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This invention relates to the puffing of organic
materials.

The present application is a continuation-in-
part of my copending application, Serial No.
296,963, filed July 2, 1952, now abandoned, which
in turn is a continuation-in-part of my applica-
tions, Serial No. 40,630, filed July 24, 1948, now
abandoned, and copending Serial No. 189,679,
filed October 11, 1950, now abandoned. My ap-
plication, Serial No. 189,679, filed October 11,
1950, was a continuation-in-part of my follow-
ing applications: Serial No. 34,821, now aban-
doned; Serial No. 34,822, now abandoned; and
Serial No. 34,823, now abandoned, all flled June

23, 1048: Serial No. 23,869, filed April 28, 1948, 1

now abandoned; Serial No. 38,179, filed July 10,
1948, now abandoned; and Serial No. 40,630, filed
July 24, 1948, now abandoned.

Reference is had to the related cases of John
M. Baer and Frank B. Doyle, Serial No. 62,984,
filed December 1, 1948; Allison and Carman, Se-
rial No. 161,744, filled May 12, 1950, now aban-
doned; Carman and Allison, Serial No. 259,313,
filed November 30, 1851, now abandoned; and
Carman and Allison, Serial No. 275,458, filed
March 7, 1952, now abandoned.

The problem of puffing organic materials and
particularly organic cellular materials, involves
& large number of interlocking variables. In the
first place, the material, itself, must be sufficiently
elastic that it can be puffed. It must have cells
or other divisions within it which will trap ex-
panding gas and thus provide the pressure differ-
ential necessary for puffing. A sudden drop in
pressure must be provided of such amount to pro-
duce the pressure difference necessary not only
to expand the cell walls but to do so in spite of
the leakage that necessarily occurs. On the other
hand, the pressure difference musi be great
enough to exceed the elastic limit of the material
before puffing has occurred. The expansability
of the cell wall normally depends upon the mois-
ture content of the product, the condition of that
moisture as to being free or combined, the tem-
perature of the article and its chemical condi-
tion, particularly as to whether it is cooked or un-
cooked.

Likewise, there must not only be the pressure
difference required to institute puffing, but there
must be a volumetric increase of the gases in-
volved sufficient to maintain it.

1 have now found that another factor involved,
which has hitherto been completely overlooked
put the accomplishment of which is inherent in
the operation described in my previous applica-
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tions referred to, is that once the article has been
puffed, the puffed condition must be maintained
even after the pressure difference has been re-
moved. One of the difficylties encountered in
many instances of puffing in the prior art was
that an article could be puffed, but after puffing
would collapse because of the weakened condi-
tion of the walls following the leakage out of the
gas which produced puffing. This was particu-
larly true if, after pufiing, the pressure outside of
the puffed article was increased.

I have now found that by suddenly cooling and
dehydrating the product so that its final tem-
perature is below 150° F. and preferably well be-
low 100° F.—as for example, from 32° F. or lower
up to, say, 100° F., that the cell walls of the prod-’
uct on puffing are cold set so that on standing or
on the application of pressure, even of a greatly
increased amount, collapse does not occur.

These results are obtained automatically by fol-
lowing the procedures already outlined in my pre-
vious applications. In these procedures, the fol-
lowing points are important:

1. Substantially all of the air should be re-
moved from the product and replaced by an at-
mosphere of steam prior to puffing.

2. The product should be cooked by steam or
otherwise or moistened preferably by the addi-
tion of substantially air-free steam at higher
pressure and temperature until the condition of
the material is proper for puffing and its moisture
content is within the desired range. The use of
the process permits the introduction of substan-
tially more moisture than was permissible under
the old processes.

3. It is preferred that the sudden release of
pressure be into a maintained vacuum zone which
is initially below eight inches of mercury absolute,

.The conditions of the resulting explosion should

be such as to cause cold setting of the puffed
produect. This means that in actual practice, em-
ploying commercially practicable vacuum equip-
ment, the pressure may ride up somewhat during
the puffing step. It is preferred to continue evac-
uation of the vacuum zone during the puffing
step so as to cause cold setting of the puffed
product. The expansion of air-free steam into
a vacuum of four inches of mercury absolute will
automatically reduce the temperature of the
product to approximately 125° F. Reduction of
the pressure to two inches reduces the tempera-
ture approximately to 100° F. Reduction to one
inch reduces it to about 79° F. and reduction to
0.2 inch reduces it to approximately 34° F.
Furthermore, by puffing into a maintained
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vacuum zone, it is possible to obtain a greater
temperature drop in number of degrees between
the maximum and minimum than was ordinarily
obtainable heretofore. The result of this greater
temperature drop was to permit the evaporation
of more water from the product by boiling. This
boiling not only maintained the pressure differ-
ence for puffing, but the removal of the water
helped to cold set the cell walls by reducing
plasticity and elasticity. The combination of the
moisture reduction plus chilling, particularly
below 100° F., has produced results not heretofore
obtainable.

In a vacuum process, this reduction of tem-
perature is of particular significance, since the
lower the vacuum used the greater is the increase
in pressure after the completion of the puffing
operation when the material is taken back into
the atmosphere. If it were not for the cooling
and drying effects, many products would not be
able to maintain their puffed condition when the
pressure is increased, for example from two
inches absolute to thirty inches absolute—an in-
crease of fifteenfold.

The removal of the air from inside the or-
ganic material in the first instance has a num-
ber of advantages. In the first place, the oxygen
of the air has a deleterious effect on many prod-
ucts, particularly when they are heated. Sec-
ondly, the remaval of non-condensable gases in-
creases the permeability of the material to heat
and to steam so that heating will occur uniformly
and the steam will penetrate equally to all por-
tions of the material.

Thus, when it comes to introducing steam for
inereasing the moisture content of the product
and for cooking it to the necessary chemical and
physical conditions, the fact that air is not pres-
ent inside the organic material produces a rapid-
ity and uniformity of steaming and cooking not
otherwise possible. Because of this greater uni-
formity and speed, it is possible to go to higher
temperatures and pressures than would other-
wise be possible. Normally, however, it permits
the use of lower temperatures and pressures than
otherwise required. As an example of this, raw
wheat having a weight of 188 grams per unit of
volume (one cup) approximately, was subjected
to a series of tests. Various samples of the
wheat were cooked for fifteen minutes at thirty-
five pounds gauge of steam pressure, in each case
after removing substantially all of the air from
the grains.

In the first group of tests, pressure was then
increased to 100 pounds with steam held for fif-
teen seconds and the product then puffed to the
full chamber vacuum of approximately 0.2 inch
of mercury absolute. The weight of the material
per cup dropped from an average of 188.5 grams
(average of flve samples) to 18.7 grams (average
of five samples).

‘The following table shows the welghts before
and after puffing of flve samples of wheat.

