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FOREWORD

This investigation was undertaken as a part of a comprehensive program
directed to the development of food packets to be carried by the combat
soldier during periods in which resupply is impracticable, The necessity
for reducing the volume as well as the weight of component foods together
with the packaging nfficiency from geometrically regular modules, point to
the advantages of compressing or otherwise compacting dry foods into dense
bars. Developments in bar technology, such as the use of freeze dried foods,
special compression procedures and use of high caloeric bdinding agents
favorable to desirsble physical and nrganoleptic properties, point to the
suitability of such bars not only for combat food packets but also for
other operational rations. This investigation was undertaken in recog-
nition of the growing significance of novel types of food bars in
operationazl rations and the many problems attending the development,
fabrication, testing, and ultimate procurement of these bars. It is highly
desirable that the egsential characteristics of cowpacted food bars be
identified and described by values obtained from objective measurements.
Only through such meagurements can precise and reproducible values be
assigned to significant properties, for example, hardness, stickiness,
cohesiveness, and dispersibility in water. Objective measurements will
also provide a sound basis for definitive requirements in specifications
and for improved inspection and quality control procedures. It is the
primary objective of this investigation to identify objective methods suit-
able for describing significant physical, chemical and microbiological
characteristics of compacted food bars of varying types and compositions.

Thia report describes work performed under contract DA19-129-AMC-130
in the Food Technology and Nutrition Section of the Biological Sciences
Division at the Midwest Research Institute, 425 Volker Boulevard, Kansas
City 10, Missouri. Dr. Eugene R. Morris served as Official Investigator
with Glenn Chaplin, Emil Werly, Barbara Kenagy and Audra Calhoon as
Collaborators.

Project Officer for The U. S. Army Natick Laboratories was
Dr. Maxwell C. Brockmann of the Animal Products Branch, Food Division.
Alternate Project Officar was Mr. Albert S. Henick of the Food Chemistry
Branch, Food Division.
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ABSTRACT

Objective methods are described for determining specific physicai,
chemical and microbiological properties of compreesed food bars. The
suitability of these methodl was demonstrated by application to fresh
and aged (3 months at 100 °F) bars prepared from meat, fruit, cereals,
vegetables, and dairy products and wbich represented broad concentration
ranges of moisture, fat, protein, carbohydrate, and common approved
chemical additives.
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OBJECTIVE TESTS FOR USE IN THE TECENOLOGY OF COMPRESS‘D'FOODS

SUMMARY

The objective of Midwest Research Institute Project No. 2709-B,
"Objective Tests for Use in Technology of Compressed Foods," was to de-
velop anelytical procedures by which the physical and chemical character-
istics and the microbiology of compressed-dehydrated food bars may be
quantitatively described. The work was performed under Contract No. DA-
19-129-AMC-130(N) for the U. S. Army Natick laboratories, Natick,
" Massachusetts.

Objective analytical procedures were developed for quantita-
tively describing the following characteristics of compressed dehydrated

food bars:

Physical characteristics:

1. Density

2. Porosity

3. Shear and hardness

4. Impact resi%tance

5. Dimensional stability
6.‘ Cohesiveness

7. Stickiness

8. Dispersibility in water
9. Water activity at 25°C
10. Elasticity

11. Permeability to gas

e -



Chemical characteristics:

1. Moisture content

2. Free lipid and bound 1lipid content
5. Reducing sugars

4. pH

S. Water-squble fraction

, 6. Equilibrium relative humidity curve and rate of equilibra-
tion to 40 per cent R. H.

7. Rate and amount of gascuus oxygen uptake
8. Changes associated with oxygen uptake
b 9. Changes associatci with browning reaction
Micrcbiology:
1. Total aercbic plate count
2. Coliform plate count
3, Anaerobic spore count
These methods were used to quantitatively evaluate the forego-
ing characteristics for compressed food bars made from: (1) freeze-dried
cooked ground beef; (2) air-dried dates; (3) freeze-dried cooked peas;
(4) cereal; (5) nonfat wilk solids; and {6) potato chips. - The beef,.-
date, pes and cereal bars were prepared at two different moisture lcvels
t& Hetermine the effect of moisture on these characteristics. The
effects of additives to the beef bars of 3 per cent sorbitol and 2 per
* cent mono~ and diglycerides and acetyl glyceride comtings on the date
bars werc also determined.
Methods for preparing the above food bars are described.

The above characteristics were checked, first on the freshly
prepared bars., and then after three months' storage, at four different

-2 -




storage conditions: (1) at 100°F in a sealed can with pOp equal to 135 -
145 mm. Hg; (2) at 100°F in a sealed can with pO, below 1 mm. Hg; {(3) in
a sealed can with repeated vemperature cycling between G and 4C°F, three
cycles per week; and (4) at 70°F in air at relative humidity of 40 per
cent.

Ary limitations or deficiencies fourd in the methods are
pointed cut. In those instances in which the particular method was found
to be inaccurate, other methods are suggested. The applicabllity of
some of the characteristics to the technology of compressed foods is
discussed, and suggestions are made for fubture work.

at
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I. INTRODUCTION

Compressed food bars made from dehydrated food items provide
for the Armed Forces the advantages of greater convenience and stability
and a higher concentration of energy and nutrients than conventionsl
canned foods. ©New products, such as the compressed food bars, require
the development of suitable specifications for their production. These
specifications, in turn, require methods of evaluation. The objective
of Contract No. DA 19-129-AMC-130(N) has been to develop cbjJective tests
for use in the technology of compressed food bars.

Methods were devised for the objective measurement of specified
physical arnd chemical characteristics, and of the microbioclogical charac-
teristics of several different compressed food bars. These methods were
evaluated by testing freshly prepared compressed food bars. In addition,
measurements were made on samples of the bars which had been stored under
several different storage conditions to determine the effects of storage
on the various parameters studied.

The next section of this report describes the methods used
for measuring the various physical and chemical characteristics and the
microbiologicnl population of the compressed food bars. The results of
megsurements of the freshly prepared bars are included in this section.
The third section reports the results of measurements of these character-
istics after the food bars had been stored under four different condi-
tions for three months. The third section is followed by & brief
description of the preparation of the various food bars. A section
on conclusions and recommendations is included.

II. METHODS USED AND RESULTS OF OBJECTIVE MEASUREMENTS
OF COMFRESSED FOOD EBAR CHARACTERISTICS

The methods described in this section utilized, insofar as
possible, procedures recognized by the Association of 0fficial
Agricultural Chemists, ASIM procedures, or procedures published in text-
books on foods., A few were found to be not applicable for the specific
purpose desired, and the reasons will be pointed out in the discussion of
each individual method. Included in the discussion of each test ani the
method used are the results of tests made on freshly prepared compressed

7-#, - W"’"‘"’"‘hh" ’ T — ) h *‘_ﬁ i ‘ﬂ“ ‘“‘;’r




food bars. The figures reported rerpresent the results obtalined from at
least five bars of each kind or aliquots of five bars. The terms "high”
and/or "low moisture" are used as descriptive terms throughout *his re-
port, and the reader i3 referred to the secticn on moisture determination
in this chapter (see p. 25) for the actual moisture content of the
various typ~s of food bars.

A. Physical Charactericstics

1. Density

a. Method: The bulk density of the compressed food bars was
determined after the method described in ASTML/ for determining the den-
sity of urethane foam. The dimensions of an intact bar were measurad by
means of calipers capable of measuring to 0.001 in., and the mass was
determined on an analytical balance to the nearest 0.0001 g. The bulk
volume in cublc centimeters was then calculated, as was the bulk den-
sity in grams per cubic centimeter. The surface of the bars was suffi-
ciently regular and the bars were solid enough that the foot area
(approximately 1 x 1/16 in.) of the calipers did not require augmenta-
tion.

b. Results: The bulk densities thus determined for the dif-
ferent food bars are shown in Table I. The values ranged from about
0.5 g/cc for the beef bars to about 1.2 g/cc for the date bars.

Table I also shows "apparent true density' values. True den-
sity is calculated by dividing the mass by the true volume of solids.
The true volume of solids is obtained by subtracting the pore volume
from the bulk volume. Our early methods of determining pore volume sub-
sequently were found to be inaccurate. Therefore, our results are re-
ported as "apparent true density" rather than "true density." Those bacs
which were rather porous - beef, pess, cereal, and nonfat milk solids -
had apparent true densities which were 130 - 140 per cent of the bulk
density. Because date bars had a low porosity, the apparent true density
of scllds was essentially the same as the bulk density.

No difficulties were experilenced in determining the bulk den-
sity by the method described. However, the accurscy of the method used
for determining porosity governs the asccuracy with which the true density
mey be determined.

AL
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DENSITY OF COMPRESSED 00D BARS

TABLE I

Food Bar
Beef, low moisture
Beef'; high moisture

Beei, w/sorbitol

Beef, w/mono- diglycevides

Dates, low moisture
Dates, high moisture

Dates, w/acetyl glyceride
coating

Peas, low moisture
Peas, high moisture
Cereal, low moisture
Cereal, high moisture
Nonfat milk solids

Potato chips

Bulk Density
g/cc

0.47 (0.46-0.48)**
0.45 (0.33-0.48)
0.47 (0.45-0.50)
0.50 (0.48-C.52)
1.21 (1.15-1.25)

1.17 (1.08-1.21)

1.18 (1.16-1.21)
0.68 (0.66=0.70)
0.67 (0.64-0.68)
0.90 (0.84-0.91)
0.88 (0.86-6.90)
1.05 (1.04-1.05)

0'70 (0- 67"0-72)

Apparent True
Density of Solids#*

glce 1b/ft3
0.71 44.3
0.67 41.8
0.72 45.0
0.76 47.4
1.25 78.0
1.23 76.8
1.20 74.9
1.04 64.9
1.00 62.4
1.19 74.3
1.16

1.33 83.0
0.89 55.6

¥  Volume of solids determined by subtracting the pore volume deter-
T mined by use of the MeLeod Porosimeter from the bulk volume of

the food bars.

** Range of values shown in parentheses.




e’

2. Prorosity

a., Method: The porosity or pore volume was determined by a
modification of the/ASTM method for determining porocity of vitrified
ceramic materials.2/ This method involves pl7cing the samrle in the air-
tight chamber of a Mcieod type porosimeter2’3 which is then emptied of
air by filling the closed chamber with a liguid. The chamber is then
evacuated to cause withdrawal of cntrappéd alr froun the samyple. The
volume of entrapred air thus extracted is measured by means of a gas
burette. The volume of solids is calculated by cubtracting the anicunt
of gas extracted from the bulk volume. We mulified the standard method
by substituting mercury for water as the confining liguid.

b. Results: This method was found to be inaccurate when the
volume of solids thus determined was compared with measurements made with
an alr comparison pycnometer.* The values for porosity of the food bars
shown i. Table II were determined by the modified ASTM procedure. The
air comparison pycnometer was only used during the latter stages of the
project. Using the air comparison pycnometer, average pore volumes of
63 per cent and 25 per cent, respectivel,’, were obtained for beef and
nonfat milk sclids bars.

The source of error using the Meleod porosimeter has not been
determined. The air comparison pycnometer is more accurate and easier
to use so we re~omuend its use to determine true volume of solids.

Washburn and Buntingé/ discuss an apparatus and method for de-
termining the pore volume of whole bricks based on the change in pressure
of an evacuated system of known volume when the air in the brick is
allowed to expand into the evacuated space. A rather inexpensive ap-
paratus can probably be constructed, and this method adopted for measur-

ing the pore volume of compressed food bars.

'3. Shear and Hardness

a. Method (sheuwr): A shear blade was constructed and used in
& Warner-Bratzler meat tenderness tester to simulate the action of in-
cisors shesring a food block. The blade was made from iron sheet,

* Alr comparison pycnometer, manufactured by Beckman Instruments, Inc.,
Fullerton, California.




TABLE II

POROSITY MEASUREMENTS OF COMPRESSED FOOD BARS

(pore volume ag per cent of bulk volumz)

% Pore Volume

Food Bar Avg. Value Range
Beef', low moisture 33 3P=34
Beef, high moisture 32 28-34
Beef, w/sorbitol 34 34-36
Beef, w/mono-, diglycerides 35 34-35
Dates, low moisture 3 2-3
Dates, high moisture S 4-5
Dates, w/acetyl glyceride

coating S 4.5
Peas, low moisture 35 54-36
Peas, high moisture 33 32.34
Cereal. low moisture 24 24-25
Cerea’, high moisture 24 24-25
Nonfat milk solids 21 21-22
Potato chips 21 21-22

-8 e




2 x 3 x 0.006 in. A 45° bevel was milled across the 2-in. {acec o the
blade, and the sharp edge of the bevel was rounded off on a grindin
vwheel over approximately one-thiid the thickness of the blade and ox-
tending back about C.002 in. from the original edge of the blade irn the
direction of the opposite surface (Fig. 1). The blade w s mounted in a
vertical position on a yoke which, in turrn, vwas attacned tc the measur-
ing device of a Warner-Bratzler meat tenderness tester. 7To determine
shear on a food bar, the bar was placed on edge zgainst the mounting
block of the tester. The mounting tlock was advanced mechanically and
pressed the food bar against the shear blade. The blade and tars were
mounted in such a mamner that the bar was cut across it: 1-1/41n. =q.
face. The force necessary for the blade to shear through the block

was registered on the measuring device of the tester (Hansen model 60
dairy scale). The shearing action thus obtained is not the same as if

a shary knife edge were pressed into the bar. The pressure at which the
bar divided was called the end point. The end point was very sharp for
most of the food bars; they parted suddenly and sharply. In the case of
the date bars, the blade gradually sheared through “he bar as pressure
was applied, and the end point was taken as the pressure registered when
the blade had been pushed entirely through the bar. The beef bars were
not soft but were fragile, and a like end point was used for them.

b. Results (shear): Shear values obtained on the different
compressed food bars are tabulated in Table IIX. The beef and ceresl
bars were rather crumbly and had shear values of less than 10 1b.

The high moisture date bars were soft and shear values were low, but
the low moisture date bars had shear values of 25 to 30 1b. The pea
and nonfat milk solids bars were hard to bite and the shear values were
high, about 40 1b.

c. Method (hardness): A type A Shore durometer was first
used to determine hardness, but it proved to be unsatisfactory. The
penetrating pin W#as too small in diameter to be used on some of the more
porous materials, and small particles and sticky material fram the sur-
face of the bars cgused the pin to hang.

Consequently we designed a penetration device to be used in
the Warner-Bratzler tester. Figure 2 is a dlagram of this device which
consisted of four pins, 0.11 in. dia., set into an aluminum glloy block.
The device was sel against a ycke attached to the measuring device of
the Warner-Bratzler tester with the pins pointed toward the foad bar.
The food bar was set on edge against the mounting block of the tester.
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Filg. 1 = Cross=-sectional Diagram of the Edge of the Shear Blade
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Fig. 2 - Diagram of the Device Used with the Warner-Bratzler
Tester for the Hardness Test
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HARDNESS AND SHEAK MEASUREMENTS OF COMPRESSED FOOD BARS

Hardness, Lb. Shear, LL,

Food Bar Avg. hange Avg. Rarge
Beef, low moisture S 2=5 z 2-4
Beef, high moisture 5 4-7 z 2-5
Beef, w/scrbitol 4 4-5 2 1-2
Beef, w/mono-, diglycerides 5 4-7 2 1-3
Dates, low moisture 23 22-25 27 25-30
Dates, high molsture 4 3-4 5 4-6
Dates, w/acetyl glyceride

coati.y 5 3-€ 6 5-8
Peas, low moisture 61 59-70 41 35-45
Peas, high moisture Se 42-63 38 22-63
Cereal, low moisture 16 13-18 6 4-8
Cereal, high moisture 19 14-22 e 7-3
Nonfat milk solids > 170 > 70 42 34-48
Potato chips 14 10-16 .10 8-12




A Loe moannting tliock wac mechunically edvanced, the food tar was precned
against the projecting pins. The end point was taken as the presnure ot
which complete penetration ocscurred. As was the case with the shear
test, the end point for tne hara bars was usually sharper than for the
s50ft bars.

