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Claim

1. A method of preserving non-respiring animal matter

comprising:

placing said animal matter in a storage tank,

continuously controlling the temperature of said animal

matter to a temperature range between just above the

freezing point of said animal matter and 3.7 degrees Celsius

above said freezing point,

simultaneously continuously evacuating said storage

tank without introducing any air inté said storage tank to

remove oxygen from said storage tank, and

contrniling the evacuation rate to continuously

evacuate steam that boils from said animal matter and
flushes oxygen from said storage tank during said
temperature controlling and continuous evacuation steps,
sald evacuating step being performed at a rate to

continuously evacuate steam from said storage tank at a rate
equal to 0.1% to 3.0% of the initial fresh weight of said
animal matter per month to &reate an anaerobic condition
especially conducive to preserve non-respiring dnimal matter

in said storage tank.
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(57) Abstract

The hypobaric preservatioft of non-respiring animal matter (3) without, the step of adding fresh air to the storage
chamber (1), and without humidifying the storage atmosphere by eontact with a supplementary body of heated water (2) is
disclosed, by stofage at a temperature correlated to the type of animal matter (3), by a hypobaric pressure less than the va-
por pressure of water at said storagé temperature, and by evacuation at a rate correlated to the storage temperature and the
' weight of stored animal mattet (3). The evacuation rate is set to pump nearly saturated steam from the vacuum tank (4) at a
rate which exhausts an amount of watér equal to about 1 % of the initial weight of the animal matter each month. Heat is
supplied to the non-respiring arimal matter (3) responsive to the temperature of said matter (3) and sufficient to evaporate
said amount of watet and preveént the non-respiring aninial matter (3) from freezing.
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HYPOBARIC STORAGE OF NON-RESPIRING ANIMAL MATTER
WITHOUT SUPPLEMENTARY HUMIDIFICATION

DESCRIPTION

Technical Field

The present invention describes a method and equipment
for preserving fresh, non-frozen animal matter such as beef,
pork, lamb, poultry, fish, shrimp, veal and horsemeat in a
refrigereated vacuum chamber without special wraps, gas
mixtures or supplementary humidification. Evaporative weight
loss is kept to less than a few percent per month by
controlling the evacuation rate and eliminating wall and

refrigeration surface temperature gradients.
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Background Art
References Cited
U. S. PATENT DOCUMENTS

Patent No. Issue date Inventor
3,333,967 August.1967 Burg
3,810,508 May.l1l974 Burg, et al
3,913,661 October.1975 Burg, et al
3,958,028 August.l1974 Burg
4,061,483 December.1977 Burg
28,995 October.1976 Burg

In my prior U. S. patent No. 3,333,967, now reissue
28,995, a method is disclosed for preserving mature but less
than fully ripe fruit which product etylene and are ripened
t.hereby, using hypobaric conditions of about 100 to 400 mm
HgA pressure in a flowing stream of humidified, nearly water-
saturated air. This method gave useful results on a
laboratory scale and under favorable conditions on a somewhat
larger scale, but not when the size was increased and the
pressure reduced below 100 mm HgA to improve the storage
performance with certain mature but less than fully ripe
fruit and to extend the utility of the method to othér types
of metabolically active matter, iacluding animal matter. The
evaporative cooling effect when air is contacted with a body
of water which is relatively smaller in relation to the whole
storage space than was the body of water in relation to the
size of a conventional laboratory vacuum vessel decreases the
temperature of the humidifying water. In my prior U. S.

patents No. 3,810,508 and 3,913,661 with W.Hentschel, I
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disclose how to use and profit by this cooling to lessen the
work of, or eliminate other ways and means of cooling the
chamber, but refrigerating by evaporating water runs counter
to the objective of ¢reating and maintaining high humidity.
As the water cools, its vapor pressure is lowered and it
tends to add progressively less moisture to the incoming air
so that the relative humidity in the chamber is reduced and

the product dries and spoils prematurely.

In my prior U. S. patents No. 3,958,028 and 4,061,483, I
disclose how to overcome the evaporative cooling effect and
provide a constant high relative humidity in the storage
chamber. Incoming expanded atmospheric air is preconditioned
to the pressure and temperature inside the wvacuum chamber,
and then it is contacted with a body of heated water ‘to
saturate the chamber atmosphere. I also disclese that a
relatively broad spectrum of correlated hypobaric pressures
and low temperatures at a high relative humidity is
operational in preserving medtabolically active matter at

pressures ranging from 4 to 400 HgA.