Table 1
Raw Wheat Grams 875 Grams
188 | P 19
188 b R 19
188.5 [| 3. ool 18.5
189 L R 18
189 TN 19

On the other hand, in the second group of
tests after the cooking, the steam was replaced
by 100 pounds of air pressure which was held for
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fifteen seconds and then the material puffed to
the same full chamber vacuum. In this, the five
original samples had the same average weight as
before but the average weight per cup after puff-
ing, instead of being 18.7 grams was 150 grams
for the five samples.

On the other hand, wheat cooked in the same
manner for the same time and.then having the
pressure raised to 115 pounds with steam air-free,
held for fifteen seconds and then puffed to at-
mosphere showed an average filnal weight per
cup of 60.1 grams for five samples as compared
to the 18.7 when puffed to the vacuum. 115
pounds was used here in order to have the same
pressure differences as in the first one in which
the 100 pound pressure was puffed to full
vacuum,

The actual pressure to be employed before
pufing will vary depending on the particular
product concerned. With many products, tem-
perature is & very important factor and since
with saturated steam, free from air, the tem-
perature of the product is directly dependent upon
the pressure, it frequently is desirable to use the
minimum temperature and pressure possible.
Thus, some products may be puffed without ex-
ceeding atmospheric pressure at the time of the
puff, and in some cases the pufling pressure may
be puffed without exceeding atmospheric pres-
sure at the time of the puff, and in some cases
the puffing pressure may be actually sub-atmos-
pherie.

On the other hand, for inorganic materials like
vermiculite, the upper temperature is usually un-
important.

Tobacco 1s an example of a material which is
extremely heat sensitive, although some kinds of
tobacco are less so, and the stem portions are
generally less so than the leaf portions of the
stem.

The Doyle patent, No. 2,627,221, which issued
February 3, 1953, shows a puffing apparatus par-
ticularly sultable for carrying out the processes
hereln described. In such an apparatus a steam-
ing chamber is provided within which the prod-
uct may be placed. This steaming chamber is
connected by a triggered door to an expansion
chamber. The expansion chamber is preferably
kept at a very low pressure, means being provided
to maintain a low pressure during the puffing.
The steaming chamber is provided with evacuat-
ing means, steaming means, and usually with a
purge line through which non-condensible gases
can be eliminated as well as some condensed
steam which is developed during steaming.

As an example of the process, durum wheat
was introduced to the steaming chamber. Air
and other non-condensible gases were removed
from the wheat grains by reducing the pressure
in the steaming chamber to about 0.2 inch of
mercury absolute while withdrawing the gener-
ated steam. Saturated steam was then intro-
duced and the pressure increased to 35 pounds
gauge, and held at this point for fifteen minutes
to substantially completely cook the material
without loss of cellular identity. The steam
pressure was then raised to 100 pounds per
square inch gauge, held for 15 seconds, following
which the wheat was fired into the expansion
chamber which in this instance was at a pres-
sure of 0.2 inch of mercury absolute. This firing
is done by suddenly releasing the triggered door
of the expansion chamber and the resulting
explosion ejects the wheat Into the expansion
chamber. The potentiometer indicated a tem-



2,653,008

perature at the moment of the puff at slightly
below 32° F. indicating an actual super-cooling
of the material. '

The actual values of the variables in the cook-
ing-puffing cycles of this method depend upon
the condition and type of material being used,
a8 well as the degree of puffing desired.

The extent of the puffing secured may be
varied in a number of ways. The moisture con-
tent of the product is one factor. Its tempera-
ture is another. Its physical condition as e
result of cooking is another. The pressure em-
ployed is another. Products which have been
puffed to the same extent are by no means neces-
sarily alike in their physical, chemical, and taste
properties. Particularly important is the ability
to rehydrate, which may be very much different
for two particles of inherently the same size.
This does not mean that a predetermined prod-
uct may not be produced. Using the same base
material and freating it in the same way will
produce on all occasions a substantially identical
product.

As g further example of the process, tobacco
stems which had been redried in a conventional
manner and then stored until they were dry
to the touch and were brittle, were first mois-
tened, preferably in the puffing apparatus, until
they were slightly pliable. At the conclusion
of the moistening operation, the particular stems
were In an atmosphere of steam under a pres-
sure of approximately two Iinches of mercury
absolute. They were then subjected to an in-
creasing steam pressure until the tempergture
had risen 180° to 250° F., corresponding to about
eight pounds to thirty pounds absolute. The
material was then puffed by opening of the
triggered door into the explosion or expansion
chamber at a pressure of approximately 0.2 inch
of mercury absolute, which pressure was main-
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tained during the operation, as in the previous

cases, by operation of the evacuation system iIn
the expansion chamber during the puffing. Be-
cause of this operation, the pressure weas not
permitted to rise above approximately one inch
of mercury absolute during puffing. Similar
operations have been carried out upon leaf
tobacco suitably moistened before the operation.
In the case of leaf tobacco, the pressure differ-
ence and other conditions should not be such
as to shatter the leaves unduly.

In another operation, green tobacco, that is
tobacco which had not been redried, was placed
in loose hands in the steaming chamber. Air
was then removed by production of a vacuum
to a point at which water would boil from the
tobacco. The pressure at this point was 0.2 inch
of mercury absolute which was held for four
minutes after which steam was introduced to
raise the pressure to 20 pounds gauge and this
was held for two minutes. The trigger was then
pulled and the material puffed into the expan-
sglon chamber which was at 0.2 inch of mercury
absolute and which was meintained at a low
pressure by continued evacuation.

Preferred molsture content for the tobacco is
upwards of 13% and normally from 14% to 18%
before puffing and, in fact, before the steaming
operation. With redried tobacco, higher pres-
sures such as 45 to 60 pounds gauge may be
employed.

In the case of starchy products such as wheat,
the cooking and moisture condition of the ma-
terial have a more profound effect than in prod-
ucts like tobacco.

€0
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In the. case of rice, the rice grains in their
dried state may be employed without moistening.
However, in some instances it may be desired to
supply flavor, and/or moistening, and/or nutri-
tional values to the grain prior to, during, or
after pufing. This may be done by the use of
a liguid carrier,-such as water, under high tem-
perature and pressure which is exploded into
the vessel maintaining the product under high
vacuum in an atmosphere of steam. By using
water under a pressure and temperature corre-
sponding t6 that, of say, 100 pounds gauge of
steam, the particles may be exploded into a fine
mist which will penetrete the grains, particu-
larly after they have been puffed. In this way
moisture, sugar, salt, certain vitamins, and nutri-
tional salts may be supplied to the material with
or without other flavoring agents. This may be
done immediately following the initial evacus-
tion d. e., during cooking) or immedictely fol-
lowing the pufiing. It is less economical to do
it at some intermediate stage.