4. Results Lhardness); Results of the hardness test, Table
III, exhibited the same general relations among the different types of
compressed food sars as did the shear test. In general, the hardness
values were higher than the shear wvalues,

Research might profitably be performed to determine the optirum
configuration, diameter and number of pinc for a device such as the one
used for the hardness test. A similsr type device which has a head with
a larger nurber of prongs is commercially used for testing the texture
of applés.* '

4, TImpact Resistance

. a. Method: A Gardner impact testerﬁ/ equipped with a 1-1b.
weight was used to test impact resistance. The food bar was placed on
a flat surface beneath the guide of the tester. The weight was allowed
to drop onto the surface of the bar. If the bar did not shatter, the
drop was repeated from a greater height until it shattered. A fresh bar
was then placed under the weight and the weight raised to the maximum
height attalned with the first bar. If the bar did not shatter, a fresh
bar was substituted and the height increased by increments of 1 in. The
procedure was repeated until a fresh test bar shattered on the first
attempt. Thus, the figure determined for impact resistance represents
the inch-pounds of force necessary to produce shattering. The bar was
not considered to have shattered unless pleces were actually dislodged
from it.

b. Results: The values obtained for impact resistance of the
test food bars are summarized in Table IV. The beef bars had a very low
impact resistance. By the above definition of shattering, the date bars
did not shatter, even though the weight dented the bar. The pea bars had
the highest impact resistance, while the cereal and potato chip bars had
a relatively low value. Even though the nonfat milk solids bars were
gquite hard, they had a low impact resistance.

* The texturemeter, Seifert Manufacturing Company, St. Nazian, Wisconsin.
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Food Bar Avg., Value L%L‘ZE
Eeef, low moisture Ced -
Beef, high moilsture 0.5 -
Beef, w/sortitol 0.5 -
Beef. w/mono- diglycerides 0.5 -
Dates, low moisture o shattering
Dates, high moisture o shattering
Dates, w/acetyl glyceride

coating o shattering
Peas, low moisture 9.0 -
Peas, high moisture 12.0 -
Cereal, low moisture 1.5 -
Cereul, high moisture 1.5 -
Nonfat milk solids 0.5 0.5-0.8
Potato chips 1.5 -
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5. Dimencionzl St-bility

4. Methoa: Dimensional stability was test2d by placing the
test food bar under . compressive force of S 1si for 24 hr. Tach test
bar was sealed in 2 foil laminute packet 50 there would be no change in
moi wture contert onver the 24-hr. period. These packets were large
enough that expansion of the bar was not restricted. Metal bars which
weighed 7.3 t 0.05 1b. {equivalent to 5 psi on the 1-1/4 in. sq. bars)
were then placed on the bar for 24 hr. The bars were supported in a
gulde wnich held them upright but allowed the weight to slide if the
test food bar ecollapsed. The linear measurements before and after the
test period were determined and the dimensional stability reported as
per cent change from the original dimensions. The test was conducted at
two temperatures, 407 and 100°F. The test bar was allowed t» come to
the test tempersture before the weight was applied.

b. RKesults: The results obtained on the test compressed food
bars are shown in Table V. None of the bars underwent more than an 8
per cent change in either thickness or lateral dimensions when the test
temperature was 40°F. The beef{, pea, low moisture cereal, and nonfat
milk solids bars, especially the last, showed good dimensional stability
at 100°F, while the high moisture cereal and potato chip bars underwent
some deformation. However, the date bars underwent considerable deforma-
tion, from 50 per cent tc over 100 per cent change in lateral dimensions
and an average of about 50 per cent change in thickness.

The impertance of allowing the bars to reach temperature equi-
librium is illustrated by the date bars. When the high moisture date
bar: were placed in the 40'F test chamber and the weight applied while
they were still at room temperature, the deformation was about 75 per
cent of that attained in the 100°F test chiamber. However, as shown in
Table V, the high moisture date bars were quite stiff and resistant to
dimensinnal change under S psi when allowed co come to temperature equi-
librium at 40°F before the weight was applied.

6. Cohesiveness

g. Method: Szczesniaké/ has defined -"cchesiveness" as the
strength of the internal bcnds making up the body of the product. The
procedure developed for measuring cohesiveness of the compressed food
bars tested the strength of the internal bonding by pulling the bar

- 14 -



TABLE V

DIMENSIONAL STABILITY OF COMPRESSED FOCD BARD
AT 40° AND 100°F UNDER S psi

(per cent change in dimencions in 24 nr.*)

Temp. % Lateral Change % Thickness Change

Food Bar °F Avg. Range Avg. Range
Beef, low moisture - 40 2 1-3 4 3-5
109 3 2-4 11 8-15
Beef, high moisture 40 <l NCx*1 2 1-4
100 <1 NC~-1 S 4-5
Beef, w/sorbitol 40 <1 NC -1 4 3-4
100 1 NC - 4 ) 4-8
Beef, w/mono- diglycerides 40 <1 NC -1 2 2-3
100 <l NC =1 S 4-6
Dates, low moisture 40 4 2-6 5 4-6
100 49 44-54 34 23-34
Dates, high moisture 40 4 4-5 8 6-92
100 147 112-188 59 51-64
Dates, w/acetyl glyceride
coating 40 2 NC -5 4 2-5
L 157 130-189 64 60-67
Peas, low moisture 40 <1 NC -1 <1 NC-1
100 <1 NC -1 1 1-2
Peas, high moisture 40 <1 NC -1 2 1-3
' 100 <1 NC -2 8 5-11
Cereal, low moisture 40 <1 NC -1 2 1-3
100 <1 NC -1 1 1-2
Cereal, high moisture 40 <1 NC -1 2 1-3
' 100 14 11-18 16 13-18
Nonfat milk solids 40 NC - NC -
100 NC - NC -
Potato chips 40 <1 NC -1 2 1-3
100 7 7-8 j2 10-12

* Tegt bars were brought to temperature equilibrium with test chamber
before weight was applied.
#* NC = no change.
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apart. Holes were drilled in diagonally opposite corners o. the food
bar to be tested, approximately 1/4 in. from each edge. A mold was made
to enable these holes to be placed in the same position in each correr
and in each bar. The bar was then mounted on the Warner-Bratzler tester
by slipping the bar over pins secured to the mounting block and the meas-
uring device of the tester. As the mounting block of the tester was
mechanically advanced, a pulling force was applied at opposite corners.
The force being applied when the bar broke apart was read from the tester
scale.

b. Results: The cohesiveness of the beef, cereal and potato
chip bars was so low that the mounting holes could not be drilled without
the bars breaking or crumbling. Holes cculd be drilled in the pea bars,
but the high moisture pea bars pulled apart before a measurable force wus
applied (see Table VI). The date bars could be mounted, but only the
low moisture group parted after a measurable force had been applied.
Twelve ,pounds of force was required to pull the bars of ncenfat milk
solids apart.

7. Stickiness

a, Method: A small édlsc, 0.8 in. in diameter and 0.025 in.
thick, was made from aluminum sheet and a hook attached to hang it from
the arm of a Du Nouy tensiometer. The tensiometer, with the disc
attached, was calibrated with analytical weights and found to exert a
force of 7.9 dynes/dial division or, assuming the disc was attached to
another suriace, 15.2 dynes/sq in. of surface per dial division. Bars
were equilibrated to atmospheres of approximately 40 per cent and 80 per
cent R.H. before testing for stickiness. The disc was set on the flat
surface of the test bar under a weight of 20 g. for 2 min., then the
force necessary to pull the disc away was measured on the tensiometer.

t. Results: Only date bars exposed two weeks to 80 per cent
R.H. had any measurable stickiness by this method. The stickiness was
greater than the instrument could measure. The maximum measurable force
exerted by the tensiometer with the disc was equivalent to 1,670 dynes/
sq in. The date bars were the only ones which exhibited any stickiness
when touched,

- 16 =




TABLE VI

COHESIVENESS MEACUREMENTS IN COMPRESSED FOCD BART

(pounds force to pull the bars apart)

Cohesiveness

Food Bar Avg. Value Rarge
Beef, low moisture?/ - -
Beef, high moistured/ - -
Beef, w/sorbitoli/ - -
Beef, w/mono- diglyceridesé/ - -
Dates, low moisture 4.8 4.0-5.5
Dates, high moisture 0.0 -
Dates, w/acetyl glyceride

coating 0.0 -
Peas, low moisture 4.9 3-8
Peas, high moisture 0.0 -
Cereal, low moisturej?;/ - ' -
Cereal, high moistured/ - -
Nonfat milk solids lQ.O o 9-14.5
Potato chipsﬂ/ - -

_&_&7 Could not drill holes for mounting bar without breaking
apart.
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8. Dispersibility in Water

a, Metho@: Dispersibility of the bars in water was tested by
placing the bars in 100 ml. of vwater in a wide-mouth, 8-0z. bottle, and
shaking with a lateral motion at 140 } 10 strokes/min until complete dis-
persion had been effected. The volume of water used was approximately
10 times the volume of solids, except for the date bars, in which case
it was about Seven times. More rapid shaking than about 140 strokes/min
resulted in considerable foaming, particularly with the nonfat milk
solids bars, and shaking slower than 140 strokes/min gave little agita-
tion. The test was conducted at room temperature.

b. Results: .Table VIT is a tabulation of dispersibility times
for the various test bars. The bLeef bars all dispersed readily. The
low moisture pea bars regquired 23 sec. to disperse compared with 6 sec.
for the high moisture pca bars. Even though they were rather crumbly and
had low hardness, shear and cohesiveness values, the cereal bars required
about 3 hr. or more for dispersion. The milk and date bars underwent
more of a dissolving than dispersing type action. It is possible that
almost complete saturation of the solutions prolonged the dispersion
times for the date and milk bars. A small core of material from the
potato chip bars never reached complete dispersion, even after 8 hr.

9. Water Activity at 25°C

a. Method: Water activity of the food bars was determined
with an Aminco-Dunmore electric hygrometer.* The leadg for.the sensing
element receptacle of the instrument were sealed into a No. 6-1/2 rubber
stopper. The material of which the water activity was to be measured was
placed in a clean, dry 250-ml. Erlenmeyer flask. The proper sensing ele-
ment was attached to the receptacle and suspended above the test mate-
rial; the rubtber stopper holding the receptacle leads served to seal the
flask. The flask was then immersed in a water bath muintained at 25°C.
Readings were taken at 1S~-min. intervals until the system had attained
equilibrium &8 indicated by constant read ngs. The reading was con-
verted to relative humidity by means of the calibratlon curves supplied
for each sensing device, and the relative humidity was converted to water
activity by dividing by 100. Generally, equilibrium was attained in

* American Instrument Company, Silver Spring, Mw.yland,.
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TABLE VII

(233 Ny TRTITY o e Tvr s Sadizsinlal DAY TTRTIY AT oy Tt
MEASUREMEITS C TIME 1L MOITUTED R}:q,u.u o FOP THE TIZTERSICH

CF COMPRESSED FOCD BARZ 11D WATER

(minutes for complete dispersionﬂ/)

Time in Hinutes

Food Bar Avg. Value Range
Beef, low moisture <1 -
Beef, high moisture <1 -
Beef, w/sorbitol <1 -
Beef, w/mono-,diglycerides <1 -
Dates, low moisture ' 420 375=450
Dates, high moisture 273 270-300

Dates, w/acetyl glyceride

coating 288 270-300
Peas, low moisture 23 22-25
Peas, high moisture 6 5=7
Cereal, low moisture 316 200-340
Cereal, high moisture 175 170-180
Nonfat milk solids 150 -

Potato chips > 480 -

a/ Bar placed in approximately 10 volumes of water and shaken
with lateral motion at 140 ¥ 10 strokes/min.
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2 hr. or less; the lower the water activity, the longer the time needed
t0 reach equilibrium.

Waldham and Halvorsoné/ used this type method to measure the
equilibprium vapor pressure of bacterial endospores. We measured the
activity of several saturated salt solutions and obtained values which
varied within 13 per cent of the values given by Robinson and Stokes.l/

b. Results: Table VIIT is a summary of the water activity
measurements obtained on the compressed food bers. The beef bars of low
moisture content, 2 per cent, had a water activity of less than 0.1
while the high moisture beef bars, sbout 6 per cent molsture, had a water
activity of 0.26. The wvalue for the date bars was 0.4 when the moisture
content was about 10 per cent and 0.5 to 0.€ when the moisture level was
about 16 per cent. A moisture content of gbout 7 per cent in the pea
bars gave an activity value of 0.4 compared to less than Q.1 if the mois-
ture level was as low as 2 per cent. The low moisture dates and the
high moisture cereal bars contained the same percentage of moisture but
the material of each was such that the water activity of the high
moisture cereal bar was considerably greater (0.6) than that of the low
moisture date bars (C.4). The low moisture cereal bars contained only
4 per cent moisture and the water activity was lowered to 0.2. The non-
fat milk solids bars had a low water activity, 0.1, and the potato chips
had a relatively high value of 0.4.

A check of the water activity of the test bars was made in
conjunction with the determination of equilibrium relative humidity
curves., If a bar is placed in an atmosphere of a relative humidity
which, when divided by 100, equals the activity coefficient of the water
in the food bar, the bar will neither gain nor lose welght. However, the
tar will give off or take up moisture if the value is less than or
greater than the water activity of the food barz If, then, samples of
the compressed food bars are equilibrated in atmospheres of several dife
ferent relative humidities for a few hours and the change in weight
plotted versus the different relative humidities, it is possible to ob-
tain a good estimate of the water activity of the bars. Figure 3 shows
such plots for severazl of the food bars? The values thus ohtained are in
good agreement with those shown in Teble VIII. This method is similar
10 the lsopiestric method of Robinson and Sinclair,ﬁ/ but the egquipment
was not as elaborate. Further discussion of the procedure and equipment
will be given in the discussion of the equilibrium relative humidity
curves. :
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TARIE VIII

WATER ACOIVITY MEACURENENTS O TOMPRRICED FOC BARC

Activity at 25°7

Food Bar Avg. Value Rarge
Beef, low molsture .05 -
Beef, high moisture C.2¢ 0.24-0.23
Reef, w/sorbitol 0.08 C.04=0.07
Beef, %/mono-, diglycerides 0.06 0.05-0.08
Dates, low moisture 0.40 0.39-0.41
Dates, high moisture 0.53 0.51-0.54

Dates, w/acetyl glyceride

coating 0.57 0.53-0.60
Peas, low moisture 0.08 0.07=0.08
Peas, high moisture 0.386 0.33-0.38
Cereal, low moisture 0.18 ' 0.18-0.21
Cereal, high moisture 0.62 0.60-0.84
Nonfat milk solids C.12 0.11-0.19
Potato ghips 7 0.40 0.38-0.43
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Fig. 3 - Estimtion of Water Activity of Compressed Food Bars by Change in
Weight after Exposure to Atmospheres of Controlled Relative
Humidity. Verticnl Axis, Sample Weight as Per Cent of Starting
Weight; Horizontal Axis, Per Cent Relative Bumidity of Atmos-
phere; Exposure Tiwe, 66 Hr.; Water Activity = R.H./100.
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he term "water ac'ivity" as rerelr used ig tie same ac

ioor

¢

"equilitr? m relastive humidi‘y" as used ty lardrock ard trocto.Z
"moisture-vapor pressure” as used t.v "alwin,10/
10. Elasticity
B . g / . 4 . . o,
a, Metnod: Zzezesniake/ defines elasticity as "the rate at
which a deformed material goes btack %o its undeformed cordition =fter
the deforming force is removed."” Ve attempted *o deform *he f£nod tars

by compression between plates but found that most of the bars broke Le-
fore any measurable detormation had teen accomplicied. Tierefore, the
determination of elasticity seems of little value as a compressed food
bar characteristic.

b. Results: The high moisture date bars would undergo de-
formation. When subjected to a deformation of 5 per cent of their
length, the recovery was SO per cent of the deformstion after 1 hr. The
bars were held in the deformed state only as long as needed to measure,
then released. If they had teen held very long in the deformed state,
they probably would have assumed it as a permanent configuration.

