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FOREWORD

Physical requirements for specizl food packets designed for
combat soldiers who must carry thei:¢ entire supply of food during
extended periods impose severe restrlctions on both weight and
volume of the food componenta. Additional requirements stress the
need for a variety of relatively high caloric products which
remain stable over prolonged periods and recain sufficient
acceptability when eaten without preparation to assure complete
consumption. In general, a number of coocked food items dehydratced
by freeze-drying or other suitable procedurer fulfill all of the
above requirements except that relating to volume. On the basis
of a growing body of experimental evidence, it appears feasible
to increase the density of dried foods by compression into
rectangular blocks which have the added advantage of favoring
protective packaging and efficient packing. In order to avoid
undue fragmentation through compression of dry, brittle food,
it has been found practical to increase the moisture content to

-~ 20 percent prior to compression. This plasticizing treatment
?;"EEHET!TTY'ETfective in minimizing fragmentation and, in a
number of cases, even provides for restoration during hydration of
the component parts of the compressed mass to their initial size
and shape. On the other hand, experience hos taught that foods,
in the cited moisture range are quite susceptible to deterioration
during storage.

This investigation was undevtaken to identify one or more
efficient drying procedures to restore compressed bars of high
moisture content to a moisture level compatible with the required
storage life. The scope of this contract reflects the assumption
that compressed bars of all compositions can be dried with commercial
a2ir drying equipment without significant deterioration of physical,
chemical or organoleptic properties.

Most of the numerical data accompanying this report are
based on the statistical analysis or summary of a substantial number
of primary observaticns which are recorded in a separate volume as
121 tables, 132 graphs, and 54 photographs revealing the appearance
of the dried bars. 7This second volume is not scheduled for reproduction.

This investigation was performed in the Central Engineering
Laborateries of the FMC Corporation in Santa Clara, California
through funds allocated to the project titled: Combat Feeding Systems.
Mr. L. 7. Ginnette served as Official Imvestigator. He was assisted
by R. W. Farrier, S. W. Sierra, J. S. Lennon, J. Davis and M. H. Nosvati.
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LABSTRACT

Compressed food bars representing protein, carbohydrate and
fat in all proportions likely to be encountered with natural
products and adjusted to 15 - 25 percent moisture were dried in
a forced draft air drier under controlled conditions to a
residual moisture content below 5 percent. Rates of drying were
studied in relation to wet and dry bulb temperatures of the air
flow, composition of bars, shape of bars and pressure of
comprassion., Observations were performed to identify the effect
of the drying regimen on surface texture, density, migration
of fat and soluble components, and organoleptic properties.
Conditions for a practical air drying process were defined.
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I. INTRODUCTION

This is the final report of the work initiated under U.S5. Army Natick Laboratories
Contract DA-19-129-AMC-228 (N),

The primary objective of the research program was to determine optimal,
commercially practicable conditions for finish drying (to less than 5% mois-
ture) of eleven specified, partially dried, compacted foods.

The foods were:

1, Non-fat milk solids

2, Dried apples

3, Freeze-dried spinach

4, Freeze-dried peas

5. Freeze-dried shrimp

6, Freeze-dried beef

7. A bacon-rice-egg white mixture

8, Potato flakes

9, A flour-dried-egg mixture

10, A flour-dried-egg mixture containing 25% fat
11, A flour-dried-egg mixture containing 50% fat

Certain specifications with regard to these foods were laid down in the
Statement of Work, '

Summarized briefly, these were:

- l. Moisture content before drying 15-25% D.B,
2. Moisture content after dryinp 5% or less, D.B,
3., Combined surface area of compacted piece - >1,2 em,?

Certain observations to be made on the foods were also specified, These were:

1. Description of surface before and after drying

2. Analysis for moisture, fat and protein before drying

3, Assessment of organoleptic qualities before and after drying
4, Determination of moisture content during and after drying

5, Determination of moisture distribution during and after drying
6., Examination for loss of fat and fat migration

7. Examination for mipration of soluble components

The research program was to lead to:

1., an evaluation of physical and chemical factors which have a
major effect on the drying rate of bars,
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2, an evaluation of the major physical and chemical and organoleptic

changes resulting from drying.
3. determination of an optimal, commercially practicable air-drying
procedure for compacted foods.,

The program was thus very broad in scope, possessing both "engineering" and
'Yood technology" aspects, For convenience in orpanizing the discussion,
these two aspects are treated more or less separately in this report,

The discussion and condensed data will be found in Volume I, The entire
raw data is assembled in Volume II.






