The rice should be thoroughly cooked for de-
sirable puffing. I have found that cooking at
20 pounds steam pressure gauge for about five
to seven minutes produces satisfactory results.
Following cooking in the steaming chamber, the
steam pressure was increased rapidly; for ex-
ample, in thirty seconds to a pressure of 90
pounds geuge or higher, as for example, 100
pounds gauge, after which the pressure was im-
mediately (and instantaneously) reduced to sub-
atmospheric, preferably below eight inches of
mercury absolute and particularly to about 0.2
inch of mercury absolute. This was done by
opening the triggered door of the puffing ap-
paratus and firing the rice into the expansion
chamber. The pressure within the expansion
chamber was maintained at a low point by con-
tinuing the evacuation during the puffing and
normally the pressure in that chamber was not
permitted to exceed four inches of mercury
absolute and preferably not permitted to exceed
two inches of mercury absolute. In some in-
stances, however, I have operated successfully
with the pressure in the expansion chamber fol-
lowing explosion riding up to as high as 4 to 8
inches of mercury absolute as measured on &
standard mercury manometer, but in most In-
stances the pressure was reduced below 4 inches
of mercury absolute within a few minutes and
before reimposition of atmospheric pressure.

The actual values of the variables in the cook-
ing-pufing cycles of this method depend upon
the condition and type of rice being used, as well
as the degree of puffing desired.

The resulting vacuum puffed rice has a volume
of from about 6 to 12 times the original kernels
as determined by their cup weights. Put con-
versely, the specific gravity, as determined from
cup weights, is from 813 % to 1625% of the specific
gravity of the original kernels. The shape of
the original kernels is maintained, although
greatly enlarged. On cross-section, some of the
vacuum puffed rice kernels will be found to have
a small central hollow spot, but this is relatively
small compared to previously puffed rice. The
average cell size appears to be from one fifth to
one tenth the diameter of the usual puffed ma-
terial. The cell walls are glassy or vitreous in
appearance, and give a snow white appearance to
the inside of the grain, although apparently the
walls are transparent. Under magnification the
interior of the grain resembles a snow field. The
exterior of the puffed rice grain is not case
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hardened, and upon wetting, water is immediate-
ly and instantly absorbed throughout. After
soaking in water at 85° F. for about 10 minutes,
the vacuum puffed rice grains retain their entity
and shape and do not break up even when mashed
down on a microscopic slide, whereas a corre-
sponding commercially puffed rice soaked under
the same conditions is collapsed and when
mashed down on a microscopic slide the tissue
breaks down completely. When iodine is added
to the vacuum puffed rice grains soaked in water
at 65° F. forl0 minutes, there is substantially
little or no change in its color, indicating that
under this condition, the starch is substantially
water insoltble. Jodine added to commercially
puffed rice grains under the same conditions im-
mediately changes color on contacting the water,
indicating that the starch of such rice is water
soluble under similar conditions.

By “commercially puffed rice” I mean a com-
mercially available puffed rice produced by the
stand rd prior art processes such as Warren
Paten¢ No. 2,261,458,

Examples of applying the method of this in-
vention to rice are:

Ezxample 1

Short-grained Arkansas Riceland “500” rice
(15 pounds) was placed in the steam chamber,
subjected to a pressure of 1.5 inches of mercury
absolute for 2 minutes, the rice being at a tem-
perature of about 91° F.,, to remove substantially
all of the non-condensable gases from the rice
grains. The rice was then steamed quickly to a
steam pressure of 20 pounds per square inch
gauge, held at this pressure for 7 minutes ac-
companied by continual purging of the steam,
steamed to 100 pounds per square inch gauge,
held at this pressure for 15 seconds, and then
fired into the expansion chamber which was at
a pressure of 0.2 inch of mercury absolute. Evac-
uation of the expansion chamber was continued
during the puff until the grains were cold set.

Exzample 2

15 pounds of rice were treated in the same
manner as in Example 1, except that the step of
subjecting the rice to 1.5 inches of mercury abso-
lute for 2 minutes prior to steaming was omitted.

Example 3

Arkansas Riceland rice (15 pounds) was placed
in the steam chamber and the pressure reduced
to 1.5 inches of mercury absolute for 2 minutes,
the rice being at a temperature of about 91° F,,
to remove substantially all of the non-condens-
able gases. The rice was then steamed to a pres-
sure of 20 pounds per square inch gauge in 5
minutes, held there for 2 minutes, steamed to
100 pounds per square inch gauge in 5 minutes,
held there for 2 minutes, following which the
pressure was decreased to 80 pounds gauge, held
there for 15 seconds, and the rice then fired into
the expansion chamber which was at a pressure
of 0.2 inch of mercury absolute. Evacuation of
the expansion chamber was continued during
the puff until the grains were cold set.

The puffed rice grains from Examples 1 and
2 were very satisfactory having the above de-
scribed characteristics. However, when a sample
of rice was treated in the same manner as de-
scribed in Example 1 except that the steps of
subjecting it to 1.5 inches of mercury absolute
prior to steaming and of purging during steam-
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ing were both omitted, i. e., the non-condensable
gases were not removed prior to vacuum pufiing,
the resulting puffed rice grains were a total loss,
as over 90% of them were reduced to fines similar
to brewers’ grits. This indicates the importance
of removing the non-condensable gases from the
rice grains prior to puffing.

A sample of the vacuum puffed rice of Example
3 above showed 50% nitrogen eficiency as com-
pared to a negative efficiency by a commercially
puffed rice.

In the case of wheat, the wheat grains in their
normal dry state may be employed without mois-
tening. However, in some instances it may be
desired to supply flavor, and/or moistening,
and/or nutritional values to the grain, prior to,
during, or after puffing. This may be done in
the same manner as previously described in the
case of rice.

The wheat should be thoroughly cooked for
desirable puffing. I have found that cooking at
from about 35 to 100 pounds steam pressure gauge
for a period of from about 1% to 15 minutes
produces satisfactory results. Following cook-
ing in the steaming chamber, the steam pressure
was adjusted to form about 35 to 100 pounds
gauge, after which the pressure was then im-
mediately (and instantaneously) reduced to sub-
atmospheric, preferably below 8 inches of mer-
cury absolute and particularly to about 0.2 inch
of mercury absolute. This was done by opening
the triggered door of the puffing and firing the
wheat into the expansion chamber. The pres-
sure within the expansion chamber was main-
tained at a low point by continuing the evacua-
tion during the pufiing and normally the pres-
sure in that chamber was not permitted to ex-
ceed 4 inches of mercury absolute and pref erably
not permitted to exceed 2 inches of mercury
absolute. In some instances, however, I have op-
erated successfully with the pressure in the ex-
pansion chamber following explosion riding up to
as high as 4 to 8 inches of mercury absolute as
measured on a standard mercury manometer,
but in most instances the pressure was reduced
below 4 inches of mercury absolute within a
few minutes and before reimposition of atmos-
pheric pressure,

‘The actual values of the variables in the cook-
ing-pufing cycles of this method depend upon
the condtion and the type of wheat being used as
well as the degree of puffing desired.