11. Permegbility to Gas

a. Method: A simple apparatus was designed and the permeabil-
ity to air determined after the ASTM procedurq&i/ for measuring the re-
sistance of nonporous paper to passage of air. A diagram of the appa-
ratus is shown in Fig. 4. A 100-ml. burette was suspended beneath the
apparatus by an air-tight connection. A leveling bult containing water
was attached by means of a rubber hose. To start the test, a food har
was placed in the cavity of the apparatus and the top plate screwed down
tightly. A soft rubber gasket was used to provide a seal g%t the outside
edge of the apnaratus and around the edge of the air hole ir the top
plate. The water level was brought to the zero point on the burette by
raising the leveling bulb, and held at that point by clamping the rubber
hose between the leveling bulb and burette. The leveling bulb was then
placed in 2 lower support at a height that would allow the falling column
of water to come to rest at the 75-ml. mark. The clamp was then re-
leased and the time measured for the water to fall to the 50-ml. mark.

If the food bar to be tested was greater than 1/2 in. thick, a second
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rubber gasket, cut so as to slip over the projecting food bar, wac placed
on the apparatus to <! ow the tcp plate to be screwed down without crush-
ing the food bar.

Since all burettes are not of the same diameter, the height
of the water column before its release to pull air through the bar would
be better standardized by specifying a distance between the zero point
and the final resting point. Thic distance in our apparatus was 20 in.

b. Results: 1In Table IX are summarized the permeability times
measured by the above procedure. The beef, cereal and potato chip bars
were highly permeable. About 11 sec. were required for 50 ml. of air to
be drawn through the nonfat milk solids bars and avout 14 sec. for the
pea bars. There was no measurable fall in the water column after 5 min.
with the date bars in the apparatus and the term nonpermeable was applied

to the date bars.

“ﬁ.-'Chemical Characteristics

1. Moisture Content

a. Method: Moisture content was determined by drying in a
vacuum oven. The loss in weight after 16 hr. at 65°C and about 50 mm. Hg
pressure was taken as moisture loss. This time is longer than needed for
some materials such as the heef, cereal, vea and norifat milk sclids
bars, but there was no difference between welght loss at 8 - 10 hr. and
16 hr. The 16-hr. period is conveniently accomplished overnight. The
dates were checked with an additional drying period of about 8 hr.,
making a total of 24, and the 24-hr. moisture content was about 1 per
cent greater than the l6-hr. value, but the change with drying periods
longer than 24 hr. was negligible. Thus, the exact time required for
drying in the vacuum oven method will vary; 16 hr. are sufficient for

most food materials.

b. Results: The moisture contents determined for the differ-
ent food bars are shown in Table X. The moisture levels shown fall
within the ranges specified in the contract except for the high-noisture
beef bars, which were slightly higher than desired. The narrow range of
values in each case indicates good duplication with replicate samples.
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TABLE IX

PERMEABILITY TO AIR MEASUREMENTS ON COMPRESSED FOOD BARS

(time required to draw [O cc. of air through bar)

Food Bar

Beef, low moisture

Beef, high molsture

Beef, w/sorbitol

Beef, w/mono- diglycerides
Dates, low moisture

Dates, high moisture

Dates, w/acetyl glyceride
coating

Peas, low moisture
Peas, high moisture
Cereal, low moisture
- Cereal, high moisture
Nonfat milk solids

Pctato chips

e e —r— g - e

AT
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Time, Sec.

Avg. Value Range
2.5 2.0-3.0
2.3 2.0-3.0
2.4 2.0-3.0
2.5 2.0-3.0

Nonpermeable
Nonpermeable
Nonpermeable
13.8 11.0-19.5
14.7 10.0-20.5
3.6 3.5-3.8
3.9 3.d-4.5
671 618-684
214 2.2-2.5



TABLE X

MOISTURE CONTENT OF CCMPRESSED FOOD BARS

(loss in weight after overnight drying at 70°C ard
< 100 mm. Hg pressure)

Per Cent
Food Bar Avg. Value Runge
Beef, Iow moistur 2.1 2.0-2.2
2.5% -
Beef, high moisture 6.4 £.P-€£.9
7.6% -
Beef, w/sorbitol 1.6 1.4-1.9
1.9*% -
Beef, w/mono- diglycerides 1.6 1.4-1.9
1.9% -
Dates, low moisture - 9.6 2.4-9.8
Dates, high molsture 15.4 15.2.15.6
Dates, w/acetyl glyceride
coating 16.4 15.7-16.8
Peas, low moisture 2.4 2.3-2.4
. -Peas, high moisture 6.8 6.7-7.0
Cereal, low moisture 3.9 3.7=4.2
Cereal, high moisture 2.5 : 9.3-9.6
Nonfat milk solids , - 3.5 3.4-3.5
Potato chips 5.8 5.5-6.3

* Fat-free basis, crude fat determined by petroleum ether
extraction.
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Several comparisons were made with the toluene distillation
method and results agreed with those obtained by vacuum drying except for
the date tarc. Meoisture by toluene distillation gave values for the
date bars about 1 per cent greater than did the vacuum-oven method. Six
hours were required for the dates 1in contrast to 1/2 to 1 hr. for any
ot the other bars tor the *“oluene distillation method.

Thus, we recommend either the vacuum oven or toluene distiila-
tion metheods for moisture determination.

We do not recommend the hot-air oven bte used for drying food
bar samples for moisture determination unless time and temperature con-
ditions are specified which would give results which check with those
determined by either vacuum oven or toluene distillation. In our ex-
perience, drying pveriods of up to several days at 100°C did not bring
samples to constant weight, and obvious deterioration and loss of vola-
tiles occurred if the temperature was 105°C or greater.

2. Free and Bound Lipid Content

a. Method: Free or crude fat was determined by solvent ex-
traction in a Soxhlet apparatus as outlined by AOAC standard methods.&g/
Comparable results were obtained with elther ethyl ether or petroleum
ether;* therefore, vetroleum ether was used instead of ethyl ether be-
cause it is less hazardous. All samples were dried and ground before
extraction. Free fat values are summarized in Table XI.

Bound lipid was calculated as the difference between total and
free lipid, but the method used for determining total lipid was found to
be in error for some of the food bars. We used chloroform:methanol, 2:1
volume ratio, extraction in a Soxhlet extractor to determine total
lipid.}é/ The methcod gave no apparent discrepancies with the beef,
cereal, potato chip and nonfat milk solids bars; but values obtained for
the date and pea bars were considerably greater than those reported by
Watt and Merrill,lé/ It was obvious that more than just lipid was being
extracted by the chloroform:methancl solution. Therefore, the bound
lipid values shown in Table XI are labeled apperent bound lipid.

* Skellysolve-B

‘- 28 -



FREE LIPID AND APPARENT TOTAIL AND BOUND LIPID CORTEL:T

TABLE XI

Food Bar

Beef, low moisture
Beef, high moisture
Beef, w/sorbitol

Beef, w/mono-
diglycerides

Dates, low moisture
Dates, high moisture

Dates, w/acetyl
glyceride coating

Peas, low moisture
Peas, high moisture

Cereal, low moisture

Cereal, high meoisture

Nonfat milk solids

Potato chips

44-; X *

OF COMFRESSED FQOD BARS

(per cent of dry weight)

Free Lipidg*
Avg. Range
18.2 15.6-17.3
16.2 15.4-17.0
1.8 15.5-17.8
17.6 16.9-18.3

0.7 0.5-0.9

0.6 g'b.s-o.e

1.9 1.6-2.3

2.9 2.7-3.1
3.2 - 2.,9-3.3
14.5 14.4-14.7
13.9  13.3-14.3
1.4 0.3-2.0
31.8 31.4-32.0

n29-

Apparent Total

Deter nined by petroleum ether extraction.
Determined by chloroform:methanol extraction, 2:1 volume ratioc.
Difference between free and total lipid.

Sample was not dried prior to extraction.

Lipig*x
Avg. Range
20.6  18.8-22.0
20.5  19.0-21.7

1 24.5  23.6-26.0
25.2  22.5-27.5
39.4  25.5-48.3
21.0f  19.7-22.0
17.9  16.8-20.1
14.6  11.2-17.2
17.5  17.1-18.0
17.1  15.8-17.4

2.1 1.4-2.6
32,3 31.8-32.6

Bound

Lipig*x
4.4
4.3

7.7

7.6

38.8

19.1
15.0
11.4

3.0

0.7

0'5




b. Results: Beef bars with added mono- and diglycerides had
higher free lipid values than the other three types. This result was ex-
pected, and the 1ipid values should have veen 2 per cent greater than
those of the other three. The apparent bound lipid for the low and high
moisture beef was aboul 4.4 per cent, while the group with sorbitol added
had a value of 7.7 per cent. The free fet values for the dates and peas
were in agreement with the values given by Watt and Merrillhié/ The
total fat, as determined by the chloroform:methanol extraction, and con-
sequently the bound fat values, were considerably divergent. These re-
sults Indi~aied the methanol component of the solvent mixture was
probably extracting some of “he sugar from the date bars and sorbitol
from the pea bars. The pea bars consisted of 10 per cent sorbitol. This
supposition is further supported by the fact that the bound lipid of the
sorbitol beef bars was about 3 per cent greater than the beef bars con-
taining no sorbisol.

The free fat of the cereal bars was found to be about equal to
the percentage of shortening added and the values for the potato chip
and nonfat mflk sclids bars were as expected. The bound 1lipid for the
potato chip and nonfat milk solids was less than 1 per cent and the
cereal bars about 3 per cent.

Two approaches were tried in an attempt to circumvent the
problem of the chloroform:methanol extracting nonlipid materials. We
first attempted a pre-extractiorn with water to remove a large portion of
the water-soluble material. This did not prove satisfactory. A second
approach was to extract with the chloroform:methancl in the regular
fashion, then extract the chleroform:methanol with water. In so doing,
we added magnesium chloride to retard emulsion formation as used by
Winter:S/ in a similar procedure. The solvent mixture was then trans-
ferred %o a dry, tared flask and the solvent evaporated to determine the
amount of fat extracted. This procedure was not tested extensively, but
the following percentages for total fat content were obtained: low
moisture beef, 18.0; dates with acetyl glyceride coating, 2.5 and 3.8;
low moisture dates 0.4 and 0.3; beef with mono- and diglycerides, 20.1,
20.1, 19.8; and high-moisture peas, 4.6, 4.6, and 4.8 (each value repre-
sents a different sample). These values were not checked by any other
procedure, but the date and pea values are more reasonable than the re-
sults obtalned by the s‘wple extraction method.

RN

The procedure in greater detail was as follows. From 5 - 10 €.

of sample was welghed into a paper extraction thimble (the samples were
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used ae 1:, wizno:t additional drying but ¢rushed or cut into small
pieces;. 7They were extracted for 4 tr. wizh chloroform-methanol solution
(2:1 voiume ratic) Iin a Scxhliet extractor. Approximately 150 ml. of sol-
vent was used. After cooling ¢ rvom temperature, the solvent was
quantizattvely transferred 2o 3 500-ml. separatory funnel. Approximately
50 mi. of water was iten added wizh 1 al. of mclar magnesium chloride
soluvion and t%e mixture ehaken, allowed to stand until the chloroform:
methanoi sepaiated. The crganic solvent was then drained into a clean,
dry, tared 250-wi flask “severa’ dry boiling chips were tared with the
flask). The water scluzion was extrasied twice more with 50-ml. portions
of fresh chlorcform:mettapsl sciution, The chloroform:methanol was then
evaporated under gentle heaz and vacsuum. Final evaporation and drying
was accompiisted {n the vacuum oven, after which the flask and fat resi-
due were allowed to cool tn a desiccator and weighed. We think that this
mezhod will yield & more authentic vaiue for total lipid content, and
warraants furcher investiga-ion for reliability and accuracr. It is simi-
lar in many respects te the procedure reported by Winter. 15/

3. Reducing Sugars

a. Mechod: The xeducin% sugar content was determined after
the method of Moyer and Holgarte. 16/ The major departure from the method
as outlined by these auZhors was the extraction procedures. The extrac-
tion procedure recommended by the AOAC 17/ was used instead. Reagents
were made as specified in the appropriate references.

Five to ten grams of material were placed in a clean 250-ml.
volumetric flask and 125 ml. of 50 per cent ethancl were added. The
flask and countents were placed in an 85°C water bath for 1 hour, then
aliowed to stand overnight and made to volume wich 95 per ceant ethanol,
and mixed. A 5= or 10-ml. aliquot of the alcoholic extract was trans-
ferred to a clean test tube and evaporated to near dryness in & boiling
water hath. The walls of the tes: tube were washed down with 2 - 3 ml.
of water and 2 mi. of barium hydroxide sclution added and mixed well,
followed by the dropwise addition of 2 ml. of zinc hydroxide solution.
The contents of the tube were quantitatively transferred to a filter and
the filtrate collected in a 50- or 100-ml. volumetric flask. An aliquot
of the clarified extract estimated to contain 0.5 - 1.5 mg. of glucose,
or its equivalent in reducing power, were pipetted into a clean Folin-Wu
sugar tube with 2 ml. of reagent, mixed weil and placed in a boiling
water bath for 20 minutes. After coocling, 2 ml. of arsenomolybdate
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colunticon wae added, wuter added to the 20-ml. mark and the contents of
each tube mixed by inversion. After 15 min., the absorbancy of the solu-
vlons viae read Inooocolorismocor® ot o wavelengtn of 530 b, The abe

sorbancy vas converted to glucose concentration by comparison with a

standard lucose solublon run as prescribed ut the same btime. Appro-
priats dilwinn tastors were applicd and the re sugar content cal-
nle gize, dilutions
g to the estimated re-
cxample, in the case of datces,
5 g. of dry matter were extracted, 5 ml. were claritied and the filtrate
made to 100 mi.; a L-mu. aliguot ot this dilution was transferred to a
100-mi. t'lack made to volume and 2 ml. of this final dilution used for
the color development; potate chips, 10 g. of dry matter extracted,
10 ml. clarified and filtrate made to SO ml., 2 ml. of which were used
for color development.
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b. Results: Table XII is a summary of the results obtailned.
The beef, pea, and potato chip bars were quite low in reducing sugars
while about 75 per cent of the dry matter of the dates consisted of re=-
ducing sugar. The value shown for the nonfat milk solids, when doubled,
is equivalent f.¢ the percencage of lacuose expected. The nonfat milk
solids contributes the reducing sugar found in t. cereal bars.

