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The invention concemns a procedure for production offanjmal feed encapsulated inﬁjigestible shell,

which procedure comprises the steps of:

a) feeding a core product through a feeder screw into a compressing screw;
deaerating the core product in the compressing screw and pressing it through
a joint die; shaping the core product into the desired shape;

b) feeding a shell material through a feeder screw into an extruder-cooker and
extruder-cooking the shell product; pressing the extruder-cooked shell product
into the joint die; shaping the extruder-cooked shell product around the core
product.

c) cutting the feed bar consisting of the core product surrounded by the
extruder-cooked shell into feed blocks of suitable iength by using a cutter, and ,
simultaneously closing the ends of the feed blocks with shell product;

characterizedin that the core product is an unheated mealy feed |
mixture amounting to between 70% and 95% of the total animal feed. i

20  Comparing the present procedure to the pelleting process used today (production of feed pellets for
cattle, pigs, poultry and other animals), an energy reduction from 79 kWh/ton to 29 kWh/ton is
achieved giving energy savings of approx. 63% and CO, reduction of approx. 41%, and the

advantages of the pelleting process are still maintained.

25 The procedure consists in the introduction of an unheated mealy core product through a feeder
screw to a compressing screw in which the core product is deaerated and thus gets higher density.
From the compressing screw, the product is led to a joint die in which a core die part forms the

shape of the core product.

30  The shell product is led through a feeder screw to an extruder-cooker, in which the shell product is
cooked and fed to the joint die where a shell die part forms the shape of the shell product around

the core product.
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From the joint dié, the shelled feed is led to a cutter cutting the feed blocks to the desired length
and closing the ends of the feed blocks. From the cutter the feed blocks are led to a stamping roller

where producer name, product name, lot No., production date and other product related

information are burned or printed on the surfaces of the feed blocks.

The finished feed blocks are then led to palletizing.

STAGE OF TECHNOLOGY:

Fig. 7.0 is showing a functional diagram of a typical feed mill for production of pelleted feed for

pigs, cattle and poultry.

The plant consists of the following main components:

Raw materials:

Main constituent raw material silos (1.2)

Macro constituent raw material silos (1.1)

Micro constituent raw material storage/silos
‘Weighing

Production:

Grinding (2.1)

Mixing (2.2)

Expansion and pelleting (2.3)
Cooling (2.4)

Coating (2.5)

Finished products:
Finished products silos (3.1)

Weighing
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Production progress:
Raw materials are weighed in charges and ground (2.1), often on 3mm perforated screens, partly to

promote feed digestibility and partly to allow pelleting.
The ground charge is mixed (2.2) and liquid constituents may be added.

When mixing of the charge is finished, the feed is expanded and pelleted (2.3), i.e. the feed is
mixed with steam in a pre-conditioner to increase the meal temperature from approximately room

temperature to approx. 60° C, which is necessary to accomplish pelleting.

To increase the temperature further to combat salmonella, the product is led through an expander
in which the product through a combination of friction and steam addition is heated from approx.
60° C to approx. 82° C. From the expander the product is led to a pellet mill, in which the product

is formed to pellets, often with a diameter of @3mm and approx. 15mm long.

From the pellet mill, the hot and moist pellets are led to a cooler (2.4), where the pellets are cooled

to approx. 4° C above outdoor temperature and the moisture content is reduced to approx. 14%.

From the pellet cooler the product is led to a coater (2.5) where e.g. approx. 2% fat can be added,
and after time for absorption the finished pellets are conveyed to a finished products storage. The
coater system is necessary because too large fat addition before pelleting makes production of firm

pellets impossible.

The feed pellets are transported in tank trucks from the feed mill to the farmers and are blown
from the tank truck to the farmer's storage silo, from where the farmer's feed system draws the
feed.

Industrially produced feed is pelleted for the following reasons:
All the mixed feed constituents do not segregate before reaching the animals.
Feed pressed into pellets has higher density than unpelleted feed and thus requires less transport.

Feed formed to pellets is easier to handle in silos and feeding systems.
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In production of pet food and fish feed expansion/pelleting has been replaced by extrusion/cooking
during the last 20 years to enhance digestibility and allow addition of more fat/oil to the feed and
to control the feed density.

5  Extrusion/cooking is done by adding large quantities of steam and besides the cooler it is therefore
necessary to install a dryer to remove the large quantity of moisture added with the steam. The
energy consumption for extruded feed is at least 6 to 7 times as high as in the pelleting process, i.e.
in the area of 600 kWh/ton.

10 The production of extruded feed is such an energy consuming process that the process for
economical reasons cannot be used for production of cattle, pig and poultry feed, but merely for

production of pet food and fish feed.

Today there are extruder-cooker applications for pet food where a shell product is extruder-cooked
15 and a core product is extruder- cooked to produce a more exciting product, perhaps in two

different colors.