The resulting vacuum puffed wheat has a vol-
ume of from about 4 to 10 times the original
grains, as determined by their cup weights. Put
conversely, the specific gravity as determined by
cup weights is from about 10% to 25% of the
specific gravity of the original wheat grains.
The vacuum puffed wheat particles are everted,
substantially pure white except for the bran par-
ticles adhering thereto, and are entirely different
In shape from the original wheat grains, The
cellular structure is vitreous in appearance. On
cross-section, the puffed grains have a large
number of relatively large carvities substantially
uniformly distributed throughout the interior.
These cavities while by no means spherical are
generally rounded at their protuberances.

The vacuum puffed wheat grains are immedi-
ately wettable by water, except in those portions
protected by the bran fragments and when im-
mersed In water at 65° F., for a period of 10
minutes, they retain their entity and shape and
do not break down even when mashed on a micro-
scopic slide.
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Examples of applying the method of this in-
vention to wheat are:

Example 4

Red durum wheat was placed in a steam cham-
ber which was then evacuated to an absolute
pressure of about 0.2 inch of mercury absolute,
the temperature of the wheat being not less than
about 40° F., to remove substantially all of the
non-condensable gases. The wheat was then
steamed to a pressure of 35 pounds per squsre
inch gauge, held there for 8 minutes accom-
panied by continual purging of the steam, guick-
ly steamed to 100 pounds gauge, held there for
about 15 seconds, and then fired into the expan-
sion chamber which was at a pressure of 0.2 inch
of mercury absolute. Evacuation of the expan-
sion chamber was continued during the puff until
the grains were cold set.

Ezxample 5

Red durum wheat (15 pounds) were placed in
the steam chamber and the pressure reduced to
about 0.2 inch of mercury absolute for 2 min-
utes, the wheat being at a temperature of not
less than 40° F., to remove substantially all of the
non-condensable gases from the wheat grains.
The wheat was then steamed to & pressure of
100 pounds per square inch gauge, held there for
2 minutes accompanied by continual purging of
the steam, and then fired Into the expansion
chamber which was at a pressure of 0.2 inch of
mercury absolute. Evacuation of the expansion
chamber was continued during the puff until the
grains were cold set. .

Example6

Red durum wheat (5 pounds) was placed in
the steam chamber and the pressure reduced to
0.2 inch of mercury absolute for 2 minutes, the
wheat being at a temperature not less than about
40° F., to remove substantially all of the non-
condensable gases. The wheat was then steamed
to 75 pounds per square inch gauge in % minute,
held there for 1% minutes accompanied by con-
tinual purging of the steam, and then fired into
the expansion chamber which was al a pressure
of 0.2 inch of mercury absolute. Evacuation of
the expansion chamber was continued during the
puff until the grains were cold set.

Ezxample 7

Wheat (5 pounds) was placed in the steam
chamber and the pressure reduced to 0.2 inch of
mercury absolute for 2 minutes, the wheat being
at a temperature not less than 40° F., to re-
move substantially all of the non-condensable
gases. The wheat was then steamed to a pres-
sure of 75 pounds per square inch gauge, held
there for 4 minutes accompanied by continual
purging of the steam, and then fired into the ex-
pansion chamber which was at a pressure of 0.2
inch of mercury absolute. Evacuation of the
expansion chamber was continued during the
puff until the grains were cold set.

Example 8

Red durum wheat (20 pounds) was placed in
the steam chamber and the pressure reduced to
about 0.2 inch of mercury absolute for 2 minutes,
the wheat being at a temperature not less than
about 40° F., to remove substantially all of the
non-condensable gases. The wheat was then
steamed to a pressure of 100 pounds per square
inch gauge, held there for 5 minutes, following
which the steam pressure was quickly reduced to
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10
50 pounds per square inch gauge, and then the
wheat was fired into the expansion chamber
which was at a pressure of 0.2 inch of mercury
absolute. Evacuation of the expansion chamber
was continued during the puff until the grains
were cold set.
Example 9

Wheat was treated in the same manner as in
Example 4 except that in the step of removing
the non-condensable gases from the wheat grains
prior to steaming, the period of evacuation at 0.2
inch of mercury absolute pressure was 1 minute
instead of 2 minutes.

Ezxample 10

Wheat was treated in the same manner as in
Example 4 except that in the step of removing
the non-condensable gases from the wheat grains
prior to steaming, the period of evacuation at
0.2 Inch of mercury absolute pressure was 5 min-
utes instead of 2 minutes.

Ezample 11

Wheat (20 pounds) was placed in the steam
chamber and the pressure reduced to 0.2 inch of
mercury absolute for 2 minutes, the wheat being
at a temperature not less than about 40° F., to re-
move substantially all of the non-condensable
gases. The wheat was then steamed at a pres-
sure of 100 pounds per square inch gauge in 85
geconds, held there for 5 minutes and then fired
into the expansion chamber which was at a pres-
sure of 0.2 inch of mercury absolute. Evacuation
of the expansion chamber was continued during
the puff until the grains were cold set.

The puffed wheat grains from Examples 4 to 11
were very satisfactory, having the above de-
scribed characteristics. Samples of the vacuum
puffed wheat from these examples showed from
11% to 15% thiamine retention and 78% to 87%
lysine retention. A standard commercial puffed
wheat showed 0 thiamine retention and 35%
1ysine retention. The sample from Example 9
had the 11% thiamine retention determination
and that from Example 10 had the 15% thiamine
retention determination.

The lysine retention was likewise greater for
the vacuum puffed wheat product which had been
evacuated for 5 minutes before steaming, i. e,
Example 10.

The puffed wheat product produced by the
process of this method showed 51% nitrogen effi-
clency by a feed test compared to a negative e~
clency for a corresponding commercially puffed
whent.

In the case of farina or wheat middlings, farina
in its normal dry state may be employed without
moistening. However, in some instances it may
be desired to supply flavor, and/or moistening
and/or nutritional value to the grain, prior to,
during, or after pufing. This may be done in the
same manner as previously described in the case
of rice.

The farina should be thoroughly cooked for
desirable pufiing. I have found that cooking at
from 40 to 100 pounds steam pressure gauge for
a period of about 2 minutes produces satisfactory
resuits. Following cooking, the steam pressure
was adjusted to from 40 to 100 pounds gauge,
after which the pressure was then immediately
reduced to sub-atmospheric, preferably below 8
inches of mercury absolute and particularly to
about 0.2 inch of mercury absolute. This was
done by opening the triggered door of the puffing
apparatus and firing the farina into the expan-
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sion chamber. The pressure within the expan-
sion chamber was maintained at a low point by
continuing the evacuation during the puffing and
normally the pressure in that chamber was not
permitted to exceed four inches of mercury ab-
solute and preferably not permitted to exceed 2
Inches of mercury absolute. In some instances,
however, I have operated successfully with the
pressure in the expansion chamber following ex-
plosion riding up to as high as 4 to 8 inches of
mercury absolute as measured on a standard
mercury manometer, but in most instances the
pressure was reduced below 4 Inches of mercury
absolute within a few minutes and before reim-
position of atmospheric pressure,

The actual values of the variables in the cook-
ing-puffing cycles of this method depend upon
the condition and the type of wheat middlings be-
ing used as well as the degree of puffing desired.

