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(57) Abstract: A system and method for manufacturing
a frozen edible product is provided. The method includes
providing a continuous mixer (409, 509), a freezer (411, 511)
and supply of compressed air (407, 507). The method also
includes preparing a mix of ingredients and directing the mix
into the continuous mixer (409, 509) . The method further
includes creating an emulsion of the mix and compressed air
in the continuous mixer (409, 509) and directing the emulsion
into the freezer (411, 511). In addition, the method comprises
freezing at least a portion of the emulsion in the freezer (411,
511), and recirculating a portion of the frozen emulsion back
into the continuous mixer (409, 509) or the freezer (411, 511).
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SYSTEM AND METHOD FOR MANUFACTURING FROZEN EDIBLE PRODUCTS

CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority and benefit of the
filing date of United States Patent Application No. 10/903,021,
titled SYSTEM AND METHOD FOR MANUFACTURING FROZEN EDIBLE
PRODUCTS, filed July 30, 2004, the -entire disclosure of which
is incorporated herein by reference.
FIELD OF INVENTION

The present invention relates to a system and method for
'manufacturing frozen edible products, for example, sherbets,
frozen yogurts, ice cream and other frozen dairy products and,
in particular, to a system and method for manufacturing frozen
edible products having a low fat content.
BACKGROUND OF THE INVENTION

The manufacture of frozen edible products, such as
sherbets, frozen yogurts, ice cream and other frozen dairy
products, typically involves, as a first step, the preparation
of a mix of ingredients. With respect to ice cream, these
ingredients typically comprise: between 10% and 16% milk fat;
between 9% and 12% non-fat milk solids, also known as serum
solids, containing proteins (caseins and whey proteins) and
carbohydrates (lactose) found in milk; between 12% and 16%
sweeteners (usually a combination of sucrose and glucose-based
corn syrup sweeteners); stabilizers; emulsifiers; and between
55% and 64% water which comes from the milk and other
ingredients. These ingredients are pasteurized, homogenized
and aged for between four and twenty-four hours. Aging
provides time for the fat in the mix to cool and crystallize
following pasteurization and for the proteins and
polysaccharides to fully hydrate. Following aging, liquid
flavors, fruit purees and colors, if any, are added to the mix,
and the mix is placed in a holding tank to await transmission

through a freezing process.
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The freezing process freezes a portion of the water in the
mix and whips air into the mix. A continuous-process freezer
typically is used, such as that shown in FIG. 1, for freezing
the mix. The continuous-process freezer includes a dasher 101
for churning the mix during freezing and scraper blades 103 for
scraping the mix from the internal cylindfical wall of freezing.
cylinder 109. Freezing cylinder 109 is encased within outer
jacket 105. Refrigerant layer 107 1is located between outer
jacket 105 and freezing cylinder 109. The refrigerant layer
contains a refrigerant such as ammonia or freon. The mix is
continuously pumped into one end of the freezer and pumped out
of the freezer's opposite end at a temperature of about 22°F
with about 50% of the water in the mix freezing during the
process. The product mix freezes in an area 111 adjacent to
the internal wall of freezing cylinder 109.

The partially frozen mix then is transmitted to a further
manufacturing station, for example, a packaging filler, a mold
filler or an extrusion system. In the alternative, an
intermediary manufacturing station may be included before the
filler or extrusion system, for example, an ingredient feeder
for adding ingredients to the partially frozen mix. The
partially frozen mix from the filler or extrusion system then
is passed through a blast freezer operating at between -30°C
and -40°C where most of the remaining water in the mix is
frozen. Below about -25°C, 1ice <cream 1is stable for an
indefinite period without danger of existing ice crystals
enlarging or new 1ice crystals forming. The enlargement of
existing ice crystals or the formation of new ice crystals
degrades ice cream and limits its shelf life.

A prior-art system 200 for manufacturing ice cream 1is
shown in FIG. 2. Tank 201 holds product mix that has been
pasteurized, homogenized and aged. Mix pump 203 pumps the

product mix through flow meter 205 and into continuous mixer
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209. Flow meter 205 measures the flow of product mix through
system 200. Pressurized air from overrun air supply 207 is
mixed with the product mix within conduit 223. This conduit

transmits the mix and pressurized air into continuous mixer 209
(also known as a pre-aeration mixer).