4, Surface descriptions

Photographs were taken to aid in making surface descriptions. The
pictures were taken with a Nikon F 35 mm camera using AGFA IFF film
having an ASA of 25.

For pictures of individual disks and bars (to show texture changes),
a one to two magnification was obtained using an extension tube., A
200-watt spot with a snoot was used as a light source,

The same Nikon camera mentioned above, but without the extension tube, was
used to take group pictures (to show color changes). Two 200-watt
lamps were used as a light source,

5. Soluble solids

Samples for soluble solids determinations were taken and coded as
follows:

|~—57.2 mm.-—‘l
e 5,0, 8 mim , e
25.4 mm,
TOP VIEW
X . ;
ﬁj 12.7 mm. | 5 l
1
SIDE VIEW
1 - LOCATION 1 1 - LOCATION 1
2 - LOCATION 2 2 - LOCATION 2
9

|




The samples were dried at 212° F, for an hour in previously dried
and weighed aluminum dishes containing No., 2 Whatman Filter Paper,
After cooling and weighing, the samples were washed with 800 ml of
warm (120° F,) water in 100 ml aliquots., After drying again at

212° F, for an hour, the samples were cooled, weighed, and the total
soluble solids were calculated from the weight loss.,

6. Moisture contents

Moisture contents were determined using the vacuum oven method
(16 hours, 70° C. and approximately 29" Hg),

Samples for moisture distribution were taken and coded as follows:

- 57.2 mm. >
pl=sage L), 8 MY,
mebaaOh| -
TOP VIEW
3 1 ¥ ~ 3 1
e B e 12.7 mm. 4
4
SIDE VIEW
1 - LOCATION1 3 - LOCATION 3 1 - LOCATION1 3 - LOCATION 3
2 - LOCATION?2 4 - LOCATION 4 2 - LOCATION 2 4 - LOCATION 4







The procedures for preparation of the eleven foods for tasting are

noted below. The first three compacted food materials in the list

were incorporated into recipes before testing to simuiate their antici-
pated use (4), (The recipes for the dried and undried samples were
adjusted to correct for the difference in moisture content of the foods.)

a. Wheat flour 75% = egg white 25%

Dried bar Undried bar
Recipe for griddlecakes: material (gm) material (gm)
Wheat flour - egg white 45 52
Milk (fluid) 93 85
Shortening (melted) 5 5
Baking powder J! d

The granular ingredients were sifted together. The milk and melted
shortening were combined with the other ingredients and stirred
50 times. The batter was baked on a greased skillet.

b. Wheat flour 50% - fat 25% - egg white 25%

Dried bar Undried bar
Recipe for plain cake: material (gm) material (gm)
Wheat flour - fat - egg white 58<< 60=
Milk (fluid) 32 30
Sugar (granulated) 30 30
Baking powder ¥ i

The granular ingredients were sifted together and the milk was
added, The batter was stirred 150 times, poured into a pan and
baked at 350° F, for 20 minutes in a preheated oven,

c¢. Wheat flour 25% - fat 50% =- egg white 25%

Dried bar Undried bar
Receipe for plain cake: material (egm) material (gm)
Wheat flour - fat - egg white 50 51
Milk (fluid) 22 22
Sugar (granulated) 37 37
Baking powder 12 1 1













There appears to be a tendency for heat transfer to be somewhat better
on the upper weighing shelves than on the lower, but air temperature
appears to be quite uniform, The small variation in heat transfer rate
(225%) is probably without effect on the drying rate. The average
overall coefficient of heat transfer to the test disk was 3,7
BTU/hr-ft2 °©F,

5. Preliminary Dryiﬁﬁ

To assist in planning for the main body of the drying tests, preliminary
drying experiments were conducted on all of the foods. After several
initial runs, the following combinations of dry and wet bulb temperatures
corresponding with absolute humidity levels of 0,020 and 0.040 pounds

of water per pound of dry air, were selected for the main tests,

Dry bulb temperatures 150 160 180
Wet-bulb temperature - 1 92 9y 97
Wet-bulb temperature - 2 106 107 109

An upper limit of 0,040 absolute humidity was chosen to represent an
ambient air temperature higher than would be expected anywhere in this
country. The lower limit was chosen as representing a more reasonable
level,

16
















Cs

Densit!

