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1
BANANA PROCESSING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

BACKGROUND OF THE INVENTION

The invention relates to a method for obtaining ba-
nana juice and banana essences from bananas.

Bananas consist of a pulp covered by a peel. The pulp
includes water, sugars, cellulosic constituents, residual
starch, and flavor and aroma components which in-
clude, in general, a variety of alcohols, aldehydes, es-
ters, and ketones. The peel of a ripe banana consists of
an outer epidermis, &8 yellow colored layer (chloren-
chymas) and a white inner layer (parenchyma). Mixtures
of aroma components essentially free of sugars and
other solid constituents of the pulp are known as banana
essences.

It is known that banana essences can be obtained from
ripened bananas, after the peels are manually removed
and discarded, by homogenizing the pulp and recover-
ing volatile components from the homogenized pulp by
drawing off the volatile components under vacuum.

It is also known that banana juice can be obtained
from ripened bananas, after the peels are manually re-
moved and discarded, by homogenizing the pulp; di-
gesting the homogenized pulp with an enzyme to cause
the pulp to evolve into a solid and a liquid portion (the
banana juice); and separating the liquid portion from the
solid portion.

The term banana juice, as used herein, refers to a
solution including the water and sugars from the banana
pulp, essentially free of any components of the pulp that
are insoluble 1n water.

The term de-flavored banana juice, as used herein,
means banana juice that is essentially free of the volatile
flavor and aroma components of the pulp.

The term concentrated de flavored banana juice, as
used herein, is the de flavored banana juice concen-
trated removing part of the water by evaporation.

SUMMARY OF THE INVENTION

In general, the invention features, in one aspect, an
improved process for obtaining banana juice from a
banana, the method including placing a quantity of
whole ripe bananas into a mechanical peeling device
that separates banana pulp from the outer epidermis and
chlorenchyma of banana peels; digesting the pulp with
an enzyme to cause the pulp to evolve into a solid por-
tion and a liquid portion, the liquid portion including
the banana juice; and separating the liquid portion from
the solid portion. Preferably the mechanical peeling
device separates the pulp and parenchyma from the
other peel components and a mixture of pulp and paren-
chyma are digested with the enzyme.

The invention features, in another aspect, a process
for obtaining a banana essence from the outer epidermis
and the chlorenchyma of banana peels, the method
including peeling the outer epidermis and chloren-
chyma from whole, ripe bananas, homogenizing the
outer epidermis and chlorenchyma, and recovering
from the homogenized material volatile components
that include the banana essence.

The invention features, in another aspect, a process
for obtaining a banana essence from banana pulp, the
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method including peeling the outer epidermus and chlo-
renchyma from whole ripe bananas to isolate the banana
pulp: digesting the pulp with an enzyme to cause the
pulp to evolve into a liquid portion and a solid portion;
and, during the digestion, recovering, from the pulp,
volatile components that include banana essence. Pref-
erably a mechanical peeling device is used for separa-
tion of the parenchyma and pulp from the other peel
components, both the pulp and parenchyma being di-
gested with the enzyme to cause the pulp and paren-
chyma to evolve into a liquid and a solid portion; and
during the digestion the banana essence is recovered
from the pulp-parenchyma mixture. '

The invention features, in another aspect, an im-
proved process for obtaining a banana essence from a
banana, the method including placing a quantity of
whole ripe bananas into a mechanical peeling device
that separates banana pulp from the outer epidermis and
chlorenchyma of banana peels; homogenizing the pulp
and parenchyma; and recovering from the homoge-
nized pulp and parenchyma volatile components includ-
ing a banana essence,