The humidification step of U. S. patents No. 3,958,028
and 4,061,483 has preventd4ed the development of economically
useful commeércial hypobaric intermodal transportation
containers which embody the equipment and the method of t'iese
older patents. It is imptactical to displace valuable cargo
with the weight and volume 6f water which is needed to
continuously saturate the incoming dry expanded atmospheric
air changes during a prolonged oceanic trip, so instead a
smaller amount of stored water has to be recycled by

reclaiming the moisture which condenses when the saturated

IRFTIHRIE A Dot r¥] 2



WO 88/08106 PCT/US87/00724

e T

B A

chamger atmosphere is exhausted by and compressed in a vacuum
pump. Though otherwise preferable, an oil-seal vacuum pump
cannot be used for this purpose because its exhaust is
contaminated with oil, making water reclamation unfeasible.
Instead, contemporary 40 x 8 x 8 foot prototype hypobaric
intermodal transportation containers are equipped with a
water-sealed vacuum pump, which is injected with enough
refrigerates seal water to promote and sustain a nearly
isothermal compression, and supercharged with a Roots vacuum
pump to improve efficiency at low inlet pressures. The
refrigeration equipment needed to cool the seal water uses
nearly 5KW of electric power, the supercharged vacuum system
about 3 KW more than an oil seal vacuum pump having
comparable effective displacement, and the heating element in
the humidifier up to 2 additional regulated KW. Not only
does the humidification step more than double the size of the
refrigeration and motor generating systems which are needed,
but in addition, it creates a requirement for automatic
boiler filling and flushing systems; automatic drains and
heating tapes to prevent equipment f;eeze—up during periods

of operation and in operation at ambient temperatures lower

®

than 0 of, and ocmplext safeguards and controls to integrate

the systems. In this manner, the humidification step

S e opert

increases the equipment and operational costs,; reduces
reliability and maintainability, and increases the

transportation cost per pound of metabolically active matter.

In my prior U. S. patents No. 3,958,028 and 4,061,483, I
disclose a method and equipment for preserving metabolically
active animal matter such as red meats, poultry, fish and

shrimp by placing said matter is an enclosed space, adding

WeNle S o

-~ » ey o w1 e s NaL aveguan oy aee Scsrems s S 4 - N %
SEABEE o DR FURA O8I % o a5 :

bt J
ey



o

1
1

'WO 88/08106 PCT/US87/00724

fresh air to and moving humid air from said space,
maintaining the humidity in said space between 80 and 100% by
ceontacting the incoming fresh air with a body of heated
water, controlling the temperature of said animal matter
between -1 and +2 of, and maintaining the pressure in said
space at least slightly higher than the vapor pressure of
water in said matter, and preferably between 8 and 50 mm HgA
for different types of metabolically active animal matter.
This method increases the storage life of various types of
animal matter up to 2 to 3-fold compared to storage at the
same temperature in a conventional forced-air coldroom, but
by the end of the maximum hypobaric storage period so little
shelf-life remains that often the animal matter cannot be
distributed without spoilage. An additional ptoblem which
limits the utility of this older method with red meats in
premature superficial browning of exposed cut surfaces. For
most types of animal matter, the permissible storage time
which still provides adequate shelf life using the method of
U. S. patent No. 3,958,028 and equipment of U. S. patent No,
4,061,483 is not long enough to-permit reliable oceanic
distribution using intermodal hypobaric shipping containers
to transport said animal matter from preferred sources of

supply to markets which provide the greatest demand.