Continuous mixer 209, shown in cross-sectional view 1in
FIG. 3, mechanically shears the air and product mix to create
an emulsion of these components. Continuous mixer 209 contains
a multi-vaned impeller 311 driven by variable drive wmotor 309
that propels the product mix and air entering from inlet 303
through a plurality of sheer areas 305 and suction ports 307
several times during the passage of these components through
the mixer and out outlet port 315. A continuous mixer for this
purpose, called a C-R (continuous recirculation) mixer, is sold
by the assignee of the present application, Alliance Food
Equipment and Processing, LLC, doing business under the name
WCB Ice Cream.

The emulsion of product mix and overrun air is transmitted
from continuous mixer 209 to continuous-process freezer 211 in
which a portion of the water in the wmix is rapidly frozen.
Product pump 213 pumps the partially frozen emulsion of product
mix and air from continuous-process freezer 211 into filler 215
where the partially frozen emulsion is packaged in containers
or directed into molds. In place of a filler, an extrusion
system can be employed. Also, further manufacturing stations
may be disposed before the filler or extrusion system, for
example, an ingredient feeder. The partially frozen emulsion
then is transmitted from the filler or extrusion system to
blast freezer 217 where most of the remaining water in the
product is frozen.

The quality of ice cream depends upon numerous factors.
For example, a portion of ice cream must constitute air. In

fact, air constitutes up to half of the volume of most ice



WO 2006/020202 PCT/US2005/025401

4

creams. The percentage of air in ice cream 1is termed the
product's overrun. Without overrun, ice cream would be similar
to a frozen ice cube. Quality ice cream has an even mixture of
small-sized entrapped air cells. Quality ice cream also has an
even mixture of small-sized ice crystals and fat globules. 1In
general, smaller ice crystals provide a richer, smoother and
creamier texture to the ice cream. -Small ice crystals are
produced by freezing the mix rapidly to a low temperature in
the continuous-process freezer.

Recently, ice cream manufacturers have begun producing ice
cream using mixes having a lower percentage of milk fat, for
example, between 5% and 10%, in order to produce a product
having less calories. In order to provide such ice cream with
a texture and creaminess similar to that of ice cream produced
using mixes having a normal percentage of milk fat, a so-called
"slow churning" process (also called a '"cold extrusion"
process) has Dbeen employed as an additional step in the
manufacturing process described above in connection with FIG.
2. This step of slow churning follows freezing of the ice
cream in the continuous-process freezer. The slow churning
step tends to flocculate and partially coalesce the fat
globules in the ice cream. This flocculation and partial
coalescence causes the ice c¢ream to have a texture and
creaminess similar to that of ice c¢ream having a higher
percentage of milk fat. However, the slow churning process
slows the manufacturing process and increases the cost of
manufacturing the ice cream.

SUMMARY OF THE INVENTION

We have discovered that a relatively inexpensive
modification to the conventional process for manufacturing
frozen edible products, such as sherbets, frozen yogurts, ice
cream and other frozen dairy products, results in products

produced from low fat mixes having essentially the same
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enhanced creaminess and texture as frozen edible products
produced using the slow churning process. These low fat mixes
have preferably between 5% and 10% milk fat and, wmore
preferably, between 6% and 7% milk fat. This modified method
does not result in any increase in the time or cost of
manufacture.

In one aspect, the present invention provides a method for
manufacturing a frozen edible product on a manufacturing system
having a plurality of manufacturing stations. The
manufacturing stations include a continuous mixer and a
freezer. The method includes providing a supply of compressed
air, preparing a mix of ingredients for the product and
directing the mix and the compressed air into the continuous
mixer. The method further includes creating an emulsion of the
mix and compressed air in the continuous mixer and directing
the emulsion into the freezer. The method also includes
partially freezing the emulsion in the freezer, and
transmitting a first portion of the partially frozen emulsion
from the freezer back into the continuous mixer and a second
portion of the partially frozen emulsion to a further one of
the manufacturing stations. In an alternative embodiment, the
method includes transmitting the second portion of the frozen
emulsion back into the freezer.