The invention features, in another aspect, a process
for obtaining banana essences and de-flavored banana
juice from a banana, the method including placing a
quantity of whole, ripe bananas into a mechanical peel-
ing device; within the device, separating banana pulp
and the parenchyma of banana peels from the outer
epidermis and chlorenchyma of banana peels; homoge-
nizing the pulp and parenchyma; recovering from the
homogenized pulp and parenchyma volatile compo-
nents including a first banana essence; digesting the pulp
and parenchyma, with an enzyme to cause the pulp and
parenchyma to evolve into a solid portion and a liquid
portion, the liquid portion including banana juice; dur-
ing the digestion, recovering from the pulp and paren-
chyma volatile components including a second banana
essence; separating the solid portion from the liquid
portion; and removing from the liquid portion, volatile
components including a third banana essence, thereby
concentrating the liquid portion, the concentrated hiq-
uid portion including the concentrated, de-flavored
banana juice.

The invention also features methods of peeling ba-
nanas using mechanical peeling devices.

The preferred mechanical peeling device is a pulper
that includes a screen having openings (preferably 0.25
inch or less in diameter) that preclude the outer epader-
mis and chlorenchymz of the peels from passing
through, but allows the pulp and parenchyma to pass
through.

The use of a mechanical peeling device provides a
very efficient method of separating the outer epidermis
and chlorenchyma from banana pulp. The device al-
lows the parenchyma, which also contains banana juice
and essence, t0 be separated from the other peel compo-
nents. Together, the pulp and parenchyma generally
constitute 90-95% of the weight of the banana, and
accordingly, the recovery of the essences and juice is
high. Large quantities of bananas are readily peeled
using the device, with a minimum of waste.

Recovering banana essences from the banana peels,
enzyme digested pulp, and from the banana juice while
being concentrated increases the total vield of banana
essences. Moreover, each type of essence has its own
distinct properties. The clarified banana juice obtained
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can be mixed with other types of juices to obtain a good
tasting product.

Other features and advantages of the invention will
be apparent from the following description of a pres-
ently preferred embodiment, and from the claims.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The drawings are described first.

FI1G. 1is a block diagram of the steps in the banana 10

juice and banana essence recovery process.

FI1G. 2 is a sectional view of a pulper and a finisher
used as a mechamcal banana peeler.

FIG. 3 1s a partially sectional view of a homogenizer.

F1G. 4 1s a sectional view of a deaerator and holding
tank.

FIG. § 1s a perspective view, partially in section, of
banana essence recovery apparatus.

F1G. 6 is a perspective view of an apparatus for
grinding, screening, and homogenizing prior to obtain-
ing banana essence from banana peels.

FIG. 7 1s a perspective view, partially in section, of an
apparatus for enzyme digestion of banana pulp.

FIG. 8 1s a perspective view, partially in section, of an
apparatus for recovery of banana essences.

FI1G. 915 a sectional view of an apparatus for concen-
trating banana juice.

FIG. 10 1s an apparatus for recovering banana es-
SENCes.

FIG. 11 1s a perspective view of a banana juice collec-
tion apparatus.

FI1GS. [12]) 72a and 12b are sectional views of alter-
nate embodiments of mechanical banana peelers.

Referring briefly to FIG. 1, the process steps of the
invention for banana juice and essence recovery are
shown in a block diagram. Bananas are sorted and rip-
ened (200). Selected bananas are peeled mechanically
(300). The outer epidermis and chlorenchyma of the
peels are homogenized by milling (400), and a peel es-
sence recovered from the homogenized mixture (600).
Solid wastes are discarded (1000). The pulp and paren-
chyma from the peeling step (300) are homogenized and
deaerated at a vacuum holding station (500). A first
banana essence is recovered from the volatile compo-
nents (700). The homogenized pulp-parenchyma mix-
ture 15 subjected to enzyme digestion and filtration
(800), and a second banana essence is recovered from
the volatile components (900). Solid wastes from step
800 are discarded (1000). The clarified banana juice
from step 800 is concentrated (1100) to a de flavored,
concentrated banana juice. A third banana essence 1s
recovered (1200) from the evaporated volatiles. The
concentrated banana juice 1s collected and frozen (1300)
and stored (1400) for future use.