. The relatively narrow range of values shown for the date,
cereal and nonfat milk solids bars indicates good duplicability.
Percentagewise, the range was greater when the reducing-sugar content
was low as in the beef, pea, and potato chip bars. Recovery of glucose
added to date samples was gocd. Recovery of added glucose at the low
levels determined for beef and peas was not as good. With the aliquots
used, the absorbancy of the colored solutions from the beef, pea, and
potato chip barz was only about 0.15 unit greater than the blank. We
did not investigate extensively, but evaporation of larger aliquots of
the alcoholic extract to give a higher absorbance value in the colared
solution showed promise of improving the accuracy of the determination
in these instances.

* Bausch and Lomb, Spectronic-20.
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TABLE XTI

REDUCING SUGAR COUTEIT OF COMPRESSED FOOIM BARD

(per cent glucoce equivalent on dry mattor vasis)

Focd Bar

Beef, lovw moisture
Beef, high moisture

Beef, w/sorbitol

Beef, w/mono— digiycerides

Dates, low moisture
Dates, high moisture

Dates, w/acetyl glyceride
coating

Peas, low meisture
Peas, high moisture
Cereal, low moisture
Cereal, high moisture
Nonfat milk solids

Potato chips

% o Dy Mabber
Avg. Vaiuc Runge

0.24 (1.11=0.32
0.35 U.10=0.44
0.25 0.06-0.22
0.2 0.11-0.2¢
73.8 75.5-74.1
77.5 76.0=78.4

78.0 75.6=-80.1
0.2 -
0.38 0.37-0.40
6.4 6.3-6.6
6.6 -

26.3 25 .0=28 .4
0.2 0.1-0.2

- 33 -
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4. DH

7 a. Method: The clectrometris methed recommended by the
AOACLE/ was used to determine the pH ot a water suspension of the food
bars. The preocedure was used ac outlined by the AOAC except that the
instrument®* was standardized with a pH 7.0 commercially prepared
buffor.**

b. Results: The pH values obtained are summarized in Table
XIIT. No range is glven because Lhe values dld not vary more than

cases all samples of a given group showed no
veriation. The beef, date, and potato chip bars had values of less than
£.0; the value of 5.6 for the dates coated with acetyl glycerides was
the lowest. The cereal and nonfat milk solids bars had a pH of about
€.5, while the pea bar:c were 7.0.

S. Water-Soluble Fraction

a. Method: Water-soluble fracticn was determined by the
method given by Jacobsig/ for preparing cold-water extracts of meat and
meat products. The only alteration was in the water temperature; in-
stead of water at 40°F, water at room temperature, 78 * 2°F, was used.

An aliquot of the food bar was accurately weighed and placed
in a clean 50-ml. centrifuge tube. About 40 ml. of distilled water was
added and the mixture allowed to stand with occasional stirring for
10 min. The tube was centrifuged and the supernatant fi.tered through
Whatman No. 31 filter paper. This was repeated twice with S50 ml. of
water and four +times with 25 ml. of water, the residue being washed into
the filter paper with the last 25 mli. The residue and filter paper were
washed three times. The filtered extract was diluted to a volume of
500 ml. in a volumetric flask and mixed well. An aliquot of the extract,
100 or 200 ml., was transferred to a tared evaporating dish and evapor-
ated to drymess to determine solids extracted. Initial drying of the
extract was accomplished in a 100°C oven and the final drying in the
vacuum oven. From the total solids extracted the water-snluble fraction
of vhe dry matter was calculated.

* Leeds and Northrup Company, Philadelphia, Pennsylvania, Assembly No.
7663-A1.

**% Beckman Buffer Solution 358, Beckman Instruments Incorporated,
Fullerton, California.

- 34 .
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TABLE XIII

THE pH COF A WATER SUSPENSION OF COMPRESSED FOOD BARS

rH
Food Bar Avg. Value
Beef, low moisture 5.7
Beef, high moisture 5.7
Beef, w/sorbitol 5.7
Beef, w/mono-,diglycerides 5.7
Dates, low moisture 5.8
Dates, high moisture 5.8
Dates, w/acetyl glyceride
coating . ?.6
.Peas; igﬁﬂﬁoiéture 7.0
Peas, high moisture 7.0
Cereal, low moisture 6.4
Cereal, high moisture 6.4
Nonfat milk solids 6.5
Potato chips 5.8
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The cupernatan* liquid sometimes filtered slowly. The nonfat
milk solide were partoviarly hard to filter. The No. 31 Whatman filter
paper - which is coarse - aided filtration. Another manipulation which
aided was to reduce the original sample size and evaporate a larger
aliquot of the exiract. Representative sample sizes and aliquctc evapo-
rated were as follows: beef bars, 3 g., 200ce,; date bars, 5 g.,

100 cc.; pea bars, 5 g., 200 cc.; cereal bars, 12 g., 100 cc.; nonfat
milk solids, 3 g., 200 cc.; and potato chip bars, 6 g., 200 cc.

" b. 'Results: Compression had virtually no effect on the solu-
bility of the nonfat milk solids; essentially 100 per cent of the dry
matter was water soluble (see Table XIV). Since they contained 0.5
per cent of magnesium stearate, we did not expect a value greater than
99.5 per cent. The potato chip bars had the lowest water-soluble frac-
tion, 17 per cent followed in order by the beef bars, 25 - 30 per cent;
cereal and pea bars, about 40 per cent; and the date bars 85 - 90 per
cent. The range of values for replicate samples showed results could
be duplicated.

6. Equilibrium Relative Humidity Curve and Rate of Equilibration to
40 Per Cent R.H. T

a. Method: The equilibrium relative humidity curves for the
foud bars were established after the method of FUnk.gg/ - Samples of the
test bars were placed in a tared weighing bottle and placed in closed
containers in which the relative humidity of the atmosphere wes con-
trolled by saturated salt solutions. The saturated salt solutions were
chosen to be as close as possible to relative humidities of 5, 10, 20,
40, and 80 per cent. The different salt solutions used and the rela-
tive humidity of the atmosphere at 78°F (Robinson and Stokesl/) over
them were sodium hydroxide, 7.0 per cent; lithium chloride, 11.0 per
cent; potassium acetate, 22.4 per cent; potassium carbonate, 42.8 per
cent, and potassium bromide, 80.7 per cent. The containers were kept at
room temperature, which was 78 t 2°F. The bottle and sample were weighed
pericdically and the sample was considered at equilibrium if the weight
change over a three-day period was 1 mg. or less per gram of sample.
Af'ter samples had reached equilibrium, the equilibrium moisture content
was determined by drying in the vacuum oven.
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Food RBar

Dates,

Dates,

coating

WATER=30LUBLE FEACTICH OF CCMPRESSED FOOL BAFS
{per cent of dry matter:
rer er

Reet, low moliszture 27 ~
Beet', high: molicture z o=l
Beef, w/sortitol 23 2a-E
Beef, w/mono-, diglycerides 29 26=-22

low moisture 86 84-88

nigh moisture g9 88«30
Dates, w/acetyl glyceride

8¢ 86-87

Peas, low moisture 41 40-42
Peas, high moisture 42 40-45
Cereal, low moisture 41 40-41
Cereal, high moisture 28 36-33
Nonfat milk solids 39 87-100
Potato chips 17 16-18
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b. Results: Figures 5-10 show the equiiibrium relative
humidity curves for the compressed food bars studied. Except for the
date tars, the equilibrium moisture content was S per cent or less at
relative -humidities of up to 40 per cent. In no case was the value
preater than 10 per cent at 42.8 per cent R.H. The equilibriuwr moisture
content at 80 per cent R.H. was two to three times that at 40 per cent
R.H. Difference in initial moisture level of a given bar type had little
influence on the equilibrium moisture levels.

The rate of equilibration to 40 per cent R.H. was followed by
checking the change in weight in an atmosphere of 42.8 per cent R.H.,
maintained over a saturated potassium carbonate solution. The weight
was checked at close enough intervals, especially over the first week of
equilibration, so that a plot could be made relating the food bar weight
after successive periods of equilibration to the starting weight. Whole
fopd bars were used since their rate of equilibration tended to be slower
than that of pieces. The equilibrium moisture content of whole bars or

pieces was the same.

Figures 11-15 show the rates with which the various compressed
food bars equilibrated to 42.8 per cent R.H. The beef bars requfied
7 - 10 days to reach equilibrium. The low moisture dates had a water
activity of about 0.4, and reached equilibrium in Just a few days. The
other date bars were much longer in attaining equilibrium. The high
moisture pea bars required about one week, but the low moisture pea bars
required 12 - 14 days. The cercal bars needed 12 - 14 days and the non-
fat milk solids almost three weeks to attain equilibrium. ’

7. Rate and Amount of Gaseous Oxygen Uptake

: a. Method: Oxygen uptake was determined by means of the
Warburg respirometer. An accurately weighed sample, usually an intact
bar or its weight equivalent, was placed in a 20C-ml. reaction flask.
The flask was flushed with oxygen for 1 min. and stoppered until it was
attached to the manometer. The constant temperature bath was maintained
at 50 t 0.2°C. One hour was allowed for temperature eguilibration be-
fore the manometer was closed to the outside atmosphere and the initial
reading made. FEach day the manometers were read and adjusted back to
atmospheric pressure if the change in the level of manometer fluid in
the open arm was more than 10 mm. During periods of rapid change in air
pressure, it was sometimes necessary'to read and adjust the manometers
more often to keep the fluid levels on scale.
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The manometers were brought vack to atmospheric pressure by owpeni:i s the
closed arm of the manometer to the atmocphere and readjustine the liid
level to the starting point. Thus, the oxygen concentration was dllted
over the observa*ion period. A 10-day observation period was carriod
out.

b. BResults: Figures 16-20 show the accumulative uptake of
oxygen for the freshly prepared food bars as detormined by the above
procedures. The high and low moisture beef bars took up more oxygen
than did the bars with sorbitol and mono-,diglycerides added. The
latter bars were similar to the low moisture bars with respect to treat-
ment and in composition except that sorbitol ard mono-,diglycerides were
added. We did not attempt to elucidate the mechanisms causing the
marked differences in oxygen uptaxe. The low and high moisture beef
bars were run more than the regular 10-day observation period and as the
rate of uptake was decreasing, the rates of uptake continued to decrease
up to the 16th day at which time the <rial was discontinued. However,
as shown in Fig. 16, both types of bars were still taking up some oxygen.
The low and high moisture dates took up oxygen at a much slower rate
than did any of the beef bars, less than 200 pl/g in 10 days. However,
the bars with acetyl glyceride coatings took up more than 700 pl. in the
first 10 days observed. These, too, were run longer than the usual 10
days and their rate of uptake tended to decrease, but not cease, from
the 10th to 1€th day of observation. Approximately 450 pl. of oxygen
per gram of dry matter were taken up by the pea bars, 250 pl. by the
low moisture cereal bars, and 400 pl. by the high moisture cereal bars
over the 10 days observed. The potatc chip bars had taken up about
250 pl/g and the nonfat milk solids approximately 275 pl/g in 10 days of
observation. The low moisture beef bars and the nonfat milk solids bars
were the only ones which showed any definite decrease in the rate of up-
take over the 10-day observation pericd.

In general, the high moisture group of each type of bar tended
to have a greater rate of uptake than did the low moisture group. In no
instance did any of the bars reach an apparent saturation with oxygen in
the 10 days observed. The decrease in the rate of uptake by the two
groups of beef bars as well as the dates with acetyl glyceride coatings
was not caused by dilution of the oxygen in the reaction flasks with at-
mospheric air. Two flasks of each of these groups were removed from
the bath after 10 days and flushed with oxygen, as they had been at the
start of the trial. They continued to take up oxygen from the 10th to
16th days at the same rate as the ones which had not been reflushed with

oxygen.
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4 At 50°C each microliter of oxygen ic equivalent to approxli-
mately 0.028 yM of oxygen (assuming barometric pressure of 760 mm.).
Thus, the 10-day uptakes recorded in these experiments ranged frow abous
76 uM/g for the beer bars to about 3.8 yM/¢g for the low moisture date
bars.

8. Changes Associated with Oxygen Uptake; Peroxide Number, Carbonyl
Content, Thiobarbituric Acid Number

Three different chemical characteristics; (1) peroxide number;
(2) carbonyl content; and (3) thiobarbituric acid number, were used to
reflect changes in the compressed food bars assoclated with oxygen up-
take. The following procedures were used with minor changes, principally
in sample extraction, for the respective determinations, peroxide number,
procedure recommended by the Committee on Analysis of Commercial Fats
and Oils;gi/ carbonyl content, that reported by Henick, Benca and

Mitchell;gg/ thiobarbituric acid number, the procedure of Sidwell et alé%i/
Reagents and solutions were prepared as directed in the respective

references.
a. Method:.. .

(1) Peroxide number: For the determination of peroxide
number, approximately a 5-g. sample was accurately weighed into a glass-
stoppered 50-ml. centrifuge tube. The sample was extracted with 30 ml.
of acetic acid-chloroform solution, centrifuged, and the supernatant
filtered through a coarse filter paper into a clean, dry 250-ml. Erlenmeyer
flask. The extraction was repeated with two 20-ml. portionc of acetic
acid-chloroform solution. The acetic acid-chloroform extract was then
treated with potassium iodide and water and the liberated icdine titrated
with standard thiosulfate as directed by the Committee on Analysis of
Commercial Fats and Oils.

(2) Carbonyl content: For the carbonyl determination,
3 - 5 g. of the ground food bars were accurately weighed into a 50-ml.
glass-stoppered centrifuge tube and 25 ml. of carbonyl-free benzene were
added. The tube was shaken, allowed to stand several minutes, shaken
again and centrifuged. An aliquot of the supernatant estimated to con-
tain up to 1 uM of total carbonyl was pipetted int@ﬁ%_i}ean, dry 50-ml.
volumetric flask and the color developed as directed The absorbancy
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TABLE XV

PERGXIDE IIUMPER, TOLAL CAREOL T, CCFMMITD AND THICBARSITURIO ACID o o7 ki
OF COMPRE3S3ED FOOD BARS

Totul Curbony hs
Food Dar wincl/ pran
Deel, luw moisture 170 .36
TELT7SLT T eRx 3.10-3.50
Beef'y, high molsture 19,7 o5V
17.7-195.,% 2.2Z2-2.4C
Beef, w/sorbitol 24 .4 2.66
23.2-25.1 2.53-2.82
Beef’, w/mono-,
diglycerides 22.5 3.18 G.20
2l.4-23% .2 2.96-3.39 0.17-0.25
Dates, low moisture 0.0 0.21 0.01
- 0.18-0.25 0.0C-0.02
Dates, high moisture 0.0 0.20 0.03
- 3.15-0.30 0.02-0.03
Dates, w/acetyl
glyceride coating 2.2 0.35 0.05
- 0.32-0.39 0.02-0.,13
Peas, low moisture < 1.0
Peaz, hish moistura < 1.0
Cereal, low moisture 3.4 0.44 9
3.1-4.1 0.44-0.45 -
Cereal, high moisture 0.0 0.52 0.12
- 0.39-0.82 0.10-0.,13
Nonfat milk solids <1l.0 None None
detected detected
Potato chips 1.6 5.64 0.15
0.9-1.9 5.45-3.94 0.12-0.18

* Dry matter basis.
**  Mg. malonaldehyde/1,000 g. dry matter.
*#%*  Range of values.
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differentiation between the concentration of butyraldehyde and crotor-
aldehyde, bu* the total carbonyl was within 5 per cent of the correct
value. We recommend that the accuracy of the method should be checked
for each individual food type for each new application. The method is
simple and fairly rapid, and would bz of definite value if Zt should
prove to give good results for total carbonyl, even though it might

not accurately differentiate between the concentrations of saturated and
unsaturated carbonyls.