The frozen edible product preferably is a frozen dairy
product such as ice cream. The ice cream preferably is low fat
ice cream having between 5% and 10% milk fat and, more
preferably, between 6% and 7% milk fat. In addition, the
freezer preferably is a continuous-process freezer having a
dasher. The method preferably further includes controlling the
speed of the dasher using a variable frequency inverter drive.
The further manufacturing station may be, for exémple, a
packaging filler, a mold filler, an extrusion system or an

ingredient feeder. In addition, the method preferably also
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includes providing a first pump and a second pump, pumping with
the first pump the first portion of the frozen emulsion to the
continuous mixer and pumping with the second pump the second
portion of the frozen emulsion to the further manufacturing
station. In the alternative, the method preferably also
includes providing a pump and a diverting valve, pumping with
the pump the partially frozen emulsion through the diverting
valve and diverting with the diverting valve the first portion
of the partially frozen emulsion to the continuous mixer and
the second portion of the partially frozen emulsion to the
further manufacturing station.

In another aspect, the present invention provides a system
for manufacturing a frozen edible product. The system includes
a continuous mixer for receiving a mix of ingredients for the
product and compressed air and for creating an emulsion of the
mix and compressed air. In addition, the system includes a
freezer for partially freezing the emulsion. The system
further includes at least one pump for pumping a first portion
of the partially frozen emulsion back into the continuous mixer
and a second portion of the partially frozen emulsion to a
further manufacturing station'of the system. In an alternative
embodiment, the system further includes at least one pump for
pumping a portion of the partially frozen emulsion back into
the freezer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a prior-art continuous-
process freezer.

FIG. 2 is a schematic diagram of a prior-art system for
manufacturing frozen edible products.

FIG. 3 is a cross-sectional view of a prior-art continuous

mixer.
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FIG. 4 1is a schematic diagram of a system for
manufacturing frozen edible products in accordance with the
present invention.

FIG. 5 is a schematic diagram of an alternative system for
manufacturing frozen edible products 1in accordance with the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A gystem 400 for manufacturing frozen edible products,
such as sherbets, frozen yogurts, ice cream and other frozen
dairy products, in accordance with the present invention 1is
shown in FIG. 4. The structure of tank 401, mix pump 403, flow
meter 405, overrun air supply 407, continuous mixer 409,
continuous-process freezer 411, product pump 413, filler 415
and blast freezer 417 of system 400 are the same as,
respectively, tank 201, mix pump 203, flow meter 205, overrun
air supply 207, continuous mixer 209, continuous-process
freezer 211, product pump 213, filler 215 and blast freezer 217
of system 200.

System 400, however, includes recirculation pump 419.
During manufacture of the products, recirculation pump 419
continuously pumps a portion of the partially frozen emulsion
transmitted from continuous-process freezer 411 into conduit
423 which transmits this partially frozen emulsion into
continuous mixer 409. As a result, a combination of partially
frozen emulsion from continuous-process freezer 411,
pressurized air from overrun air supply 407 and product mix
from tank 401 is continuously transmitted into continuous mixer
409 during the manufacturing process. The proportion of
partially frozen emulsion recirculated back into continuous
mixer 409 1is adjusted by adjusting the pumping power of
recirculation pump 419 in relation to that of product pump 413.
In the alternative, a single pump with a diverting valve that

simultaneously diverts a first portion of the partially frozen
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emulsion back into continuous mixer 409 and a second portion of
the partially frozen emulsion to filler 415, or another
manufacturing station such as an ingredient feeder or extrusion
system, can be used for this purpose.

Continuous mixer 409 mechanically shears the air, product
mix and partially frozen product to create an emulsion of these
components. The recirculation of a portion of the partially
frozen emulsion back into continuous mixer 409 causes some
flocculation and partial coalescence of the fat globules within
the emulsion produced by continuous mixer 409. As a result,
 less churning of the emulsion is required within continuous-
process freezer 411, and the dasher within continuous-process
freezer 411 can be run at a slower speed. A variable frequency
inverter drives this dasher at an optimum speed.