Disclosure of Invention

Preserving non-respiring animal matter for a longer
period of time, in better condition, with more remaining
short-life than has been possible heretofore using the method

of U. S. patent No. 3,958,028 and equipment of U. S. patent
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No. 4,061,483 is one ohject of my invention. Another object
is the elimination of the humidification step of U. S. patent
NO. 3,958,028 and 4,061,483, wherein atmospheric air is
preconditioned to an optimal storage pressure and temperature
and then saturated by contacting it with a body of heated
water. I store fresh non-respiring animal matter in a vacuum
tank at a controlled temperature between about -1.7 and +2
of, and continuously evacuate the tank without introducing
any fresh air thereto. When the chamber pressure has been
decreased to the vapor pressure of water in the animal ’
matter, cool steam boils from said matter and flushes out the
last vestiges of oxygen from the storage tank, thereby
creating an anerobic condition especially conducive to the
preservation of non-respiring animal matter. Then I adjust
the evacuation rate to continuously exhaust an amount of
nearly saturated  steam from the chamber equal to about 1% of
the animal matter's initial fresh weight each month. To
prevent *he animal matter from freezing responsive to the
cooling csrz2ct engendered by this rate of water evaporation,
I continuously supply heat to said matter by convection and
radiation from the chamber atmosphere and walls respectively,
sufficient to maintain the temperature of said matter between
-1.7 and +2 of. The steady-state total pressure in the
vacuum tank typically is 20 -~ 30% lower than the vapor
pressure of water at the temperature of the animal matter, in
part because of dissolved solutes in said matter's water, but
much more importantly because a vapor pressure gradient
develops between the animal matter and chamber atmosphere
sufficient to cause the continuous moveinent of water wvapor

from the animal matter;, across its surface area, and into the
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chamber atmosphere at the same rate that nearly saturated

steam is evacuated from the vacuum tank.

Non-respiring animal matter such as beef, pork,
horsemeat, lamb, poultry, fish and shrimp, stored by the
method and equipment of my new invention, is preserved in
better condition for a substantially longer period of time
compared to equivalent animal matter stored at the same
temperature by the method of U. S. patent No. 3,958,028 and
equipment of U. S. patent No. 4,061,483. This improvement in
performance is caused by the lower oxygen partial pressure
and water activity which my new method maintains at the
surface of said animal matter. An anaerobic condition is far
more effective than a slight oxygen partial pressure in
inhibiting the growth of aerobic and microaeriphilic slime
and odor forming bacteria which are largely responsible for
the spoilage of animal matter, and also in preventing the
exidative browning of bood and muscle pigments and the
oxidative yellowing of fat. The lower surface water
activity, corresponding to a 70 to 80% relative humidity and
caused by the 20 to 30% reduction in steady-state water vapor
pressure in the chamber atmosphere, inhibits the growth of
many types of bacteria, molds and yeasts, whereas a saturated
condition promotes the growth of these same organisms. The
controlled weight loss of about 1% per month improves the
appearance of the animal matter's surface covering without
causing an undesirable amount of shrinkage, and the
continuous flow of nearly saturated steam from the animal
matter, into and through the vacuum chamber, to the
atmosphere, removes and flushes away any odors which may form

in or on the animal matter. This improvement in preservation
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is accomplished without incoming air flow or supplementary
humidification, using equipment which is simpler, more
reliable, easier to maintain, lighter in weight, smaller in
size and volume, less energy consumptive, and less costly

than that disclosed in U. S. patent No. 4,061,483.

Brief Description Of The Drawing

The figure is inh part a schematic flow diagram and in
part a diagrammatic representation of one form of chamber and
apparatus embodying and/or suitable for practicing my new

invention.

Best Modes for Carrying Qut T3he Invention

There are at least five factors or conditions which
mutually influence the storage of non-respiring matter in my

new hypobaric system, namely:

1. Temperature

2. Oxygen partial pressure at the surface of the animal
matter

3. Water activity at the surface of the animal matter

4. Rate of water loss from the animal matter

5. Ventilation

It is presently beliéeved that all types of fresh animal
matter are best preserved at their freezing point, about ~1.7
of, or at a temperature slightly higher than their freezing

point, about -1 of. If the temperature is raised by a few
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degrees, the animal matter can be kept for only about half as
long, due mainly to the high temperature coefficient for the
growth of psychrophilic spoilage bacteria in the ~-1.7 to +2
of range. At about ~-1.7 of, crust freezing occurs at the
surface of animal matter but the interior remains unfrozen.
Crust frozen animal matter is preserved for a considerably
longer time than similar matter kept only 1 of warmer, but
the shelf-life of the crust frozen meat after it is thawed
sometimes is forshortened because ice crystal formation and
subsequent melting usually causes cells to burst. The exact
temperature at which freezing occurs varies somewhat in
different types of animal matter, and even amongst different
parts or samples of the same type, depending upon water
content, chemical composition, and other factors.: Therefore,
in certain instances the preferreéed storage temperature is

somewhat higher or lower than -1.7 to -1 of.