The thiobarbituric acid number (TBA) determination would appear
to be of litvle usefulness since the results were so low. The results
may have beci: 2 result of inadequate extraction. Kwan and Watts2S
suggest that water is an adequate solvent for preformed malonaldehyde in
foods. The procedure of Sidwell et al. may not.extract all the malon-
aldehyde from the benzene solution. Torladgisgé/ used a distillation
method. The optimum method of extraction should be investigated because
the reaction of oxidized fats with thiobarbiturie acid has been applied
to the evaluation of a number of different products, a few of which are
fish oils (deXoning and 511321/), fats and oils (Jacobson, Kirkpatrick,
and Goft28/) and raw meats (Keskinel, Ayres, and Snyder2d/).

9. Quantitative Changes Assoclated with Browning Reaction; Reducing
Sugar and Amino Nitrogen Content

a. Method: The reducing sugar determination is discussed in
Section II, B-3, on pp. 31 and 32. Amino nitrogen was determined on a
water slurry of the food bar by the Van Slyke method .39/ The only modi-
fication of the procedure of the ACOAC was to usc, instead of a water ex-
tract, a water slurry, prepared by homogenizing in a Waring Blendor, a
food bar or its equivalent in 100 mi. of distilled irater. This homogen-
ization facilitates the determination of amino nitrogen from the water-
insoluble protein as well as from the water-soluble components. An
aqueous solution of glycine was used as a standard. Recovery of amino
nitrogen from glycine added to beef samples was within 5 per cent of the
calculated value.

b. Results:. .Table XVI is a tabulation of the amino nitrogen
content of the various test food bars. The beef bars contained an
average of 5.2 to 5.7 mg/g. The pea, nonfat milk solids and potato
chip bars contained between 4 and S5 mg/g, while the cereal and date bars
contained less than 1 mg/g. The changes with storage are discussed in
Secticn IIT.

- 52 -



CUETT seATTETIYTIM e~
CCONTELT CF G

PRECIED

BN

oo AT
LOI

EAFT

Food Ear
ol

Beef, low

molsture

Beef, high moisture

Beef', w/sorbitol

Beef, w/mono-, diglycerides

Dates, low moisture

Dates, high moisture

Dates, w/acetyl glyceride

coating

Peas, low moisture

Penas, high moisture

Teregl

-3 -

Cereal, high moisture

Moy

o

moisture

Nonfat milk solids

Potato chips

* Dry matter basis.
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Amino Nitropen, mg/g*

VAl
Value

Ave,

.5

5.50
5.60
5.18
5.73

0.13

0.18

.43
4.13
4.31
0.35
0.3~
4.10

4.78

5.10-5.59
4.68-6.07
4.71-8.71
5.03-6.43
0.09-0.15

C.13-0.31

0.56=0.47
3.35-4.90
3.89-5.03
0.27-0.40
0.30-0.43
5.63=4.43
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>, licrobiological Determinations

1. Total Aerobic Flate Counts

A 5332;2: sotal aerobic plate counts, ccliform plate countso
and anaercpic spore counts were made according to procedures in "Recom-
mended Methods for the Microbiological Examination of Foods.ﬂé&/ Three
1:10 dilutions were prepared for each type of food bar, using five tars
for each 1:10 slurr;. Five plates were poured for each slurry at dilu-
tions of 1:100, 1:1,000, and 1:10,000 for the serobic plate counts. The
reported court was based on the 4ilution which gave the most reliatle
count per plate.

b. Results: The microblological counts are summarized in
Table XVII. The ~al aerobic plate count for the beef bars was about
100/g, and the nert highest were the cereal bars with 500-700/g. The
aerobic count on the date bvars was considerably greater, 5,000-6,000,
for the high and low moisture groups and particularly those with acetyl
glyceride coatings, about 23,000. A high proportion of the colonies
were mold and yeast. The pea bars had a rather high count, averaging
12,000-20,000/g, while the nonfat milk solids and potato chip bars
averaged 3,000-4,000/g. The higher moisture group of the date, pea,
and cereal bars had higher counts than did the lower moisture group.

2. Coliform nd Anaerobic Spore Count

8. Method: Five plates were poured for each slurry at dilu-
tions of 1:10 and 1:100 for the coliform and anaercbic spore counts. We
found that an evacuated desiccator or Brewer's Jar was better for the
angercbic spore count than trying to maintain anserobic conditions by
overlaying with anrerobic agar. No difficulties were experienced with
these prescribed procedurcs.

b. Results: The coliform zounts were 10 or less per gram for
all but the nonfat milk solids bars which averaged 80/g. The anaerobic
spore counts were alsoc low except for the high moisture dates and the
nonfat milk solids.

The effect of storage on the bacteriology of the compressed
food bars is discussed in Section III.

- 54 =




TABLE XVII

THE BACTERIOLOGY OF COMPRESSED FOOD BARS

Total. Aerobic Coliform Anserobic
Count Count Spore Count
Food Bar (number/gram) (number/gram) = (number/gram)
Beef, low moisture 0.1% 0 0
0-2.0%% - -
Beef, high moisture 0.1 8 13
' 0-0.2 0-14 4-20"
Beef, w/3% sorbitol 0.1 3 0
0-0.1 0-30 -
Beef, w/mono-,diglycerides 0.1 0 0
0-0.1 - -
Dates, low moisture 5.5 0 5
3.4-8.4 - 0-20
Dates, high moisture 6.5 ¥¥¥ 3 38
2.5-9.6 0-10 0-70
Dates, w/acetyl glyceride ' ‘
coating 13 .5%¥%% 0 3
’ 12.2-15.2 - 0-20
Peas, low moisture 11.7 . 3 9
7.3-20.1 . 0-10 o 0-40
Peas, high moisture 20.1 3 ' 0
13.0-33.3 0-10 -
Cereal, low moisture 0.5 0 5
0.3-1.0 - 0-20
Cereal, high moisture 0.7 3 4
: 0.2-1.3 0-10 0-20
Nonfat milk solids 3.2 80 55
1.6-5.7 20-190 10-110
Potato chips 3.7 0 0
2.6-5.7 - -

* Times 103.
**  Range from three slurries, three plates r<r slurry.

*¥%% High percentage of yeast.




III. THE EFFECT OF STORAGE OF COMPRESEED FOUD BAR CHARACTERICTICS

A. Method

Approximately 200 bars of each variety were packaged and stored
under four different conditions for three months, after which they were
checked for the parameters discussed in Section II. The packaging and
storage conditions were as follows:

1. Air-packed in sealed can, stored st 100°F.
2. Vacuum-vackcd, stored at 10C°F.

3. Air-packed in scaled car, cycled between 0° and 40°F,
three cycles per week. .

4. Stored at 70°F, expcsed to air at 40 per cent R.H.

The bars were packed about 40 each in 1-1lb. coffee cans, The vacuum-
packed were evacuated to 29 in. of mercury vacuwm to attain a pOp of

1 mm. or less. The asctual oxygen tension was not determined. At the
barometric pressures encountered, the pOp of the air-packed cans came
within the range of 135 - 145 mm. Hg. The pea bars were packeged in

foil laminate pouches, seven t¢ cight bars per pouch.

After three months in storage, the bars were tested by the
procedures cutlined in Section II. At least three bars from each storage
condition were tested for the variocus physical characteristics. For
most of the chemi il determinations and water activity, four to five bars
from separaste cans were crushed and mixed £7d an aliquot removed for
analysis. -Flve bars were used to prepare one slurry from each storage
condition for the bacterial counts.

B. Results

The results of tests on the stored bars are summarized in
Appendix A. There were nc major changes in the apparent true density or
apparent porosity of the food bars under any of the storage conditionsg




imposed, Tables A-I and A-II. The porosity apparatus, which was broken
before the beef bars were removed from storage was not repaired becausc
its inaccuracy made it not worth the trouble. Therefore, date for the
stored beef bars were not obtained.

The uncoated high moisture dates, and the high moisture dates
coated with acetyl glyceride, when stored at 100°F, became very snft.
This was reflected in the lowered hardness and shear values as shown in
Tables A-III and A-IV. The shear and hardness values of these same bars
were increased by three months' storage cycling petween 0° and 40°F.
Other than some small changes in the pea bars, the 100°F and 0° - 40°F
cycling storages had had little effect on the hardness and shear values
of the various test bars. BExposure to air and 40 per cent R.H. at 70°F
tended to increase the hardness and shear of the beef bars. This-effect
seemed to be in the meat fibers rather than the over-all bar structure.
The high roisture date bars lost moisture to the 40 per cent R.H. atmos-
phere, and their hardness and shear values tended to increase with
storage while the values for the pea bars tended to decrease. The hard-
ness values of the cereal bars were increased with storage under these
conditions, but shear values wer= not affected. The potato chip bars
were unaffected by the exposure to air at 40 per cent R.H., while the
shear value of nonfat milk solids bars was increased.

The impact resistance, Table A-V, of the beef bars, cereal
bars, and the potato-chip bars was unaffected by any of the storage con-
ditions. The value for pea hars stored, elther air- or vacuum-packed,
at 100°F or cycling between 0° - 40°F, was lower than the initial value,
but exposure to air and 40 per cent R.H. at 70°F had no effect. Al-
though the change was small, the impact resistance of nonfat milk solids
bars exnosed three months to air and 40 per cent R.H. was greater than
either the initial value or the values for the other three storage con-

ditions..

The test bars made from nonfat milk solids were not tested for
dimensional stability after storage. With the exception of the cereal
bars and the date bars, exposure to air and 40 per cent R.H. for three
months decreased the dimensional stability at 1CO°F of the compressed
food bars, Table A-VI-A. All date bars under these conditions and the
low moisture date bars, when stored at 100°F and cycled between 0° and
40°F, had greater resistance to deformation than when first prepared.
The high moisture date bars exhibited less dimensional stability when

stored under the latter two conditions. The three months' storage at 100°F

and cycling between 0° and 40°F did not noticeably change the dimensional
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stability of the beef, pea, cereal, or pctato chip bars. Only the date
bars were tested for dimensional stability at 40°F, Table A-VI-B. The
100°F storage had a definite detrimentel effect on the two high moisture
bars, but had no effect on the low moisture bars when they were sub-
Jected to 5 psi for 24 hr. at 40°F. Dimensional stability was good at
40°F for all the date bars stored under the 0° - 40°F temperature
cycling and in air at 40 per cent R.H.

The effects of storage on cohesiveness are summarized in Table
A-VII. No values were obtained on the stored beef, cereal or potato
chip bars for cohesiveness because holes could not be drilled for mount-
ing without the bar cracking or falling apart. The high moisture date
bars were adversely affected by the 100°F storage, but the low moisture
date bars were not. All the date bars had higher cohesiveness values
when stored under temperature cycling and the loss of moisture to the
40 per cent R.H. atmosphere caused the high-moisture date bars to im-
prove in cohesiveness. The fresh, low molsture pea bars had a 4.9 co-
hesiveness value, but expcsure to 40 per cent R.H. dropped the value to
0; otherwise, storage had no effect on their cohesiveness. The pressure
exerted on the evacuated foil laminate pouches in which the pea bars were
packaged caused the high moisture pea bars to have a good cohesiveness
value after three months at 100°F. If they had been packaged in cans,
the value probably would have been O or near 0. The nonfat milk solids
bars showed little change after storage, but there was some lncrease
in cohesivenzss by bars exposed to the 40 per cent R.H.

The water dispersion time for beef bars was unchanged -by
storage (Table A-VIII). Storage condition had no consistent effect on
the dispersion time for date and cereal bars. Only 1 min. was required
for dispersion of pea bars exposed to air and 40 per cent R.H., compared
to initial values of 23 and 6 min., respectively, for ldéw and high mois-
ture pea bars. The other storage conditions had little effect on the
dispersibility of the low moisture pea bars, but the consolidating effect
of the external pressure on the foil laminate pouches was reflected in
the increase in dispersion for the 100°F vacuum-packed, high moisture
pea bars. Storage, especially the exposure to 40 per cent R.H., in-
creased the dispersion time for the nonfat milk solids bars.

Although the wet and dry bulb temperatures in the constant
temperature-humidity storage cabinet indicated a relative humidity of
40 - 45 per cent, the results shown in Table A-IX indicate that the
chamber was at about 50 - 55 per cent R.H. The water activity of all
the bars stored in the chamber, except the low moisture beef bars,
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ranged from 0.49 to 0.60. The water activity of the bars stored under
the other three storage conditions in sealed containers did not differ
appreciably from the value for the freshly prepared bars.

Permeability times, summarized in Table A-X, were not affected
by storage with the exception of one group of the high moisture peas and
the nonfat milk solids. The increase in permeability time for the
vacuum-packed high moisture peas stored at 100°F is undoubtedly due to
the consolidating effect of external air pressure on the flexible pack
and consequently on the bars, themselves. There was some variation in
the times for the nonfat milk solids bars, but these general conclusions
can be made: storage at 100°F had little influence; the &alternate
freezing and thawing evidently caused some localized condensation and
consequently plugging of pores so that the permesbility time was longer
after three months than for the fresh bar. Exposure to air and 40
per cent R.H. lowered the permeabililty time slightly.

Table A-XI shows the effect of storage on moisture content of
the various food bars. The slight difference between the initial mois-
ture values and the values for the bars stored in closed containers,
both groups stored at 100°F, and the cycling temperature group, are un-
doubtedly due in part to sampling as well as analytical veriability.
However, in no case is the difference sufficient to warrant a conclusion
that storage had any significant effect on moisture content. The mois-
ture level of the bars stored in the constant temperature-humidity
cabinet could have been predicted from the equilibrium relative humidity
curves, Figs. 5 - 10. The actual moisture values indicate, as did the
values for water activity, that the relative humidity was slightly
greater than the 40 - 45 per cent indicated by the temperature sensors.

The free and bound lipid values for the stored bars are given
in Tables A-XII and A-XIII. The fat analysis of dates without acetyl
glyceride coatings and of the nonfat milk solids was not repeated after
the three months'’ storage. There were no changes in free lipid content
due to storage. The apparent bound lipid content of the pea, cereal,
and potato chip bars did not change, but there were some definite changes
in some of the beef bars. There was a tendency for the bound lipid
level of the beef bars to be higher after the three months' storage.
Whether these higher results were due to a change in some component, thus
rendering it soluble in the chloroform:methanocl solvent, is not known.
These results indicate that determining total lipid or weight loss after
simple chloroform:methanol is not a relisble method.
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The reducing sugar content c¢f bars stored at 100°F (see’Table
A-XIV) lessened during storage. This trend is particularly noticeable
in the date bars, the greatest changes being in the high moisture groups.
The reducing sugar content of the nonfat milk solids bars also showed
a definite decrease when they were stored at 100°F. Air-packed bars
cycled between O° and 40°F underwent no change in reducing sugar con-
tent. Storage in air and 40 per cent R.H. generally had a lowering
effect on reducing sugar content, but the effect was not as pronounced

as with the 100°F storage.

Storage had no effect on the pH of a water slurry of the
various food vars, Table A-XV, with the exception of the high moisture
cereal bars. Although taste testing was not a requirement of the con-
tract, most of the bars were so tasted. The high moisture cereal bars
had a definite soapy taste following storage. Hydrolytic changes in
the fat had evidently occurred and was reflected in the lowered pH of
the water slurry, particularly for those bars stored at 100°F.