Operating the dasher within the continuous-process freezer
at a slower speed generates less heat within the continuous-
process freezer and enables the continuous-process freezer to
operate more efficiently and at a lower temperature. In
addition, since the recirculated partially frozen emulsion
remains partially frozen during transmission through continuous
mixer 409, the emulsion transmitted from continuous mixer 409
enters continuous-freezer 411 at a lower temperature. The
recirculated partially frozen emulsion also seeds and
accelerates the freezing process within continuous-process
freezer 411. The final product pumped from the continuous-
process freezer, therefore, is at a substantially lower
temperature than that produced using conventional processes.

As a result of the enhanced flocculation and partial
coalescence of the fat globules within the continuous mixer,
the reduced temperature of the emulsion entering the
continuous-process freezer, the accelerated freezing of the
emulsion within the continuous-process freezer and the Ilower

operating temperature of the continuous-process freezer, the
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final product pumped from the continuous-process freezer has an
enhanced texture, smoothness and creaminess. For frozen edible
products produced from low fat mixes having, for example,
between 5% and 10% milk fat and, more preferably, between 6%
and 7% milk fat, the final product is similar to that of 1low
fat ice cream produced using the extra time-consuming and
expensive step of slow churning.

An alternative embodiment in accordance with the present
invention shown in FIG. 5. The structure of tank 501, mix pump
503, flow meter 505, overrun air supply 507, continuous mixer
509, continuous-process freezer 511, recirculation pump 519,
product pump 513, filler 515 and blast freezer 517 of system
500 are the same as, respectively, tank 401, mix pump 403, flow
meter 405, overrun air supply 407, continuous mixer 409,
continuous-process freezer 411, recirculation pump 419, product
pump 413, filler 415 and blast freezer 417 of sgsystem 400.
Recirculation pump 519, however, continuously pumps during the
manufacturing process a portion of the partially frozen product
transmitted from continuous-process freezer 511 into conduit
521 rather than conduit 523. The recirculated partially frozen
product from recirculation pump 519 and the emulsion from
continuous mixer 509, therefore, are mixed during the
transmission of these components into and through continuous-
process freezer ©511. The result of this mixing is similar to
that discussed above for system 400. Also, as discussed above
in connection with system 400, a single pump with a diverting
valve that simultaneously diverts a first portion of the
partially frozen product back into continuous-process freezer
511 and a second portion of the partially £frozen product to
filler 515, or another manufacturing station such as an
ingredient feeder or extrusion system, can be used for this

purpose.
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Although this invention has been described with reference
to particular embodiments, these embodiments are merely
illustrative of the ©principles and applications of - the
invention. Numerous modifications may be made to the
illustrative embodiments, and other arrangements may be devised
without departing from the spirit and scope of the invention as
defined by the appended claims.

INDUSTRIAL APPLICABILITY
The present invention has applicability in the field of

manufacturing of frozen edible products.
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CLAIMS

1. A method for manufacturing a frozen edible product on
a manufacturing system having a plurality of manufacturing
stations, the manufacturing stations including a continuous
mixer and a freezer, the method comprising:

preparing a mix of ingredients for the product;

providing a supply of compressed air;

directing the mix and the compressed air into the
continuous mixer;

creating an emulsion of the mix and the compressed air in
the continuous mixer;

directing the emulsion from the continuous mixer into the
freezer;

partially freezing the emulsion in the freezer; and

transmitting a first portion of the partially frozen
emulsion from the freezer back into the continuous mixer and a
gsecond portion of the partially frozen emulsion to a further
one of the manufacturing stations.

2. A method for manufacturing a frozen edible product as
in claim 1, wherein the frozen edible product is a frozen dairy
product.

3. A metﬁod for manufacturing a frozen edible product as
in claim 2, wherein the frozen dairy product is ice cream.

4. A method for manufacturing a frozen edible product as
in claim 3, wherein the ice cream is low fat ice cream.

5. A method for manufacturing a frozen edible product as
in claim 4, wherein the low fat ice cream comprises between 5%
and 10% milk fat.