- More specifically, acceptable bananas are ripened
(using ethylene gas to trigger the npening) and stored
under conventional temperature and air circulation
conditions. The best yield of essences and juice is
achieved from bananas ripened to have & peel color
index of at least §, more preferably of about 7. A peel
color index of 5 means the peel 1s all yellow with some
traces of green at the tips. A peel color index of 7 means
the peel is completely yellowed and is covered with
brown freckles.

The bananas are washed with fresh water, and moldy,
overripe, or oOtherwise unacceptable bananas are re-
moved.
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Referring to FIG. 2, the bananas 10 are fed into the
feeder hopper 12 of mechanical peeling device 14. The
device includes, in series, a screen 16 having 0.125 to
0.25 inch diameter openings and a screen 18 having
0.027 to 0.045 inch diameter openings. The rotating
paddies or brushes 17 force a mixture 20 of the banana
pulp and the parenchyma of the peels through the .
screens, while the outer epidermis and chlorenchyma of
the peels (mixture 22) and other wastes are carried
along the screen to a discharge outlet 23. The process is
preferably carnied out under an atmosphere without
oxygen (e.g., under steam) to avoid darkening that oc-
curs when oxygen contacts the banana pulp in the pres-
ence of enzymes contained in the pulp.

Devices of the type shown in FIG. 2 are available,
e.g., from FMC Corp., of Homer City, Pa., (Model No.
100) or from Brown Machine, of Beaverton, Mich.

Referring to FIG. 3, the pulp and parenchyma mix-
ture 20 from the mechanical peeling device is passed
through a homogenizer 24. Pistons 26 homogenize the
mixture 20 by forcing it through small openings 28, e.g.,
0.125 inch diameter, at high pressure, e.g., 1,000 psi.

Referring to FI1G. 4, the homogenized pulp paren-
chyma mixture (puree) is next pumped into a perforated
basket 31 within the chamber of a deaerator 30. A vac-
uum pump 32 (FIG. 5) maintains the pressure inside the
deaerator below about 5 in. Hg. This low pressure is
maintained in the holding tank as well. Rotation of
basket 31 disperses the puree into fine particles as it is
passed through the perforations to form a film along the
walls of the internal surface of the deaerator. Volatile
components, including flavor and aroma components,
are drawn off through vacuum line 36. The deaerated
pulp then drops by gravity into vacuum holding tank
34, which is also connected to the pump 32 through line
36. Further volatile components are drawn off from the
puree in the holding tank for about one half hour.

Referring to FIG. §, the pump 32 pulls the volatile
components in the tube 36 through concentric tube heat
exchanger 38. The exchanger 38 has three concentric
tubes; a cooling fluid (e.g., 8 water and ethylene glycol
mixture) circulates inside the innermost tube and be-
tween the two outer tubes. The volatile components
flow through the exchanger and are partially con-
densed. The remaining vapors and the condensate flow
into the pump 32, where they are brought into contact
with a cold water/essence solution that is the working
fluid of the vacuum pump. The essence present in the
condensed vapors is absorbed by the working fluid.
Uncondensed vapors and working fluid are pumped
through the discharge tube 39 into the jacketed tank 40,
which is also cooled by a circulating cooling fluid. The
vapors separate from the water/essence, and a stream of
the vapors pass through a tube 41 into an ice trap 42 to
remove further traces of essence. The water/essence
solution is recirculated, by means of a pump 44, through
a plate heat exchanger 46, which is also cooled by a
circulating cooling fluid. Finally the water/essence
solution is recirculated to the pump 32 through the
return line 48.