The effect of three months storage on the water-soluble frac-
tion is summarized in Table A-XVI. The water-soluble fraction of the
beef and pea bars was unaffected by storage. The date bars coated with
acetyl glycerides were reduced slightly in their water solubility by
the storage period but the uncoated date bars were unaffected. The
cereal bars and the nonfat milk solids bars alS5o had slightly lowered
water-soluble fractions after the storage perilod while that of the
potato chip bars was about 5 per cent greater than initially.

The equilibrium relative humidity data are presented in tabu-
lar fcrm in Table A-XVII. With the exception of the bars stored in air
and exposed to 40 per cent R.H., the equilibrium molsture content at the
various relative humidities was essentially unaffected by storage. An
imperfect hysteresis 1s seen in some of the bars exposed to the 40 per
cent R.H. The beef bars thus stored lost moisture to the atmospheres
of 42.8 per cent or lower relative humidity. They tended to come to
equilibrium at slightly higher moisture levels than did the fresh bars;
however, at the 80.7 per cent R.H. the equilibrium moisture contents
were about the same as for the fresh bars. Also,.the nonfat milk solids
bars stored exposed to air and 40 per cent R.H., tended to reach slightly
lower moisture levels than initially except at the high relative humid-
ity. The other bars thus stored showed little change from the fresh
condition. Complete sets of data were not determined for the date bars
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because of the long time needed. The effect of storage on the rate of
equilibration to 40 per cent R.H. was not checked.

Thiobarbituric acid numbers were not determined for any of the
stored bars, but peroxide number, Table A-XIII, and carbonyl content,
Table A-XIX, were determined as quantitative aspects of oxygen uptake.
The freshly prepared beef hars had peroxide numbers of about 20. These
numbers decreased during the three months to about one-fourth to one-
half the original value. The peroxide number of the stored cereal bars
and potato. chip bars was very low. Dates, peas, and nonfat milk sclids
were not analyzed for peroxide number. Carbonyl.coni :nt was determined
only on the beef, cereal and potato chip bars. The values for all these
bars were somewhat variable but in no case was there a very large devia-
tion from the initial values obtained on the freshly prepared bars.

The effect of storage on reducing sugar content was presented
in Table A-XIV. The other factor measured incident to browning reaction
was the amino nitrogen content, which is summarized in Table A-XX. There
was little change with storage of the aminc nitrogen content of the beef
bars, except the level in the bars stored in air and exposed to 40 per
cent R.H. was slightly lower than in the fresh bars. The date bars showed
an over-all trend to higher values after storage, although the acetyl
glyceride coated group was a little lower than the initial wvalue. The
amino nitrogen content of the stored pea bars was almost twice the in-
itial values, whereas the concentration in the nonfat milk solids bars
was about two-thirds the initial wvalue. The amino nitrogen content of
the potato chip bars was slightly lower following the storage period.
Subjectively the date, pea, cereal, and nonfat milk solids bars had
undergone visible browning in the 100°F storage groups. Little change
in color could be seen for those bars stored in the air or under condi-
tions of temperatwre cycling. Calculation of the molar change in re-
ducing sugar and amino nitrogen for some of the bars shows that 1 mg. of
amino nitrogen is equivalent to 7 x 10-5 mole and 1 per cent reducing
sugar is equivalent to 6 x 10-5 mole/g. Thus, for nonfat milk solids
air-packed and stored at 100°F, there was a reduction in reducing sugar
of 18.6 x 10-5 moles and in amino nitrogen of 12.5 x 10-5 moles. These
results are in good agreement with the concept that there is a condensa-
tion of sugar and amino nitrogen during nonenzymatic browning.

The effects of storage on the bacterioclogical picture of the
compressed food bars are summarized in Tablec A-XXI, A-XXII, and A-XXIII.
With the notable exception of the low moisture peas and the potato chip
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bars, the total aecrobic plate count of most of the bars stored for three
months at 100°F was lower than the count on the fresh tars. The high
countc for the high mecistire veef, pea, and cereal bars stored with
cycling temperature indicate there may have been some freezing and
thawing with sufficient condensation at times to permit some bacterial
growth. With the exception of the low moicture dates and the nonfat
milk solids bars, the counts for the groups exposed to air and 40 per
cent R.H. werc lower than the Initlal counts. The covering of one of
the four nonfat milk solid: canc wac touching the top layer of vars,

and had evidently promoted localized molsture transfer and resultant
mold growth. No other incidence of mold was noted for the samples
stored in the constant temperature humidity cahinet. The inltial coli-
form count was low for all bars but the nonfat milk solids; conse-
quently storage under ~ll conditions generally had no etfect on the
coliform count. The high moisture beef stored under temperature cycling
did have a high coliform count as did the low moisture dates stored under
the same conditions, agairn an indication that conditions suitable to
support bacterial growth may have occurred.

The coliform counts for the nonfat milk solids fell some but
to not less than one-fourth of the original count. The nonfat milk
solids had a high anaerobic spore count after storage when compared to
other bars. This count is a reflection of the high initial count, as
most of the other bars had low initial counts and either very low or O
after storage.

The oxygen uptake of the bars is given in Table A-XXIV. The
beef, acetyl glyceride coated dates, cereal, and potato chip bars had a
siower rate of oxygen uptake; consequently a lower total uptake, after
the three months' storage than did the freshly prepared bars. The
rate of uptake by the stored pea and milk bars was about the same as the
fresh bars. BSamples of high and low moisture date bars from all the
storage conditions were not run, but the rate of uptake wag greater
than initially for all the samples tested. The bars stored exposed
to air and 40 per cent R.H., generally had a higher rate of uptake than
did the rest of the stored bvars, particularly the beef bars and the non-
fat milk solids bars. Bacteria may have contributed to this result.
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Iv. PREPARATION OF TEST-COMFRESSED FOOD BARS

Following is a brief description of the preparation of each
sype of food bar. A list of the individual ingredients and their source:z
is given in Appendix B.

The final mixes were tableted in a Stokes R-1 press. The die

used yielded a food bar 1-1/4 in. square. A depth of £ill was used to
yield bars about 1/2 in. thick. '

A. Cooked, Freeze-Dried Ground Beef-

The dry ingredients of the beef bars consisted of 75 per cent
by weight of coocked, freeze-dried ground beef, and 25 per cent by weight
of dehydrated chicken broth. The beef was placed in a mixer and
moistened by the addition of 30 cc. of water per 100 g. of total dry
ingredients. The water was added slowly with mixing and the batch mixed
for several minutes after the addition of all the yater. The dehydrated
chicken broth was then added, in small increments and with mixing. The
final mix was placed in a closed container and allowed to temper over-
night, then tableted. The addition of sorbitol and mono- and di-
glycerides was made at the expense of the beef. After tableting, the
bars were placed in a forced air drier and dried to the desired moisture
level. The drier temperature was 110 % 2°F,

Physically these bars were very porous and quite fragile.

B. Date Bars

As purchased, the moisture level of the dates was intermediate
between the two desired levels. The dates were torn apart, placed on
large trays and sprayed with a calculated amount of water to attain the
high moisture level. The low moisture level was attained by drying in
1 forced draft oven. The dates, with the moisture level adjusted, were
ground in a meat grinder through l/8-in. plate, then rolled ocut n
sheets 1/2 in. thick. The sheets were scored and cut out by hand. The
bars which required acetyl glyceride coating were dipped in a mixture
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of acetyl glyceride held at a temperature of about 70°C. Excess coate
ing was sllowed to run off aud the bars set aside at room temperature to
allow the coating tc¢ harden. The acetyl glyceride mixture consisted of
10 per cent Myvacet 9-40 and 90 per cent Myvacet 5-00.

C. Cocked, Freeze-Dried Pea Rars

‘ne cocked, freeze-dried peas were growd 1u & Wiley mili.
The ground peas and sorbitol were mixed at the weight ratio of 90:10,
respectively. Water was then added to the dry mix at the rate of
10 g/100 g of dry material, and the moistened mix tableted. Teflon
tape had to te used on t..e punches because the mix stuck to them. The
pea bars were not entirely satisfactory in that there was delamination
when dried.

D. Cereal Bars

Composition of the cereal bars was as follows: ground corn
flakes, 62 per cent; nonfat dry milk, 14 per cent; shortening, 10 per
cent; and sugar, 14 per cent. The ingredients were mixed and then
moistened just prior to tableting. Since a moisture level of 8 - 10
per cent was difficult to handle in the press, one batch was moistened
to about 12 per cent level and snother to sbout 6 per cent and the re-
sulting bars dried to the desired moisture levels. These bars were
crumbly and difficult to nandle.

E. Nonfat Milk Solids Bars

The freshly opened nonfat milk solids were mixed with 0.5 per
cent by weight of magnesium stearate and tableted. The magnesium
stearate served as a release agent. The bars tended to hang in the die
during the ejection step and would split badly when the release agent
was used.
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¥, %Yotato Chip Bars

Commercially availatle potato chips were ground to a particle
size of 1/8 in. or less in a Labconco lavoratory mill. Dehydrated
chicken broth was mixed with the ground potato chips at a level of 10
per cent by weight and then water at the rate of 5 g/100 g of mixture.
The moistened mixture was then tableted on the 3tokes R-1 press at a
pressure which would give a compact bar but a minimum of fat loss.

They were then dried about 4 hr. at 100°F in a forced draft oven,
allcwed to cool and packaged.

V. CONCLUSIONS AID RECOMMEUDATIONS

Satisfactory methods are outlined and were used to quantita-
tively measure the following characteristics of compressed dehydrated
food bars: (a) hardness; (b) shear; (c) impact resistance; (d) dimen-
sional stability; (e) cohesiveness; (f) dispersibility in water; (g)
water activity; (h) permeability to gas; (i) moisture content; (j) free
lipid content; (k) pH; (1) water-soluble fraction; (m) equilibrium
relative humidity curve; and (n) rate of equilibration to 40 per cent
R.H. The methods used for surveying the bacteriology of the food vars,
specifically the total aerobic plate count, coliform count, and an-
aerobic spore count, were also found to be relisble. The results were
found to be reproducible when the tests were perfcrmed in the prescribed
manner by different technicians.

The determination of bulk density as performed in this project
was satisfactory, but accurate true densities could not be determined be-
cause of incorrect results for porosity. We recormmen? that porosity and
true density be calculated in conjunction with the use of the air com-
parison pycnometer to determine the true volume of solids. The pro-
cedure outiined herein for determining stickiness with the Du Nouy tensi-
ometer may be too sensitive. A series of foods should be rated by both
a test panel and the tensiometer to see if the method seems useful. ‘The
food bars were found to be inelastic and only for certain types of come-
pressed food bars does it seem that elasticity is applicable.

A chloroform:methanol solution, 2:1 volume ratio, was found to
extract nonlipid materials from the food meterials tested. (onsequently,




bound lipid values calculated by subtracting the free fat from the total
fat, which was taken as the weight loss due to chloroform: methancl ex-
traction, were inaccurate. Tue modification suggested of extracting the
chloroform:methanol extract with water to remove water-soluble components
and subsequent evaporation of the organic solvent and weighing of the
lipid residue should vrove to give satisfactory results. The accuracy
of using the outlined method of determining reduring sugars present in
small concentrations in foods should be further investigated. The
method used gave readily duplicable results for nonfat milk solids and
dates, both in replicate samples by the same technician and by differ-
ent technicians.

Measuring oxygen uptake by means of the Warburg respirometer
was catisfactory under the conditions employed. However, the method
should be correlated with conditions normally encountered, such as ate~
mospheric oxygen tension instead of nearly pure oxygen and other temper-
atures than S0°C. The three determinations performed as indices of
chemical change due to oxygen uptake, peroxide number, carbonyl content,
and thiobarbituric aeid number, should also be correlated w’th the amount
of oxygen uptaeke. VYor reasons pointed out in the discussion of the
respective determinations, the accuracy of the carvonyl and thiobar-
bituric acid determinations should also be further investigated. There
may be other indices of change incident to oxygen uptake than the ones
ve have employed. The relation of oxygen uptake to stability of foods
needs more thorough investigation.

The determination of amino nitrogen by the Van Ilyke mano-
metric method was found to be reliable, and results were easily dupli-
cated by different operators after some practice with the machine.
However, changes in amino nitrogen and reducing sugar contents were not
=2asily correlated in relation to browning. The analysis of a larger
rumber of samples may have aided in this respect.

Three months' storage of the test bars did not result in any
great changes in most of the parameters studled. Density and porosity
were essentiglly unaffected by any of the storage conditions. ZExcept
for the date bars, hardness, shear, impact resistance, cchesiveness, and
permeabllity were practically unaffected by the storage condition used.
The date bars tended to soften considersbly when stored at 100°F. The
three months! exposure to air and 40 per cent R.H. did produce some
noticeable changes in the values for these characteristics in some of the
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food tars. Water disgpersitility was rnot chuanpged appreciatly, ty storare.
nor was water activity for trose tars sealed from tiie atmospirere. Fars
exposed to the 40 per cent B, H, equilibrated to a waler activ
moisture ccntent compatitle with: that level of relstive fimidity

moisture content of the vars in the sealed containers did not charnge

with storage. Of the chemical characteristics studied, some small

changes were noted in some instances in reducirpg zurar, pil, avd uriro
nitrosen ccntent., Zome notice=tie trowning nad ceceurred in d tes, peas,

nonfat milk solids, and cereal bars which could bte related to changes

in reducing sugar and amino nitrogen content,
The tacterial population ternded to decrease wiil. slorage.