Samples for density determination were taken from both discs and

bars, before and after drying., For the first three foods tested -
apples, potatoes and shrimp - pycnometer runs were made on samples
from all eighteen lots. The results obtained on these foods showed
that all drying treatment produced the same change in density, There-
after, only randomly selected samples of each food were run,

A table of the average true density values for each food is given
below in gm/cc:

Food Undried Dried
Potatoes 1,47 1.50
Shrimp 1,34 1.32
Bacon Combination Lig2h 1.26
Peas 1,40 1,42
Apples 1,41 1.12
Milk 1,44 l.u48
Flour-Egg White 1,32 1,45
25% Fat Combination 1.29 1,22
50% Fat Combination L rd 1.19
Spinach 1,40 1.47
Beef 52 127

Apples were the only food that showed a significant change in true
density upon drving.

Fat Migration

Significant migration of fat occurred only in the 25% and 50% fat
combination foods. Drying temperatures above the melting point of
the fat (154°F) resulted in disks and bars that were completely
permeated with fat,

Fat Losses

The amount of fat lost by the 25% fat combination on drying was
negligible. Calculated on a per cent wet basis, the amount of
fat lost was less than 0,01 at the most, and this occurred at the
180°F dry bulb temperatures.

The 50% fat combination food lost more fat than the 25% combination,
Fat losses by the former are noted in the following table. (Wet
basis percentages),
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If the assumption is made that the material in the bar is
everywhere locally in equilibrium with the atmosphere ingide
the bar, some useful substitutions can be made in equation (5):

Let HRB the relative humidity in equilibrium with moisture

content c.

Then 1-y-1-uk(—:;f'§) 2 by

P#=z Vapor pressure of water at the tempefature in the bar,

P= The total pressure of gas in the bar.

and § {5 ) de (™

so (8)
I“ p-uRp* ( )

When the moisture content of the material is fairly low and /or
the temperature is low, the quantity P*/(P-H_P*) can be approxi-
mated by P*/P, In such a case, equation (S)Rbecanes (9).

RN - | Keakr | 2

For the special case in which the slope of the isotherm is
constant, equation (9) becomes identical in form to the equation
for the transient heat conduction in a slab. The solution of
(9) can then be represented in the following form:

(9)

(c/eco) = f

" Kp_RT X2 "|

¢ﬁﬁtgﬁ/dc5 Pt 8_

(10)

X = the half-thickness of the slab
8 = the drying time
Co® the original concentration of moisture

Conclusions that can be drawn from equation (10) are that
the fraction of the initial moisture content at a given time should
be;
1. inversely proportional to vapor pressure of water at
the dry-bulb temperature,
2. proportional to the square of the half«thickness,
3, inversely related to the porosity,
4, inversely related to hygroscopicity,
5, substantially higher in the center of the piece than
near the edges,
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The line drawn through the data points represents the analytical
solution of the partial differential equation for one-dimensional
diffusion (at constant diffusivity) in an infinite slab, This
seems to provide a very good means of correlating the data,
undoubtedly good enough for all practical purposes, By this
method it should be possible to calculate a characteristic
drying rate parameter for each food on the basis of a few runs,
and then make fairly accurate predictions of the effects of
nearly all the environmental variables.
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sziea Rates - Observations of Disks and Bars

Drying curves for all the foods are shown in Figures 55 to 187 In all
cases the moisture content has been plotted against the square root of this
drying time(expressed in minutes). After an initial warm-up period, nearly
all food produced drying curves which had a substantially linear portion,

All foods but two = those containing 25 and 50 percent fat - showed
"normal" drying behaviour at all temperatures. The.two "fatty" foods showed
anomalous behaviour at temperatures above the melting point of the fat,

but normal behaviour at lower temperature.