The condensation of the volatile components in-
creases the volume of the water/essence solution in the
system. After the volume reaches a previously deter-
mined level, the solution overflows into a collection
tube 50 in the jacketed tank 40. An additional collection
tube 52 in the tube 41 drains condensates in the tube 41
into the collection tube §0. The product that flows from
the tube 50 1s a high quality banana essence.
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Referring to FIG. 6, the outer epidermis-chloren-
chyma mixture 22 is combined with water and fed to an
attrition mill 54. The resulting slurry passes into a fin-
isher 58. The fine portion of slurry 56 is passed by pump
60 into an homogenizer 62; the coarse remainder of the
mixture 22 is discarded at the end of the finisher. The
fine slurry is homogenized and discharged into a deaer-
ator holding tank arrangement of the same design as
described above with reference to FIG. 4. The volatile
components are passed to a pump of the same design as
described above with reference to FI1G. § to recover a
banana essence.

The deaerated banana puree is drawn off from the
bottom of the tank 34 (F1G. 4) by means of a pump (not
shown), and is fed to one of several digestion tanks 64
(FIG. 7) to be treated with a pectinase (e.g., CLAREX
L, 8 trademark of Miles Laboratories, Inc.) to facilitate
the separation of the solid portion of the puree from the
liquid portion (the banana juice). Tanks 64 are equipped
with rotary coils 66 to adjust the temperature inside the
vat to the optimum for the activity of the enzyme.
Tanks 64 also are fitted with covers 68 and venting
means 70.

Typically, the digestion is carried out at 120° F. for 2
hours, at which time the digested puree is passed from
the tanks through a screw press 72 to remove the bulk
of the banana juice. The cloudy juice from the screw
press passes to a rotary vacuum filter 74 that has been
precoated with diatomaceous earth (the earth suspen-
sion tank, agitator, and pump are not shown). The de-
flavored banana juice from the filter 74 1s passed
through a plate heat exchanger 76 for coagulation of
any proteins present. The pasteurized juice i1s passed
through a polishing filter 78 and finally to a surge tank
80.

Referring to FIG. 8, as the digestion in tanks 64 pro-
cedes, volatile components exit via vents 70 to be gently
forced by a blower 81 through a water and glycol
cooled condenser 82. A banana essence 15 condensed
and is collected 1n a tank 84,

Referring to F1G. 9, the clarified banana juice enters
(83) from surge tank 80 1s fed to an evaporator consist-
ing of a plate heat exchanger 86 and an evaporator body
88. The more volatile components of the juice, plus
some water, are vaporized and flow to a partial con-
denser 90, which condenses most of the water vapor
while not condensing the more voiatile components
that include a banana essence.

Referring to F1G. 10, the vapors from the condenser
90 are fed to a second condenser 92, which is cooled
with a water glycol mixture. Condensates and remain-
ing vapors are drawn into a liquid ring vacuum pump
94, whose working fluid is a water banana essence mix-
ture. A pump 96 forces the working fluid to flow
through a plate heat exchanger 98 and through the
pump 94. The discharge from the pump 94 passes to a
liquid vapor separator 100. The vapor stream from the
separator is fed to a scrubber 102, where the vapors are
scrubbed with chilled water and vented. When a suffi-
cient quantity of the banana essence has collected in the
working fluid, the liquid in the separator is pumped to
the bottom of the scrubber and collected, mixed with
the scrubbing water, as a banana essence product.

Referring to FIG. 11, the concentrated, de-flavored
banana juice pumped from the bottom of evaporator
body 88 is passed through a glycol-cooled swept surface
exchanger 104 and then through an ammonia-cooled
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swept surface exchanger 106, where the juice is cooled
to a temperature of 32° to 40° F.

