

0 

2 

4 

8 

11* 

0 

2 

4 

8 

11* 

\" 

Moisture % 

5 .. 32 

4.64 

5.02 

4.65 

4. 75 

1..73 

1.97 

2.18 

1 .. 98 

1..79 

* See page 55 

TPC* Coliforms 

250 < 3 MPN 

300 < 3 MPN 

400 < 3 MPN 

25 < 3 MPN 

20 < 3 MPN 

109 < 3 MPN 

" 
TABLE IV - (cont 'd) 

':~~~aph. Strep .. Organoleptic 

Bacon· Cubes 

Neg. .91 MPN Neg. Rehydration: very good~ 
Crushes easily .. Flavor, odor 
& appearance: ~ood. 

Rehydration: very good~ Easy 
to crush.· Flavor, odor & 
appearance: normal. 
Rehydration: good. Slightly 
hard to crush. Flavor, odor & 
appearance: normal. 

Neg. < 0 .. 3 MPN Neg .. Rehydrlf;ion: goodo Slightly 
hard to crush. Flavor & odor: 
normal. Some darkening. 

Neg. < 0 .. 3 MPN Neg. Rehydration: ··~· Somewhat 
hard to crush .. Flavor & odor: 
normal. Some darkening. 

Tomato Cubes 

Neg. < 0.3 MPN Neg. Rehydration: good. Crushes 
easily. Flavor, odor & appear-
ance: good. 
Rehydration: good. Easy to 
crush. Flavor, odor & appear-
ance: normal. 
Rehydration: good •. Fairly easy 

· to· crush. Flavor, odor & 
appearance: normal. 

Neg. < 0 .. 3 MPN Neg. Rehydration: fair. Some lumps. 
Slightly hard to crush. 
Flavor & odor: normal. Some 
darkening. 

Neg. < 0.3 MPN - Rehydration: .fair. Some lumps. 
Somewhat hard to crush. Flavor 
& odor: normal. Somewhat 
darker. 



Weeks In 
Storage 

0 

2 

4 ' 

8· 

11 * 

Moisture % 

2.60 

2.72 

; 

2.92 

2.76 

2.57 

* See page 55 

TPC* Coliforms 

810 < 3 MPN 

1580 < 3 MPN 

10 < 3 MPN 

TABLE - (cont'd) 

Staph. Strep. . E. Coli. Organoleptic 

Barbecue Cubes 

Neg. < 0.3 MPN Neg. Rehydration: very good. Crushes 

I 
easily. Flavor, odor & appear.-
ance: good. 
Rehydration: very good. Crushes 
readily. Flavor, odor & appear-
ance: norma 1. 

. 

Rehydration: very good. Crushes 
readily. Flavor, odor & appear-
ance· normal 

Neg. < 0.3 MPN Neg. Rehydra~ion·: good. Somewhat 
firm. Slightly difficult to 

·' crush. Flavor & odor: normal. 
Some darkening: 

Neg. < 0.3 MPN Neg. Rehydration: good. Somewhat 
hard. Difficult to crush. Flavor 
& odor: normal. Colo.I .::- darker. 

.. 
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TABLE V 

HEDONIC RATING OF THE 45 MEAL ·'ITEMS BEFORE & AF'tER THIR'tEEN WEEKS STORAGE AT 

,tQ0°F. USING A NINE POINT 5 NEUTRAL HEDONIC SCALE 

5 Neutral Hedonic.Scale 

9 ~ike extremely 
8 Like very much 
7 Like moderately 
6 t~ike slightly 

Meal Item 

Beef, Rice & Gravy 

Beef & Gravy 

Beef Stew 

Beef, Potatoes & Gravy 

Beef & Vegetables 

Creamed Beef 

Barbecued Beef 

Chicken, Rice & Gravy 

Chicken & Gravy 

Chicken Stew 

Chicken, Potatoes & Gravy 

Chicken & Vegetables 

Chicken Salad 

Barbecued Chicken 

Turkey, Rice & Gravy 

Turkey & Gravy 

Turkey Stew 

Turkey, Potatoes & Gravy 

.Turkey & Veg,etables 

Tuna & Rice 

5 Neither like nor dislike 
4 Dislike slightly 
3 Dislike moderately 
2 Dislike verymuch 
1 Dislike extremely 

Rating: 

51 

.* Before 

7 

7.5 

7 

1 ~-5 

6 

5 

7.1 

6 

6.5 

6.2 

6.6 

6.2 

5.1 

6.0 

6.5 

7.1 

7 .o 

7.5 

6.2 

5.0 

*At'ter 

6.0 

6.1 

5.4. 