1, Effect of Dry-bulb Temperature and Piece Shaas

The effects of dry-bulb temperature and piece shape are typified by
the results shown in Table I/ ,which are for eight of the foods at
the lowest compression level and wet-bulb temperature,

TABLE I-

Time to Reach 1/3 of Original Moisture Content, Minutes

Food

e

Air
Temp. Shape NFMS Spin EW=-F Shrimp Peas Apple Meat Potato

180 Bar 45 41 50 61 112 114 161 142
Disc 56 74 79 81 174 137 151 174
160 Bar 67 76 72 lus 187 231 174 174
Disc 96 132 123 137 262 289 182 346
150 Bar 100 30 112 14y 246 320 219 361
Disc 110 182 149 196 299 4yl 400 ugy

The sharp dependence of drying rate on dry-bulb temperature and

piece shape is readily apparent in Table I.  The dryine rate appears
to be roughly proportional to the vapor pressure of water at the
dry=-bulb temperature. This effect is demonstrated in Table II- " in
which are listed the products of the drying times for Table I- and the
vapor pressure of water, expressed in atmospheres.

* Appendix, Part II.

30







The extent to which the temperature and shape factors used above can
account for variation in the drying rate are quantitatively shown by
an Analysis of Variance of the Data in Table III, viz:

Analysis of Variance, Data of Table IIT -

Source of Variation

Total

Between Foods
Within Foods

Residual Temp, (T)
Residual Shape (S)

TXS

Pooled Interactions

with foods

D/F, Sum of Squares Mean Square . A

u7 50962603
7 43428933

40 7533670
2 841581 420790 2,33
1 273760 273760 1,52
2 107937 53968 1
35 6310393 180296

Standard error = 425
C.U. : 19%

The residual (unaccounted for) effects of temperature and shape

are not significant above the 10% level., Therefore, the temperature
and shape factors used above seem adequate to account for the effeects
of those two variables within the (rather sizeable) experimental
standard error of 19%.

To summarize,then, it may be said that the“ﬁrying rate is roughly
proportional to the vapor pressure of water at the dry-bulb temperature
and inversely proportional to the equivalent half-thickness of the

piece.

2., Differences Between Foods - Effect of Porositx

Tables I to III show that the drying rates of individual foods vary

considerably.

This is no doubt due in part to differences in the

intrinsic water-binding properties of the foods (i.e., the isotherms),
To some extent, however, the differences between foods seem to be
related to porosity (fraction of void space).

In Table IV, below, the mean time factors from Table III  are listed
along with the porosity as calculated from air-pycnometer measurements made
on the pieces discs and bars before drying.
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3.

TABLE IV

Time x V.P,

Food (Thickness) Porosity
NFMS 1053 +35
Spin 1258 .38
EW=-F 1281 «33
Shrimp 1688 o35
Peas 2B45 35
Meat 2892 «18
Apple 3263 32
Potato 3582 +35
B,R-EW (Very Long) «13

There appears to be a perceptible tendency for the more porous
foods to dry more rapidly, For the data in the above table the
effect is not statistically significant, probably because the
porosity effects tend to be masked by the intrinsic difference in
water-binding by the different foods,

Effect of Compression Level

Compression pressure has a definite effect on the drying rate of
the bars, In 94 out of 132 cases, disc and bars compressed at
higher pressures dried more slowly than those compressed at low
pressures, The effect is undoubtedly related to differences in
porosity. Unfortunately, we were not able to gather enough data
to establish a quantitative relation between porosity and drying
rate. Some porosity measurements were made on each food at each
compression level. The results are shown in Table V.




Food

NFMSH*

SPIN%*

EW-F

SHRIMP#*

PEAS

APPLE

MEAT

POTATO

BR-EW

e

Effect of Compression on Porosity

TABLE V

Pressure
e e e

500/500
750/500
750/750

500
750
1000

500
750
1000

1000
2000
3000

1500
1750
2000

1000
2000
3000

2000
2250
2500

1500
2250
3000

1500
1750
2000

Porosity

Average

w354 )
373 )
L2u6 )

,384 )
$382. )
.335

«333 )
«282 )
243 %)

0353 )
.288 )
+ 255 )

. 354 )
347 )
.328 )

315 )
303 )
261 )

.180 )
«200.)
.1821)

362 )
345 )
.3uy )

+129 )
0126 )
129 )

« 324

. 367

«296

«299

«343

+293

« 187

+ 350

. 128

These four foods showed the strongest relation

between porosity and compression level
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E.

Approximate Drying Cost

The cost of finish drying of compressed food bars, if carried out by the
procedure recommended above, is not very great. The following cost
formula for tray-type dryers is based on data published by Aries

and Newton (Chemical Engineering Cost Estimation, McGraw - Hill, 1956,
page 33),

Installed cost = 4500 (GW)O'6 dollars

where 0 = drying time, hours

W = feed rate, hundred of pounds/hr.