The resulting vacuum puffed farina has a vol-
ume of from ahout 4 to 8 times the original farina
particles as determined by cup weights. Put con-
versely, the specific gravity as determined by cup
weights is from about 12%% to 33%% of the
specific gravity of the original farina particles.
The shape of the original particles is roughly
maintained although the outer surface of the
puffed material is rough. The product is not
case hardened so far as can be observed. The
vacuum puffed farina is not transparent but is
translucent, having a milky-white appearance.

Examples of applying the method of this in-
vention to farina are:

Example 12

Farina (6 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the
farina being at a temperature not less than about
40° F., to remove substantially all of the non-
condensable gases. The farina was then quickly
steamed to a pressure of 75 pounds per square
inch gauge, held there for 2 minutes accompanied
by continual purging of the steam, and then fired
into the expansion chamber which was at a pres-
sure of 0.2 inch of mercury absolute. Evacuation
of the expansion chamber was continued during
the puff until the farina particles were cold set.

Example 13

Farina (6 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the
farina being at a temperature not less than abhout
40° F., to remove substantially all of the non-
condensable gases. The farina was then quickly
steamed to a pressure of 60 pounds per square
inch gauge, held there for 2 minutes accompanied
by continual purging of the steam, and then fired
Into the expansion chamber which was at a pres-
sure of 0.2 inch of mercury absolute. Evacuation
of the expansion chamber was continued during
the puff until the farina particles were cold set.

Example 14

Farina (5 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the
farina being at a temperature not less than about
40° F., to remove substantially all of the non-
condensable gases. The farina was then quickly
steamed to a pressure of 40 pounds per square
inch gauge, held there for 2 minutes accompanied
by continual purging of the steam, quickly
steamed to 75 pounds per square inch gauge, and
then fired into the expansion chamber which was
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at a pressure of 0.2 inch of mercury absolute.
Evacuation of the expansion chamber was con-
tinued during the puff until the farina particles
were cold set.

Ezxample 15

Farina (5 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the faring
being at a temperature not less than about 40°
F., to remove substantially all of the non-con-
densable gases. The farina was then quickly
steamed to a pressure of 100 pounds per square
Inch gauge, held there for 2 minutes accompanied
by continual purging of the steam, and then fired
into the expansion chamber which was at a pres-
sure of 0.2 inch of mercury absolute. Evacuation
of the expansion chamber was continued during
the puff unti! the farina particles were cold set.

Example 16

Farina (20 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the farina
being at a temperature not less than about 40°
F., to remove substantially all of the non-con-
densable gases. The farina was then steamed to
a pressure of 50 pounds per square inch gauge,
held there for 2 minutes, quickly steamed to 70
pounds gauge, and then fired into the expansion
chamber which was at a pressure of 0.2 inch of
mercury absolute. Evacuation of the expansion
chamber was continued absolute during the puff
until the farina particles were cold set.

Erxample 17

Farina (20 pounds) was placed in the steam
chamber and the pressure reduced to about 0.2
inch of mercury absolute for 2 minutes, the farina
being at a temperature not less than about 40° F,,
to remove substantially all of the non-conden-
sable gases. The farina was then quickly steamed
to a pressure of 40 pounds per square inch gauge
in 30 seconds, held there for 2 minutes accom-
panied by continual purging of the steam, and
then fired into the expansion chamber which
was at a pressure of 0.2 inch of mercury absolute.
Evacuation of the expansion chamber was con-
tinued during the puff until the farina particles
were eold set.

When the vacuum puffed farina prepared in
the manner described above is mixed with cold
or hot milk, it is ready for consumption within
2 minute or less. Thus, this vacuum puffed
farina is a ready-to-eat cereal.

A number of runs were made to determine the
rate of hydration of the vacuum puffed farina
of this invention. For each run, the hydration
determinations were made using 180 gram
samples. One sample of each run was placed
in a container having one quart (946 grams) of
water maintained at about 70° P. After 1, 5, 10,
and 20 minute intervals, the water-faring mix-
ture was poured into a strainer while substan-
tially all of the free water passed into a measur-
ing cup in from 10 to 20 seconds. After weigh-
ing the free water, it and the farina were again
placed in the container. The difference in welght
between the free water in the container just
prior to placing the farina sample therein and
the weight of free water at each time interval
was the amount of water absorbed by the farina
at that particular time. :

It was found that the amount of water ab-
sorbed by the vacuum puffed farina was more
than 400% of the original dry weight of the
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farina after 5 minutes. When compared with
the hydration of commercial farinas, the farina
product of this invention absorbs approximately
3% thnes as much water at the end of 5 minutes
than a commercial farina under the same con-
ditions.

In the case of oats, the oat grains in their nor-
mal dry state may be employed without moisten-
ing. However, in some instances it may be de-
sired to supply flavor, and/or moistening, and/or
nutritional values to the grain, prior to, during,
or after pufing. This may be done in the same
manner as previously described in the case of
rice. :

The oats should be thoroughly cooked for de-
sirable pufiing. I have found that cooking at
from 50 to 100 pounds steam pressure gauge for
a perlod of from about 4 to 18 minutes produces
satisfactory results. Following cooking, the
steam pressure was adjusted to from 75 to 100
pounds gauge, after which the pressure was then
jmmediately reduced to sub-atmospheric, prefer-
ably below 8 inches of mercury absolute and par-
ticularly to about 0.2 inch of mercury absolute.
This was done by epening the triggered door of
the pufing apparatus and firing the oats into
the expansion chamber. The pressure within the
expansion chamber was maintained at & low point
by continuing the evacuation during the puffing
and normally the pressure in that
not permitted to exceed four inches of mercury
absolute and preferably not permitted to exceed
2 inches of mercury absolute. In some instances,
however, I have operated successfully with the
pressure in the expansion chamber following ex-
plosion riding up to as high as 4 to 8 inches of
mercury absolute as measured on a standard
mercury manometer, but in most instances the
pressure was reduced below 4 inches of mercury
absolute within a few minutes and before reim-
position of atmospheric pressure.

The actual values of the variables In the cook-
ing-pufiing cycles of this method depend on the
condition and type of oats being used as well as
the degree of pufiing desired.

- The resulting vacuum puffed oats have a volume

of from about 4 to 8 times the original grains
as determined by their cup welghts. Put con-
versely, the specific gravity as determined by
cup weights is about 1212 % to 959, of the specific
gravity of the original oat grains. The vacuum
puffed oat grains are everted, substantially pure
white except for the bran particles adhering
thereto, and are entirely different in shape from
the original oat grains. The cellular structure
is vitreous in appearance and the product is im-
mediately wettable by water except for those
portions protected by the bran fragments which
adhere to the puffed oat particle.