5.8 

5.7 

S.2 

6.5 

5. (j' 

5. 6' 

5.5 

3.9 

6.3 

4.5 

5.7 

4.3 

6.9 

5.3 

6.5 

5.7 

4.0 

I 

l 



Meal Item R~tlttg.: "· * Before *After 

'Xuna & Potatoes 6.0 5.4 

Tuna Salad 5.0 3.9 

Tuna & Vegetables 5.2 5.4 • 
Creamed Tuna 6~0 5.5 

Pork, Rice & Gravy 7.2 6.5 

* Pork Stew 7.0 3.5 

-i Pork, Potatoes & Gravy 8.0 5.0 

Pork & Gravy 8.0 6.3 

Pork & Vegetables 7.1 6.8 

Barbecued Pork 7.0 6.5 

Beef in Tomato Sauce 6.0 ' 5. 8 

Pork in Cheese Sauce 5.9 5.0 

Pork in Tomato Sauce 6.0 6 .2· 

Tuna in Tomato Sauce 5.0 3.7 

Tuna in Cheese Sauce 6.0 6.1 

Bee~ in Cheese. Sauce 6.1 4~8 

Vegetables with Bacon in Cheese Sauce 5.2 5.3 

Chocolate Pudding 7.5 5.7 

Turkey Salad 6.0 5.8 

Barbecued Turkey 7.0 5.6 

Butterscotch Drink 6.1 5.6 

Cream of Tomato Soup 6.0 4.7 

Chocolate Drink 7.0 6.8 

Butterscotch P1.:1dding 6.5 5.8 

Cream of Potato Soup 7 7.1 

.,'<'Before storage the items were rated by an expert panel. After storage the items· 
were rated b:¥ a. random sample· panel. 

52 



TABLE VI 

HEDONIC ·RATING OF THE 45 MEAL ITEMS AFTER THIRTEEN WEEKS 

STORAGE AT ~00°F. USING A NINE PO;tNT 3 NEUTRAL SCALE 

. Nine .,Point Hedonic Scale 

',· 

9 Like extremely 
8 Like strongly 
7 Like very well 
6 Like fairly well 
5 Like moderately 

Meal Item Rating 

Beef, Rice & Gravy 4.0 

Beef & Gravy 4.0 

Beef Stew 5.0 

Beef, Potatoes & Gravy 5.0 

Beef & Vegetables 4.3 

Creamed Beef 3.7 

Barbecued Beef 5.3 

Chicken, Rice & Gravy 

Chicken & Gravy 3.3 

Chicken Stew 3.0 

Chicken, Potatoes & Gravy 1.7 

Chicken & Vegetables 3.7 

Chicken Salad 3.3 

Barbecued Chicken 3.7 

Turkey, Rice & Gravy 3.0 

Turkey & gravy 6.3 

Turkey Stew 4.7 

Turkey, Potatoes & Gravy 5.0 

Turkey & Vegetables 4.7 

Turkey Salad 3.7 
53 

4 Like mildly 
3 ·Neutral c, ·:. :.,-· o. 

2 Dislike moderately 
1 Dislike intenseiy 

Meal Item 

Tuna eSc Rice 

Tuna & Potato 

Tuna Salad 

Tuna & Vegetables 

Creamed Tuna 

Pork, Rice & Gravy 

Pork Stew 

Pork, Potatoes & Gravy 

Pork & Gravy 

Pork & Vegetables 

Barbecued Pork 

Beef In Tomato Sauce 

Pork In Cheese Sauce 

Pork In Tomato Sauce 

Tuna In Tomato Sauce 

Tuna :tn Cheese Sauce 
;!: 

Beef In Cheese Sauce 

Vegetables with Bacon 
In Cheese 

Chocolate Pudding 

Chocolate Drink 

'' :; 

Rating 

1.3 

4.0 

3.0 

2.7 

4.0 

4.0 

2.0 

2.7 

4.3 

5.3 

4.3 

5.0 

3.3 

4.7 

3.0 

4.3 

4.7 

3.3 

4.0 

5.3 



Meal Item 

Barbecued Turkey 

Butterscotch Drink 

Cream of. Tomato Soup 

Ratill.g 

2.7 

3.0 

4·.o 

54 

. Meal, item 

· ·autt~rs.cotch Pudding 

Cream of Potato Soup 

Rating. 