By way of example, a tray-tunnel dryer to process 1000 1b,/hr.

of material having a 2 hour drying time showed cost about $16,000, The
annual amortization on such a unit, assuming a 2,400 hours of operation
annually, and a five year amortization period, would amount to about
0.4¢/1b, of material’, Such cost would be negligiblé,
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TABLE 1

DESCRIPTIONS OF FOOD SAMPLES
(AS PURCHASED)

Type or Conditions Brand and/or
Food Item Varietz as Purchased Distributor

Precooked rice

Potato granules

Long grain white

White meat Idaho

Cooked, dried

Cooked, dried

General Foods, Inc.

R. T, French Co,

Potato flakes Unknown Cooked, dried Pillsbury Company
Air-dried apples Gravenstein Dried Towne House

Safeway Stores, Inc.
Non-fat milk solids -- Dried Carnation Company
Dry egg white - Dried Hirsch Bros. Co,

San Francisco, Calif,
Prefried bacon - Prefried Oscar Mayer & Co,
Freeze-dried peas Unknown Frozen Flav-R-Pac

No, Pacific Canners

& Packers, Portland,

Oregon; Dried, FMC
Freeze-dried spinach Unknown Frozen Flav-R=Pac

No. Pacific Canners

& Packers, Portland,

Oregon; Dried, FMC
Dry wheat flour Unknown Dried Wondra, General

Mills s Inc,
Freeze-dried shrimp Medium Dried Kraft Foods, Dist.

Jumbo
Fat (Myverol 1800) Distilled Granular Distillation
Monoglycerides Products Ind,

Freeze~-dried beef steaks =-- Dried Armour & Company




oy

Food

Dry wheat flour 75%,

dry egg white 25%

Dry wheat flour 50%,
dry egg white 25%

Dry wheat flour 25%,
dry egg white 25%

Precocked rice 35%,

dry egg white 20%

Freeze-dried beef
Freeze-dried spinach
Freeze-dried peas
Potato flakes
Air-dried apples
Non-fat milk solids

Freeze-dried shrimp

TABLE 2

PRECONDITIONING CHARACTERISTICS OF DRIED FOODS

Moisture Content

before

Amount Preconditioning

{gm) (% Dry Basis)

200 10,18
150 9,80
150 9,03
165 8.24
56 0,44
100 1.19
120 0.24
100 791
227 33,92
155 3.34
90 1,58

Preconditioning
Solution

sat. sol, KNO3

sat. sol. KNOa

sat. sol. KNOj3

sat. sol. KNOj
sat., sol, KNOj3
sat, sol. NaCl
sat. sol. NaCl
sat, sol. KNOj3
conc., H2S0y

sat. sol. KNOj

sat. sol. NaCl

Time

(Hrs.)

30

54

24

24

18

30

20

32

24

Moisture Content
after
Preconditioning
(% Dry Basis)

21.59

22,99

29,13

15,70
16,74
16,54
16.58
25,00
14,35
15.59

15,92




TABLE 3

COMPRESSION CHARACTERISTICS OF PRE-CONDITIONED FOODS

Moisture Press and Dimensions Density
Content Amount Dwell before drying before drying
Food (%-Dry Basis) (gms.) (psi/sec) (mm) {(em/cc) Cohesivene:
Dry wheat flour 75%, 750/30, :
dry egg white 25% 20,09 35 die inverted, 12,8 x 57.5 1,023 excellent
1250/30
Dry wheat flour 50%, 1250/30,
fat 25%, dry egg 17.24 35 die inverted, 11.7 x 57.4 1,156 excellent
white 25% 1750/30
Dry wheat flour 25%, 750/30,
fat 50%, dry egg 14,57 34 die inverted, 12,1 x 57.4 1,086 excellent
white 25% 1000/30

Prefried bacon 45%,
precooked rice 35%, 20,59 36 1750/60 12,8 x 58,2 1,039 good
dry egg white 20%

Freeze-dried beef 16,74 31 2250/60 11,9 x 58,0 0.976 excellent
Freeze-dried spinach 16,54 27 750/60 12,0 x 57.8 0,857 excellent
Freeze-dried peas 16,58 29 1750/60 12,0 x 57.8 0.857 excellent
Potato flakes 25,49 31 1000/60 126, % 571 0.930 excellent
Air-dried apples 14,35 36 2000/60 12,5 % 57,3 1,117 excellent
Non=-fat milk solids 15.59 36 750/30, 13,1 x 57,3 1.066 excellent

die inverted,

750/30

Freeze-dried shrimp 16,18 30 1750/60 13.3-% $7<7 1,035 excellent



TABLE 4

FAT AND PROTEIN ANALYSIS OF DRIED FOODS

Food % Fat! % Total Protein?