Oxygen has: several different effects on fresh animal
matter depending in part on the type of mattet. It
oxygenates the blood and muscle pigments, hemoglobin and
myoglobin; converting them from their non-oxygenated "blue"
form to their oxygenated "red" form which gives the
characteristic "red bloom" to red meats. Oxygen also may
oxidize each of these pigments to a brown oxidation product,
methemoglobin or metmyoglobin, uader certain ¢onditions. The
penetration of oxygen into and through red meat occurs so
slowly due to the density of the flesh, that respiratory
oxygen consumption in the superficial layers consumes oxygen
more rapidly than it can enter,‘qreating an anaerobic "blue"
zone beginning only a few mm below the surface of red meat

stored in atmospheric ait. Consequeritly most of the bulk of
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fresh meat is anaerobic and therefore unable to respire and
produce heat. It is for this reason that I refer to animal
matter as non-respiring. Hemoglobin and myoglobin in the
superficial layer are sensitized to oxidation when these
pigments are not oxygenated, and since the oxygen partial
pressure and degree of oxygenation decrease in an inward
direction, the tendency for these pigments to oxidize and
brown also increases in that direction, reaching a maximum
just prior to the anaerobic zone, and then abruptly all
browning ceases because there is no oxygen present to cause
oxidation. When the ambient oxygen partial pressure is
lowered,; progressively the anaerobid zone migrates closer to
the surface, until at a hypobaric pressure of 8 to 50 mm Hga
it begins a fraction of a mm below the surface. Now the
intense browning at the leading edge of the anaerobic zone no
longer is obscured by a lighter brown intervening layer; so
the meat appears usually brown to the viewer. It is for this
reason that the method of U. S. patent No. 3,958,028 and
equipment of U. 8. patent No. 4,061,483 seem to accelerate
the superficial browning of red meats. One method presently
used to prevent superficial browning exposes the surface of
the meat to an unusually high conventration of oxygen, much
higher than in atmospheric air, but this has the disadvantage
that it favors the growth of aerobic spoilage bacteria and
the oxidative yellowing of fat. I simultaneously prevent
superficial browning of the surface of red meats, fat
oxidation, and the growth of aerobic and microaerophilic
slime and odor forming spoilage bacteria by removing all

oxygen from the vacuum chamber.
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Even in the absence of all oxygen, fresh animal matter
eventually spoils in part due to the growth of various types
of anaerobic bacteria, yeasts, and a few type of molds on the
surface of the animal matter. Each microbial form has its
own particular water activity (aw) requirement: for example.

Lactobacilli only grow if a, Z 091 (91% relative humidity);

many other types of psychrotrophic spoilage bacteria only
grow if aw4Z 0.93 to 0.98; most psychrotrophic yeasts require
a, 2 0.87 to 0.91, although a few tolerate as low as 0.7 to
0.8, and various pgychrotrophic molds require aw_Z 0.80 to
0.88. Therefore, lowering the water activity at the surface
of animal matter imvariably slows the growth of many forms of
surface microbes, but water activity cannot be decreased
indiscriminantly without considering other functions which it
fulfills. The water activity must be kept high enough to
prevent excessive weight loss and shrinkage. I have
discovered that when I adjust the evacuation rate to exhaust
nearly saturated steam from the vacuum chamber at a rate of
about 1% of the initial weight of the animal matter each
month, the surface water activity is loweres sufficiently to
inhibit the growth of most types of microbes, but not enough
to cause an undesirable amount of shrinkage and drying. To
the contrary, most consumers prefer the appearance of the
animal matter when it has dried to this extent, and object to
the appearance when all drying is prevented by a saturated
relative humidity. The effective pump capacity rneeded to
evacuate the appropriate amount of water eac¢h month can be

computed from the expression:

3 weight loss/month = 2.3 x 10“3seff/Mdl Equation 1
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where Seff is the effective pump capacity (cfm) required, dl
is the density of saturated steam (pounds/ftB) at the storage
temperature, and M is the weight (pounds) of animal matter.
The necessary evacuation rate depends in part on the storage
temperature since the density of saturates steam varies as a
function of temperature, and it also depends upon the amount
of animal matter stored. Conseguently, if a portion of the
cargo is unloaded, or if additional cargo is added, the
evacuation rate should be lowered or raised proportionate to

the amount of cargo removed or added.