6. A method for manufacturing a frozen edible product as
in claim 5, wherein the low fat ice cream comprises between 6%

and 7% milk fat.
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7. A method for manufacturing a frozen edible product as
in claim 1, wherein the freezer is a continuous-process
freezer.
8. A method for manufacturing a frozen edible product as

in claim 7, wherein the continuous-process freezer comprises a
dasher and a variable frequency inverter, and further
comprising driving the dasher at a selected speed using the
variable frequency inverter.

9. A method for manufacturing a frozen edible product as
in claim 1, wherein the further manufacturing station is a
filler.

10. A method for manufacturing a frozen edible product as
in claim 1, wherein the further manufacturing station is an
ingredient feeder.

11. A method for manufacturing a frozen edible product as
in claim 1, wherein the further manufacturing station is an
extrusion system.

12. A method for manufacturing a frozen edible product as
in claim 1, further comprising:

providing a first pump and a second pump;

pumping with the first pump the first portion of the
partially frozen emulsion to the continuous mixer; and

simultaneously pumping with the second pump the second
portion of the partially frozen emulsion to the further
manufacturing station.

13. A method for manufacturing a frozen edible product as
in claim 1, further comprising:

providing a pump and a diverting valve;

pumping with the pump the partially frozen emulsion
through the diverting valve;

diverting with the diverting valve the first portion of

the partially frozen emulsion to the continuous mixer and the
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second portion of the partially frozen emulsion to the further
manufacturing station.

14. A system for manufacturing a frozen edible product
comprising:

a continuous mixer for receiving a mix of ingredients for
the product and compressed air and for creating an emulsion of
the mix and compressed air;

a freezer for partially freezing the emulsion; and

at least one pump for pumping a first portion of the
partially frozen emulsion back into the continuous mixer and a
second portion of the partially frozen emulsion to a further
manufacturing station of the system.

15. A system for manufacturing a frozen edible product as
in claim 14, wherein the frozen edible product is a frozen
dairy product.

16. A system for manufacturing a frozen edible product as
in claim 15, wherein the frozen dairy product is ice cream.

17. A system for manufacturing a frozen edible product as
in claim 16, wherein the ice cream is low fat ice cream.

18. A system for manufacturing a frozen edible product as

ov

in claim 17, wherein the low fat ice cream comprises between 5
and 10% milk fat.

19. A system for manufacturing a frozen edible product as
in claim 18, wherein the low fat ice cream comprises between 6%
and 7% milk fat.

20. A system for manufacturing a frozen edible product as
in claim 14, wherein the freezer 1is a continuous-process
freezer.

21. A system for manufacturing a frozen edible product as
in claim 20, wherein the continuous-process freezer comprises a
dasher and a variable frequency inverter for driving the dasher

at a selected speed.
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22. A system for manufacturing a frozen edible product as
in claim 14, wherein the further manufacturing station is a
filler.

23. A system for manufacturing a frozen edible product as
in claim 14, wherein the further manufacturing station is an
ingredient feeder.

24. A system for manufacturing a frozen edible product as
in claim 14, wherein the further manufacturing station is an
extrusion system.

25. A gystem for manufacturing a frozen edible product as
in claim 14, wherein the at least one pump comprises:

a first pump for pumping the first portion of the
partially frozen emulsion to the continuous mixer; and

a second pump for simultaneously pumping the second
portion of the partially frozen emulsion to the further
manufacturing station.

26. A gystem for manufacturing a frozen edible product as
in claim 14, further comprising a diverting valve for receiving
the partially frozen emulsion from the at least one pump and
diverting the first portion of the partially frozen emulsion to
the continuous mixer and the second portion of the partially
frozen emulsion to the further manufacturing station.

27. A method for manufacturing a frozen edible product on
a manufacturing system having a plurality of manufacturing
stations, the manufacturing stations including a continuous
mixer and a freezer, the method comprising:

preparing a mix of ingredients for the product;

providing a supply of compressed air;

directing the mix and the compressed air 1into the
continuous mixer;

creating an emulsion of the mix and the compressed air in

the continuous mixer;
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directing the emulsion from the continuous mixer into the
freezer;

partially freezing the emulsion in the freezer; and

simultaneously transmitting a first ©portion of the
partially frozen emulsion from the freezer back into the
freezer and a second portion of the partially frozen emulsion
to a further one of the manufacturing stations.