" Within the feed industry, there are today extruder-cooker applications where a shell product is
extruder-cooked around a pasty core product.
20
WO publication paper No. WO 99/47000 describes a multi-component animal feed (dog and cat
food) consisting of a first component (the core product) which is fatty and another component (the

shell product) surrounding the first component.

25  The feed gives enhanced flavor acceptance. The procedure for production of the multi-componént
feed is based on the production processes known today. Today there are two procedures for

production of animal feed with a core product and a shell product.

First Procedure: _

30  From a feed a feed pipe (the shell product) is extruder-cooked, into which a pasty (heated) feed
(the core product) is pumped simultaneously with the extrusion. The filled feed pipe is cut to
desired lengths and with different end seals preventing the core product from flowing out. This

procedure is mostly used when high fat content is wanted. The finished product becomes a feed
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with a hard shell surrounding a soft centre, in principle like filled chocolate. This technology has

been known for many years.

Second Procedure:

5 A feed pipe (the shell product) is extruder-cooked from a feed, into which another extruder-cooked
feed (the core product) is pumped simultaneously with the extrusion. The filled feed pipe is cut to
desired lengths without end seals. The finished fed becomes a feed with a hard shell surrounding a
hard core, where the shell product and the core product has the same structure, but may have
different feed compositions, colours and sales parameters. ‘

10
Common for both procedures with today's technology is that the core product has to be pasty and
not mealy to be pumped into the feed pipe (the shell product). Common for both procedures with
today's technology is that the weight of the shell product shall be around 50% and 95% of the feed
to form a durable shell. An extruded shell below 2-3mm is not realistic. The shell quantity is based

15  on the fact that normal animal feed does not have dimensions above 30x30x30mm. Common for
both procedures with today's technology is that relatively much production energy is required,
approx. 3 times as much as the pelleting process, naturally most when both shell and core are to be

extruder-cooked.

20  The extruder-cooking technology requires both cooking, drying and cooling. Common for both
procedures with today's technology is that the production capacity is very low compared to the
production of pig and cattle feed, and consequently the extruder-cooking process known today will

never be used for 'pr'o.dijction of pig, cattle and poultry feed for capacity/economical reasons.
25 THE SPECIAL EFFECT GAINED COMPARED TO THE STAGE OF TECHNOLOGY:

It has been the objective of the invention to find an alternative production process for production
of finished feed for pigs, cattle and poultry which meets the requirements there are to a finished
product today and which solves the production problems given by the known pelleting process.
30  There are especially wishes for a considerable reduction of the energy consumption to reduce CO,

discharge in that way.
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According to the present invention this objective is obtained through a procedure mentioned by
introduction which is peculiar in providing the core product as an unheated mealy feed mixture
amounting to between 70% and 95% of the total feed quantity of the animal feed.

In the following the advantages obtained over the prior art technology will be explained by

comparison between prior art technology and the technology according to the present invention.

With today's technology there are no feed or procedure to produce feed consisting in a digestible
shell with an unheated feed meal mixture as core product forming a feed block larger than
30x30x30mm.

By this invention, a procedure for production of an unheated feed meal mixture encapsulated in
digestible shell is provided, which solves the problems of traditional feed production. Fig. 8.0
shows a functional diagram of a typical feed mill for production of feed for pigs, cattle and poultry

with the new procedure installed.
The feed mill consists of the following main components:

Raw materials:
Main component raw material silos (1.2)
Macro component raw material silos (1.1)

Micro component raw material storage/silos

Weighing

Production:

Grinding (2.1)

Mixing/Extrusion of shell product (2.2)
Mixing/compressing of core product (2.3)

Palletizing

Finished products:
Pallet storage
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Production progress:
Shell product:
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Raw materials are weighed in charges and are ground (2.1), often on 1mm perforated screens,
partly to enhance the digestibility of the feed and partly to allow extruder-cooking of the shell

product.

The ground shell product is mixed and extruder-cooked (2.2), so that the shell product forms the
shell of the feed block.

Core product:
Raw materials are weighed in a charge and ground (2.1), often on 3mm perforated screens to

enhance feed digestibility, alternatively the feed can be rolled instead of ground.

The ground core product is mixed and liquid constituents may be added. It is compressed 2.3), so

that the core product forms the core of the feed block.

When production of the feed blocks is finished, the feed blocks are led to burning or stamping of
product information and further to palletizing.

Pallets of feed blocks are transported by trucks from the feed mill to the farmers and are placed

centrally, from where the farmer's feeding system collects the feed.
This new process meets all the reasons why industrially produced feed today is pelleted.
The advantages are as follows:

The mixed feed ingredients are not segregating before reaching the animals.

The feed blocks have higher density than pelleted feed and therefore requires less transport.