3.7 

7.0 



VII. Interpretati~n of StoraSe: Sti!dy;;Results r~ 

A~ Microbiolosioal 

No significant growth. pat·t:erns were';;observed~· This i-s an .agreemeut with · 

our past eXperiences with these materials in \Jhieh·..tei·-~out1d'".that'if:'i'the- 1Jl0isture level 

is 'held at Sit or below, little 'or· no· growth· oeeurs' and ·in some ·cases a decrease in: 

viable organisms is ob~eried.~ 

It should be noted .that although the method fer determinil'lg eelifont 

colonies was changed from a plate 'to a tube method. after evaluating. the eight week 

samples of the turkey, pork, chicken, diced beef,··; mashed poeatoes, an'd milk selids 

bars, chocolate, vanilla, barbecue and tomato sheets', the :~esults correspond in that 

the counts w•re the lowest pessible for· the'· metbod used. Al·l of' the remaining:·produets 

were cheeked for ·coliform colonies: u•ing the tu:be ·m.ethol threugb:out. the storage· stuciy• 

The final evaluation of· baeett cubes, tomato cubes,· ehieken gravy.·: cube&, 

home style gravy cubes, barbecue eU,bes ud riee bar'· was clone after ·ll weeks instead 

B. Physical 

Bxeessive d~mensional changes were-ob$erved ill thre •. of the bar items 

(dieea<·baef:~. ·turkey and pork). The· m&Ximum change was +31 in width. ·All. changes 

were increases:• ;It should be stressed that' the turkey ancl peri :har ·both. g:ained"l/16: 

inch in length and Width but beca\1se the Ol;'iginal widthwas only ORe•half'.the 

original length, an identical change in leng'th and Width resulted ·in a pereent:age 

change twice as great for the width as fer ·the lensth. 

Eleven of the cubes showed dimensional change" iD.exeess of 21 of the 

roriginal dimension. Some increased! in size whilfi·others :decreased. The vacuum 

packaging tn the· flexible 'pouches·was prf!)bably the c·ause· of the size decreases 

noted. in some items. 

· No problems were enco~ntered in p:ackin:g the items inte the 7000 ec 

volume beea.use cf the dimensional changes noted and in fact a mit\illtlm of -33meal 

items (66 bars) complete witheubes (llG may be packed in a box :~z x 8.5 x·4 inches. 

ss 



Excessive fragmentation was observed"in ;the ,diced be.ef ,~only.: .This waEr 
- " •- .. · ., ' / -;•' . •.• 1" ·~ ' "" _,,~·,, 'f'-', •- ·_,,'; • t<"."' • 6 ,, ,.,. . ·t--' 

caused by overmixing of the ingredients resulting in shreddi~$. o;~ .t,he beef and dis­

tribution· of excess beef fat wh:Lch .hindered cobesiQO:• .· . 

A number of the adjunct cubes b,cameve.ry .hard and ther,fore difficult 

.to bre.ak up before rehydr-ation was· atte1111pted .. ·.,This problem is discussed in the sec• ~-· 

t:Lon "Effects of Vacuum Packaging versus· Attpoapheric Packas~ng,:in Flexible Pouches on~; 

Food Adjunct Cupea. · 

c. · •··· Organoleptic· . 

On ,-the whole mos,t items were in good cond.i tion. ~fte.r· the 13 we~k stor.a,ge 

period. S.ome items darkened;. others had s.ome .noticeable :flavor loss (all. items prob-

ably· lost or changed flavor to some extent) and ·others became·: very hard, All o! the.:. 

above·undesirable characteristics·oould· eitherbe eliminated or lessened so as not to 

be o·bjectionable by. formu-lation ).change$;.:, -As sta.ted before, the ha:t:dening. of many of 

the cubes~was: du.e ·to· thEdr·· t>eing .packed.!in :the .flexil.ble pouches under a vacuum. 

Of the 45 meaL items :which were evaluated by a>panel 'after 13 weeks 

stol;"age only 7 items or 15.6% received a rating lower than 3 (neither lilt~ nor dis­

like) .A)n a 9 point hedonic scale .... the lowest value· was l. 3, the highest 7. · Using 

the 5neu.t.ral'9-point .. hedoni·c scale, •. eight items. or: .. l7~8%~receiyed a rating·lowel;" 

thah, 5.' ThEL lowest tvalue wa:s, 3 • .$> the highest 7 .1!' The J;at~11-gs are good. ~~nsider-

ing the storage con.ditions and in: addition, f~e items. h~.d not be~n optimized for 

flavo.r;but rat};le.r fo:anulated to 1ll~et .the) calori.c, vollJ.Ale and pJJ.ysical requi:reme~ts 

of the contract. 