OTHER EMBODIMENTS

Other embodiments are within the following claims.
For example, other mechanical peeling devices can be
used. One such device 106 is shown in FIG. 12A. In
using the device, whole clusters or hands of ripe ba-
nanas are fed to the machine. Pre-breaker fingers 108
mounted in a slowly rotating axis 110 prevent the bndg-
ing of the clusters in the throat 112 of the device. The
clusters fall into a space formed between a strong but
flexible belt 114 and a perforated drum 116 having 3 to
5 mm diameter openings. As the drum rotates, the belt
forces the banana pulp and the parenchyma through the
perforations into the drum 116. The mixture is removed
by a stationary hanger 118. The outer epidermms and
chlorenchyma of the peels and the end material of the
bananas remain adhered to the outside of the drum to be
scraped off by a knife. A device 106 is available from,
e.g., Baader, of West Germany (Model No. 896). ,

In a second alternative peeling device 120, shown in
FIG. 12B, clusters of bananas are fed to a breaking
mechanism 122, then, by positive displacement pump
124, e.g., a MOYNO ®) pump from Robbins & Myers,
Inc. of Springfield, Ohio, to an extruding-type screw
conveyor 126. This conveyor operates inside a tapered
cone 128 provided with a multiplicity of small (0.5 mm)
holes. The pulp and parenchyma of the bananas are
forced through the holes in the cone to the outside. The
outer epidermis and chlorenchyma of the peels travel to
the end of the cone and are discarded against an in-
verted back-pressure cone 130 which can be adjusted to
vary the pressure inside the perforated cone. An advan-
tage of device 120 is that the pulp may be deseeded
during the operation. A device 120 is available, e.g.,
from Beehive Machinery, Inc. (RSTD-06 Food Pro-
cessing Machine).

I claim:

1. A process for obtaining banana juice from a ba-
nana, said process comprising

nroviding whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel compnsing an
outer epidermis, a chloroenchyma, and a peel pa-
renchyma;

placing a quantity of said bananas into a mechanical

peeling device,
within said mechanical peeling device, separating
banana pulp and peel parenchyma from the other
epidermis and the chlorenchyma of banana peels;

digesting said pulp and peel parenchyma with an
enzyme to cause said pulp and peel parenchyma to
evolve into a solid portion and a liquid portion, said
liquid portion comprising said banana juice;

separating said liquid portion from said solid portion;
and

removing by vacuum deaeration and evaporation

from said liquid portion volatile components com-
prising a banana essence and water, thereby con-
centrating said liquid portion, said concentrated
liquid portion comprising concentrated, de-fla-
vored banana juice.

2. A process for obtaining banana juice from a ba-
nana, said method comprising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel compnising an
outer epidermis, a chlorenchyma, and a paren-
chyma;
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placing a quantity of said bananas into a mechanical
peeling device; |

within said device, separating banana pulp from the
outer epidermis and the chlorenchyma of banana
peels;

digesting said pulp with an enzyme to cause said pulp

to evolve into a solid portion and a higuid portion,
said liquid portion comprising said banana juice,
and, during said digestion with said enzyme, re-
moving by suction and condensation from said
pulp volatile components comprising a banana
essence; and

separating said liquid portion from said solid portion.

3. A process for obtaining banana juice from a ba-
nana, said method comprising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
outer epidermis, a chlorenchyma, and a paren-
chyma;

placing a quantity of said bananas into a mechanical

peeling device;

within said device, separating banana pulp from the

outer epidermis and the chlorenchyma of banana
peels;

homogenizing said pulp prior to digestion and, during

said homogenizing, removing by vacuum deaera-
tion and condensation from said pulp volatile com-
ponents comprising a banana essence;

digesting said pulp with an enzyme to cause said pulp

to evolve into a solid portion and a liquid portion,
said liquid portion comprising said banana juice;
and

separating said liquid portion from said solid portion.

4. A process for obtaining a banana essence from a
banana, said method comprising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
outer epidermis, a chlorenchyma, and a paren-
chyma;

separating banana pulp from the outer epidermis and

chlorenchyma of banana peels;

homogenizing said separated outer epidermis and

chlorenchyma,; and

recovering by vacuum deaeration and condensation

from said homogenized outer epidermis and chlo-
renchyma volatile components comprising said
banana essence.

