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1, INTRODUCTION

This report describes the work completed during the
first phase of Contract # DA 19-129-AMC-252(N). The objective
of the program was to study the interrelationships between
sterage stability and moisture sorption propertles of dehydrated

+ foods selected as representatives of various types (e.g., high

sugar, protein, starch). The foods ‘that were studied are:

Banana flakes

Egg yolk solids

Oven-dried cooked ground beef

Shxrimp

~Freezé-dried apple

White potato

Sweet potato

Rice

Non-fat dry milk solids
The storage stabilit? of the foods was determined as a function
of storage temperature and moisture level by chemical analysis
and taste panel evaluation,

In order to maximize the usefulness of thls report as
a reference document it has been organized so that the data and
discussions pertaining mainly to the sorption measurements are
together in Section 2, Section 3 describes the studies on
storage stabllity of each of the foods separately, Section 4
contalns general comments relating to the over-all program and

to the interrelationships between the sorption measurements and
storage stability,



2, WATER SORPTION MEASUREMENTS
2.1 Experimental Program

2,1.1 Constant Temperature Sorptlon Apparatus

Sorption isotherms of water vapor onto dehydrated
food powders were measured using a modified McBain-Bakerl
sorptlon balance, This 1s a constant temperature spring balance
which can be loaded with food, evacuatéd, and filled with pure
sorbate vapor. The apparatus used in thlis study is shown in
Figures 1, 2, and 3, It consisted essentially of a source of
pure water vapor, large expansion bulbs, a differential man-
ometer, six sorptlon tubes, vacuum pumps, and a temperature
controller,

The constant temperature box was constructed of 3/4-
inch thick plywood except for the front, which was 1/4-inch
thick Plexiglas. The front and one side are removable to enable
work to be done on the vacuum system, The temperature in the
box was maintained by two 200-watt light bulbs whose power 1nput
could be varled by slide wire resistors. One of the light bulbs
was on continuously and 1ts power input was set so that 1t
heated the box to within one-half degree of the desired temper-
ature, The othexr light bulb was an intermittent bulb used as
a fine control, An Aminco (American Instrument Company, Silver
Springs, Maryland) temperature controller controlled the inter-
mittant light bulb, Two heavy duty squirrel cage centrifugal
blowers curculated the alr in the box. The box temperature

could be maintained within :9.05°C of a fixed setting between



J1061.01-4

Figure 1. View of Constant Temperature Box, Sorption Apparatus, and
Cathetometer




Figure 2, Close-up View of Sorption Tubes Showing Ni-Span-C Springs and
Foods Suspended in Quartz Buckets
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Schematic Diagram of Moisture Sorption Apparatus

Figure 3.



30°C and 45°C, although at the lower temperature one 100-watt
light bulb (intermittent) was sufficlient to maintain fine control.

A Welch, two-stage, Duo-seal, oil pump was used to
provide a rough vacuum, A Consolidated Vacuum Corporation one
stage, 0il diffusion pump was used to obtain the high vacuum
(1 x 100 torr). Two liquid nitrogen cold traps were used to
prevent water vapor fouling the pumps., The pressure in the
system was measured with a Wallace and Tiernan differential
manometer, while the system vacuum was measured with a CVC
ion gauge and thermocouple gauges.

The spring balances were constructed from S-mil
diameter Ni-Span-C wire. The springs were made by winding the
wire on a stainless steel mandrel (12 threads per inch, 0.5
inches inner thread diameter) anq annealing the wire, in vacuo,
at 600°C for six hours, Ni-Span-C wire was chosen because of
its low spring-constant temperature coefficient and because
water adsorption on this wire is extremely low and does not
affect the spring constant up to a relative pressure of 0,95,
The springs used in these sorption msasurements hLad about 28
turns and had spring constants in the range 1.5 to 1.8 mg/mm
with a standard deviation of +0,01 mg/mm, A cathetometer
was used to tollow the spring expansion, Thils cathetometer
could be read to +0,05 mm,

2.1.2 Isotherm Measurements

The moisture sorption isotherms were measured by
the static equilibrium method., Food samples (about 0,2g),

ground to less than 40 mesh size, were placed in quartz buckets

6



which were suspended on the springs in the sorption tubes. The

5 torr.

entire apparatus was evacuated to a vacuum of about 1 x 10~
Usually the food samples took about 30 hours before they ceased
evolving moisture. When cathetometer readings of the spring
movement showed no contractions for six stralght hourly readings,
complete dehydration of the foods was assumed., The sorptlon
tubes were closed and water vapor was let into the system to

the desired pressure and then the sorption tubes were opened.

The weight gain of the food samples due to moisture sorption

was determined by measuring the amount of the spring extension,
In all cases equilibrium was assumed after six hourly cathetometer
readings were the same, In the measurement of the isotherms nine
pressure points were taken., An effort was made to spread these
points uniformly over the vapor pressure range at the temperature
used, Molsture sorption isotherms were measured at 30°C, 35°C,
40°C, and 45°C with the 37,77°C (100%F) isotherm. determined .by
interpolation. Equilibrium of the foods with moisture usually
took about 12 to 24 hours; and a complete isotherm at any temper-
ature took about two weeks, including the desorption measurements.
For each sample, four or five desorption points were measured,
including complete desorption. For desorption, the sample tubes
ware closed while water vapor was pumped out of the system and
then the tubes were opened and the equilibrium point determined.
During complete desorption the sample tubes were open during

evacuation,



2.,1.3 Materials Used

The water used in these experiments was triply distilled
water with a conductivity of 3.0 x 106 ohms'l-cm'l. It was com-
pletely degassed before use,

The foods used in these isotherm measurements are
described completely in Section 3. These foods were ground’ to
less than 40 mesh for the isotherm measurements. Three samples
of each food were used at each temperature with fresh samples
of food being used at each temperature., The sample weights were
approximately 0,2 grams, This weight was dictated by the volume
of the quartz sample buckets and the length of the sorption tubes
(approximately 60 cm). At high relative pressure the extended
springs occupled the whole length of the tulbes,

2,2 Experimental Results
2.2,1 Moisture Sorption Isotherms

In this experimental study, moisture sorptlen and
desorption isotherms were measured for various dried food
powders over the temperature range of 30° to 45°C, The dried
food powders used were: banana, egg yolk, beef, shrimp, apple,
cooked white potato, cooked sweet potato, rice and milk., All
the food powders passed through a 40 mesh screen. These foods
were examined in palrs and were not all examined at the same
temperatures., The palrs were: bananas and egg yolk, beef and
shrimp, apple and cooked white potato, rice and milk, and cooked
sweet potato singly, The first two pairs were studied at 35°,
40°, and 45°C and the remainder at 30°, 35°, and 40°C.



The equilibrium sorption values for these foods are
given in Tables 1 through 9 and the equilibrium desorption values
are given in Tablesl0 through 18, For all foods the equilibrium
sorption values at 37,77°C (100°F) were obtailned by interpolation,
The sorption values shown were all taken from sorption plots and
were taken at standardized relatlve pressures to make comparisons
easier, The desorptlon points, however, are the actual experi-
mental values except for milk at 30°C, A detalled desorption
measurement was made for milk at 30°C for comparison with the

stepwlise sorption isotherm,



AVERAGE EQUILIBRIUM MOISTURE SORPTION VALUES

TABLE 1

FCR DRIED 3ANANA PCWDER

Relative e .

Sl Bquilidbrium Weight (mg/3)
P/Po 45% 40°c 37.77°C 35°¢
0.05 5.0 5.0 4.8 4.5
0.1 11.7 11.5 10.5 9.3
0.2 28.1 27.0 24.8 22.6
0.3 40.3 45.6 42.8 39.9
0.4 75.3 72.1 69.0 65.9
0.5 105.% 109.3 105.0 100.6
0.6 146 .9 155.9 152.6 149.2
0.7 212.1 221.5 220.8 220.9
0.8 314.0 323.C 334.4 345.8
0.85 39¢6.2 418.4 440.6 462.7

Po (mm) 71.9 55.3 49.0 42.1
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TABLE 2

AVERAGE EZQUILISRIUM MOISTURE SORPTION VALUES
FOR DPRIED EGG YOLK PCWDER

:::;:i:: Bquilibrium Weight (ng/g)

P/Po 15% 40°c 37.77°% 35°
0.05 11.5 10.8 10.4 9.5
0.1 19.6 18.2 17.2 15.9
0.2 30.3 26.8 26.0 25.0
0.3 38.0 33.8 33.3 32.3
0.4 16.1 41.1 39.7 39.3
0.5 56.8 51.1 45.7 48.1
0.6 69.5 63.9 62.4 60.4
0.7 $6.1 80.6 79.0 77.0
0.8 110.9 106.1 105.3 104.6
0.85 130.9 126.0 125.1 123.9

Po (mm) 71.9 §5.3 49,0 42.1
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TABLE 3

AVERAGE EQUILIBRIUM MOISTURE SORPTION VALUES
FOR OVEN-DRIED BZEF POWDER

Relative o .

Pretioie Bquilibrium Weight (mg/g)
P/Po as°c 40°¢c 37.77°C 35°
0.05 14.5 15.0 12 .1 9.1
0.1 22.8 22.3 20.0 17.1
0.2 32.9 33.1 31.3 29.0
0.3 42.3 41.2 30.2 39.0
0.4 s4.1 50.3 50.3 50.2
0.5 68.0 62.1 63.1 64 .4
0.6 85.1 79.4 81.7 84.7
0.7 112.5 112.2 114.7 117.9
0.8 163.7 166.6 167.2 168.0
0.85 197.0 208.5 210.5 213.0

Po (um) 71.9 55.3 49.0 42.1
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TABLE 4

AVERAGE EQUILIBRIUM MOISTURE SORPTION VALUES
FOR FREBZE~DRIED SHRIMP POWDER

Relative o, 2o " "
PreEware Bquilibrium Weight (mg/g)
P/Po 45°¢C 40°c 37.77°%C 35°¢
0.05 21.0 23.0 20.8 18.0
0.1 j 32.0 32.9 . 31.2 29.1
<
0.2 46.9 47.1 46.5 45.8
0.3 62.3 58.2 60.2 62.7 -
- 0.4 78.4 70.8 75.0 80.4
0.5 98.3 88.3 93.7 100.6
0.6 122.7 116.2 120.7 126.4
0.7 158.8 156.5 162.2 169 .4
0.8 220.0 223.0 227.2 232.5
0.85 256.2 282.0 287.7 294 .0
Po (mm) 71.9 55.3 49.0 42,1

 —

13

T



TABLE §

AVERAGE EQUILIBRIUM MOISTURE SORPTION VALUES
FOR FREEZE~-DRIED APPLE POWDER

Relative e qse s .
Presenré Equilibrium Weight (mg/g)

- | P/Po 40°C 37.77°C 35°¢ 30°¢
0.05 8.0 8.4 8.8 9.2
0.1 17.1 17,7 18.5 19.4
0.2 z 37.5 38.8 40.4 42.4
0.3 60.0 62.7 66.2 68.0
0.4 88.2 92.0 96.9 99.0
0.5 128.0 131.1 135.0 140.8
0.6 180.7 186.8 193.3 208.0
0.7 260.5 273.7 290.5 301.8
0.8 404 .0 435.6 476 .0 437.0
0.85 525.0 566.0 595.§ 606.0