VIII. Effect of-Vacuum Packaging as Opposed to Atmospheric :Packaging inFlexible 
Pouehf!S on .Food.·Ad3unct.Cubes.· 

. We found that· some of ~the food. adjunct cubes becal!le very h~rd" or: impps~ibl~ . 

to crush between the thumb and forefinger after two weeks storage ~at 100°]1 •. when 

packed in flexible laminated, foil pouches under a vacuum .. ·The cu})es~must .be crushed 

to fac-ilitate rehydration·. , , , 

We decided to find .o~t ~£ su])s:titu,_~_itig .~ :p:r:e$~~at:fnized tJi~:t~b ,:t'()r the: 

matrix would alleviate the problem. The following cubes.were manufactured with the 

56 



starch completely replacing :the' inatrbd choc'olat'e; onion, mayonnaise, *cheese and 

white sauce. Half of each type was packaged under vacuum in the flexible pouches, 

the other hal.£ in. air. in the s.ame, ~y'l?e of pouches. In addition,. the .fpllowing cubes 

made from the B2 formulations were packaged in the .pouche's wir:tw·ho vacuum: chocolate, 

onion, white sauce' and butterscotch to determine if use' of the vacuum was ·primarily~ 

responsible for the hardening obse"ed in those in the~ s·torage 'stu'dy. 

All of ·the samples were·placed in a temperature controlled oven set at 

100°F. and observed after 2 weeks, 4 weeks, etc. 

The following results were obtained. 

TABLE VII:.t 

CRUSHABILITY 

2 wks 4 wks 8 wks 
.'} 

Item Air Vac Air· Vac Air · Vac 
., 

Sta:r::.¢h Formulations 

Chocolate good ! good good good good good 
Onion good good good hard ge,Qd·'· hard 
Mavonnaise good good good good ·good good 
White sauce good difficult good good good good 
Cheese good good very easy very easy good· 

B2 Formulation 

Chocolate good good good. 
Onion hard fair fair 
White sauce very hard very hard very hard 
Butterscotch good fair good 

By comparing the above results and those of the storage ,study._, it can be. 

seen that both formulation and,.packaging were factors in causing the e:x;cessive 

hardness of some cubes. Formula1;:ions will have to be adjusted to yield cubes which 

will remain crushable to facilitate rehydration. 

DL Nutritional Values of Ingr.edients 

The nutritional values used to calculate the caloric content of the bars 

and fo~.d adjuncts are given in Table VIII. 

*Starch replaced 60% of Cheese Tang. 
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TABLE VIII 

NUTRITIO~L VALUES OF INGREDIENTS USED. 

Ingredient 

*Beef, diced 3/8", Wilson & Co. 

·*Beef, ground 3/16", ·wilson & Co. 

*Chicken, diced 3/6", Wilson & Co. 

*Turkey, diced 3/8", Wilson &Co. 

*Pork, diced 3/8", Wilson & Co. 

*Tuna, pes. 

0 Matrix A3 

*Rice F.D., Calif. Veg. Concentrates 

.,"Corn F. D., Calif. Veg. Concentrates 

*Peas F. D~, Calif'. Veg. Concentrates 

o Brown Gl:"avy Mix, Pillsbury 

0 Home Style Gravy, Pillsbury 

°Chicken Gravy Mix, Pillsbury 

*Sugar 

*Corn Syrup Solids 

0 Sour Cream Mashed Potato Mix, Pillsbury 

*Milk Solids, Red Owl 

*Dry.Mustard, Durkee 

')'"Dried Egg Yolk 

*Cocoa 

*Onion Pes. & Powder 

*Starch 

*Cheese Tang, Kraft (both) 

*Bacon Bits, Wilson 

*Tomato Powder 

*Smoked Yeast 

Calculated 
K cal/gm 

4.6 

5.3 

4.9 

5.1 

5.8 

4.1 

6.3 

4.9 

3.95 

3.5 

3.8 

2.8 

2.8 

3.38 

3.85 

3.4 

5.0 

3.6 

4.1 

6.6 

2,95 

3.5 

3.7 

5.8 

6.1 

3.5 

3.1 

%· Pl:'otein 

85. 

. 7~ ~ 

. 81.1 

76 

61. 

96.5 

% Fat 

14.5 
\:;.' 

29.2 

18 .. 4 

23.5 

38. 

2.8 



.i"_ . .- ' ,, 

Ingredient·· 

*Durkex 500 Oil, The Durkee .co. 