Dry wheat flour 75%,

dry egg white 25% 0,58 29,24

Dry wheat flour 50%,

fat 25%, dry egg 29,04 37.54

white 25%

Dry wheat flour 25%,

fat 50%, dry egg 56,34 50,32

white 25%

Precooked rice 35%,
prefried bacon u45%, 26,40 40,27
dry egg white 20%

Freeze-dried beef 24,93 93,76
Freeze-dried spinach 2,59 36.86
Freeze-dried peas 1,96 27.49
Potato flakes 0,24 8.14
Air-dried apples 0,69 1.34
Non=fat milk solids 0.56 32,74
Freeze-dried shrimp 3.46 89,82

] Moisture free
2 Moisture and fat free




TABLE 5

ORGANOLEPTIC EVALUATION OF UNDRIED, COMPACTED
PRE-CONDITIONED FOODS

Mean of the Hedonic Ratings
Food Flavor Odor

Dry wheat flour 75%,
dry egg white 25% Bolt 6.9

Dry wheat flour 50%,
fat 25%, dry egg
white 25% 5.7 5.3

Dry wheat flour 25%,
fat 50%, dry egg
white 25% 742 5D

Precooked rice 35%,
prefried bacon 45%,

dry egg white 20% T4 7.0
Freeze-dried beef 6.2 5.8
Freeze-dried spinach 6.1 Ba?
Freeze-dried peas 7.0 Se
Potato flakes 7.0 6,3
Air-dried apples 6.4 6.5
Non-fat milk solids b4 5.2

Freeze-dried shrimp 5.9 5.7




TABLE 6

Rank Means* of Compacted Dried Foods (Group 1) -

Compression Level X Shape

Apples 25% Fat Combination Flour=-Egg White
A Shape
Shape |1000 psi 2000 psi 3000 psi | 1000 psi 1250 psi 1500 psi |500 psi®*® 750 psi 1000 psi | Mean
DiSkS 3;8 3.8 = 3.9 3.9 3.6 3.9 3.6 3.9 349 3-81
Bars 3.6 3ad 37 3.7 4,0 4,0 b 3.3 < P | 3.66
Mean 3.7 3.75 3.8 3.8 3.8 3,95 3.u5 3.6 3.8

* Rank Columns 1-6 (best)
#%  First Compression

Compression Means

LoWeassseans 3,65
Medium.ssse 3.72
Highonooocd 3085




TABLE 7
Rank Means'of Dried Compacted Foods (Group 1)
Compression Level X Shane X Dry Bulb Temperature
Dry Bulb Apples 25% Fat Combination Flour-Egg White
emperature (°F)| Shape|1000psi 2000psi 3000psi |1000psi 1250psi 1500psi | 500psi*# 750psi 1000psi Mean
150 Disk 4.0 .0 3.6 .0 3.9 4,1 3.5 3.7 4.2 3.89
160 Disk 3.9 4,2 u;ﬁr 3,? 3.2 3.8 3.4 3.9 4,2 3.82
180 Disk 3.6 3.0 £ o 3;;. 3.6 3.9 3.9 Rl S8 3.67
150 Bar 2.9 sj q - g 3.7 “.3 3.4 a.s 4,8 3.69
160 Bar 3.8 A 4,0 4,0 u.l 3.4 3.3 3.3 3.8 3.71
180 Bar 3.5 3.9 3.5 3.7 4,4 4,2 3.5 3.6 3.9 3.80
St _Compression _ Temperature Means: 150 - 3,79, 160 - 3.76, 180 - 3,73

TASLE 8

Rank Means of Dried Compacted Foods (Group 1)