Po (mm) 55.3 49.0 42.1 31.8




- g

—— Se——

TABLE 6

AVERAGE ECQUILIBRIUM MOISTURE SCRPTION VALUES

FOR FREEZE-DRIFD COOKED WHITE POTATO POWDER

:::::::5 Bquilibrium Weight (mg/3)
P/Po 10°%¢ 37.77°%C 35°C 30°¢c
.95 26.3 27.0 28.. 27.0
0.1 38.5 39.7 41.3 43.1
0.2 58.3 59.5 60.4 63.5
0.3 ~5.9 76.1 76.3 80.0
J.4 91.9 92.4 93.0 94 .9
9.5 109.1 110.0 111.0 113.7
0.6 128.5 131.7 133.4 138.2
0.7 154.7 158.7 163.7 167.0
0.8 195.3 202.0 210.6 210.5
0.85 237.0 248.1 262.0 265.0

Po (mm) 5.3 49.0 42.1 31.8

= \ e T S ——— -
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AVERAGE EQUILIBRIUM MOISTURE SCRPTION VALUES
POR FREEZE-DRIED COOKED SWIET POTATC POWDER

TABLE 7

Relative hapae = oy -
Pressure Equilibrium Weight (mg/3)
/Po 10°¢ 37.77°%C 35% 30°c
0.05 14.8 15.7 16.8 14 .4
0.1 24 .2 26.3 29.0 25.8
0.2 38.3 41.2 44 .8 42.0
0.3 50.0 53.0 56.8 52.0
0.4 64.1 68.2 73.4 67.0
0.5 94 .0 96.6 99.9 88.8
0.6 133.5 135.3 137.6 122.4
0.7 187.0 191.0 196.0 173.4
0.8 286.0 283.0 292.2 263.6
0.85 366.4 372.5 380.0 340.0
Po (mm) 55.3 45.0 32.1 31.3
4
16
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TABLE 8

AVERAGE EQUILIBRIUM MOISTURE SORPTION VALUES
FOR DRIED RICB POWDER

Relative . . =
s Equilibirum Weight (mg/g) |
P/?0 40°¢ 37.77% 35% 30%
0.05 17.8 19.5 21.5 16.4
0.1 31.5 34.4 38.0 30.2
0.2 19.5 55.1 62.1 S4.1
0.3 64.6 70.4 77.5 73.0
0.4 77.0 S1.7 87.6 86.0
0.5 9C.0 94.5 100.0 97.7
0.6 105.0 109.5 115.0 112.3
0.7 124 .1 129.4 136.0 131.5
0.8 157.8 163.5 170.5 161.9
0.85 185.5 189.3 194.0 184.5
Po (mm) 55.3 49 .0 42.1 31.8

17
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AVERAGE ECUILIBRIUM MOISTURE SORPTION VALUES

TABLE 9

FOR FREEZE-DRIZD MILK POWDER

Relative - e

Prissuts Bquilibrium Weight (mg/g)
?/Po 10°¢ 37.77°% 35% 30°%
0.05 15.7 18.5 20.7 14.5
0.1 23.0 25.1 27.8 22.0
0.2 33.2 34.9 37.1 30.7
0.3 19.0 51.2 53.9 42.7
0.4 57.6 65.1 74.6 66.2
0.5 67.5 75.4 85.5 76.9
0.6 36.2 90.5 96.0 89.3
0.7 115.3 120.5 127.0 119.0
0.8 179.0 177.2 175.0 158.5
0.85 234.0 231.8 229.0 197.5

Po (mm) 55.3 49.0 42.1 31.8
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TABLE 10

AVERAGE EQUILIBRIUM MOISTURE DESORPTION VALUES
POP. DRIED BANANA POWDER

45°C Isotherm 40°C Isotherm 35°C Isotherm

P/Po Bquilibrium P/Po Equilibrium P/Po Equilibrium
Wt. (mg/3) Wt. (m3/3) wt. (mg/3)
0.88 440.0 0.68 205.0 0.77 292.5
Q.54 137.0 9.29 48.9 0.46 90.5
0.11 27.5 0.07 27.3 0.13 24.9
0.0 5.0 0.9 4.0 0.0 4.0

TASLE 11

AVERAGE ECQUILIBRIUM MOISTURE DESORPTICN VALUES
FOR DRIED EGG YOLK PCWDER

45°C Isotherm 40°C Isotherm 35°C Isotherm

P/Po Equilibrium ?/To Equilisbriunm P/Po Equilivrium

Wt. (mg/3) wt. (mg/3) wt. (mg/3)
0.88 146.0 0.63 78.1 0.77 94 .3
0.54 75.0 0.29 36.5 0.46 45.3
0.11 37.9 0.07 25.4 0.13 20.1
0.0 6.0 0.0 4.0 0.0 0.0
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TABLE 12

AVERAGE ECUILIBRIUM MOISTURZ DESCRPTION VALUES

FOR OVEN-DRIED 3EEF POWDER

45°C Isotherm

40°C Isothezrm

35°C Isothern

P/Po Equilibrium P/Po Equilibrium P/Po EqQuilibrium
Wt. (mg/g) Wt. (mg/3) wt. (mg/3)
0.49 67.6 0.71 123.1 0.78 168.8
0.32 47.1 0.56 82.9 0.44 64.5
0.14 31.2 0.31 48.2 0.23 46.7
0.08 24.8 0.13 30.3 0.0 2.4
0.0 1.9 0.0 0.0
TABLE 13
AVER CUILI3RIUM AMOISTURE DZSCRPTICN VALUES

BOR FRZLZE-DRIED SHRIMT PCUDER

45°C Isotherm

40°C Isctherm

35°C Isotherm

P/Po Equilibrium P/Po Zquilidbrium P/Po 3quilidzium
wr. (mz/3) wt. (mg/3) wt. (mg/3)
0.49 94.0 0.71 169.9 0.78 227.1
0.32 67.6 0.56 117.1 0.44 93.7
0.14 45.1 0.31 70.9 0.23 67.4
0.08 36.9 0.13 45.0 0.0 00.7
0.0 0.8 0.0 0.0
20
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TABLE 14

AVERAGE EQUILIBRIUM MOISTURE DESORPTION VALUES
POR FREEZE-DRIED COOKED SWEET POTATC POWDER

40°C Isotherm

35°C Isotherm

30°C Isotherm

P/Po Bquilibrium P/Fo Equilibriun P/Po Bquilibrium
Wt. (mg/3) wt. (mg/3) Wt. (mg/g)
0.68 173.1 0.78 275.0 0.69 169.5
0.38 61.6 0.59 132.5 0.59 110.0
0.10 25.9 9.30 76.8 0.38 62.1
0.0 6.2 0.10 31.3 0.15 36.3
0.0 6.0 0.0 6.5
TABLE 15

AVERAGE EQUILIBRIUM MOISTURE DESORPTION VALUES

FOR DRIED RICE POWDER

40°C Isothern

35°C Isotherm

30°C Isotherm

P/Po Bquilivctium P/Po Equiliorium 2/Po Equilibriunm
Wt. (x3/3) wWt. (mz/3) Wt. (mg/2)

0.65 137.5 9.73 179.3 0.74 157.2

0.43 104.5 0.5¢ 147.0 Q.59 127.7

0.27 T..76.4 0.30 91.7 0.37 86.4

0.11 45.3 0.10 49.1 0.0 5.3

0.0 9.8 0.0 7.1

2

- B e T m——. -~ — -

|



—_—
——— e .

TASLE 16

AVERAGE EQUILIBRIUM MOISTURE DESORPTION VALUES

POR FREEZE-DRIED APPLE POWDCR

40°C Isotherm

35°C Isotherm

30°C Isotherm

B/Po Bquilibrium P/Po Equilibrium P/Po Equilibrium
Wt. (mg/g) Wt. (mg/2) Wt. (mg/2)

0.75 326 .4 0.73 327.7 0.75 360.6

0.63 203.1 0.37 38.1 0.57 183.6

0.33 71.4 0.13 30.4 0.27 59.9

0.19 35.7 0.0 0.6 0.10 21.0

0.0 0.0 0.0 0.9

TABLE 17

AVZRAGT ZCUILIBRIUM MOISTURZ DESORPTICN VALUES
FOR FREEZE-DRIED COCKED WHITE POTATO PCWDER

40°C Isotherm

35°C Isotherm

30°C Isotherm

22
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P/Po Equilibrium P/Po Squilibrium P/Po Equilibrium
Wt. (mg/g) wt. (rg/3) wt. (mg/3)
0.75 164.3 0.73 173.3 0.75 180.1
0.63 135.1 0.37 101.1 0.57 130.9
0.33 85.7 0.13 55.7 0.27 79.1
0.19 64.7 0.0 0.0 0.10 46.9
0.0 0.0 0.0 1.8
i r v i . 3
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AVERAGE EQUILIBRIUM MDISTURE DESORPTI

TABLE 18

POR FREEZE-DRIED MILK POWDER

ON VALUES

40°C Isotherm

35°C Isotherm

30°C Isotherm

- - SRR

P/Po Bquilibrium P/Po Equilibrium P/Po Equilihrium
wt. (mg/3) we. (mg/g) wt. (mg/3)
0.65 100.0 0.78 166.7 0.80 160.0
0.43 61.4 0.59 100.3 0.70 118.2
0.27 47.6 0.30 63.6 0.60 8%.0
0.11 35.0 0.10 36.2 0.50 76.7
0.0 3.0 0.0 2.1 0.40 68.0
0.30 58.9
0.20 48.2
0.10 34.6
0.0s5 24.5
0.0 4.1
a3
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Typical moisture sorption isotherms at 37,779C are
shown for all the foods in Figures 4 through 12, In addition,
the molsture sorption isotherm for milk at 30°C is shown in
Figure 13, This latter soxrption isotherm plot was included
because of the interesting stepwlse sorption which 1s shown,
there being three distinct sorption steps. At 30 to 40°C,
only two sorption steps appear for milk. The sorption isotherm
of molsture onto milk 1s a unique type in this study. It is
essentially a type II 1sotherm which 1s indicative of multi-
layer sorption, The various sorption steps were probably due
to the formatlon of the second and third monolayers. The 1so-
therms for the other foods can be divided into type II and type
IIT isotherms. Bananas and apples gave type III isotherms while
the otﬁers gave type II isctherms, Both types of isotherms are
indicative of multilayer sorption.

For all foods, with the possible exception of sweet
potatoes, the desorption of moisture exhibited 5 hystereslis
loop with the maximum hysteresis occurring between the first
and second monolayers., In most cases a small amount of water
was irreversibly sorbed, The desorption of moisture from sweet
potato powder exhibited hysteresis only at nearly complete
desorption, there being some irreversible sorption. The de=-
sorption of moisture from milk powder was not stepwise and
hysteresis only occurred between the first and second monolayer.,
At the second and third steps the desorption curve was actﬁally

below the sorption curve,
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2,2,2 BE'I'2 Monolayer Values

The equilibrium sorption values given in Tables 1
through 9 were used to calculate BET monolayer values for the

foods, The BET 1sotherm equation was used:

= WmCP
¢ = e T (1)
(P,-P) [1 + (C-1)(p/P ).

where We = equilibrium sorption weight
Wm = weight sorbed at monolayer coverage

= equilibrium vapor pressure

Po saturation pressure of vapor
C = k exp, (EA-g\/RI) (2)

In this latter equation, k ls a constant approximately
equal to one, E, 1s the heat of sorption and E 1is the heat of
liquifaction of the vapor (10.4 k cal/mole at 25°C).