At steady-state, the rae of water movement from the
animal matter, through its surface area, into the chamber
atmosphere equals the rate at which nearly saturates steam is
evacuated from the chamger. The rate which water moves9moves
out of the animal matter depends in part on the magnitude of
the vapor pressure gradient between water in the animal
matter and moisture in the chamger atmosphere. The vapor
pressure of the animal matter's water initially is slightly
lower than the vapor pressure of pure water tat the sameA
temperature because the animal matter contains dissolved
solutes. The étead-state vapor pressure in the storage
chamber must be even lower than this t provide the vapor
pressure gradient needed to supply product water as rapidly
as the vacuum pump removes it, Since water vapor pressure
constitutes the total pressure of the chamber atmosphere, the
tank pressure always is significantly lower than the vaper
pressure of water at the storage temperature. When full
loads of meat are stored at -1 of by my new method, the
steady-state pressure in the vacuum tank typically ranges

from 3 to 3.5 mm HgA, compared to 4.3 mm HgA for pure water
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at the same temperature. Therefore, *“e surface water
activity is approximately 3 to 3.5 divided by 4.3 or about
0.7 %o 0.8. This range of surface water activity is
preferred when meat is stored by conventional forced air

refrigeration.

Because non-respiring animal matter produces almost no
heat, the energy required to continuously evaporate 1% of
said matter's watey =zach month must come from an external
source. ©Otherwise the non-respiring animal matter would
decrease in temperature and freeze. I continuously provide
heat to the animal matter by convection and radiation from
the chamber atmospherc and walls respectively, responsive to
the temperature of saiu animal matter and sufficient to keep
said matter's temperature between about ~1.7 and +2 of. When
the ambient temperature is significantly warmer than -1.7 to
+2 of, more than the needed amount of heat tends to be
transmitted through the insulated chamber walls, and
therefore I use refrigeration means to prevent the entry of
all but the needed heat. When the ambient temperature is
colder than =1.7 to +2 of, I use heating means to supply the
needed heat to the animal matter, as well as to compensate
for the outward loss of heat by transmission through the

insulated chamber walls to the ambient environment.

My new invention continuously ventilatues the storage

chamber to remove undesirable oOdors which form in and

otherwise would be rétained by the animal matter. Said

ventilation is accomplished by means of nearly saturated
g¢team, without admitting air o6r any other vapor to the vacuum

chamber. The steam is released from the animal matter

P o d by 08 L e N baow W, R LR A N el ORI 2M.

A

-2




K

WO 88/08106 PCT/US87/00724

14

responsive to supplementary heat, it flows through the vacuum
chamber flushing away odors, and finally it is pumped out of

the chamber and exhausted to the atmosphere.

In the figure non-respiring animal matter 3 is preserved
in insulated vacuum tank 1 and kept at a controlled low
temperature by refrigeration and heating means 2, depicted as
ducts for recirculating heat exchange media, where said ducts
may also constitute the stiffening rings of vacuum tank 1.
Initially, full-flow valve 8 is closed and tank isolation
valve 6, blow down valve 9, and throttling valve 7 are
opened; 2-way Selector valve 10 is positioned to connect
conduit 13 to absolute vacuum gauge 1l; and vacuum pump 5 is
turned on. When the pressure in conduit 13 has decreased to
an arbitrary low val;e, measured on gauge 11, blow-down valve
9 is opened slightly to establish an arbitrary steady-state
pressure (Pl) in €onduit 13, which is measured by gauge 1l1.
Throttling valve 7 is then adjusted to provide the proper
evacuation rate computed by means of equation 1 for the

weight of stored animal matter and the selected storage

temperature. This adjustment is made by progressively
closing throttling valve 7 and comparing Pl to the pressure
(P,) at the inlet to pump 5, where P, is méasured by
positioning 2-way selector valve 10 to connect conduit 12 angd
vacuum pump 1ll. Throttling valve 7 1is properly adjusted when
it provides the necessary Pz/Pl ratio in accérd with the

expression:

Seff = SPy/P; Equation 2

where 8 is the volumetric capacity of vacuum pump 5 and Sefs

is the effective evacuation rate. To pump d2wn the vacuum

é
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tank as rapidly as possible, high capacity full-flow valve 8
and tank isolation valve 6 are opened, and blow down valve 9
is closed. The tank pressure is monitored on gauge 1l by
positioning 2-way selector valve 10 to connect gauge 1l to
conduit 13. When the pressure in tank 1 stabilizes at about
3 to 4 mm HgA, depending in part on the storage temperature,
full-flow valve 8 is closed, throttling the evacuation rate
to the value established by throttling valve 7. Vacuum
chamber 1 is repressurized prior to adding to removing cargo
by turning off vacuum pump 5 and opening blow down valve 9.
Boxes of cdrgo are stacked on ventilated floor 4, and hanging
animal matter is suspended by means of meat rails welded to

the ceiling of wvacuum tank 1.
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Iindustrial Application

The method and equipment of the present invention can be
embodied in trailers and rail cars for domestic
transportation; in intermodal shipping containers for
international trade; in home refrigerators for domestic use;
énd in stationary rooms to facilitate retail distribution, to
dry age meat, and to accumulate fresh meat in anticipation of

veriods of high demand.
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THE CLAIMS DEFINING THIS INVENTION ARE AS FOLLOWS:

1. A method of preserving non-respiring animal matter
comprising:

placing said animal matter in a storage tank,

continuously controlling the temperature of said animal
matter to a temperature range between just above the
freezing point of said animal matter and 3.7 degrees Celsius
above said freezing point,

simultaneously continuously evacuating said storage
tank without introducing any air into said storage tank to
remove oxygen from said storage tank, and

controlling the evacuation rate to continuously
evacuate steam that boils from said animal matter and
flushes oxygen from said ‘storage tank during said
temperature controlling and continuous evacuation steps,
said evacuating step being performed at a rate to
continuously evacuate steam from said storage tank at a rate
equal to 0.1% to 3.0% of the initizl fresh weight of said
animal matter per month to create an anaerobic condition
especially conducive to preserve non-respiring animal matter
in said storage tank.

2. The method as set forth in claim 1 wherein the
non-respiring stored matter comprises animal products such
as beef, lamb, pork, horsemeat, poultry, fish, shrimp and
shellfish, and the temperature is controlled between -1.7
and +2 of, while the pressure ranges from about 1 to 5 mm
HgA.
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3. The method as set forth in claim 1 wherein said
evacuation rate is controlled to remove nearly saturated
steam from said chamber at a rate which exhausts an amount
of water each month equal to about 1% of the initial fresh
weight of the stored animal matter.

4, The method as set forth in claim 1 wherein said
controlled continuous evacuation rate is sufficient to
decrease the steady-state water activity at the surface of
the animal matter to less than 1.0 measured as a ratio of
actual vapour pressure of water at the surface of the animal
matter to the vapour pressure of pure saturated water at the
working temperature.

5. A method as set forth in claim 4, wherein said
controlled continuous evacuation is performed at a rate
sufficient to decrease the steady state water activity at
the surface of said animal matter to between about 0.7 and
about 0.8 measured as a ratio of actual vapour pressure of
water at the surface of the animal matter to the vapour
pressure of pure saturated water at the working temperature.

6. The method of claim 1 where said controlled
evacuation is performed at a rate that induces a continuous
vaporisation of ¢cold steam from the animal matter,
sufficient to flush away and remove from the vacuum chamber
essentially all oxygen as well as any odors produced on or
by the animal matter.

7. A method as set forth in claim 1; wherein said
anaerobic condition is created by maintaining a steady state
total pressure in said storage tank that is 20% to 30% lower
than the vapour pressure of water at the temperaturs of said
animal matter.
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8. A method as set forth in claim 1, wherein said
evacuation rate is modified whenever animal matter is
removed from or added to said storage tank.

9. A method as set forth in claim 8, wherein a
portion of said animal matter is removed from said storage
tank, further including reducing said evacuation rate to
maintain a rate of continuously evacuating steam from said
storage tank to a rate equal to 0.1% to 3.0% per month of
the initial weight of the remainder of said animal matter
after said removal per month.