28. A method for manufacturing a frozen edible product as
in claim 27, wherein the frozen edible product is a frozen
dairy product.

29. A method for manufacturing a frozen edible product as
in claim 28, wherein the frozen dairy product is ice cream.

30. A method for manufacturing a frozen edible product as
in claim 29, wherein the ice cream is low fat ice cream.

31. A method for manufacturing a frozen edible product as
in claim 30, wherein the low fat ice cream comprises between 5%
and 10% milk fat.

32. A method for manufacturing a frozen edible product as
in claim 31, wherein the low fat ice cream comprises between 6%
and 7% milk fat.

33. A method for manufacturing a frozen edible product as
in claim 27, wherein the freezer is a continuous-process
freezer.

34. A method for manufacturing a frozen edible product as
in claim 33, wherein the continuous-process freezer comprises a
dasher and a variable frequency inverter, and further
comprisgsing driving the dasher at a selected speed using the
variable frequency inverter.

35. A method for manufacturing a frozen edible product as
in c¢laim 27, wherein the further manufacturing station is a

filler.
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36. A method for manufacturing a frozen edible product as
in claim 27, wherein the further manufacturing station is an
ingredient feeder. |

37. A method for manufacturing a frozen edible product as
in claim 27, wherein the further manufacturing station is an
extrusion system.

38. A method for manufacturing a frozen edible product as
in claim 27, further comprising:

providing a first pump and a second pump;

pumping with the first pump the first portion of the
partially frozen emulsion to the freezer; and

pumping with the second pump the second portion of the
partially frozen emulsion to the further manufacturing station.

39. A method for manufacturing a frozen edible product as
in claim 27, further comprising:

providing a pump and a diverting valve;

pumping with the pump the partially frozen emulsion
through the diverting delve;

diverting with the diverting valve the first portion of
the partially frozen emulsion to the freezer and the second
portion of the partially frozen emulsion to the further
manufacturing station.

40. A system for manufacturing a frozen edible product
comprising:

a continuous mixer for receiving a mix of ingredients for
the product and compressed air and for creating an emulsionvof
the mix and compressed air;

a freezer for partially freezing the emulsion; and

at least one pump for simultaneously pumping a first
portion of the partially frozen emulsion back into the freezer
and a second portion of the partially frozen emulsion to a

further manufacturing station of the system.
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41. A system for manufacturing a frozen edible product as
in claim 40, wherein the frozen edible product is a frozen
dairy product.

42. A system for manufacturing a frozen edible product as
in claim 41, wherein the frozen dairy product is ice cream.

43. A system for manufacturing a frozen edible product as
in claim 42, wherein the ice cream is low fat ice cream.

44. A system for manufacturing a frozen edible product as
invclaim 43, wherein the low fat ice cream comprises between 5%
and 10% milk fat.

45. A system for manufacturing a frozen edible product as

o\

in claim 44, wherein the low fat ice cream comprises between 6
and 7% milk fat.

46. A system for manufacturing a frozen edible product as
in c¢laim 40, wherein the freezer 1is a continuous-process
freezer.

47. A system for manufacturing a frozen edible product as
in claim 46, wherein the continuous-process freezer comprises a
dasher and a variable frequency inverter for driving the dasher
at a selected speed.

48. A system for manufacturing a frozen edible product as
in claim 40, wherein the further manufacturing station is a
filler.

49. A system for manufacturing a frozen edible product as
in claim 40, wherein the further manufacturing station is an
ingredient feeder.

50. A system for manufacturing a frozen edible product as
in claim 40, wherein the further manufacturing station is an
extrusion system.

51. A system for manufacturing a frozen edible product as
in claim 40, wherein the at least one pump comprises:

a first pump for pumping the first portion of the

partially frozen emulsion to the freezer; and
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a second pump for pumping the second portion of the
partially frozen emulsion to the further manufacturing station.

52. A system for manufacturing a frozen edible produét as
in claim 40, further comprising a diverting valve for receiving
the partially frozen emulsion from the at least one pump and
diverting the first portion .of the partially frozen emulsgion to
the freezer and the second portion of the partially £frozen

emulsion to the further manufacturing station.
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