Although a monolayer value can be obtained from the
BET equation, thls equation has severe limitations; it 1s
usually valid between values of 0,1 to 0.5 relative pressure,

In addition, in the case of a swelling gel, the number of
interior sorption sites may be so large as to make the number
of exterlor sites negligible,

The BET monolayer values were calculated by plotting
P/Me (PO-P) VS, P/Po. This gave a straight line whose slope
was equal to (C-1)/MWmC and intercept equal to 1/WmC. The values
of Wm calculated are shown in Table 19, They were calculated

assuming a cross-sectlonal area of the water molecule of 10,842(3),
Relative pressures at the monolayers are also shown in Table 19,
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The BET monolayer values at 37,77°C were used as the
basis for determining storage conditions for the foods. Foods
ware stored at 37,77°C at two relative pressures below the
monolayer value, a relative pressure equal to the monolayer
value, and two relative pressures above the monolayer value,
The food storage conditions are detalled more fully in Section

2.
2,2,3 Fugassl Isotherm Values

The followlng equation was derived by Fugassi,
gglgl..4’5’6’7’8 to cover the case of vapor sorption onto

swelling gels.,

AKKIPOC
1+ (KlPo-l)C (1-C) + KKlPOC

We

(3)

where We = weight of material sorbed at equilibrium

A = total amount of moisture sorbed, one sorbate molecule
per site
K = equilibrium constant for the transfer reaction from

the surface to the interior of the sample
K; = equilibrium constant for the sorption from the vapor

phase onto the surface

o
[

saturation vapor pressure

(@
n

relative pressure = P/P_
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This equation was found to fit the experimental data over the
entire relative pressure region., A computer program was set up
to calculate values of A, K and Ky Essentlially, this program
summed nine values of We to obtain three groups of summation
values =~ one group for low relative pressures, one group for
medium relative pressures, and one group for high relative
pressures, The computer then solved the three resulting equations
slmultaneously to obtain the values of A, K and Kl' These values,
for the varlous food powders at the different temperatures, are
shown in Tables 20, 21, and 22, A sample calculation of these
values is given in Appendix A,

This method of calculating the Fugassi equation places
a heavy emphasis on the low relative pressure values where
sorption on actlve surface sites i1s predominant, Further, the
Fugassl equatlon assumes one sorbate molecule per sorption site.
If activated sorption occurs, or i1f a sorbate molecule occupies
more than one sorptlon site, then negative values of A, K, and
Ki can be obtalned, It can be seen in Tables 20, 21, and 22
that there are some negative values. These negative values are
meaningless and cannot be interpreted quantitatively. It is
possible to obtain the correct values by kinetic studies or by
extrapolation of the sorption 1sotherm, These are difficult to
do accurately and are not in the scope of thls study so the
negative values were let stand for the sake of completeness

and to show that the Fugassi isotherm equation 1s not always
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TABLE 20
Valuee of the Fugassi "A" Constant for the Various

Foods at Different Temperatures -

Fugassi "A'" Values (mg/g)

Food L5°c Lo 37.77% 35% 30%
Banana 738 740 760 7681 —
Egg Yolk 256 288 315 321 ———
Beef L4797 -7306 4855 1687 ———
Shrimp 813.6 3137 1406 1667 ————
Apple J— 2260 L135 11147 3413
White

Potato ———— 387 Lk 480 468
Sveet

Potato ——— -1912 - -1969 «-2090 =1850
Rice ———— 280 340 415 249
Milk . 595 664 49 297 )
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TABLE 21
Values of the Fugassi "K" Constant for the Various

Foods at Different Temperatures

Fugassi "K" Values

Foods L5°¢ Lo°C 37.77% 35° 30%
Banana 0,20 0,22 0,22 0.27 -
Egg Yolk 0.15 0.12 0.10 0.10 ————
Beef -0,01 -0.01 0.01 0.02 ————
Shrimp 0,08 0.02 0.0l 0.0l ———
Apple ———— 0.05 0.03 0.01 0.0L
White

Potato ot S o 0. 22 O- 20 0. 17 00 18
Sweet

Potato -———— -0.03 -0.03 -0.03 -0.03
Rice i O. 27 Oo 2h Oo 20 Oo 39
Milk ——— 0,07 0.07 0.07 0.2l
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Table 22

Values of the Fugassi "Kl" Constants for the Various

Foods at Different Temperatures

Fugassi "K," Values (mm-l)

Food L5% Lo°c 37.77°% 35% 30°%C
Banana 0,01 0.01 0,01 0.01 -
Egg Yolk 0.11 0.16 0.19 0.21 ———
Beef -0.20 0.27 0.19 0.1 ————
Shrimp 0.10 0.2h 0.18 0.16 ————
Apple - 0.03 0.03 0.0l 0.05
White

Potato -——— O.1h4 0,16 0.22 0.30
Sweet

Potato ———— 0.10 0.06 0,02 0,22
Rice -t - Oo 13 Oo 19 Oo 26 Oo 16
Milk =t OO 35 00 26 Oo 16 0. 09

il



accurate, In general, it can be stated that as the sorption
temperature decreases both A and K increase indicating that
more sorption occures at lower sorption temperatures.

An interesting calculation can be made using the
Fugassl A and K values, When the number of interior sorption
sites 1s very much greater than the number of exterior sorption
sltes, the approximate relation

K = (H2O) exterior/(HQO) interior (4)
can be made, Also it is explicit in the Fugassi equatlon that

A= (H20) interior + (H20) exterior (5)
From these expressions a value for (H20) exterior and (HQO)
interior can be calculated, It is noteworthy that when K is
very much less than one, the value for (HQO) exterior 1s approx-
imately the same as the BET monolayer value. These values of
(H,0) exterior are reported in Table 23 as monolayer values
calculated by the Fugassi equation. It can be seen that whep
K 1s not very much less than one, these monolayer values differ
from the BET values,

2.2.4 Heats of Sorption

Clausius-Clapeyron plots were constructed from the
equilibrium sorption values; and the heat of sorption of moisture
on the different foods was calculated, These plots are isosteres
where 1n P is plotted vs. 1/T in degrees Kelvin, The slope of
the line is equal to - H/R where R 1is the gas law constant and
/AH 1s the heat of sorption., For each food the heat of sorption
of water vapor was constant over the temperature range studied.
These heats of sorption are reported in Table 24,
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From the Fugassi Equation

TABLE 23

Monolayer Sorption Values Calculated

L5°C 10°¢ 37.71% 35° 30%
Food Weimg/g) We(mg/g) We(mg/g)  We(mg/g) we(mg/g)
Banana 1244,0 133.0 137.0 167.0 =
Egg Yolk 34,0 31,0 28.0 29,0 ————
Beef 31,0 26,0 40,0 37.0 he g0
Shrimp 60,0 49,0 52,0 58.0 =
Apple So[om e . 110.0 120.0 110.0 11900
White
Potato o 70.0 69.0 71.0 71,0
Sweet
Potato menemes SSQO 5600 55.0 59.0
Rice =y 60.0 66.0 69.0 70.0
Milk ———— 37.0 43.0 51.0 56,0

. e "

—

Table 24
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Commonly, at low relative pressures the heat of sorption
1s larger than the heat of liquifaction of the gas by a few
hundred to a few thousand calorlies per mole because of the heat
of interaction of the sorbate molecules with active sites on the
sorbent surface, As more sorbate molecules are sorbed the heat
of interaction approaches the heat of liquifaction of the vapor.
For multilayer sorption, the heat of sorption of all layers
above the first monolayer should equal the heat of liquifaction
of the vapor since the range of most sorbate-sorbate interactions
1s assumed not to extend past the first layer, For water vapor,
the heat of liquifaction is 10.4 k cal/mole at 25°C.

However, it 1s possible to have heats of sorption for
the first monolayer which are equal to or less than the heat of

liquifaction of the vapor.9

In the former case a type III iso-
therm will result. The BET constant C will equal one, and the
resultant isotherm will be a simple exponential curve. Graham9
states that in order to have a heat of sorption less than. the
heat of liquifaction, the sorbate molecules must be 1solated
from each other.

The foods in Table 24 can be divided into three groups:
those whose heat of sorptlon increased with increased sorption,
those with constant heat of sorption, and those with a decrease
in heat of sorption. In the first group are milk and egg yolk
unambiguously. Banana, beef, and shrimp could belong to the
first or second group depending on the accuracy of the measure-
ments, Apples, white potatoes, and rice belong to the third
group, Sweet potatoes probably belong to the second group.
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2.3 Discussiol. {esults

These moisture sorption studies are primarily measure-

ments of thermodynamic and other physlical data, By themselves
they can give no indication of the changes which take place in
foods during storage., The results obtalned in the moisture
sorption studlies must be correlated with chemical evaluation of
the foods, However, the molsture sorptlon results are of basic
interest by themselves.

2.3.1 Molsture Sorption Isotherms

Two types of molisture sorption isotherms were observed

in this study; type II and type III. Apple powder and banana
powder gave a type III 1sotherm, while the other foods gave a
type II 1sotherm, Both types of isotherms are indicatlve of
multilayer sorption, The moisture sorption isotherm of milk
powder was unusual 1n that two or three distinct sorption steps
appeared. These sorption steps were probably due to the forma-
tion of succeeding monolayers.

In general, the amount of moisture sorbed increased
as the sorption temperature decreased, but there were some
interesting variations of this rule, For some foods, at low
relative pressures, the amount of sorption decreased with a
decrease in sorption temperature, but increased with decreasing
temperatures at high relatlive pressures, These foods were
bananas, beef, and shrimp, Other foods, sweet potato, rice,
and milk, appeared to lncrease to a maximum sorption and then

decrease in sorption as temperature decreased. Egg yolk powder
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showed a continual decrease 1in sorption as the sorptlon temper-
ature decreased, These anomalles are not easily explained, They
may be due to the fact that all the foods had many more interior
sorption sites than exterlor sorption sites and at the lower
temperatures and lower relative pressures, diffusion to these
interior sites occurs slowly. Indeed for rice and milk, the
Fugassl "K" constant increased sharply indicating a major decrease
in the number of available interilor sites.

All of the foods, with the exception of sweet potatoes,
exhibited hysteresis loops. These hysteresis loops were probably
due to‘capillary condensation, During the desorption phase, the
equilibrium pressure for removal of capillary condensate 1is
reduced according to the concept of the Kelvin equat:lon.10 Hence,
the equilibrium weight for a given relative pressure is greater
during the desorption phase than during the sorptlon phase, and
the cycle exhibits a hysteresis loop. This should be mainly a
physical phenomenon and not related to the chemical structure of
the foods. Therefore, it 1s interesting that sweet potatoes did
not show a hysteresis loop. All of the foods showed a slight
amount of irreversible sorption indicating that some chemical
reaction could have occurred, For thls reason different samples
of food were used for each isotherm,

2.3.2 BET Monolayer Values

The BET monolayer values varled considerably from food
to food, but for each food they were relatively constant over

the temperature range studied. The relative pressures at the
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BET monolayers varled according to the type of isotherm, For

the type iII isotherm the relatlve pressure was about 0,5, while
for the type II lsotherms the relative pressure was about 0,2,
The BET water surface areas for these fouds were all large,
especlally in comparison to BET liquid nitrogen surface areas.
Berlin and Pallanschll reported the BET liquld nitrogen surface
areas of crushed turkey, shrimp, and spray-dried milk to be
about 0,3 m2/g, and for freeze-dried diced carrots to be 0,5 m2g.
If these values can be taken as typical values, then the water
surface areas seem to be quite large., However, the dlameter of
the water molecule (10,8A) 1is about 50¥ that of the nitrogen
molecule (15.8A)3 so that the water molecule can enter pores

and crevices which are not avallable to the nitrogen molecule.