The vacuum puffed oats, puffed according to
the method of this invention, may be stored for
long periods of time under atmospheric condi-
tions without becoming rancid. Samples have
been stored in containers for periods of from 3
to 6 months under atmospheric conditions with-
out turning rancid.

Examples of applying the method of this in-
vention to oats are:

Example 18

Hulled oats (10 pounds) were placed in the
steam chamber and the pressure reduced to about
0.2 inch of mercury absolute for 2 minutes, the
oats being at a temperature not less than about
40° F., to remove substantially all of the non-
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condensable gases. The oats were then steamed
to a pressure of 100 pounds per square inch gauge,
held there for 6 minutes accompanied by con-
tinual purging of the steam, and then fired into
the expansion chamber which was at a pressure
of 0.2 inch of mercury absolute. Evacuation of
the expansion chamber was continued during the
puff until the oat grains were cold set.

Example 18

Hulled oats (10 pounds) where treated in the
same manner as in Example 18, except that In
the steaming and pufing cycles, the oats were
steamed to 50 pounds per square inch gauge, held
there for 15 minutes, steamed quickly to 100
pounds per square inch gauge, held there for 2
minutes, and then fired into the expansion
chamber.

Example 20

Hulled oats (10 pounds) were treated in the
same manner as in Example 18, except that in
the steaming and puffing cycles, the oats were
steamed to 60 pounds per square inch gauge, held
there for 15 minutes, quickly steamed to 100
pounds per square inch gauge, held there for 3
minutes, and then fired Into the expansion
chamber.

Ezxample 21

Hulled oats (10 pounds) were treated in the
same manner as in Example 18, except that in
the steaming cycle the oats were steamed to a
pressure of 100 pounds per square inch gauge and
held there for 8 minutes instead of 6 minutes.

Example 22

Hulled oats (35 pounds) were treated in the
same manner 8s in Example 18, except that in
the steaming cycle the oats were steamed to &
pressure of 100 pounds per square inch gauge
and held there for 4 minutes instead of 6 min-
utes.

Example 23

Hulled oats (10 pounds) were treated in the
same manner as in Example 18, except that in
the steaming cycle the oats were steamed to a
pressure of 100 pounds per square inch and held
there for 10 minutes instead of 6 minutes.

Example 24

Hulled oats (10 pounds) were treated in the
same manner as in Example 18, except that in
the steaming and puffing cycles the oats were
steamed to a pressure of 100 pounds per square
fnch gauge, held there for 8 minutes accompanied
by continual purging of the steam, following
which the steam Dpressure was reduced to 75
pounds per square inch gauge, held there for 15
seconds, and then fired into the expansion cham-~-
ber which was at a pressure of 0.2 inch of mer-
cury absolute.

Ezample 25

Hulled oats (10 pounds) were treated in the
same manner as in Example 18, except that in
the steaming and puffing cycles the oata were
steamed to a pressure of 100 pounds per square
inch gauge, held there for 6 minutes accompanied
by continual purging of the steam, and then fired
into the expansion chamber which was at a pres-
sure of 0.2 inch of mercury absolute.

Ezample 26

Hulled oats (20 pounds) were treated in the
same manner as Example 18, except that in the
steaming and puffing cycles the oats were steamed
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to a pressure of 100 pounds per square inch gauge
in 2 minutes, held there for 5 minutes accom-
panied by continual purging of the steam, and
then fired into the expansion chamber which was
at a pressure of 0.2 inch of mercury absolute.

Ezxample 27

Hulled oats (10 pounds) were treated in the
same manner as Example 18, except that In the
steaming and puffing cycles the oats were
steamed to a pressure of 55 pounds per square
inch gauge in 15 minutes, quickly steamed to
100 pounds gauge, held there for 1 minute, and
then fired into the expansion chamber which was
at a pressure of about 0.2 inch of mercury ab-
solute.

Ezxzample 28

Hulled oats (10 pounds) were treated in the
same manner as Example 27, except that in the
steaming and puffing cycles the oats were sub-
jected to a pressure of 100 pounds per square inch
gauge for 6 minutes instead of 1 minute, and
then fired into the expansion chamber which was
at a pressure of about 0.2 inch of mercury ab-
solute.

Puffed oats are not commereially available and
therefore no comparisons can be made. How-
ever, a puffed oat prepared by the present process
by freeing from air, steaming at 55 pounds gauge
for 15 minutes, raising to 100 pounds gauge,
holding there for 1 minute, and then pufiing to
a8 substantial vacuum showed 62% lysine re-
tention.

Another vacuum puffed oat product similarly
prepared except that it was held at 100 pounds
gauge for 6 minutes showed 65% lysine retention.

In the case of corn and particularly corn grits,
or hominy, corn grits in their normal dry state
may be employed without moistening. However,
in some instances it may be desired to supply
fiavor, and/or moistening, and/or nutritional
values to the grain, prior to, during, or after
pufing. This may be done in the same manner
as previously described in the case of rice.

The corn grits should be thoroughly cooked
for desirable puffing. I have found that cooking
at from 70 to 100 pounds steam pressure gauge
for a period of from about 1 to 11 minutes pro-
duces satisfactory results. Following cooking,
the steam pressure was adjusted to form 60 to 100
pounds gauge, after which the pressure was im-
mediately reduced to sub-atmospheric pressure,
preferably below 8 inches of mercury absolute
and particularly to about 0.2 inch of mercury
absolute. This was done by opening the triggered
door of the puffing apparatus and firing the corn
grit into the expansion chamber. The pressure
within the expansion chamber was maintained at
& low point by continuing the evacuation during
the pufing and normally the pressure in that
chamber was not permitted to exceed four inches
of mercury absolute and preferably not permit-
ted to exceed 2 inches of mercury absolute. In
some instances, however, I have operated success-
fully with the pressure in the expansion cham-
ber following explosion riding up to as high as
4 to 8 inches of mercury absolute as measured on
a standard mercury manometer, but in most in-
stances the pressure was reduced below 4 inches
of mercury absolute within a few minutes and
before reimposition of atmospheric pressure.

The actual values of the variables in the cook-
ing-puffing cycles of this method depend on the
condition and type of corn grits being used as
well as the degree of puffing desired.
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The resulting vacuum puffed corn grit has 4
volume of from about 6 to 10 times the original
grit as determined by cup weights. Put con-
versely, the specific gravity as determined from
cup weight is from about 10% to 1624% of the
specific gravity of the original corn grit par-
ticles. The shape of the original corn grit is
maintained, although greatly enlarged. On
cross-section, the vacuum puffed corn grit has
& substantially pure white interior and the in-
terior cells are apparently uniformly expanded,
there being but a few small cavities present. The
outer surface surrounding the interior portion is
comprised of a thin layer having many minute
cavities substantially uniformly distributed there-
through. This outer surface is not case hard-
ened and is substantially free of any surface split-
ting.