10. A method as set forth in claim 8, wherxein an
additional portion of said animal matter is added to said
storage tank, further including increasing said evacuation
rate to maintain a rate of continuously evacuating steam
from said storage tank to a rate equal to 0.1% to 3.0% per

month of the weight of said animal matter at the time of
said addition.

11. A method as set forth in claim 1, wherein said
temperature controlling step includes the step of supplying
sufficient heat to said animal matter to prevent the latter

from freezing responsive to said evaporation of cool steam. g

12. A method as set forth in claim 17, comprising
supplying said sufficient heat by convection from the t
storage tank atmosphere and by radiation from the walls of
said storage tank.

13. A method as set forth in claim 1, further
including ventilating said storage tank by having said
animal matter
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supplying nearly saturated steam free of air within said

storage tank during said evacuating step.

14, Storage apparatus for non-respiring animal matter
comprising a storage tank constructed and arranged to receive

and preserve said storage matter,

means for continuously controlling the temperature of
said animal matter to a temperature range between just above
the freezing point of said animal matter and 3.7 degrees

Celsius above said freezing point,

means for continuously evacuating said storage tank at a
regulated rate without introducing any air into said storage

tank to remove oxygen from said storage tank,

means to actuate said temperature control means and said

evacuating means to operate simultaneously,

means for controlling said regulated rate to a rate that
continuously evacuates steam that boils from said animal
matter at an evacuation rate equal to 0.1% to 3.0% of the
initial fresh weight of said animal matter per month to
create an anaerobic condition especially conducive to
preserve non-respiring animal matter in said storage tank,

and
means for controlling the rate of heat transmission

between the ambient environment outside said storage tank and

the interior of said storage tank.
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15. Storage apparatus as set forth in Claim 14, wherein
said storage tank has walls separating said ambient
environment from said interior and heat exchange means is
operatively associated with said walls to keep the
temperature of said walls and said interior sufficiently
higher than that of said animal matter to prevent said animal
matter from freezing and below a temperature at which said

animal matter would be heated to a temperature higher than

3.7 degrees Celsius above its freezing point.

16. Storage apparatus as in Claim 15, wherein said
temperature control means comprises refrigerating means,
heating means and control means cooperating with said

- refrigerating means and said heating means to maiﬂtain said
animal matter at a temperature range between -1.7 degrees

Celsius and +2 degrees Celsius,

17. Storage apparatus as in Claim 14, wherein said
temperature control means comprises refrigerating means,
heating means and control means cooperating with said
refrigerating means and said heating means to maintain said
animal matter at a temperature range between ~1.7 degrees

Celsius and +2 degrees Celsius.

g + R R R T R BRSPS fe. SREESL T CTueMeRT 9o e

i M o oasea




e

mmtnn || R |

X
%«;,\.
i

| _d— S R L_ 1
' //F/////%J////W///////F

?l 4 S
2

Figure 1,

o
2
S
&
a—t
=
&

+2L00/L8S1/10d




INTERNATIONAL SEARCH REPORT
1nternationat Anoiraton No PCT/(US87/00724

t. CLASSIFICATION OF SUBJECT MATTER (il se/nr1l classihicilion symeools 1001/, 1. cate an)

Accarding to International Patent Classificaton (1PC) or to poth Natonal Ciassihcauon and

IPC(4) :F24F 3/16,F25B 19/00;C12C 3/04,A23K 3702 ;F26B 5/04,13/30;
F25B 29/ 00; U.S. CL. 62/78,100,268.426/418,419.34/15,92.165/30

il FIELDS SEARCHED

Mimimum Documantaz-on Scarcneg *

Classification System C 1sssfication Symbols

U.S. 62/78,100,268; 426/418,419; 34/15,92; 165/30

Documentation Searched other than Mintmum Documentation
to the Extent that such Documents are Included in the Fields Searched »

Itl. DOCUMENTS CONSIDERED TO BE RELEVANT ¢

C_‘fﬁ?q?ﬂ; Citahion of Document, 1» wtih_xrldr_canon. vitlere appropriate, of the rele}v_ani_p?ssages_‘ < _ Relevant (iClalm No. t~»
A us, A, 2,519,931 (ROSCHEN ET AL) 22 August 1-17
1950 See the entire document.
A Us, A, 2,629,232 (LANTHAM,JR.)24 February 1-17
1953 See the entire document.