In addition, water is a polar molecule so that activated sorptions
can occur, especially at the temperatures of this study. The
variatlon in amount of moisture sorption at the monolayer with
the food sample is a measure of the attraction of a particular
food for water, A better comparison of attractlon can be made

at saturation pressure by comparing the Fugassi "A" wvalues,

2.3.3 Fugassl Isotherm Equatlon Values

The Fugassl l1sotherm equatlon was derived to analyze
the sorption of vapors onto swelling gels. The Fugassl equation
is derived by equilibrating the rates of sorption and desorption
on the surface and also by equilibrating the rates of migration
of sorbed molecules from surface sites to interior sites and

back again, As for the BET equation, no specific sorption sites
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are assumed, and the energy of sorption of the second and higher
monolayers is assumed to be equal to the heat of liquifaction,

Two special assumptions for the Fugassli equation are that the
number of surface sites 1s small compared to the number of interlor
sites and that one molecule occuplies one site. In the derivation

of this equation K 1s defined as
K =/ A/(1- ))A,n8, (6)
n:

in which ]5 1s the fraction of internal reaction, A 1s the total
number of moles of reaction site per gram of sorbent, and yn-,
is the average concentration of sorbate on the surface. 1In

order to effect a solution of the equation, it 1s specifled
that

4 et
f{‘_‘=1"en ={-.]./(1--1C)2 y C<1 (7)

in whicho, 1s the fraction of surface sites holding one molecule

and C is the relative pressure; hence

K =) (1-C)2/(1-P)9; (8)

The quantityd, is given by

3 = KPoC(1-C)/ L + (kP -1)C (9)
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Since the number os surface sites (So) is small compared to the

number of interior sites

We = AD » ADS (10)
A combinatlion of the last three equations ylelds the Fugassi

equation, Tt can be seen from this discussion that

K # (H20) exterior/(H,0) interior

so that none of the values reported in Table 23 are correct.
Only when K is very small is this assumption approximately
correct. It is interesting that these values approximate the
BET monolayer value, This has been found to be true for the
sorption of moisture onto bacterial surfaces12 as well, An ]
analysls of the Fugassi equatlion has not shown why this agree-
ment exlsts,

The only clearly discernible trend which can be seen
in the Fugassi A, K, and Kl values is that A increased as the
sorptlion temperature decreased, and there are many exceptions
to this. The negative results are meaningless. They probably
result from a breakdown of the assumptions of the Fugassi
equation; that is, more than one molecule may be sorbed on a
site or activated sorption at low relative pressures may be
occurring, However, the Fugassl isotherm equatlon appears to

offer a method of determining the relative proportion of surface

and interior sorption sites as well as determiring the amount of

sorption at saturation pressure,
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2,3.,4 Heats of Sorptlon

The heat of sorptlon can be easily calculated by two
different methods; from the Clausius-Clapeyron equation oxr from
the BET "C" value, This latter value is valld, however, only
in the relative pressure region 0,1 to 0,5 where a straight line
plot is obtained. The values reported in Table 24 were calculated
with the Clausius-Clapeyron equation, At sorption points above
the BET monolayer level the heat of sorption of moisture onto
all foods was essentlally equal to the heat of liquifactlon of
water vapor. Below the monolayer levels, there was some variation
in the heat of sorption. Those cases where the heat of sorption
was less than the heat of condensatlion are indicative of sorption
on isolated sites with little sorbate-sorbate interactlon, Those
cases where the heat of sorption was greater than the heat of

liquifaction are indications of strong sorptlon on activated

sltes.
3. Banana Flakes
3.1. .. Experimental

3.1.1, Moisture Levels

The banana flakes as recelved contained 2.4% water, A
portion was placed in a humidity cabinet saturated with water
which ralsed the molsture to 23,2%, Blends of the 2 produced

the 5 molisture levels,
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i T Analytical Procedures
Extraction with 70¥ Ethanol
Sufficient bananas were weighed out so as to yield 10

gms of anhydrous food, Fifty cc of water was added and after
soaking for 30 minutes the pH was taken., In Table 26 this pH
is recorded as slurry pH. One hundred fifty cc of 95¥ alcohol
was added and the mixture osterized for 1 minute, The slurry
was filtered by means of Whatman No, 1 filter paper and the
residue washed with 2225 cc aliquots of 70¥ ethanol. The
filtrate was adjusted to a final volume of 250 cc,

Formol Titration of Residue

The residue was washed from the filter paper with water
and the pH increased to 8,5 with O,1N NaOH, After the addition
of 1 gtt of alkali the pH remained above 8.5 for 1 minute, Then

10 cc of formalin was added to each 100 cc of solution and after

holding for 5 minutes returned to pH 8.5 in an identical manner.
Formol Titration of Filtrate
To 100 cc of the filtrate was added 100 cc of water
and the pH of the solution brought to 8,5 with 0,1 N NaOH,
Twenty cc of formalin was added and the pH returned to 8.5.

Absorption of the Filtrate at 280 mu, 390 mu, 420 mu

and the Determination of Sugar as Dextrose.

An aliquot of the alcohol extract was diluted 1 to 400

(based on the welght of the banana flakes) with 75% ethanol for
absorption at 280 mu and 1 to 40 for absorption at 390 and 420

mu e
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For ¥ sugar as dextrose the method of Folin and Wu for
blood glucose was performed on 1 cc of the 1 to 400 solution,

< oy IS Results and Discussion (Table 2 )

Maximum browning occurred at a moisture content of 14,1%
which corresponds to equilibration at 62,0¥ relative humidity.
There was a maximum loss of sugar, amino nitrogen of the residue
after alcohol extraction and alcohol extract, The titratable
acidity of the residue and extract were enhanced, This may have
been caused by the aldehyde groups of the sugars combining with
the free amino acids and proteins, Likewise the pH of the aqueous
slurring remaining after extraction with ethanol was the lowest
of the storage samples. They may be due to the amino groups of
the proteins combining with the aldehyde group of the sugaxrs
leaving the protein molecule more acidic.

1. Optimum Moisture Content

The banana flakes appeared to be the least stable when
stored at a molsture content of 14,1% corresponding to equili-
bration at 62% relative ﬁumidity. Since water was not formed
with time at the lowest moisture level which indicates the absence
of reactlons between polar groups with the formation of water, the
piéferred storage level may be 2.,4% or lower. This was the amount
of wéter they contained on arrival.

3.2 Egg Yolk Solilds
3.2.1 Experimental
3.2,1.) Procedure. for Obtaining the Five Moisture Levels

The egg yolk as received contained 4,6¥ water, An
aliquot was placed in the freeze dryer with the upper and lower
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TABLE 25

BANANA FLAKES
Extraction with 70% Et OH/100 grams Alcohol Extr
¢ Sugar 1/400 1/L0  1/40 Residue
Initial Taste as 280 390 L20 pN IN NaOH Mgs Amine IN N
¢ Moisture Test Dextrose M. Mee Mee Slurry to pN8.3  Nit. top
17 Weeks - December 15, 196l
2. 5.2 37.8 A3k 122,08 L.9
. 3.9 5.7 L0.2 112 125 ,083 L.85
6.2 5.3 38.7 Jd12 .14 .09 k.85
9.1 6.1 37.8 115 153 .098 L.83
1h.1 5.9 33.3 105 170 .11 L.7
19.7 6.3 L0.2 2105 168 .11 L.T75
22 Weeks - January 18, 1965
6.1 38.L 106  .125 .095 5.0
6.8 Lo.L .103 .13 .095 L.9
6.5 Lo.L .11l 45 095 L.9
6.6 38.L 118 .17 .11 L9
6.4, 3L.8 118 .20 .13 L.B
5.8 k.0 112 185  .125 L.8
2.1 L.k 1.8 .095 123 .092 L.95 L.6 23.5 28.
3.6 L.8 u3.6 .098 .13 .095 L.95 L.2 25.2 28.
5.9 L.9 Lbh.1 .108  .153 .098 L.9 L.l 2h.1 28.
8.8 2.8 LO.L 113 175 .11 L.8s 5.k 25.8 28.
13.6 5.2 37.8 J15 .22 .13 L.75 5.2 19.0 31.
19.9 L.7 L5.0 Jd22 .2 .1k L.8 5.9 26.9 30.

August 18, 196L
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TABLE 25

INANA FLAKES
ol Extract/100 grams Extraction with 70% EtOH /100 grams
Eh:egmine IN N?tmgaCtMg's Amine 4 Taste 5 i‘;gar ]éégoo :3%,50 )%go g;.{ur!'y
t. to pN 8.5 Nit. 37.8°C  Moisture Test  Dextrose Ms = Mee Mo _
3 Weeks - September 8, 196l
5.0 high 2127  .130 .090 L.9
S.h LL.8 J17  .133 .095 L.93
6.1 2.6 J130  .172 110 L.95
5.3 L.l JAké  .200 .135 L.90
5.3 34.0 Jdk3  .210 145 L.85
6.2 Lh.k .128  .,180 .125 L4.85
7 Weeks - October 6, 196k
6.1 hli.2 125 120 .09 L.9
4.9 6.6 2133 .S .10 L9
7.0 L9.0 165 .20 ,125 4.9
5.k 40.6 190 .28 ,185 L.9
5.9 38.2 213 .33 .215 k.7
L.6 u7.2 23 .33 .21 L.
11 Weeks - November 3, 196l
.5 28.0 7h.2 2.4 6.2 L46.5 128 .13 .09 5.0
.2 28.2 L6.2 3.0 5.8 L5.0 .207 .17 .115 5.0
.1 28.9 50.4 5.3 6.7 L3.5 .195 .2k .16 k.95
.8 28.5 u7.6 8.3 5.8 42.0 .250 .37 .25 L.85
.0 31.2 L3.L 13.3 5.8 37.5 A8 T 31 L.65
.9 30.0 60.2 21.8 - L8.8 375 9 31 L.
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plates set at 100°F, In 3 hours both chambers had a vacuum of
15 microns so all the water was assumed out of the food, A
moisture determination gave ,52%. This egg yolk was blended
manually with the 4,6% molsture material to obtain the 5 moisture
levels for storage,
3.2,1.2 Analytical Methods

Extraction of the Fat with Ether

Sufficient egg yolk was weilghed into a 250 cc beaker so

that after the water was removed 10 grams of anhydrous food would
be present, The water was removed by the freeze dryer in 3 1/2
hours, The egg yolk was mixed for 15 minutes with 100 cc of ether
by means of a magnetic stirrer and then allowed to settle for 10
minutes. The supernatant was decanted on to a 15 cm sheet of
Whatmen #40 filter paper. The extraction was continued with 50

cc aliquots of ether until a 250 cc volumetric flask was filled,

Percent Fat Extracted

A 50 ml aliquot of the ether extract was placed in a
previously weighed 100 cc beaker and the ether removed by placing
the beaker in the hood overnight. The last traces of solvent
were removed by placing the beaker in a 100°C oven for 10 minutes.
After cooling in a desiccator for 30 minutes the beakers were
weighed and the amount of fat extracted calculated.