5. The process of claim 4, wherein said separating is
done by means of a mechanical peeling device.

6. The process of claim 8§, wherein said mechanical
peeling device separates the parenchyma of banana
peels and banana pulp from said chlorenchyma and said
outer epidermis.

7. A process for obtaining a banana essence from a
banana, said method comprising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
outer epidermis, a chlorenchyma, and a paren-
chyma;

separating banana pulp from the outer epidermis and

the chlorenchyma of banana peels;

digesting said pulp with an enzyme to cause said pulp

to evolve into a liquid portion and a solid portion;
and

during said digestion, recovering by suction and con-

densation from said pulp volatile components com-
prising said banana essence from said pulp.
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8. The process of claim 7, wherein said separating 1s
done by means of a mechanical peeling device.

9. The process of claim 8, wherein said mechanical
peeling device separates the parenchyma of banana
peels and banana pulp from said chlorenchyma and said
outer epidermis, said pulp and said parenchyma are
digested with said enzyme, and said volatile compo-
nents are recovered by vacuum deaeration and conden-
sation from said pulp and said parenchyma.

10. A process for obtaining a banana essence from a
banana, said method comprising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
outer epidermis, a chlorenchyma, and a paren-
chyma;

placing a quantity of said bananas into a mechanical

peeling device;

within said device, separating banana pulp and said

parenchyma from the outer epidermis and the chlo-
renchyma of banana peels;

homogenizing said pulp and said parenchyma; and

during said homogenizing, recovering, by vacuum

deaeration and condensation, from said pulp and
said parenchyma, volatile components comprising
a banana essence.

11. A process for obtaining banana essences and de-
flavored banana juice from a banana, said method com-
prising

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
outer epidermis, a chlorenchyma, and a paren-
chyma;

placing a quantity of said bananas into a mechanical

peeling device;
within said device, separating banana pulp and the
parenchyma of banana peels from the chloren-
chyma and the outer epidermis of banana peels;

homogenizing said pulp and said parenchyma;

during said homogenizing, recovering, by vacuum
deaeration and condensation, from said pulp and
said parenchyma, volatile components comprising
a first banana essence; :

digesting said pulp and said parenchyma with an
enzyme to cause said pulp and said parenchyma to
evolve into a solid portion and a liquid portion, said
liquid portion comprising banana juice;

during said digestion, recovering, by suction and

condensation, from said pulp and said parenchyma,
volatile components comprising a second banana
€SSence;

separating said solid portion from said liquid portion;

and

removing, by vacuum evaporation, from said hiquid

portion, volatile components comprising a third
banana essence, thereby concentrating said liquid
portion, said concentrated liguid portion compris-
ing said de-flavored banana juice.

12. The process of claim 11 further comprising the
steps of

homogenizing said chlorenchyma and said outer epi-

dermis; and

recovering by vacuum deaeration and condensation

from said homogenized chlorenchyma and said
outer epidermis volatile components comprising a
fourth banana essence.

13. The process of claim 2, 6, 8, 10, or 11, wherein
said banana pulp is separated from said outer epidermis
and chlorenchyma by passing said banana through
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pulper means comprising screens having openings that
preclude outer epidermis and chlorenchyma from pass-
ing through but allow pulp to pass through.

14. The process of claim 13, wherein said openings
are 0.25 inch or less 1n diameter.

15. A process for obtaining banana pulp from a banana,
said process comprising:

providing whole, ripe bananas, each said banana com-

prising a peel about a pulp, said peel comprising an
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outer epidermis, a chlorenchyma, and a peel paren-
chyma,

placing a quantity of said bananas into a mechanical
peeling device;

within said mechanical peeling device, separating ba-
nana pulp and peel parenchyma from the outer epi-
dermis and the chlorenchyma of banana peels; and

recovering said banana pulp and peel parenchyma.
: &% *E % »
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