Abseclute

Humidity Compression Level X Shape X Absolute Humidity Level

1bH,0Vapor Apples 25% Fat Combination Flour-Egg White

15 iry ai Shape |1000psi 2000psi 3000psi |1000psi 12500si 1500psi [S00psi®** 750psi 1000vsi Mean
0.02 Disk 4.0 3.7 3.6 3.3 3.7 4,2 3.6 3.8 3.9 3.76
0.0u Disk 3.7 3.8 4,1 4,1 3.5 3.6 3.6 3.9 3.8 3.79
0.02 Bar 3,4 3.5 4.1 3.7 3.8 4.0 3.3 3.6 4.4 3.76
0,04 Bar 3.7 3.8 3.3 3.7 4.3 4.0 3.8 3.3 4,4 3,78

% Rank Columns: 1-6 (Best)

#% First Compression  Humidity Means: LOW = 3,76, HIiph = 3.77




TABLE 9

Rank Means * of Compacted Foods (Group 2)

Compression Level X Shape

50% Fat Combination Spinach

Bacon Combination Milk

50Cpsi 750psi 1000psi | 500psi 750psi 1000psi

1500psi 1750psi 2000psi | Cl%*=x C2 C3 | Mean

30 sec. compression

Shape leans
e

Disks 3 y5
Bars 3,50

W Rank Columns: 1-6 (best)

Compression Means

Low < P
Medium 3253
High 3.40

Mean for dried 3,46
Mean for undried 3.53

Jried a7 3.4 3.3 3.6 3y 2 3.2 3.6 3.b 3.6 = e R VR R (e P T
Disks

Und!‘ied 3-7 3-7 3.2 3-6 3lg 3-6 3.3 3.“ 3-3 317 3.6 307 3.56

Dried 3.6 4,0 3.3 3.4 3.8 3.4 e 3.6 3.4 IS paahs AU 3050
Bars

Undried 3.4 J.u 3.4 3.5 333 3.6 3.4 3.8 3.5 390 38 3.4 3,50

Cl - 5000nsi/S00psi - C2 - 500psi/750psi - C3 - 750psi/750psi; 30 sec. compression, die inverted,




TABLE 10

Rank Means®* of Dried Compacted Foods (Group 2)

Compression Level X Shave X Dry Bulb Temperature

Dry Bulb
Temperature 50% Fat Combination Spinach Bacon Combination Milicws
(°F) Shape 500psi 750psi 1000psi 500psil 750psi [L000psi 1500psi 1750nsi 2000nsi | Cl c2 £3
150  Disk RG] gt . i et GOSN MRS TXUSRE TSGR e SR WARR
160 Disk 4,0 3.4 3,6 3.4 3.1 I3l 2.8 3.4 3.6 L. 2 3.0 2.8
180 Disk 3.3 3.1 3.5 3.5 3.0 3.3 3.6 etk Ja7 I 3.0 = e s
150 Bar 3.2 4,2 3.3 3.4 5.7 3.9 3.3 3.8 3.7 3.6 322 35D
160 Bar 3.8 3.9 3.2 3.7 3.5 3.2 3.4 3.4 37 3.6 3.2 3.1
180 Bar < ) 3,8 3.3 3.2 4.1 e 3.0 < 2.9 u,o 3.3 3.0

¥ Ranx Column: L - 6 (Best) ;
#% (Cl - 500psi/500psi, €2 - 500psi/750psi, C3 - 750psi/750psi, 30 Sec Compression, Die Invarted, 30 Sac Comoression
Temseratures Means: 150 - 3,53, 160 - 3,41, 180 - 3,u0.




TABLE 11

Rank Means®* of Dried Compacted Foods (Group 2)

Compression Level X Shape X Absolute Humidity Level

30 Sec Compression, Die Inverted, 30 Sec Compression.

Absolute
Humidity
(?bﬁ 0 VCPG?) 50% Fat Combination Sninach Bacon Combination % Milk
I %ry'_Ta v/ | Shape | 500psi 750psi 1000psi |500psi 750psi 1000psi |1500psi 1750psi 2000psi | C1 c2 c3
0,02 Disk 3.6 4,0 3.4 3.5 3.2 3.4 245 3,3 3.8 3.6 3.2 2.8
0.0'4 Disk 3.6 208 3.2 306 3.2 3-.‘ 3-6 3-5 acu 309 3.1 3.""
0.02 Bar 3.8 3.9 3.1 3.5 3.9 3.4 3.6 3.7 3.0 3.6 3.6 3.2
0.0u Bar 3.3 4.0 3.4 3.4 3,5 3.4 2.9 3.6 3.8 3.5 3.3 3.6
¥ Rank Column: 1 - 6 (Best)
%% C] - 500psi/S500psi, C2 - 500psi/750psi, C3 - 750psi/750psij; Humidity Means: Low - 3.48, High 3,43