Free Fatty Acids as Oleic

To the above fat residue was addéd 75 cc of 95% ethyl
alcohol and 3 cc of a 1¥ alcohol solution of phenolphthalein,

The solution was heated to boiling and then titrated with 0.1N

sodium hydroxlide to a pink color.
o%



Perioxide Numbex
A 40 cc aliquot of the ether extract was placed in a

500 cc Erlenmeyer flask, 50 cc of a solution of freshly prepared
60% acetic acid plus 40¥ chloroform added followed by 1 cc of a
saturated potassium iodide solution, After shaking for exactly
1 minute, 5 cc of a 1¥ starch solution plus 95 cc of water was
added. The blue color was titrated with ,OIN sodium thiosulfate.
The results were expressed as millimoles peroxide per 1000 grams
of fat,

Pancreatic Digestion of the Defatted Egg Protein

Two and one half grams of the protein remaining after
extractlon of the egg yolk with ether was suspended in 25 cc of
water, After soaking for 30 minutes, the pH was taken and the
pH adjusted to 8,5 with 0,1N NaOH, Then 1l cc of a solution of
pancreatin (.3 gm pancreatin suspended in 7 cc water) was added,
mixed and the sample placed in the incubator. At the end of 2
hours the pH was again adjusted to 8,5, the volume adjusted to
100 cc, the flask stoppered and placed back in the 37.8%
incubator for the night, The next morning a formol titration
was performed on a 25 cc aliquot of the digest.

Digestion of the Egg Yolk with Pancreatic Lipase (13)

Sufficient egg yolk to give 2,5 grams of anhydrous
solids was mixed wlith 20 cc of water, 2.5 cc phosphate buffer
added (68 gms KHéPO4. plus 330 cc IN KOH q.s. 1 1, pH 4.2) and
1l cc of the enzyme solution (.3 gm lipase plus 7.5 cc water),
The mixture was stirred occassionally during the day to make
sure the fat was completely broken up and then held overnight
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in the incubator. To the digestion solution was added 10 cc of

water plus 7.5 grams KHQPO The mixture was washed into a

4
separating funnel by means of 15 cc of water. Fifty cc of solvent
was added (5 parts ethyl ether plus 1 part petroleum ether), the
solution shaken for 30 seconds, another 50 cc of solvent added

and the soclution shaken again for 30 seconds. After 5 minutes

th~ ether layer was decanted into a 250 cc volumetric flask. The
digestion solution was extracted with 50 cc aliquots of solvent
until the folumetric fiask was filled.

Percent Fat Extracted and Free Fatty Acids as Oleic on

the Egg Yolk Digested with Lypase

A 50 cc aliquot of the extract was placed in a tarred
100 cc beaker and the solvent removed by placing the beaker in
the hood overnight. The beaker was rewelghed and percent fat
extracted calculated. To the fat residue was added 75 cc of
95% alcohol and 3 cc of a 1% alcohol solution of phenolphthalein.
The solution was heated to boiling and titrated to a plnk end
point with O,3N NaOH,
3.2,2 Results and Discussion
3.2.,2.1 37,8%°CStorage (Table 26)

There was an increase 1n the viscosity of an aqueous
slurry of the egg yolk. This was first observed after 7 weeks
of storage at 37.8°C.in the egg yolk with an initial moisture
content of 3,5%., When an omelet was prepared for the taste
test the water slur-y of the reference was water thin while

thls sample was approximately twice as viscous. After 11 weeks

at



TABLE 26

EGG YOLK SOLIDS STABILIZED, HENNINC

Heig:;?ce Pancreatic Digestion/100 grams
Analysis
IN Nagy pH Slurry 1IN NaCQH Gms
37.8°C £ )Egigizlre 3:::3 ng gg ggurry thg.S Di:ﬁ:gon groi;:f:{g ﬁ:l.
3 Weeks September 10, 1964
Reference 4.6 Tols 6.1 15.6 7,05 97.8 1.27
L.0% R.H. 52 7.2 033 19.3 6.1 19.6 6.95 108.3 1,37
10.0% R.H. 1.58 6.3  LOW3 19.4 6.15  16.8 7.0 107.2 1.4
21.5% R.H. 2.61 7,0  .038 19.2 6.15 16,2 7.1 90.3 1.2§
27.56 R.H.  2.95 6.7  .053 18.7 6.15  16.8 Tl 95.5 1.5¢
35.0% R.H, 3.53 6.4  .063 18,6 6.15 16.? 6.9 10k4.5 1.7L
7 Weeks October 8, 196k
Reference 7.6 0.1 19,7 5.95 17.L 7.15 105.6 1. L€
L.0% R.H. 5.6 0.13 18.8 6.0 17.8 T.2 104.8 1,42
10.0% R.H. 7.3 0.17 17.9 6.0 18.0 7.25 102.8 1.4C
21.5% R.H. 6.2 0.25 17.0 6.0 18.0 106. L 1.5
27.5% R.H. 6.5 0.28 16.9 6.0 18.0 7.2 105.8 1.kl
35.0% R.H. 6.6 0.31 16,9 6.0 18.2 7.15 109.4 1.37
11 Weeks November 5, 196L
Reference 4,55 7.8 0.25 20,0 6.1 16,6 7.35 96,2 1.33
L.0% R.H. 1.1 6.9 0.28 18,5 6.0 18.4 7.h5' 9546 1,22
10.0% R.H. 1.95 5.8 0.23 19.7 6.0 . 18.0 | Tolt 95.6 1.20
21.5% R.H. 2.57 6.2 0.40 16,1 5.95 18.4 7.5 96.0 1.20
27.5% R.H. 3.00 6,6 0,35 18,0 5.95  18.8 T.45 v 95.0 1.18
35,08 R.H.  3.L2 6.s 0.23 17.1 6.0  18.8 745t 96,2 1.21

Date of Storage: August 20, 1964
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, HENNINGSEN FOODS, INC.

ms

to
in

96l

Fat Analysis/100 grams

Gms % Fat % FFA
Amino Extd. as Peroxide
Nit. Oleic No.
1.27 L8.7 1,07 0
1,37 L8.3 97 0
1.0, L8.0 .78 0
1.29 L8.3 97 0
1.50 8.l 1,07 0
1.74 48.9 1,07 0
1.L8 L7.3 1.2 0
1.k42 b6.7 - 1.2 0
1.40 L7.0 1.k 0
1.5k L7.k 1.k 0
1.4k L7.9 1.h 0
1.37 u7.9 1.5 0
1.338 48.8 1.13 0
1.226 L6.7 1.13 0
1.20L U6.7 1.13 0
1.20k L7.3 1.36 0
1.187 16.6 1.47 0
1.210 47.1 1.58 0
o=

Fat
Extd.

3k.2
3L.7
36.3
33.5
33.3
38.8

Lipase Digestion/100 grams

% FFA

as

Oleic

20.3
19.8
26.6
2kL.9
19.8
17.0

2L.6
22.0
2h.l
2L.0
22.9
7.4

s W T

~
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all the samples produced an aqueous slurry so viscous that it was
difficult to pour into the skillet. The lipoproteins may have
unfolded or the very reactive groups of the phospholipids have
combined producing large molecular weight aggregates., Possibly
both are occurring simultaneously plus a multitude of other
physical and chemlcal phenomena, Further evidence that the egg
particles are larger was seen when the fat was extracted with
ether., A small amount of f:ines passed through the filter paper
in the case of the reference but were not observed in any of the
storage samples,

The development of a bad odor and taste did not occur,
Data on the foods which spoiled (shrimp, nonfat dry milk soliés.
and beef, (Table 39) indicates that this occurs when the food is
stored at a moisture level corresponding to 61% relative humidity.
3,2,2,2 25%C Storage (Table 27)

The protein quality of flame-drled fish meals which are

subjected to high temperature are inferior to steam-dried meals
and vacuum dried meals are superior to both of these (14),
Biological values of 70 + 1.4 were obtalned for flame-dfied
menhaden fish meal and 76 + 1.9 for vacuum-dried meal (8%
increase),

Af ter 17 weeks of storage the egg yolk differed in
ite digestibility by pancreatin and lipase. The sample stored
at a molsture content of 0,52% héd the greatest reduction, The
phospholipids of the egg yolk have changed so that they no
longer are as readlly digested. Mere reduction of the moisture

to 0.53% does not seem detrimental because the reference which

was kept frozen had this molsture content,
59
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TABIE 27
PGG YOLK SOLIDS STABILIZED, HENNINGSEN F"

Headspace Pancreatic Digestion/100 grams
C+gs .
= Analysis
25C IN NaOH pH Slurry IN NaOH  Qms

Initial Taste & 3 pH to after Prior to Amino
% Moisture Test COp O, Slurry pH 8.5 Digestion Formalin Nit,

17 .Weeks December 17, 1964

Reference 0.53 Te7 06 20.0 6.1 18,0 6.9 105.2 1.288
4.0% R.H. 2.4 Te7 .03 20.0 6.05 18.L 7455 8L.2 1.293
10.0% R.H. 2.9 7.k .03 20.0 6.1 18.4 6.95 100.L 1,299
21.5% R.H, 3.2 7.0 .03 20.0 6.05 18.L 649 102.8 1.271
27.5% R.H, 3.6 7.4 .03 20.0 6.1 18.L Te2 93,2 1.221
35.0¢ R.H. 3.9 T4 .03 2.0 6.1 18.0 7.5 85.6 1.232
25 Weeks February 11, 1965
Reference 7.6 .12 19.98 5.85 11.4 7.8 12k.2 1.053
L.0% R.H. 7.5 .075 2.03 6.0 10.L 7.6 129.6 .930
10.0% R.H, 7.0 .07 2.03 6.0 11.0 7.6 130.2 .930
21.5% R.H. 7.3 .07 20.03 6.0 11.0 7.75 128.8 .963
27.5% R.H. 7.3 .07 2.03 5.95 10.8 7.5 140.4 .963
35.0% R.H. 7.3  .075 20,03 6.0 12.0 7.8 133.6 .952

33 Weeks April 8, 1965

Reference k.6 Ts? 133 20.0 6.02  19.h4 7.22 108,0 1.622
L.0% R.H. 2.6 7.3  .083 18.5 6.0 19.8 7.22 105,2 1,613
10.0% R.H, 2.8 7.2  .082 19.7 6.0 18.9 7.3 105.2 1.653
21.5% R.H. 3.1 7.5  .081 16.1 5,95  19.7 7.22 109.2 1.555
27.5% R.H. 3.4 7.5 .083 18.0 6.0 19.k 7.38 100.6 1.L31
35.0% R.H. 3.4 7.3  .082 17.1 6.0 19.8 7.4 101.6 1. 467