Examples of applying the method of this in-
vention to corn, and particularly corn grits, are:

Example 29

No. 4/5 corn grits (20 pounds) were placed in
the steam chamber and the pressure reduced to
about 0.2 inch of mercury absolute for 2 minutes,
the grits being at a temperature of not less than
40° F., to remove substantially all of the non-
condensable gases. The grits were next steamed
to a pressure of 100 pounds per square inch gauge
in 5 minutes accompanied by continual purging
of the steam, and then fired into the expansion
chamber which was at a pressure of 0.2 inch of
mercury absolute. Evacuation of the expansion
chamber was continued during the puff until the
grits were cold set.

Example 30

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and puffing cycles the grits were
steamed to 100 pounds for 312 minutes, and then
fired into the expansion chamber,

Ezxample 31

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and puffing cycles, they were
steamed to 90 pounds per square inch gauge in
2%, minutes and then fired into the expansion
chamber.

Ezxample 32

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
In the cooking and pufiing cycles, they were
Steamed to 95 pounds ber square inch gauge in
2 minutes 15 seconds, held there for 1 minute,
the steam pressure quickly reduced to 60 pounds
per square inch gauge, and then the grits were
fired into the expansion chamber.

Example 33

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
puffing cycles, they were
steamed to 95 pounds per square inch gauge in
127 seconds, held there for 1 minute, the steam
pressure reduced quickly to 60 pounds per square
inch gauge, and then the grits were fired into the
expansion chamber.

Exzample 34

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and buffing cycles, they were
steamed quickly to 95 pounds per square inch



2,653,003

17
gauge, held there for 1 minute, the steam pres-
sure was quickly reduced to 60 pounds per square
inch gauge, and then the grits were fired into
the expansion chamber.

Example 35

No. 4/5 corn grits (5 pounds) were treated in
the same manner as in Example 29, except that
the cooking and puffing cycles, they were
rapidly steamed to 95 pounds per square inch
gauge, held there for 1 minute, the steam pres-
‘sure was quickly reduced to 60 pounds per square
inch gauge, and then the grits were fired into

the expansion chamber.

Example 36

No. 4/5 corn grits (20 pounds) -werc treated
in the same manner as in Example 29, except that
in the cooking and puffing cycles they were
steamed to 75 pounds per square inch gauge in 4
minutes, held there for 1 minute, the steam pres-
sure was quickly reduced to 70 pounds per square
inch gauge, and then the grits were fired into
the expansion chamber.

Example 37
No. 4/5 corn grits (20 pounds) were treated
in the same manner as in Example 29, except
that in the cooking and puffing cycles they were
steamed to 80 pounds per square inch gauge in
4 minutes, held there for 2 minutes, and then
the grits were fired into the expansion chamber.

Ezxample 38

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and puffing cycles they were
steamed to 80 pounds per square inch gauge in
4 minutes, held there for 4 minutes, the steam
pressure was quickly increased to 100 pounds per
square inch gauge, and then the grits were fired
into the expansion chamber,

Example 3%

No. 4/5 corn grits (20 pounds) were treated
in the same manner as in Example 29, except
that in the cooking and puffing cycles they were
rapidly steamer f{o 75 pounds per square inch
gauge, held there for 8 minutes, and then the
grits were fired into the expansion chamber.

Example 40

No. 4/5 corn grits (20 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and puffing cycles they were

steamed to 70 rounds per square inch gauge in

4 minutes, held there for 7 minutes, and then the
grits were fired into the expansion chamber.

Example 41

No. 8/10 corn zrits (20 pounds) were treated
in the same manner as in Example 29, except
that in the cooking and puffing cycles they were
steamed to 95 pounds per sguare inch gauge in 1
minute 55 seconds, held there for 1 minute, the
steam pressure was quickly reduced to 60 pounds
per sguare inch gauge, and then the grits were
fired into the expansion chamber.

Example 42

No. 8/10 corn grits (20 pounds) were treated
in the same manner as in Example 29, cxcept that
in the cooking and puffing cycles they were
steamed to 95 pounds per square inch gauge in
140 seconds, held there for 1 minute, the steam
pressure was quickly reduced to 60 pounds per
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square inch gauge, and then the grits were fired
into the expansion chamber.

Example 43

No. 8/10 corn grits (20 pounds) were treated
in the same manner as in Example 29, except
that in the cooking and puffing cycles they were
rapidly steamed to 95 pounds per square inch
gauge, held there for 1 minute, the steam pres-
sure was quickly reduced to R0 pounds per square
inch gauge, and then the grits were fired into the
expansion chamber.

Example 44

No 8/10 corn grits (5 pounds) were treated in
the same manner as in Example 29, except that
in the cooking and puffing cycles they were
rapidly steamed to 95 pounds per square inch
gauge, held there for 1 minute, the steam pres-
sure guickly reduced to 60 pounds per square inch
gauge, and then the grits were fired into the ex-
pansion chamber.

Example 45

No. 8/10 corn grits (20 pounds) were treated
in the same manner as in Example 29, except that
in the cooking and puffing cycles they were
steamed to 75 pounds per square inch gauge in 4
minutes, held there for 1 minute, the steam pres-
sure was quickly reduced to 60 pounds per square
inch gauge, and then the grits were fired into the
expansion chamber.

‘ Example 46

No. 8/10 corn grits (17 pounds) were treated
in the same manner as in Example 29, except
that in the cooking and puffing cycles they were
steamed to 75 pounds per square inch gauge in 4
minutes, held there for 2 minutes, the steam pres-
sure was quickly reduced to 60 pounds per square
inch gauge, and then the grits were fired into the
expansion chamber.

Example 47

No. 4/5 corn grits (20 pounds) were placed in
the steam chamber and steamed to a pressure of
75 pounds per square inch gauge in 4 minutes ac-
companied by continual purging of the steam,
held there for 2 minutes, the pressure was rapidly
decreased to 60 pounds per square inch gauge,
and then the grits were fired into the expansion
chamber which was at a pressure of 0.2 inch of
mercury absolute. Evacuation of the expansion
chamber was continued during the puff until the
grits were cold set.

The vacuum puffed corn grits from Examples
29 to 47 were very satisfactory having the above
described characteristics.

The present process instantaneously cools the
product to & low temperature because of the
expansion into a low absolute pressure. This pre-
vents deterioration which would otherwise be
caused by the puffing temperature as well as help-
ing to cold set or gel the walls so that they will

5 not collapse upon reimposition of atmospheric

conditions.