There were indications that storage with alternating freeze-thaw cycles
may provide conditions suitable to promote bacterial growth.
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APPENDIX A

RESULTS OF OBJECTIVE MEASUREMENTS OF STCRED COMPRESSED FOOD BARS
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TABLE A-I

APPARENT 1.3UE DENSITY MEASUREMENTS OF COMPRESSED FGOD BARS

STORED FOR THREE MONTHS

{grams per cubic centimeter)

Tackaging and Three-Month Storage Condition

Air Vacuum Air Air
Food Bar Fresh {100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Dates, low moisture 1.25 L.22 0.89 1.22 1.17
Dates, high molsture  1.23 L.2o L. 1.13 1.20
Dates, w/acetyl

glyceride coating 1.20 - - - -

Peas, low meoisture 1.04 1.08 1.06 1.02 1.01
Peas, high moisture 1.00 0.85 1.04 0.20 0.93
Cereal. low mouisture 1.19 1.18 1.22 1.21 1.19
Cereal, high moisture 1.16 1.16 1.16 1.15 1.16
Nonfat milk solids 1.33 1.34 1.32 1.3% 1.31
Potato chips 0.89 0.84 0.8¢ 0.84 0.88
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PTARIE A-T1

APPARENT POROSITY MEASUREMELTS COF COMPRESSED FOCD RARD
STCRED FOR THREE MONTHG

(pore volume as per cent of bulk volume)

Packaging and Three-lonth Storage Condition

Air Vacuumn Air Alr
Food Bar Fresh (100°F} (1uC°F) (0-40°F) (40% R.H.,70°F)
Dates, low moisture 3 6 4 3 3
Dates. high moisture S 6 4 3 5
Dates, w/acetyl
glyceride coating g v - - - -
Peas, low moisture 35 36 35 35 32
Peas, high moisture 33 34 31 33 32
Cereal, low moisture 24 25 26 27 27
Cereal, high moisture 24 24 24 27 23
Nonfat milk solids 1 2l 21 21 ' 16
Potato chips 21 22 24 21 23
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TABLE A-TII

HARDNESS MEASUREMENTS (POUNDS) OF COMPRESSED FOOD BARS
STORED FOR THEREE MONTHS

Packaging and Three-Month Storage Condition

Air Vacuum Air Air

Food Bar Fresn (100°%) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low moisture S o 6 8 12
Beef', high moisture S 6 ) 5 13
Beef , w/sorbitol 4 4 4 4 8
Beef, w/monc-,

diglycerides S 4 4 4 2
Dates, low moisture 23 20 13 29 20
Dates, high moisture 4 <1 0 10 9
Dates, w/acetyl

glyceride coating 5 0 0 7 10
Peas, low moisture ol > 70 > 70 57 6l
Peas, high moisture 52 42 > 70 38 33
Cereal, low molisture 16 14 17 19 26
Cereal, high moisture 19 25 26 20 23
Nonfat milk solids > 70 > 70 > 70 > 70 >70
Potato chips 14 13 14 15 11
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TAELE A-TV

EFFECT OF THREE-MCLTHS' STORAGE OH SHEAR VALUES (PCULTOS

)

Food Bar

Beef, low moisture
Beef, high moisture
Beef, w/sorbitol
Beef, w/mono-,
diglycerides
Dates, low moisture
Dates, high moisture
Dates, w/acetyl
glyceride coating
Peas, low moisture
Peas, high moisture
Cereal, low moisture
Cereal, high moisture
Nonfet milk solids
Potato chips

OF COMPRESSED FOCD BARS

Packoging and Three-Month Storage Tordition

Air Vacuum

Air

Alr

Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
3 3 4 2 5
3 2 4 3 7
2 2 1 2 é
2 2 2 2 4

27 24 18 35 21
5 1 1 14 13
6 1 0 8 12

41 39 43 -3 27

38 25 43 25 22
6 5 8 9 8
8 12 12 6 8

42 52 40 80 53

10 10 12 8 7
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TABIE A~V

EFFECT OF THEEE-IMCITHS' STORAGE Ol THE IMPACT RESISTANCE
CF COMPRESSED FOOD BARS

(inch-pounds of' force to cause shattering)

Packaging and Three-Month Storage Condition

Air Vacwan Air Alr

Food Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low moisture 0.5 0.5 0.5 0.5 1.0
Beef, high moisture 0.5 0.5 0.5 0.5 1.0
Beef, w/sorbitol 0.5 0.5 0.5 0.5 1.0
Beef, w/mono-,

diglycerides 0.5 0.5 0.5 0.5 1.0
Peas, low moisture 9 4 4 S 13
Peas, high moisture 12 ) 10 4 10
Cereal, low moisture 1.5 1.0 1.0 1.5 1.5
Cereal, high moisture 1.5 1.5 1.5 2.0 1.5
Nonfat milk solids 0.6 0.5 0.5 0.5 3
Potato chips 1.5 1.0 1.0 1.0 1.0
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EFFLCT OF THREE

P =] |
-ONTHE

TABRIE A-VI-A

STORAGE CIi THE DI

I T

Ao ki i

ChAL TTATRILITY

OF COMPREGSED FOOD BARS

(per cent deformation under S psi for 24 nr. at 100°F)

Food 3ar

Beef, low moisture
Beef', high moisture
Beef, w/sorbitol

Beef, w/mono-,
diglycerides

Dates, low moisture
Dates, high moisture

Dates, w/acetyl
glyceride coating

Peas, low moisture
Peas, high moisture
Cereal, low moisture
Cereal, high moisture

Nonfat milk solids
Potato chips

Packaging and Three-Month Storage Condition

Fresh (100°F)

< 1%
5% %
3
11
1
S

<1
S
49
34
145
&9

157

Alr

>~

1

[0 I S\

l...]

26
21
167
66

Vacuum
(100°F) (0-4U°F) (40% R.H.,70°F)

Alr

Air

168
66

251
70

* 9 %
WA

*H%

@ D o

156
66
173

58
* K

[Ze IV I o B € R T

13

FNeH

13

* Per cent deformation in lateral dimension, upper figure.
** per cent deformation in thickness, lower figure.

*#% No change.
*#¥* Not tested.
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TABIE A-VI-B

EFFECT CF THREE-MONTHS' STORAGE ON THE DIMENSIONAL STABILITY
OF COMPRESSED FOOD BARS

(per cent deformation under S psi for 24 hr. at 40°F)

Packaging and Three-Month Storage Condition

Air Vacuum Adr Alr
Food Bar Fresn {100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Dates, low moisture 4 * * <1 *
5 1 8 3 1
Dates, high moisture 4 39 29 3 <1l
8 24 30 4 2
Dates, w/acetyl
glyceride coating 2 16 96 2 1
4 15 45 3 2
* [lo change.
TABIE A-VII

EFTTCT OF STORAGE ON THE COHESIVENESS
OF COMPRESSED FOOD BARS

(pounds of force to pull bars apart)

Packaging and Three-Month Storage Condition

Air Vacuum Air Air
Food Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Dates, low moisture 4.8 8.8 3.8 10.5 4.5
Dates, high moisture 0.0 0.0 0.0 3.3 2.5
Dates, w/acetyl
glyceride coating 1.2 0.0 0.0 2.5 3.3
Peas, low molsture 4.9 3.0 4.6 5.1 0.0
Peas, high moisture 0.0 0.2 6.6 0.0 0.0
Nonfat milk solids 12.0 14.8 9.2 14.0 16.5
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TABLE A-VIII

EFFECT OF THFEE-MONTHS' STOBAGE ON THE WATER DISPEESION TINM

CF COMPRESOED FOOD BARD

(minutes for dispersion in 10 volumes of water,
shaken at 140 I 10 strokes/minute)

T'ood Bar

Reef, low moisture
Beef, high moisture
Beef, w/sorbitol
Beef, w/mono-,
diglycerides
Dates, low moisture
Dates, high moisture
Dates, w/acetyl
glyceride coating
Peas. low moisture
Peas, high moisture
Cereal, low moisture
Cereal, high moisture
Nonfat milk solids
Potato chips

Packaging and Three-Month Storage Condition

Alr
Fresh (100°T)
<1 <1
<1 <1
<3 <1
1 3
420 260
273 240
288 313
23 18
e <1
316 320
175 97
150 295
» 480 460
- 79 -
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Vacuum ALlr

(100°F) (0C-40°F)

Alr

- a0 \
(40% R.H.,72°F}

\

<1
<1
<1

> 4890 >

<1l
<1
<1

390
280

405
15
12

290

240

295

480

<1l

<1

1
370
290

360

<1
255
240
> 480
> 480




TABLE A-IX

EFFECT CF THREE-MONTHS' STORAGE ON THE WATER ACTIVITY
OF COMPRESSED FOOD BARS

(activity at 25°C)

Packaging and Three-Month Storage Cundition

Alr Vacuum Alr Air
Food Bar Fresh (100°F) (100°F) (C-40°F) (40% R.H.,70°F)
Beef, low moisture 0.05 < 0,056 <0.058 <0.05 0.42
Beef ., high moisture 0.26 0.30 0.25 0.25 0,53
Reef, w/sorbitol 0.06 0.08 0.07 0,06 0.49
Beef, w/mono-, di-
glycerides 0.06 0.06 0.07 0.05 0.50
Dates, low moisture 0.40 C.48 0.47 0.44 0.49
Dates, high moisture 0.53 0.54 0.57 0.56 0.57
Dates, w/acetyl
glycerlde coating 0.57 0.54 0.58 0.58 0.60
Peas, low moisture 0.08 0.07 0.06 0.05 0.57
Peas, high moisture .36 0.41 0.41 0.38 0.55
Cereal, low moisture 0.18 0.24 0.21 C.18 0.55
Cereal, high molsture 0.62 0.66 0.66 0.67 0.54
Nonfat milk solids 0.12 0.14 0.15 0.17 0.56
Potato chips 0.40 0.44 0.44 0.43 0.48
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TABLE A-X

EFFECT OF THREE-MONTHS' STORAGE ON PERMEABILITY TIMF
OF COMPEESSED FOOD BARS

(seconds required to draw SO cc. of air through bars)

Packaging and Three-Month Storage Condition

Air Vacuum Alr Alr
Food Bar Fresh (200°F) (100°F) (0-40°F) {40% R.i.,70°F)
Beef, low moisture 2.5 2.6 2.6 2.6 2.5
Beef, high moisture 2.3 2.5 2.6 2.5 2.8
Beef, w/sorbitol 2.4 2.8 2.6 2.8 2.8
Beef, w/mono-,
diglycerides 2.5 2.8 2.7 3.8 2.6
Dates, low molsture & Nonpermeable >
Dates, high moisture & Nonpermeable >
Dates, w/acetyl
glyceride coating < Nonpermeable >
Peas, low moisture 13.8 20.5 20.5 14.0 21.5
Peas, high moisture 14.7 10.0 58.7 12.2 17.2
Cereal, low moisture 3.6 3.5 3.6 3.5 4.0
Cereal, high moisture 3.9 3.0 3.0 3.0 3.0
Nonfat milk solids 671 630 606 720 571
Potato c¢hins 2.4 2.5 2.5 2.8 2.6
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TABLE A-XI

EFFECT OF THREE-MONTHS' STCRACE ON MOISTURE CONTENT

OF COQMPRESSED FOOD BARS

(per cent)

Packaging and Three-Month Storage Condition

Alr Vacuumn Air Alr
Food Bar Frech (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low molsture 2.1 1.8 1.8 1.9 9.0
(2.5 (2.2) (2.2) (2.3) (10.7)
Beef, high moisture 6.4 6.1 S.4 8.5 i2.2
(7.8) (7.2) (6.3 (7.8) (14.4)
Beef, w/sorbitol 1.6 1.2 1.1 1.2 10.3
(1.9) (1.4) (1.3) (1.4) (12.4)
Beef, w/mono-,
diglycerides 1.6 1.6 1.7 1.7 10.1
(1.9) (2.0) (2.1) (2.1) (12.4)
Dates, low moisture 9.6 9.2 9.2 8.8 12.4
Dates, high moisture 15.4 14.4 1l4.6 14.4 15.1
Dates, w/acetyl
glyceride coating 16.4 15.3 16.7 14.7 14.7
Peas, low moisture 2.4 2.3 2.3 2.4 11.2
Peas, high moisture 6.8 7.1 5.9 7.0 11.0
Cereal, low moisture 3.9 3.4 3.4 3.2 8.5
Cereal, high moisture 9.5 9.0 9.2 8.8 8.5
Nonfat milk solids 3.5 2.9 2.9 3.0 10.3
Potato chips 5.6 4.8 5.2 5.0 6.3

* Flgure in parentheses on fat-free basis,
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TARLE A-YIT

EFFECT OF THRFF-MONTHS' STORAGE O FREE TAT CONTENT

Oy COMPRICIED FOOT BARD

(per cent of dry matter)

and Three-Yontn Storage Jondition

Alr Vacuum Air ir
Food Bar Fresh (100°F) (100°F) (0-40°F: [(40d ©.H,,70°F)
Beef, low moisture 16.2 17.5 17.0 2.0 15.¢
Beef, high moisture 16.2 16.& 16.1 17.2 15.4
Beef, w/sorbitol 16.8 15.7 15.5 15.5 17.1
Beef, w/mono-,
diglycerides 17.6 18.1 17.5 17.86 18.3
Dates, w/acetyl
glyceride coating 1.9 2.3 2.9 3.0 2.8
Peas, low moisture 2.9 2.4 2.6 2.4 3.0
Peas, high moisture 3.2 2.9 2.4 2.1 3.1
Cereal, low moisture 14.5 14.6 14.2 14.2 14.1
Cereal, high moisture 13.9 13.6 13.7 14.1 14.4
Potato chips 31.8 31.3 27.8 31.7 25.2
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TABIE A-XTII

EFFECT OF THREE-MOWTHS' STORAGE ON APPARENT BOUND LIPID CONTENT
GF COMPRESSED FOOD BARS

(per cent of dry matter)

Packaging and Three-Month Storage Condition

Air Vacuum Alr Alr
Food Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low moisture 4.4 6.3 9.0 8.7 9.2
Beef, high moisture 4.5 6.7 6.2 6.5 7.2
Beef, w/sorbitol 7.7 8.4 9.9 10.2 11.0
Beef, w/mono-,

diglycerides 7.8 6.4 7.5 7.1 9.4

Peas, low molsture 15.0 12.3 9.7 14.6 12.6
Peas, high moisture 11.4 12.5 13.2 10.3 15.3
Cereal, low moisture 3.0 3.0 3.7 2.1 2.4
Cereal, high moisture 3.2 1.4 1.6 2.5 1.8
Potato chips 0.5 0.9 0.1 0.6 1.3
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TABIE A-YIV

EFFECT OF THREE-LORTHS ' OTCRASE il RELUT
CF COMFREDSED FOOU BARS

L,
10y SUGAE Lo ETE

(per cert glucose equivalent on dry matter hasis)

Packaging and Three-ifonth Storage Condition

Alr Vacuum Air Alr

Food Bar Fresn (100°F) (100°F) (0-40°F; (407 I.i.,70°%0)
Beef, low moisture 0.24 0.22 0.19 0.22 0.18
Beef, high moisture 0.30 0.25 0.24 0.22 c.22
Beef, w/sorbitcl 0.15 0.31 0.25 0.24 0.23
Beef, w/mono-,

diglycerides 0.20 0.26 0.27 0.24 0.25
Dates, low moisture 73.8 72.2 71.6 74.5 74.3
Dates, high moisture 77.5 67.8 5.8 7€ .2 73.6
Dates, w/acetyl

glyceride coating 78.0 70.1 73.5 77.3 77.0
Peas, low moisture 0.23 0.16 0.30 0.35 -
Peas, high moisture 0.38 0.27 0.17 0.31 -
Cereal, low moisture 6.4 £.2 6.4 €.4 €.2
Cereal, high moisture 5.6 6.2 6.0 6.2 6.2
Nonfat milk solids 26.3 23.2 24.2 25.2 27.2
Potato chips 0.15 0.20 0.20 0.22 .19
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TABLE £-XV

'EFFECT OF THREE~MONTHS ' STORAGE ON THE pH OF A WATER SUSPENSION
OF COMPRESSED FOOD BARS

Packaging and Three-Month Storage Condition (pH)

Air Vacuum Alr Alr

Feod Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low moisture 5.7 5.7 S.7 5.7 &7
Beef, high moisture 5.7 5.7 5.7 5.7 5.7
Beef, w/sorbitol 5.7 5.8 5.8 5.8 5.8
Beef, w/mono-,

diglycerides 5.7 5.8 5.8 5.8 5.8
Dates, low moisture 5.8 5.6 5.5 5.8 5.8
Dates, high moisture 5.8 5.4 S.4 5.9 5.8
Dates, w/acetyl

glvceride coating 5.6 S.5 5.5 5.8 5.9
Peas, low moisture 7.0 7.0 7.0 7.0 7.0
Peas, high moisture 7.0 7.0 7.0 7.0 7.0
Cereal, low moisture 6.4 6.2 6.2 6.4 6.4
Ceresl, high moisture 6.4 5.9 6.0 6.2 6.2
Nonfat milk solids 6.5 6.5 6.5 6.5 6.5
Potato chips 5.8 5.8 5.8 5.9 5.9
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TABLE A-XVI