Date of Storage: Augast 20, 196l




ABLE 27
[ZED, HENNINGSEN FOODS, INC.

grans Fat Analysis/100 grams Lipase Digestion/100 grams
NaOH'  Oms € Fat % FFA q % FFA
or to Amino Fxtd. as Peri axide Fat as
malin  Nit. Oleic No. Fxtd. Oleic
964
% | 1.288 1,13 0 37.9 28.33
.2 1.293 48.0 1.19 0 36.5 22,11
b 1.299 L8.6 1.24 0 38.3 24,87
.8 1.271 L8.L 1.36 0 35.9 2L.87
2 1.221 48.1h 1.1 0 3847 25,56
6 1,232 49.79 1.47 0 37.0 24.87
35

2 1,053 L8.5k 1.2k 0 38.5 27.6
6 .930 u7.26 1. 0 3L.8 23.3
2 .930 48.12  1.36 0 37.4 27.6
8 .963 Lh7.62  1.47 0 35.4 2L.2
L .963 8.38  1.70 0 36.8 27.6
6 .952 48.91  1.75 0 36.7 27.6
) 1.622 L7.6 1.2k 0 35.6 25.9
) 1.613 L6.5 1,22 0 36.2 23.1
! 1.653 L7.6 1.38 0 37.2 2L.9

e 1.555 L8.8 1.52 0 35.6 2h.2

» 1.h31 L9.9 1.6l 0 38.6 27.6

' 1,467 L7.4 1.62 0 38.3 26.3




The proteins of egg yolk have been poorly characterized,
Two lipoprotein fractions, lipovitellin and lipovitellinin, have
been prepared from egg yolk. Phospholipids, almost entirely
lecithins, are found in these two protelns, The properties and
composlitions of these lipoproteins are apparently dependent upon
the method of preparation (15).

The data for pancreatic digestlon at 25 weeks differs
because lnstead of using defatted protein the egg yolk as such
was digested with pancreatin,

The moisture content of the sample stored at 0,5% water
increased to 2.4% after 17 weeks presumably due to phospholipid
interaction, The moisture in this sample only increased to 1.4%
after 11 weeks at 37.8°C, Other reactions must be occurring
simultaneously, as fat hydrolyzes which uses up water. The
formation of water must have some connection with the diminished
digestion by lipase, Water was formed in all the samples and
all were digested less by the llpase than the reference, These
linkages between the polar groups of lipids which result in the
formation of water, the lipase apparently cannot hydrolyze. It
would be interesting to again remove the water formed on storage
and place the egg yolk back in storage. If this were repeated
enough times it might be possible to make this food completely
indigestible,

The odor of the solutlon after digestion with lipase
was very disagreeable., The ether-petroleum ether extract after
the removal of the solvent in the hood could not be placed in

an oven to drive off the 1agt traces of solvent, The odor drove

everyone out of the room and clung to the oven for weeks,
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3:2.2,3 Optimum Molsture Content

None of the molisture levels used for storage is the
optimum level because water is béing formed on storage, Thils
indicates that chemical reactions are occurring with the formation
of water. The compounds involved may be lipopiotein and the
linkages so formed are not split by lipase, The egg yolk as
purchased contained 4.5% water. Further work would be required
to establish is this is the optimum moisture level for storage.
3.3 Dehydrated Cooked Ground Beef
3.3.1 Experimental
3.3.1.1 Moisture Levels

The beef as received contained 5.5% water. The moisture
content was reduced to l.3% by holding the beef overnight in the
freeze dryer at 100°F, The moisture content was raised to 12.6%
by placing the beef in a chamber overnight which was saturated
with water vapor. The intermediate moisture levels were made by
blending appropriate amounts of these two together. The beef was
stored in glass jars with the covers taped shut so that air or
water could not enter or leave.
3.3.1.2 Analytical Procedure

Extraction of Fat

Enough beef was weighed out so that after removal of
the water 30 grams of anhydrous food would remain, The moisture
was reducecd to a low level by placing the beef in the freeze
dryer for 4 hours with the upper and lower plates at 100°F, By

means of a magnetic-stirrer the beef was extracted 5 times with
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50 cc of ether, The beef and ether were mixed for 15 minutes
and then allowed to settle for 10 minutes, The supernatant was
decanted on a 15 cm #4 filter paper and the filtrate collected
in a 220 cc volumetric flask,

Percent Fat Extracted

A 50 ml aliquot of the ether extract was placed in a
previously weighed 100 cc beaker and the ether removed by placling
the beaker in a 100°C oven for 10 minutes., After cooling in a
desiccator for 30 minutes the beakers were welghed and the amount
of fat extracted calculated,

Free Fatty Aclds as Oleic

To the above fai residue was added 75 cc of 95% ethyl
alcohol and 3 cc of a 1¥ alcohol solution of phenolphthaleiln,
The solution was heated to boiling and then titrated with C,IN
sodium hydroxide to 2 pink color.

Perioxide Number

A 40 cc aliquot of the ether extract was placed in a
500 cc Erlenmeyer flask, 50 cc of a solutlon of freshly prepared
60% acetic acid plus 40% chloroform added followed by 1 cc of 2
saturated potassium icdide solution, After shaking for exactly
1 minute, 5 cc of a 1¥ starch solution plus 95 cc of water was
added, The blue color was titrated with ,0lN sodium thiosulfate,
The results were expressed as millimoles peroxide per 1000 grams

of fat,
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Extraction of the Defatted Beef with Water

Ten grams of the beef was mixed with 100 cc of water
and allowed to soak for 30 minutes, The sulurry was mixed for
15 minutes with a magnetic stirrér and then allowed to stand
for 10 minutes. The supernatant was decanted on to a sheet
of 12,5 cm #2 filter paper followed by a 15 cm #40 filter paper.
The residue was extracted 4 more times with 50 cc of water and
the filtrate collected in a 200 cc volumetric flask.

Formol Titration of the Extracted Residue

The pH of the slurry was raised to 8,5 with 0,1N

sodlum hydroxide. When after 1 drop of alkali the pH remained
at or above 8,5 for 1 minute the formz.in was added (1 cc for
each 20 cc of slurry). The formaldehyde was alléwed to react
for 5 minutes and then the pH was brought back to 8.5 in the
same manner,

~Formol Titration of the Aqueous Extract

A 40 cc allquot of the extract was brought to a pH
value of 8.5 with O,1N sodium hydroxide. Two cc of formalin
was added and the pH again brought to 8,5, The results were
expressed as milligrams amino nitrogen per 100 grams of the
defatted beef,

Reactlon of the Aqueous Extract with Nitrous Acld

To 50 cc of the aqueous extract was added 0,8 cc 4 N
hydrochloric acid and 20 cc 0,1N sodium nitrite., The reaction
was allowed to proceed for exactly 5 minutes, 0,1N sodium

hydroxide ran in rapidly to within 1 cc of the end point and
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then continuously until pH 8,5 was reached, The results were
expressed as milligrams alpha amino nitrogen per 100 grams of
beef protein,

Hematin Absorbance at 470 Millimlicrons

The aqueous extract was centrifuged for 15 minutes at
10,000 rpm and the optical density recorded at 470 millimicrons,

Thiobarbituric Acid Test on Beef

Five grams of beef, 97.5 cc of water, 2.5 cc 4N HCL

and a drop of Dowfoam A were steam distllled at a rate where 50
cc of distillate was collected in 10 minutes. Five cc of the
distillate plus 5 cc of .02 M 2-thlobarblturic acld were immersed
in a bolling water bath for 35 minutes. The tubes were cooled in
tap water for 10 minutes and read at 538 millimicrons, Simul-
taneously a malonaldehyde standard curve was prepared,
3¢ 3.2 Results and Discussion
3.3.2.1 37.8°C Storage (Table Z28)

According to the taste panel, the beef stored with a

molsture content of 7.8% spoiled after 7 weeks of storage., It
had a decayed putrid odor. It differed from the reference and
the other samples in.storage in that the defatted protein as
well as an aqueous extract of the defatted protein contained
less amino nlitirogen and the hematin pigments of the aqueous
extract were enhanced, The reduction in amino nitrogen accounts
for the increased titratable acidity of the beef slurry as well
as 1ts low pH. The proteln 1s more acildic.
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7.8°C

eference
+0% R.H.
9.0% R.H.
7.0% R.H.
0.5% R.H.
6.0% R.H.

eference
.0% R.H.
9.0% R.H.
7.0% R.H.
0.5% R.H.
6.0% R.H.

eference
.0% R.H.
9.0% R.H.
7.0% R.H.
0.5%¢ R.H.
6.0% R.H.

late of Storage:

Initial
% Taste
Moisture Test
5.5 7.0
1.2 7.1
3.7 6.8
5.3 Tel
7.8 6.8
12,6 6.7
745
6.3
6.8
6.3
.6
6.3
5e2 6.8
1.7 6.8
3.6 6.2
L.3 6.2
5.8 L2
11.1 6.8

TABLE 28 T
WILSON'S DEHYDRATED COOKEy.... .

Headspace Gas Fat Analysis/100 gms Fxtr. of Defs

Analysis Fat Formal titn of po=
FFA Millimoles cen | "o

y 4 4 Fat as Peroxide pr pH NaOH] oH
€02 0, Extd  Oleic 1000 gms Fat Slurry pH 8~F STurs
3 Weeks September 18, l S
011 20,6 22,5 L.l 0 6.05 12 (o
01 18,7 10.3 1.1 0 5.75 12.¢ 5.7t
= o
.03 18.8 21.8 1.1 0 5.7 15.2 5.7
810 18.2 22,2 1.3 0 5.8 154 ¢ 4
1,02 16,1 22,2 1.5 0 5,75 156 ¢ o
l.O 1507 2006 202 O 505 15‘:% 5.5
7 Weeks October 16, 1%40“01
013 moh 17.8 1.2 O 507 15"‘3 5.7
.27 18.8 15,2 1.1 0 5.L5 168 o ).
Qo 19.1  19.0 1.k 0 5.6 158 55
1.16 14.5 19.4h 1.3 0 5.6 16t 5.6
.20 17.1  21.7 3.5 0 Sk 17d ¢ ),
11 Weeks November 13, I Nove
A 0.0 21.0 1.1 3.2 5,7 16.¢ ¢ .
26 18,4  22.2 1.1 67 5.3 18.¢ ¢ ,
36 18,7 22.5 1.5 2250 5.6 18, 5.6
S 15.5  21.2 1.7 2220 555 20,1 geo
95 17.1  22.0 2.4 1200 5.5 18, 5.c
1.08 16,9  23.8 L.l 2.8 5,15 2.4 ¢ e

Avgust 28, 196L.
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8
JOOKED GROUND BEEF

Defatted Beef with Water

:n of residue 100 gms Aqueous Fxt/100 gms Mgs
JCN Mgs CCN Hematin TEP
Bhs Me-  Bug phoe Dm. HB  itowe  100ges
8, 196k

12.0 336 5.7 22,0 137 .0L8 o3k
12,6 305 5.8 20.4 137 +0L8 o3k
15.2 Lk 5.75 23.6 1k9 .05 o3k
15.8 363 5.85 22.6 153 .06 .3k
15.2 353 5.85 22.0 1L5 .06 .20
15.8 372 5.75 21,2 151 .0L8 15
, 1964