ZGelatin (Knox) 

csodium Caseinate (Land-O-Lakes) 

zcoffeemate (Tpe Carnation Co.) 

Calculated 
K cal./gm 

8.8 

4.0 

4.2 

5.9 

.% Protein % Fat 

*Calculated from data contained in "Composition of Foods'~, Agriculture Hagdbook No.8, 
United States Department of Agriculture, Rev. 1963. 

CLand 0 1 Lakes Technical Bulletin No. 101. 

0 Values obtained from the manufacturer. 

zLabel value. 

59 



X. Label Declarations of Commercially Available Proprietary Ingredients 

The label declaration of commercially available proprietary ingredients is 

given in Table IX. 

TABLE IX 

LABEL DEeiARATION OF COMMERCIALL~ AVAILABLE ~ROPRIETARY INGREDIENTS 

1. Mashed Potato Mix, Sour Cream with Bleu Cheese 
The. Pillsbury·. Company 

Potato flakes, sour cream solids, dehydrated Bleu·cheese, 
vegetable greens, sodium phosphates, monpglycerides, cit]:"ic 
acid, and artificial flavor. Potato flakes.and sour cream 
solids preserved with sodium sulfites, BHA, BHT and propyl' 
gallate. 

2. Home Style Gravy Mix 
The Pillsbury Company 

Modified food starch, hydrolyzed plant proteins, bleached 
flour, corn syrup solids, salt, monosodium glutamate) dried 
onions, vegetable shortening wi~h mono- and diglycerides, 
flavoring, spices, and caramel coloring. 

· 3. Chicken Gravy Mix 
The Pillsbury Company 

Modified food starch, dehydrat~cl ch~cken chunks·wit;h BHAper­
servative, hydrolyzed plant prq~'it\, bleached flour, corn 
syrup solids, salt, monosadiu~ alutAlllate, vegetable shortening 
with mono- and diglycerides, art\fic;al coloring and flavoring. 

4. Brown Gravy Mix 
The Pillsbury Company 

Modified food starch, hydrolyzed pl~nt proteins, bleached flour, 
salt, corn syrup solids, dried onions, monosodium glutamate, 
vegetable shortening with mono- •nd diglycerides, citric acid, 
flavoring, spices and caramel CQ~Qr~rs· 

5. Coffee-mate 
The Carnation Co. 

Corn syrup solids, vegetable fat. soqium caseinate, dipotassium 
phosphate; emulsifier, sodium silico•aluminate, artificial flavor 
and artificial colors. 

Use of the above materials does not constitute ap official endorsement or approval. 
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XI. Comments 

The four packed .. units, sent to the U.S. Army Natick Laboratories for their 

evaluation contained 66 bars (enough for 33 meal items) a~~ llp cub~s in a volume 

12" x 8.5" x 4". This. mo;re than fulfilled the ;requirements Of the contract as it 

called for 30 meal items in a 7000 ~c volvme. A container with tl.l,e ~hove interior 

dimensions contains approximately 6,700 cc. 

In packing the units for evaluation, it was necessary to use a packaging 

material on the different varieties of bars and cubes to prevent odor, flavor and 

fat transfer. Also the milk solids bar and rice bar were 19/32" and 25/32" thick 

respecti~ely. These two factors prevented us from packing the units as full as 

desired. 

If all bars selected were 1/2 inch or less in thickness and no packaging 

material were used, a maximum of 86 bars (43 meal items) and 152 cubes could be 

packed in one unit with dimensions of 12" x 8.5" x 4". Approximately 3.2 cubes 

should be allowed per meal item, consistent with space available, to permit some 

variation from the given menu in adjuncts used per meal item. 

XII. Areas of Future Work 

Future work on this system should include flavor, optimization, improving 

rehydration after extended ·storage, prevention of hardening of the components and 

evaluation of a low volume non-toxic, vapor barrier, easily removable packaging 

material. 

XII~ o , Summary 

The results of the study indicate that the concep~ of a compacted stable 

feeding system with ratio of 2. 57, calories per cc is defini~ely possible and that 

a ratio as high as 3.5 calories is feasible. 

The components are physically and microbiologically stable and organolep-

tically acceptable for a period of at least 13 weeks when stored at 100°F. in foil 

pouches, some of which were under a vacuum. From a system comprised of 10 bars 
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and 12 adjuncts, 45 diff~rent :meal ite~s may be prepared, each meal item yielding 

approximately 600 calories. 

The system should be optimized by improving flavor, rehydration charac­

terisfics and developmerit of a suitable packaging ~aterial or coating to separate 

the various components. 
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