A UsS, A, 3,102,777 (BEDROSIAN ET AL)3 September 1-17

1963 See the entire document.
|

A ,0s, A, 3,102,779 (BRODY ET AL)3 September 1-17
:1963 See the entire document.

l
A US, A, 3,102,780 (BEDROSIAN ET AL)3 September 1-17

‘1963 See the entire document.
A Uus, A, 3,233,334 (HAMILTON)8 February 1966 1-17
See the entire document.
A Us, a, 3,313,631 (JENSEN)1l1 April 1967 1-17
See the entire document.
| .
A us, A, 3,333,967 (BURG)1 August 1967 1-17
.See the entire document.
* Special categories of cited documents: ! “T" ldter docurment published aﬂerﬂlhe international filing dgte
" or priorty date and not in conflict with the appihication but
A ggﬁ::g:::ddg‘%‘:%:?agiﬁ;?',:}g:ea:!e‘hE art #tich 1s not cited to understand the principle or theory underlying the
nvention
“E gﬁﬁngtoecument but published on or after the internationat “X" document of particular relevance: the claimed invention
9 cannot be considered novel or cannot be considered to
“L" document which may throw doubts on prionty claim(s) or tnvolve an inventive step

wnich 1s cited to establish the pub ‘cation gdate of another

citation or other special reason (as specified) »Y" document of particular relevance: the claimed invention

cannot be considered to involve an inventivé step when the

Q" document referring to an oral disclosure, use, exhibition or dacument 1s combined with one or more other such docu-
Gther means ments, such combination berng obvious to a persan skilled
“P* document published prar to the international filing date but M the art.
fater than the priority date claimed "&" document member of the same patent famly
V. CERTIFICATION
Date of the Actual Comuoletion of the (nternational Search ¢ Date of Maiiing of this International Search Report ?
. A‘ , “' Ny
, L
4 May 1987 DRy
PSS — e —_—— - — —
. international Searching Authonty | ;a!urao or ed Officer
L ) e
ISA/US Rona d C. Capossela

Form PCT/ISA/210 (second sheet) (May: 1 986)




= ———— = T e —— [P
~
. -
- Inter ! Appt No, -
PCT/US87/00724
FURTHER INFORMATION CONTINUED FROM THE SECOND SHEET
A us, A, 3,365,307 (DIXON)23 January 1968 1-17
See the entire document.
A us, a, 3,810,508 (BURG ET AL)14 May 1974 1-17
See the entire document.
A USs, A, 3,913,661 (BURG ET AL)21 October 1975 1-17
See the entire document.
A us, A, 3,958,028 (BURG)18 May 1976 1-17
See the entire document.
A Us, A, 4,061,483 (BURG)6 December 1977 . 1-17
See the entire document.
V.‘.___} QOBSERVATIONS WHERE CERTAIN CLAIMS WERE FOUND UNSEARCHABLE 10
This international search report has not been established in respect of certain claims under Article 17(2) (a) for the following reasons:
t.: Claim numbers . because they relate to subject matter 12 not required to be searched by this Authority, namely:
2.D Claim numbers . because they relate to parts of the international appiication that do not comply with the prescribed require~
ments {0 such an extent that no meaningful international search can be carried out 13, specifically:
Vl;l OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING !
This International Searching Authority found multiple inventions in this intérnational application as follows: ;
¥
1.[:1 As all required additional search fees were timely paid by the applicant, this internationai search report covers all searchable claims
ot the international application.
- 2.a As only some of the required additional search fees were timely paid by the applicant, this international search report covers only:
those claims of the international application for which fees wexz2 paid, specifically claims: [y
s..:r No required additional search fees were timely paid by the applicant., Congequently, this international search report is restricted to .
the invention first mentioned in the claims. it is covered by claim numbers:
L]
% 47 As all searchable claims could be searched without effort justifying an additional fee, the International Searching -Autharity did not
= invite payment of any additional fee.
Remark 6n Protest
j The ddditional search fées were accompanied by applicant's protest:
= ‘___') No protes! accompanied the 3ayment of additional search fees,
Form PCT/ISA/210 (suppiemental sheet (2)) (October 1981} ‘:é
: %
W ek Ed - AL AL DRI MRS TGS AT SH . ) 3 apiee ek, sty M8 R e, . ¢ - f
o” 3



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