15.6 LLs 5.8 2.0 162 90 .058 .38
16.5 L2 Se7 23.8 151 93 .052 .35
15.5 1400 5.7 ehol 151 62 «053 o3l
16.8 113 5.65 252 146 129 068 .27
16.5 333 57 23.2 140 13k .07 20
17.k 361 5.65 23.2 118 78 .058 .15
3, 196l

16.8 L3k 5.75 22.8 151 L6 .0L8 35
18.6 128 5.8 22,8 147 1k -0L7 o2l
18.3 L30 5.75 22.8 110 11 .0L9 .18
20.L L37 5.8 22,0 10 33 «057 017
18.3 L33 5.75 22.5 133 1L .06 .10
21,2 Lk2 5.7 22.8 110 -25 .0ls .06



Changes occurred in the physical properties of the beef
during storage, When the fat was extracted from the beef with
ether the beef particles stored at moisture levels above the
monolayer value settled very slowly in the ether and the beef
residue occupied a larger volume than the reference, Filtration
was very rapld though. The two beef samples stored at moisture
levels below the monolaver value settled very rapidly to =
compact mass but flltration was very slow because beef fines
clogged the pores in the filter paper., The sample with the
monolayer molsture level resembled the reference in these respects,

Above the monolayer moisture level there is an unfolding
of the beef parti:les which probably is due to hydrolysis of
lipids that causes an increase in the size of the beef particles.
The fines disappear so filtration is very rarid. The increase
in free fatty acids and decrease in moisture is evidence that
the fat is being hydrolyzed. The beef stored at a moisture
content of 1.2% had more fines than the reference and other
samples with filtration very slow. 71ne beef particles have
become smaller and more compact, Polar groups of phospholipids
presumably have reacted with other lipids as well as protein
producing a more compact beef particle. Such reactions lower
the amino nitrogen of the beef protein and account for the
increase in moisture on storage.

The ether extract of the beef with an initial moisture
content of 1,2% was lighter in color than the reference., This
may be due to the oxidatlion of ether soluble pigments, The B-

Carotene of sweet potatoes rapidly disappeared at this moisture
level, 67



Af ter storage for 11 weeks at 37.8°C none of the samples
resemble the reference upon extractlon of the fat with ether, The
reference particles after mixing with ether settled rapidly and
filtered slowly. In all the storage sampleé, the beef particles
settled slowly with filtration very rapid. After this length of
storage at this high a temperature the beef has become greatly
altered physically from lipoprotein hydrolysls and hydrolysis of
the amide groups from glutamine, The linkages formed through
reactions of lipoprotein which caused the enhancement of fines
presumably have been broken, The data supports these assumptions,
There 1s an increase in free fatty acids and a loss of water, The
molecule i1s more acidic as shown by the lower pH of the water
slurry and the increased amount of alkalil required to ralse the
pH to 8,5, However, the amlno nitrogen remains stable which
indicates that peptide bonds have not been hydrolyzed. Flavox
wise the optimum moisture content for maximum deterioratlion was
7.8%.,
3.3.2,2 25°C Storage (Table 29)

Upon extraction of the fat from the beef with ether

after 12 and 18 weeks of storage in the samples with an initial
molsture content of 1,3 and 3.7% there appeared to be an exces-
slve amount of greasy material which adhered to the upper edge
of the filter paper. The 1.2% moisture sample also contained an
excessive amount of fines which refused to settle and a portion
of these small particles passed through the filter paper. The

reference only had a few such particles small enough to pass
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25°C

Refercnce
7.0% R.H.
29.0% R.H,
47.0% R.H.
60.5% R.H.
76.0% R.H.

Reference
7.0% R.H.
29.0% R.H.
L7.0% R.H.
60.5% R.H.
76.0% R.H.,

Reference
7.0% R.H.
29.0% R.H,
L7.0% R.H,
60.,5% R.H.
76.0¢ R.H.

Date of Storage:

Initial
y 4 Taste
Moisture Test
5.l 6.1
1.6 6.ls
L.3 642
5.3 5.9
7.6 6.1
12.9 5.9
7.5
6.8
71
Te3
7.0
Te2
5.8 6.6
1.k Te1
3.6 Te3
5.3 6.6
7.3 S.h
12.L 5.8

Headspace Gas

Analysis

%
0,

A9
139
.187
115
167
2,48

olily
15
21
.18
1k
1h.k

625
165
165
.13
155
15.0

August 28, 196k

%

0,

19.9
18.9
19.4
2.1
20.0
15.8

19.7

20.0
19.9
19.9
20.0

5.7

19,48
19.94
19.94
19.8
19.95
5.1

TABLE

WILSON'S DFHYDRATEL

Fat Analysis/100 gms Extr,
. Formal Ti
FFA Millimoles
Fat as Peroxide pr pH
Extd Oleic 1000 gms Fai Slurry
12 Weeks November
21.0 1.2 0 5.65
20.3 1.2 0 5.5
0.k 1.2 0 5.6
21.7 1l.h 0 5.6
2.1 2.0 0] 5.5
22,2 3.0 0 563
18 Weeks January
21.6 1.5 0 5.6
20.6 1.2 0 5.7
21.2 1:6 0 5.5
21.5 1.5 0 5.6
23.0 2.3 0 5.6
23.1 3.5 0 Gl
2 Weeks February
18.9 1.6 0 5.6
18.6 1.8 1.3 5.5
19.7 1.5 16.9 5.5
19.3 1.7 13.7 5.L5
a.7 2.6 10.8 5.h
20,9  2h.3 18.8 5.1



TABLE 29

HYDRATED COOKED GROUND BEEF

Extr, of Defatted Beef with Water

ormal Titn of residue/100 gms
Mgs
NaOH to Amine
pi 8.5 Nit.

H
Jurry

CCN

November 2L, 196l

5.65
5.5
5.6
5.6
5.5
5.3

January 6, 1965

17.k
16.8
16,2
16.0
19,3
18,2

5.6
5e7
5.5
5.6
5.6
>0l

Tebruary 17, 1965

17.7
18.4
23,2
18,2
16.0

19.4

506
>e15
305
>eli5
ol
el

15.6
17.0
16.9
16.7
18.6
20,6

L55
375
L7
389
102
L09

113
LL8
LL8
L5k
361

410

417
358
LOO
398
120
[Rele

B

Aqueous Fxt/100 gms Mgs
CCN Hematin TEP
By MoE hm TR MoW 16 e
5.75 23.0 140 63 Ko 0.3
5.7 23.0 133 35 .0L8 0.3
5.8 23.0 126 L9 038 0.3
5.85 22,5 140 28 053 0.3
5.8 23.0 119 35 055 0.2k
5.65 22,5 126 2 .03 0.18
5.8 21,0 140 70 .038
5.73 2.5 133 7 .03k
5.7 22.0 126 1L .033
5.7 22.0 126 28 034
5.7 22.0 126 1k .039
5.65 21.5 119 1L .027
5.8 23.0 147 .05
5.7 2l.5 133 .0L5
5.7 30.0 182 JObd
5.7 2h.3 140 .05
5.55 23.5 14O .055
5eS 30.5 168 063
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through the filter paper, The 2 samples with a molsture content
of 7.8 and 12.6% did not have any fines nor the greasy material,
The reference and monolayer molsture sample were approximately
the same in this respect,

In Table 3D may be found the approximate weight of the
greasy material, the weilght of the defatted residue and the total
of the two., Also the grams of fat extracted are listed., The
total welght of beef insoluble in ether is the same for the
reference and storage samples, The greasy substance, excessive
fines in the low moisture sample, and their absence at high
molsture levels must be physical phenomena., As explained
previously when discussing the storage data at 37.8°C the
phospholipid moliety of the lipoproteins are thought to be
involved. The slight decrease in the amount of fat extracted
at the low molsture levels 1s believed to be caused by the
formation of water through chemical reactions of polar groups
in ether soluble phospholipids. Likewise the slight increase
in the amount of fat extracted above the monolayer is due to
hydrolysis of ether soluble liplds. The weight increase is
the welght of water taken up through hydrolysis. The reference
and sample stored at the monolayer molsture level are very
neaxly the same., Thils may indicate fat stabllity or that a
balance exists between reactions involving the formation and
uptake of water.

The outstanding characteristic of the lecithins is
their high chemical reactivity: they are easily oxidized or
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Reference
7.0% R.H.
29.0% R.H.
47.0% R.H.
60.5% R.H.
76.0¢ R.H,

Reference
7.0% R.H.
29.0% R.H.
47.0% R.H.
60.5% R.H.
76.0% R.H.

Reference
7.0¢ R.H.
29.0% R.H.
L7.0% R.H.
60.5% R.H.
76.0% R.H.

Initial

%
H,0

5.5
1.2
3.7
5.5
7.8
12.6

Sely
1.6
L.3
5.3
7.6
12.9

5.8
1.k
3.6
5.3
7.3
12.14

Wt.of
Defatted

Residue

12 Weeks 25°C

23.2
22,7
22.8
23.3
23.5
23.7
18 Weeks 25°C

23.6
23.0
23.2
23.5
23.9
2h.1
2L Weeks 25°C

23.6
22.8
23.25
23.5
23.2
23.7

Wtsof

Lipiton
Filter

Pager

1.3
1.8
1.6
1.1
1.1
0.9

2,0
1.7
1.3
1.3
0.7
0.6

TABLE 30
WILSON'S DEHYDRATFD COOKED

Gms
Fat

Total  Extd
k.3 6.3
2L.5 6.0
2.l 6.1
v 6.1
2L.6 6.3
2l.6 6.6
25.6 6.1
2u.7 6.1
2h.5 6.3
2L.8 6.4
2L.6 6.8
k.7 6.9
5.6

L

5.8

5.7

6.3

Gle 2!



TABLE 30
YDRATED COOKED GROUND BEEF

Gms
Fat
Total  Extd
2l.3 6430
2h.5 6.08
2l.b 6,11
2k.L 6.49
2L.6 6.32
2l.6 6.68
25.6 6,48
2h.7 6.18
2L.5 6.36
2L.8 6.l
2li.6 6.89
k.7 6.9k
5.68
5.57
5.89
5.78
6.37
6.27

R.H. 26%
5.2
1.7
3.6
L.3
5.8
11.1

Wt.of
Wt.of
Defatted Filter
Residue Paper

Total

3 Weeks 37.8°C

7 Weeks 37.8°C

11 Weeks 37.8°C

22.9
22.9
22,9
23.3
23.8
23.3

Fat
Extd

6,76
3.10
6,54
6.67
6.66
6.18

5.35
LS55
5.69
5.82
6.21
6.51

6.31
6.68
6.7k
6.36
6,61
7.13
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hydrolyzed, and easily combined with a number of other substances
such as proteins and carbohydrates, They are found in all plant
and animal tissue, are subject to rapld deterioration in air, are
readily hydrolyzed by relatively mild acid or alkaline conditlons
with cleavage of both the phosphate and fatty acid ester linkages.
Naturally occurring lecithin fractions ordinarily are highly
unsaturated and exhibit lodine numbers of 100 or greater. Lecithin
rapidly autooxidizes to a brown material having the typical tallowy
odor of oxidized lipides. This odor 1s presumably due to unsatur-
ated carbonyl compounds (16).