6%

TABLE 12

Rank Means* of Compacted Foods (Group 3) W

Compression Level X Shape

Shrimp Potatoes Beef Peas
Shape 1500psi | 2000psi 2500psi | 1500psi 2250psi 3000psi | 2000psi 2250psi 2500psi | 1500psi 1750psi 2000psi
Disks 3.6 2.9 2.6 3.4 3.1 3.4 2.7 3.4 3.0 2.7 3.1 3,0
Bars 4,0 3.4 2.4 3.1 3.5 3.3 2.9 306 3.0 3.2 3.0 3.0
# < Rank Columns: 1-6 (best)

Shape Means

Disks-3.07
Bars -3,20

Compression Means

Low sasrsened.2]
Hiddle-..o..3-25
High......-.zogﬁ
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TABLE

Rank*Means of Dried Compacted Foods (Group 3)

Compression Level X Shape X Dry Bulb Temperature

Dry Bulb Shrimp Potatoes Beef Peas
Temperature
{2Ey Shape 1500 2000 2500 1000psi 2250psi 3000psi 2000 2250 2500 1500psi 1250psi 2000psi
150 Disk 3.7 3.3 2,6 a2 3:1 3.8 2.6 3,3 3.4 3,0 el 3.0
160 Disk 3.9 2:7 2.4 3.3 2.8 P | 2.9 3.8 2.9 2,6 2.9 2,7
180 Disk XD 2:9 ‘2.9 3.5 3.0 3.6 3.0 3,3 2.7 25 3.2 2.9
150 Bar Q.O 3.: 2.“ 3-1 3.3 305 2.9 ull 3-5 3.“ 3.“ 3.2
160 o 4.0 3.4 3,0 3,0 3.7 2.9 2.9 3.3 _ 2.9 3.4 2.5 2.7
180 Bar 4.1 < AL 1.9 32 < s 30“ 206 3l3 207 2.7 3.0 2.9

Rank Columns - 1-6

(best)




TABLE 14

Rank Means* of Compacted Foods (Group 3)

Compression Level X Shape X Absolute Humidity Level

Absolute

Humidity Shrimp Potatoes Beef P

1b, H20 Vapor o ..

1b. Dry Air Shape |1500 2000 2500 1500psi 2050psi 3000psi 2000 2250 2500 1500psi 1750psi 2000psi
|

0,02 Disk 4,2 3.1 7 he 335 2.7 3.5 2 3.6 3.2 2.6 3ed 3,0
0,04 Disk P 2.8 2,8 3,2 3.4 3.3 2.7 Ben 2.8 2.8 3.0 3.0
0,02 Bars 4,3 Jed 2.4 3.0 ¢ B 3.4 2.7 343 3. 3.1 3.1 2,8
0,04 Bars 3 3.4 2.5 3.1 3.5 3.1 32 3.8 - I 3.3 2.8 5 i

# Rank Columns 6-1 (best)

Temperature Means

Humidity Means

lsooll00000003025
160lll.l.ll0|3007
leocoolltll103.07

Low!..llllaolT
Higho-nocnanlo




FIGURE 1

Vaccum desiccator containing a saturated solution of NaCl for pre-conditioning freeze-
dried peas.




, FIGUR. 2
Rehydration characteristics of non-fat milk solids: (A) control,
(B) preconditioned, (C) prec.nditioned and compressad,




Date: Product: Name:

DIRECTIONS: Please indicate the order of your preference for these samples--
from the best to the least. The one you like best should receive a high
score of six; 2nd best, five; etc,

DO NOT RANK ANY OF THE SAMPLES THE SAME, IF IN DOUBT, DO THE BEST YOU CAN,

RANKING TABLE

1 ¢ .3 5 " 3 2 1
[Best _to_eat 2nd 3rd 4th 5th 6th

PLACE SAMPLE NUMBER IN APPROPRIATE COLUMN, NO TIES!!!!

FIGURE 3

Sample Taste Testing Ballot

g/
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' FIGURE 4
Blue M Electric Oven model POM-136C with portable test section.
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