The products are preferably dried under the
puffing vacuum without re-exposure to air. Nor-
mally a final moisture content of about 7-9%
is suitable for wheat. It is generally desirable to
be below the normal equilibrium moisture con-
tent of the material in all cases. This usually
means & drop of about 3% in the drying opera-
tion. Drying is preferably accomplished by ra-
diant heat under the vacuum.
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The products may be dried by other means—
as by oven drying. Oven drying produces case
hardening and some toasting. For some pur-
poses & slight case hardening and toasting are
suitable and may be desirable. The case harden-
ing markedly slows down absorption of aqueous
liquids.

As an instance of the applicability of the proc-
ess to the preparation of a pre-cooked cereal hav-
ing the ability of cooking promptly, reference is
made to the application of Carman and Allison,
Serial No. 299,496, filed July 17, 1952. That case
primarily relates to a pre-cooked rice having a
weight per quart of about 28.5% to 60% of the
original material.

The particular conditions of the presently
claimed process adapted for the production of
pre-cooked rice and other cereals are the inven-
tion of Carman and Allison described in the other
copending applications referred to. That proc-
ess and those products are, however, likewise
within the generic concept of the present inven-
tion.

The present process not only produces puffed
materials which cannot be duplicated by any
other process of which I know, but it has a wide
range of adaptability to produce various charac-
teristics. The process may be used to produce
materials which are not case hardened. On the
other hand by appropriate treatment, the prod-
ucts may be prepared so that they are case hard-
ened, the operator having a selectivity which was
not characteristic of any other process.

Likewise, the present puffing process is the only
one which produces a product free from scorched
appearance or taste. On the other hand, if de-
sired, the products may bhe pre-toasted or after-
toasted or crisped to provide whatever taste is
desired and may be obtained by proper heat
treatment,

Likewise, as the present process retains the
nutritive value of the materials beyond that ob-
tainable by known processes.

In the treatment of tobacco, green hands of
bright tobacco were severed so that one portion
consisted of the butts cut off about flve inches
from the end and the remaining portion con-
sisted of the leaves above that point. The leaf
portions were placed in the pressure or steam
chamber and the pressure in this chamber re-
duced to a high vacuum of about 0.1 inch of mer-
cury absolute. Steam was then admitted to
bring the pressure to about 3 to 5 pounds gauge.
The steaming was at such a rate that the total
time of steaming above zero gauge was about two
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minutes and not more than one minute at five -

pounds. The conditions just given are for bright
tobacco. Burley will stand a more severe han-
dling without affecting the leaves, During the
steaming operation, a bleed line communicating
with the steam chamber was left open to avoid
condensation. The pressure was suddently re-
duced by opening of the triggered door of the ex-
plosion or expansion chamber, which chamber
was maintained at a pressure of about 0.2 inch of
mercury absolute. The pressure in this chamber
was not permitted to rise above approximately
2 inches of mercury absolute.

The butts were placed in the pressure cham-
ber, subjected to the high vacuum and then
steamed. For bright tobacco, the steaming op-
eration was carrled on at from six to eight
pounds gauge, the time over zero pounds gauge
and the time at maximum pressure being not

70

. 20
municating with the steam chamber was left
open during steaming. The butts were then
exploded under substantially the same conditions
as the leaves, but were kept separated therefrom,

The foregoing detalled description is given for
clearness of understanding only, and no unnec-
essary limitations should be understood there-
from, as modifications will be obvious to those
skilled in the art.

I claim:

1. The method of puffing cereals which com-
prises freeing a cereal from air and replacing
the air with an atmosphere of steam, cooking the
cereal for a period sufficlent to soften the cell
walls and adapt them for pufiing, then subjecting
the cereal to a sudden change from a high super-
atmospheric pressure to a low sub-atmospheric
pressure whereby it is puffed.

2. The method as set forth in claim 1 in which
the cereal is cooked under a pressure of steam of
approximately 10 to 40 pounds per square inch
gauge.

3. The method as set forth in claim 1 in which
the cereal is cooked under a pressure of steam of
approximately 10 to 30 pounds, and the pressure
thereon is then rapidly increased to a pressure in
excess of 90 pounds per square inch, following
which the product is immediately puffed.

4. The method as set forth in claim 1 in which
the product is rice, and is cooked for a period of
5 to 7 minutes at a pressure of 20 pounds per
square inch gauge.

5. The method as set forth in claim 1 in which
the product is rice, and iz cooked for a period of
5 to 7 minutes at a pressure of 20 pounds per
square inch gauge, and the pressure is then in-
creased to approximately 100 pounds per square
inch gauge within less than 1 minute,

6. The method which comprises cooking a ce-
real in an atmosphere of steam, suddenly reduc-
ing the pressure below 8 inches of mercury abso-
lute to puff the cereal, and then drying the puffed
cereal under the sub-atmospheric pressure.

7. The method as set forth in claim 6 in which
the drying is accomplished while supplying heat
to the material.

8. The method which comprises puffing a food .
product by a sudden reduction in pressure in-afi
atmosphere of steam and concluding the opera-
tion at an absolute pressure substantially below 8
inches of mercury absolute, and then introducing
a volatile liquid at a temperature sufficlently high
to have an intefnal vapor pressure markedly
above atmospheric, sald mist containing additive
flavering or nutritive ingredients whereby the

“Hquid explodes into a fine mist and penetrates

the food product.

8. In the puffing of cellular materials, the steps
of heating the material in the presence of mois-
ture to produce a super-atmospheric steam pres-
sure thereon and then puffing the product into
a maintained vacuum sufficiently low to cold set
the product by evaporation of moisture from and
consequent cooling of the product and reimpos-
ing atmospheric pressure upon the product while
in cold set condition.

10. The process of claim 9 in which the puffing
operation is carried out as a batch process, the
pufiing being into a vacuum which is initially
at substantially absolute zero pressure and which
rises during the pufing operation to a point not
above an average pressure of ¢4 inches of mercury
absolute.

11. The process of claim 9 in which the pufing

more than one minute. The bleed line com- 78 oOperation is carried out as a batch process, the
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puffing being into 8 vacuum which is initially
at substantially absolute zero pressure and which
rises during the puffing operation to a point not
above an average pressure of 2 inches of mercury
absolute.

12. The method of claim 9 in which the prod-
uct is dried after the puffing operation is com-
plete but before reimposition of atmospheric
pressure.

13. The method of clalm 9 in which the tem-
perature of the product 18 reduced below 100°
F. before reimposition of atmospheric pressure.

14. The method of claim 9 In which the tem-
perature of the product 1s reduced below 50° F.
before reimposition of atmospheric pressure.

15. The method of claim 9 in which the tem-
perature of the product 18 reduced below 150°
F. before reimposition of atmospheric pressure.

16. A cold set, vacuum puffed cereal produced
by the process of claim 9.
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22
17. A cold set, vacuum puffed rice product
produced by the process of claim 9.
18. A cold set, vacuum puffed cellular material
produced by the process of claim 9.
JOHN M. BAER.
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