EFFECT QF THREE-MONTHS' STORAGE ON THE WATER-SOLUBLE FRACTIOW
OF COMPRFCCED FOOD EARS

(per cent of dry matter)

Packaging and Three-ionth Storage Condition

Alr Vacuum Air Alr

Food Bar Fresh (100°F) (100°F) (0-40°F, (40% R.H.,70°F)
Beef, low molsture 27 27 28 29 29
Beef, high moisture 27 28 27 26 26
Beef, w/sorbitol 29 29 29 28 26
Beef, w/mono-,

diglycerides 29 29 27 27 28
Dates, low moisture 88 86 89 88 Q0
Dates, high moisture 82 86 86 87 83
Dates, w/acetyl

glyceride coating 86 76 78 74 80
Peas, low moisture 41 42 41 41 39
Peas, high moisture 42 38 41 42 38
Cereal, low moisture 41 33 >4 34 34
Cereal, high moisture 38 31 51 36 38
Nonfat milk solids 99 9s 96 24 96
Potato chips 17 24 22 22 23
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TABLE A-XVII

EFFECT OF THREE-MONTHS' STORAGE ON THE EQUILIERIUM~RELATIVE

HUMIDITY DATA OF COMPRESSED FOOD BARS

Equilibrium Moisture Content, %

Air
Fresh (100°F)

Atmosphere
Relative Humidity

Air Air
(100°F) (0-40°F) (40% R.H.,70°F)

Vacuum

(%)

Beef, low moisture

3.2
5.7

2.4
3.2
4.8
8.5

29.1

2.2
3.1
4.9
8.6
28.5

2.2
2.9
4.6

7.0
11.0

3.1 ’

5.4
8.8

28.6

8.5
28.5

22.4

8.2
29.1

42.8

BC.7

Beef, high meisture

3.3
3.9
5.4

3.3
3.7

2.9

3.0
3.4
4.8

3.0
3.8
5.0
8.4
27.9

7.0
11.0

9.1

8.7
28.4

4.6

22.4

9.0
28.5

8.3
29.3

8.3
29.4

42.8

80.7

Beef, w/sorbitol

2.8

2.5
3.1
4.9
8.8
29.8

2.l 2.1

2.4

3.0
4.8

3.0 3.0
4.8
8.7

4.6

11.0

5.1

22‘4

8.9
29.4

8.5
29.9

8.5
28.9

42.8

29.2

80.7

Beef, w/mono-, diglycerides

3.0
3.6
S.2
8.8

28.6

2.4 2.5

3-2

2'4
3.1
4.8

2.6

7.0
11.0

3.3
4.9
8.5
28.8

3.0
4.9

5.0
8.3

28.2

N
.8

80.7

8.3
28.0

8.4
29.6
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TABLE A-XVII (Continued)

Atmosphere Equilibrium Moicture Content, %
Relative Humidity Air Vacwun Air Alr
(%) Fresh  (100°F) (100°F) (0-40°F) (40% R.H., 7O°F)

. - ja R P
Doy Gy ALOW IMOLSLUTC

7.0 8.6

11.0 6.7
22.4 7.1
42.8 8.8 5.6 8.5 8.5 8.4
§0.7 28.1

Dates, high moisture

7.0 7.9

11.0 8.0
22.4 7.9
42.8 10.3 9.5 9.3 10.2 10.5
80.7 31.8

Dates, w/acetyl glyceride coating

7.0 7.8

11.0 7.8
22.4 7.9 6.6 7.5 7.5 7.5
42.8 10.1 9.8 10.6 10.3 10.5
80.7 34.3 30.2 29.8 30.0 28.4

Peas, low moisture

700 2.6 f:".' 2.2 2.1 2!3 2-6
11.0 3.0 2.4 2.4 2.7 3.1
22 .4 4.2 3.8 3.8 4.0 4.2
42.8 7.2 7.1 7.1 7.1 7.4
80.7 18.9 2L.5 21.2 21.4 22.3
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TABLE A-XVII (Contlinued)

Equilibrium Moisture Content, %

Atmosphere
Relative Humidity

Alr
{40% R.H., 70°F)

Ai:

Vacuunm
(100°F) (100°F) (0-40°F)

Air

Fresh

(%)

Peas, high mcisture

[~

Y]

2.9
3.3
4.3
7.0

21.8

2.7

7
11.0

3.1
4.2
7.3

21.9

3.1
4.1
6.9

3.2
4.1

3.6
4.6

22 .4

6.9
23.2

7.2
19.4

42.8

80.7

Cereal, low moisture

2.8
3.5
4

e
3.2

[

3.0

7.0

1]

3.6

3.2
3

3.4

ap]

o

22.4

6.3
14.7

5.7
14

7
5.1

i ]

42.8

14.6

14.3

80.7

Cereal, high moisture

3.0
3.5
4.5

3.0
3.5
4.5

3.0
3.4

g ]

3.1
3.6

7'0
11.0

3.4
4.4

4.7

22 .4

6.2
15

£.2
14.7

.1
14.5

6.1

14.5

6.5

42 .8

80.7

Nonfat milk sclids

2.8
3.3
4.1
5.6

2.8
12.1

2,7

2.7

3.2

7.0
11.0

3.1
3.9
7.0

12.9

2.9
3.5

2.9
3.5
7.0

12.8

3.3
4-7
7.4

11.8

22 .4

6.9
13.0

42.8

80.7
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TABLE A-YVII (Concluded)

Atmosphere Equiiibrium Mcisture Content, O
Relative Humidity Adr Vacuum Air Alr
(%) Fresh (100°F) (LGO°F) (4u-4L°F) (403 R.H.,7U°F)

Ioiats enivs

7.0 2.5 2.4 2.5 2.7 2.4
11.0 2.9 2.7 2.8 2.6 3.0
22.4 3.8 Z.C z.e z.% 4.2
42.8 5.5 4.8 5.2 5.1 5.6
Q0.7 15.2 1.5 17.¢ 1.5 17.3

TABLE A-XVITI

BEFFECT OF THREE-MONTHS' STORAGE ON THE PEROXIDE NUMEER
OF COMPRESSED FOOD BARS

(milliequivalents peroxide per 1,000 grams dry matter)

Packaging and Three-Month Storage Conditicn

Air Vacuum Air Air
Food Bar Fresh (LO0°F) (100°F) (0-40°F) (40% R.H.,7C°F)
Beef, low moisture 17.6 6.2 5.9 2.6 3.4
Beef, high moisture 19.7 4.4 6.0 8.2 2.8
Beef, w/sorbitol 24.4 5.1 9.5 5.3 6.8
Beef, w/mono-,
diglycerides 22,5 6.0 5.3 6.1 6.9
Peas, low moisture <i.0 - - - -
Peas, high moisture < 1.0 - - - -
Cer=al, low moisture 3.4 1.4 2.0 0.8 0.0
Cereal, high moisture 0.0 0.0 0.0 0.0 0.0
Nonfat milk solids <1.0 - - - -
Potato chips 1.6 0.0 0.0 1.0 1.5
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TABLE A-XIX

EFFECT OF THREE-MONTHE' STORAGE ON THE CARBONYL CONTENT

QF _COMPRESSED FOOD BARS

(micromoles per gram of dry matter)

Packaging ard Three-Month Storage Condition

Air Vacuum Air Air
Food Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H.,70°F)
Beef, low moisture 2.30 2.49 2.55 2.46 2.686
Bec:, high moisture 2.30 2.96 2.86 2.54 3.00
Beef, w/sorbitol 2.68 2.13% 1.98 2.21 2.15
Beef, w/mono-,
diglycerides 3.18 3.09 2.07 2.17 2.55
Cereal, low moisture 0.44 0.52 0.53 0.49 0.53
Cereal, high moisture 0.52 0.85 0.70 0.68 0.56
Potato chips 3.64 3.08 2.63 5.34 2.67
- G2 u
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TABLE A-XX

EFFECT OF THREE-MONTHZ' CTCRACE ON THE AMINGC NITREOGEN CCITENT
OF COMPRESSED FOCD BARS

(milligrane sming nitrogen per gran dry mattor) °
& Paczxaging and Three-lontl Storage Zonditior
Alr Vacuum Alr Air
Food Bar Fresh (l00°F) (100°F) (0-40°F) (40% R.H.,i0°F)
" Beef, low molisture 5.50 4.59 4.390 5.88 4.98
Beef, high moisture 5.60 £.02 5.79 S5.7¢ 4.9
Beef, w/sorbitol 5.18 5.62 5.40 5.21 4.87
Beef, w/mono-,
diglycerides 5.73 5.91 5.54 5.59 5.01
Dates, low moisture 0.13 0.21 0.23 0.19 0.37
Dates, high moisture 0.18 0.24 0.20 0.37 0.46
Dates, w/acetyl
glyceride coating 0.43 0.20 0.1¢ 0.21 0.29
Peas, low moisture 4.13 7.28 8.35 7.70 7.75
Peas, high moisture 4.31 7.40 7.36 7.61 7.68
Cereal, low molsture 0.35 0.27 0.26 0.27 0.31
Cereal, high moisture 0.37 0.22 .26 0.43 0.32
Nonfat milk sclids 4.10 2.31 2.37 2.51 2.40
Potato chips 4.76 3.85 2.96 3.96 4.12
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TABLE A-XXTI

EFFECT OF THREE-MONTHS' STORAGE ON TOI'AL AEROBIC PLATE COUNT
OF COMPRESSED FOOD BARS

{organisms per gram)

Packaging and Three-Month Storage Condition

Air Vacuum Air Air

Food Bar Fresh (100°F) (100°F) (0-40°.) (40% R.H., 70°F)
Beef, low moisture < 100 < 100 < 106 < 100 < 100
Beef, high moisture 100 200 < 100 1,700 100
Beef, w/sorbitol 100 < 100 100 < 100 < 100
Beef, w/mono-,

diglycerides < 100 100 < 100 < 100 100
Dates, low moisture 5,500 2,000 3,700 6,400 11,300
Detes, high moisture 6,500 4,300 3,800 3,700 2,400
Dates, w/acetyl'

giyceride coating 13,600 400 500 4,600 6,600
Peas, low moisture 11,700 14,000 12,300 12,900 4,700
Peas, hign moisture 20,100 2,400 3,100 13,400 4,700
Cereal, low moisture 500 200 200 200 200
Cereal, high moicture 700 300 900 1,300 400
Nonfat milk solids 3,200 700 700 600 3,900
Potato chips 3,700 7,000 2,300 300 100
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TABLE A-XXIT

Food Bar

Beef, low moisture
Beef, high molsture
Beef, w/sorbitoi
Beef, w/mono-,
diglycerides
Dates, low moilsture
Dates, high moisture
Dates, w/acetyl
glyceride coating
Peas, low moistire
Peas, high moisture
Cereal, lcw moisture
Cereal, high moisture
Nonfat milk solids
Potato chips

EFFECT OF THREE-MCITHSG' STCRAGE Ci THE CCLIFCRM CCUNT

OF COMPRESZED FOOD EARS

(organisms per gran)

Forraging and Tnree<Menti Jvuruce Jonalllon

Alr Vacuuwn Air Alrx
Presh  [(LO0°F)  (1GO°K)  (0ad0°F)  (40% Ked., 0°F)

0 0 0 o 0

8 O 0 9GO G

3 0 0 0 0]

0 0] o 0 0

0 0 2 50 0

3 0 0 4 0

0 0 0 0 0

3 2 2 10 0

3 0] 0 0 0

0| G 0 0 ¢

3 0 0 o 0
80 40 30 20 20

0 0 0 G 0
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TABLE A-XXIII

EFFECT OF THREE-MONTHS' STORAGE ON THE ANAEROBIC SPORE COUNT
OF COMPRESSED FOCD BARS

(organisms per gram)

Pacxaging and Three-Month Storage Condllion

Alir Vacuum Air “Adr

Food Bar Fresh (100°F) (100°F) (0-40°F) (40% R.H., 70°F)
Beef, low moisture 0 0 0 0 0
Beef, high moisture 13 0 0 0 0
Beef, w/sorbitol 0 0 0 0 G
Beef, w/mono-,

diglycerides 0 0 0 0 0
Dates, low moisture 5 0 0 2 0
Dates, high moisture 38 28 0 4 0
Dates, w/acetyl

glyceride coating 3 0 0 0 0
Peas, low moisture 9 0 0 0 0
Peas, high moisture 0 0 0 0 0
Cereal, low moisture 5 o] 0 0 0
Cereal, high moisture 4 0 8 0 0
Nonfat milk solids 55 94 44 42 82
Potatc chips 0 0 0 0 0
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TATLE A-YXIV

ko €

EEREYD L, TEPER-COHTHE ' STGRACE ON OXYGEN UPTAXKE

LY COMPRESTED FOUD EFARE

Pooraging and Threo-Month Storogs ,
Air Vaouun Air Alr
- ) / . \ /2 ) PR
L Frecn (100°F)  (100°%)  (0-40°F) {40% BR.H., 70°F)

Foe

to

Beef, lov e 2,174 =00 276 =05 629
Beef, high moisture 2, 97 52 704 680
Beef, w/saroitol 045 263 415 624
Beer', w/mono,

diglycerides 792 220 285
Datces, low roistue 10¢ 265 Z
Dates, hign moiastare 192 - -
Dates, w/eceotyl

glyceride coating 710 25
Peas, lowv molsture* 560

O

3

N

—

w
NS
~ (D W
1= A
€1 (03]
O ¢, -4
44l n

M

576 482
Peas, high meoisture* oL 046 076 638
Cereal, low molsturc** 257 173 276
Cereal, high moisture*#* 403 251 317 226 2
Nonfat milk solids 281 288 268 278 2
Potato chips 254 209 261 204 2

-~
1

= U

m =

-~ U oo
| ol i

D 03]

-~ 5]

*  Based on average uptuke over un eight-day experimental period.
%% Pased on average uptake over a seven-dsy experimental periocd.
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A’PENDIX B

FOOD BAR INGREDIENTS
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Prudertial Plaze, Thicego L. I11. Product to oonfors v oy oIF
tions cited in Quartermacter Corps, LP/P DEE C-182-62, 20 Jur: 1952.

- 3 PRI TS PROTR - " 5 1,14 P Vo .
receze-dricd cocked ground Teef, rurchacoed from Wilcor ol 7o Tro
.

Dehydratud chicre: veoth, rurchooed oo Hercdogooo, Too., 0w Yoo, 07,
Sorbitol, manufacturea bty Atlac Chemical Ind., Inc., wilmington, Del.

Mono- and diglycerides, Atmul &4, menufactured by Atlas Chomical Ind.,
Inc., Wilmington, Del.

Pitted Sair dates, purchased from 5. W. Noggle Co., 436 West 5th St.,
Kansas City, Mo.

Acetyl glycerides, Myvacet 9-40 ana Myvacet 5-00, marufactured by
Distillation Prodq;ts, Inc., Rochester, N.Y.

Cooked, freeze-dried peas, purchased from Calif'ornias Vegetable
Concentrates, Inc., 7C5 Whitmore Ave., Modesto, Calif.

Cornflakes, manufactured by W. K. Kellogg Co., Battle Creek, Mich.

Shortening, coconut butter flake, purchased from S. W. Noggle Co.,
436 West Sth St., Kancas City, Mo.

Sugar, manufac.ured by California and Hawaiian Refining Corp.,
San Francisco, Calif.

Nonfat milk solids, purchased from Kraft Foods, Inc., 1504 Burlington
Ave., Kansas City, Mo.

Potato chips, purchased from Kitty Clover Potato Chip.Co., 817 Westport
Rd., Kansas City, Mo.
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