Table 31 contalns the composition of the foods studied
in this contract (17). The milk, beef and shrimp are the only
foods that developed bad odors and flavors. The egg yolk would
have spoiled 1f the moisture had been a little higher. The one
outstanding difference in these foods from the foods that did
not spoil is the phosphorus content. Of the storage fat in
muscle the phospholipids predominate with mammalian muscles on
the average containing 4,5% and ,25% choiestrol. Future analyti-
cal work on this type of food will be directed at the changes
which occur in this group of compounds,
3¢3.2,3 Optimum Moisture Level

The data indicates that the lipids of the beef are

more stable when stored at the monolayer moisture content,
However at this moisture level headspace gas analysis shows
that oxygen uptake by the beef 1s at a maximum so the beef
should be packed under nitrogen or carbon dioxide. The beef

as purchased, contained the monolayer amount of molsture.
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Milk, nonfat (skim)
Beef, medium fat carcass
Shrimp, canned
Potatoes, raw

Sweet potatoes, boiled
Fggs, yolk

Apples, raw

Bananas, raw

Rice, cooked

Water
90.5
63
66,2
77.8
68.5
k9.l
8L.1
74.8
70.5

Cal
Food

Energy
36

2Lo
127
83
123
361
58
88
119

G

Protein

3.5
18,2
26,8

2.0

1.8
16.3

.3

1.2

2.5

TABLF 31

COMPOSITION OF FOODS, 100 G., EDIE

Fat
o1
18
1.4
0.1
0.7
31.9
ol
.2

ol

Carbohydrate
Total Fiber
5.1 0
0 0
19.1 ol
27.9 1.0
o7 0
1k.9 1.0
23 .6
26,2 ol

{5

Se
1.
1.

1,



ILE 31
100 G., EDIBLE PCRTION (2)

ydrate G Mg r}I’Irgxos- Mg %.2 Mg Rigg- Mg Asggrbic

Fiber  Ash Calcium  phorous Iron Thiamine flavin Niacin Acid
0 .8 123 97 .1 Trace Ol .18 " | 1
0 .9 11 161 2,7 O .08 .16 L.k 0
- 5.8 115 263 3.1 60 .01 .03 242 0
o 1.0 n 56 .7 20 11 0L 1.2 17

1.0 1.1 30 L9 o7 7.700 .09 .05 .6 20
0 1.7 147 586 7.2 3.210 .27 35 Trace 0

1.0 .3 6 10 .3 90 0L .03 12 5
46 .8 8 28 .6 430 .0l .05 i 10
.1 s 8 L5 3 0 .01 .01 oL 0
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3.4 Shxrimp
3.4.1 Experimental
3.4.1.1 Method for Obtaining Moisture Levels

The shrimp was placed in a cabinet saturated with
water vapor and equipped with a fan. The following periods of
time in the chamber increased the moisture content of the shrimp
as follows: O hours, 1.6%; 1/2 hour, 5.4%; 1 hour, 6.6%; 4 hours,
10,1%; and 10 hours, 18.0%.
3.4.,1.2 Analytical Methods

Volatile Amine Determination

Enough shrimp was welghed out so as to yleld 25 grams
of anhydrous food. The shrimp was ground to a fine powder and
placed in a flask containing 250 cc of water, 10 gms of sodium
citrate and a smidgeon of Dowfoam A, The receiver was connected
to a graduated cylinder containing 1.5 cc 4 N HC1l and 23.5 cc
of water., The rate of distillation was regulated so as to
require about 30 minutes to collect 65 cc of distlillate,

Amines Which Neutralize HCl

A 25 cc aliquct of the distillate was brought to a
pH of 8.5 with 0.1N NaOH, The difference in titration between
the blank and the unknown gave the milligrams amine nitrogen
which reacted with the HCl.

Amines Which Reacted with Nitrous Acid

To a 25 cc aliquot of the steam distillate was added
10 cc of O0.1N Nitrous Acid and then held for exactly 10 minutes.
The pH was rapidly brought up to 8,5, The difference in alkalil

required between the blank and unknown gave the amines which

reacted with nitrous acid. 74



Amines Which Reacted with Formalin
A 25 cc aliquot was brought to pH 8.5 with O.1N Na OH,

1l cc formalin added and the pH returned to 8.5, The difference
between the blank and unknown gave the milligrams amine nitrogen
which reacted with the formalin,

Digestion with Pancreatin

For each molsture level enough shrimp was ground with
a mortar and pestle to yleld 2.5 gms of anhydrous food. The
shrimp was soaked in 50 cc of water for 30 minutes and the slurry
pH taken, With a magnetic stirrer - pH meter assembly the pH was
increased to 8.5 with 0.1N NaOH., Then 1 cc of a suspension of
pancreatin (0.3 gm pancreatin plus 1 cc of water) was mixed with
the shrimp and then held for 2 hours at 37.8°C whereupon the pH
was again adjusted to 8,5. The process was repeated in 4 hours,
the volume adjusted to 200 cc, the flask stoppered and placed in
the incubator overnight. The next morning a formal titration was
performed on a 50 cc aliquot.

Digestion with Pepin

The shrimp, after grinding to a fine powder, was
weighed out so as to yleld 2.5 gms of anhydrous food. The
dilgestion solution was composed of 2.5 gm pepsin, 15.25 cc
concentrated HCl ard enough water to make a total volume of
2500 cc, The shrimp was mixed with 400 cc of the digestion
solution, shaken several times during the day and then held
overnight at 37.6°C. A formal titration was performed on a

50 c¢c aliquot,
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3.4.2 Results and Discussion
3.4.2.1 259C Storage (Tazble 32)

The shrimp deteriorated very rapidly. Because so
many reactlons were going on so fast and simultaneously, inter-
pretation of the data 1s more difficult than for the other foods.
For example, volatile amines were continuously being formed as
well as consumed. The shrimp differs in composition from the
rice, bananas and apples which the taste panel judged as satis-
factory after storage at 25°C and 37.8°C, by having more protein,
fat, ash, calclum, phosphorous and iron and having no fiber,
starch or sugar. (Table 28).

The shrimp was purchased in tin cans packed under
nitrogen and did not require refrigeration. When exposed to
the air and water adde<i for the 5 storage conditions, rapid
deterioration began resulting in a foul, amine-like odor. The
shrimp with an initial moisture content of 10.l1 and 18.0¥% became
tough and difficult to chew. When ground with a mortar and
pestle, the tissue was broken down into tough fibers that
resembled soft wood and which were almost impossible to reduce
to a fine powder., The reference and shrimp with a moisture
content below the monolayer value were easily and quickly .
pulverized to an extremely light, fluffy powder. The rich
red color of the shrimp faded to a pink and the 2 high moisture
samples browned a little,

Digestion with pepsin and pancreatin did not indicate
any great impairment in digestion of the protein., Formol
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25%

Reference
L.8% R.H,
28.5% R.H,
35.5% R.H.
59.5% R.H.
78.5% R.H,

Reference
L.8% R.H.
28.5% R.H.
35.5% R.H,
59.5% R.H.
78.5% R.H.

Reference
L.8% R.H.
28.5% R.H.
35.5% R.H.
59.5% R.H,
78.5% R.H.,

Date of Storage:

% Taste

Moisture Test

6.6

6.1

6.2

6.0

L.2

3.6

1.7 5.6

2.6 5.3

6.8 5.2

7.1 L.9
10.5 Bad Odor
15.3 Bad Odor

1.7

2.9 Bad Odor
6.2 Bad Odor
6.8 Bad Odor
12.4 Bad Odor
16,2 Bad Odor

September 11, 1964

Steam Distillate Mgs Amine
N/100 gms Anhydrous Shrimp

Amines
which
Neut.
Hel

5044
11.2
8.0
22,4
16.8
0

16.8
11.2
72.6
56.0
77.2
61.6

22,L
39.2
50.4
22.L
56.0
L. 8

Amines
React
with
HN02

56
11
27
17
17
0

11,2

5.6
56.0
39.2
Lh.8
16.8

28.0
LL.8
56.0
16.8
8L.0
50.4

A

TABLE 32

WILSON'S FULLY COOKED FREEZE

Pancreatic Digestion/1
Anhydrous Shrimp

Amines
R
Slurry pH 8.5
6 Weeks October 23, 196l
67.2 7,45
61.6 7435
56.0 7.L5
50.4 7.65
61.6 (]
61.6 7.35
12 Weeks December L, 196l
50.L 7.5 13.8
77.2 Te5 15.4
50.4 7.5 15.4
772 7.L5 1h.h
77.2 7.6 11.8
77.2 7.L5 1k.2
18 Weeks January 15, 196k
50.4 7.55 12,0
uh.8 7.4 12,8
72.8 7,55 13.0
Lh.8 7.7 11.2
72.8 7455 11.4
16.8 7.25 20.0



TABLE 32

LY COOKED FRFEZE DRIED SHRIMP

patic Digestion/100 gms

rous Shrimp
IN NaOH
to

Jetober 23, 196k

December L, 196l

13.8
15.4
15.4
1h.h
11.8
14.2

January 15, 1964

12.0
12.8
13.0
11.2
11.h

2.0

IN NaCH
Prior to
Eggmdlin

116
123
123
119
122

120

113
11k
119
121
109
127

179
181
178
177
172
181

Gms
Amine
Nit.

1.83
1.90
1.7k
1.75
1.48
1.58

3.09
3.18
2.76
2.89
2.78
2,76

3.83
3.54
3.8
3.
3.79
3.58

Pepsin Digestion

N NaOH

Prior to
Formalin

15
115
128
115
122

102

7k
70
90
70
7h
7h

17
99
112
123
102

119

Oms
Amine
Nit,

1.52
1.3k
1.52
1.25
1.39
1.52

1.3L
1.43
1.43
1.L8
1.43
1.L43

1.12
1.17
1.21
1.21
1.17

1.30

7



titration of the digest of the stored samples showed a lower amino
nitrogen than the reference. The amount of alkall required to
ralse the pH of the digest to 8.5 prior to the addition of
formalln was the same for the reference and storage samples.
.The disappearance of amino nitrogen probably occurred through
the reactlon of polar groups with components as phospholipids.
The digestive disturbances might be due to the formation of
toxic compounds which upset the bacterlal flora of the intestine
and enzymes with concomitant flatulence, paln, malaise, etc.
Future analytical work on foods of this type will
consist of finding out the changes the phospholipids undergo.
How well are they digested by enzymes and the extent they react
with themselves as well as with other food constituents, Phos-
pholipids are composed of extremely reactive compounds. Lecithin
turns brown on exposure to air because of the oxidation of the
unsaturated acids present, One of the products of the hydrolysis
of lecithin, accounting for about 15% of the molecule is choline
which 1is a moderately strong base. In combination with acetic
acid the compound acetylcholine is formed which 1is of significance
in nerve activity. An enzyme in cobra venom splits off the un-
saturated fatty acld radlcal producing a compound which has a
strong hemolytic actidn on red blocd cells (18). From the active
part that water plays on the storage behavior of these foods there
must be all types of hydrolytic reactions going on. Linkages are

split and then reformed with some other molecule.
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Another very active constituent of lecithin 1s phospholc
acld. As little as one mole of phosphate per mole of pepesin may
serve 1n the stabilization of the 3 dimensional protein structure