Feed formed to blocks is easier to handle and does not have to go into silos, but can be placed in

flat stores.
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The traditional pelleting feed production has the following main problems:
Environment:

5  Existing procedure:
Many feed mills in Denmark have been ordered by the counties to reduce the smell emission from
the process air to 10 LE/m®. As the feed mills use very large process air quantities it has until today
not been possible to purchase smell reduction plants, where efficiency, price and space
requirements are realistic. Most companies have therefore chosen to thin the process air smell
10  through a chimney. This solution transfers, yet does not remove the smell. Another disadvantage
of a chimney is the height that is required for the large air quantities, often around 100m, which

may cause architectural and space problems.

The new procedure:
15  This procedure does not use any steam addition, the extruder-cooking of the shell product takes
place by a combination of the natural moisture of the shell product, mechanical friction and high

pressure.

As the shell product only amounts to approx. 5% of the total feed quantity, the temperature
‘20 increase taking place in the shell product does not require air cooling, and as neither steam nor any
other kind of heating of the core product is added the air cooling process is not necessary and

consequently no cooling process air is discharged to the surroundings.

~ As cooling -process air is not discharged to the surroundings, large investments for a chimney or
25  .any other smell reducing measures are saved and the-smell inconverniences-ofithe feed-preduction

are solved.
Bacteriae:
30  Existing procedure:
During the last three to four years the salmonella problem has grown at the feed producers, and

even though heat treatment equipment worth millions of DKK has been installed, still more

salmonella problems are found than with the farmers who mix their own feed.
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The heat treatment environment (moist environment) makes it almost impossible to avoid
salmonella, because the peripheral areas around heat treatment and the very large pipes installation

make the hygiene measures, which are necessary, impossible.

5  The new procedure:
As the new procedure does not add steam for heating of the feed and a cooler with long pipe
installations does not have to be installed, the new procedure is a "dry" feed production procedure

and a simpler production with regard to process technology.

10 With the new procedure, it is possible to maintain the hygiene necessary to avoid bacteria

contamination.
Nutrition:

15  Existing procedure:
The farmers who mix their own feeds have not had the same problems with salmonella, and a
debate has started whether some important immune response constituents (nutrients) may be

destroyed during heat treatment.

20 It is well known that large quantities of vitamins are destroyed during heat treatment, this means

that vitamins and other nutrients have to be overdosed in industrial feed production.

The new procedure:

In the new procedure only the shell product is heated, and as the shell product only amounts to
25  approx. 5% of the total feed -quantity, approx. 95% of the:feed will'not-be heated=exceptfrom the:

modest heating taking place during compression of the core product. By avoiding heating of the

feed, the natural nutrients, vitamins and immune response constituents are preserved.
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Energy:

Exi&ting procedure:
The entire procedure, in which the feed pellet is formed today, where the meal is heated with
5 steam, the feed is compressed to a pellet by means of friction in a ring die, and then the pellets are

cooled and the moisture added with the steam is removed, is a very energy-consuming process.

The Danish Energy Agency has prepared a statement concerning the energy consumption with the
feed milling business (H2) from which it appears that the total energy consumption is approx. 79
10 kWhi.

The new procedure:

With the new procedure, steam addition and cooling become unnecessary and the process progress

becomes simpler. These circumstances mean that the total energy consumption drops from approx.
15 79 kWh/ton to approx. 29 kWh/ton and at today's energy prices it means a drop in energy costs

from approx. DKK 28/ton to approx. DKK 13/ton.

CO; discharge drops from approx. 56 kg CO>/ton to 33 kg CO,/ton.
20  Raw material composition:
Existing procedure:
Of course we are always interested in the most wholesome and -cheapest feed as the raw material
market allows, yet in traditional feed mills with pellet production we are restrained by-the fact that

25  itmust-be-possible to pellet the raw-material composition.

Pelleting restrains the fat and molasses content, and many raw materials give too loose pellets

resulting in crumbles and segregation problems.
30  The new procedure:

With the new procedure the raw material in the core product, which amounts to approx. 95% of the

feed substance, is independent of the production process, i.e. all types of raw materials can be
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used, from almost liquid and pasty to coarsely ground or coarsely rolled feed meal. There are no

limitations to the fat and molasses share of the core product.

Investigations have been made which show that a certain quantity of coarsely cut straw is

favourable to pigs. With the new procedure, straw pieces can be mixed with the core product.

Various liquid additives (acids promoting feed digestibility) can be added, which can react
chemically with the core product, while the feed blocks are stored thus extending the reaction time
and while encapsulated in the shell.

Additives are often aggressive to the processing equipment and therefore it is desirable that the

additives are in the processing plant as short time as possible.
Finished products:

Existing procedure:

With the traditional procedure the finished feed is typically feed pellets of cylindrical shape, often
between 2 and 15mm diameter, and approx. 15mm long.

The feed pellets normally have a density of approx. 0.6 and a pellet durability giving a crumble
share of max. 1-2%. The feed pellets are stored in large finished products silos at the feed mill and

in small storage silos at the farmers'.
The farmer conveys the feed pellets from his storage silo to the feeding system.

The new procedure: v

With- the new procedure the finished feed is typically feed blocks shaped as rectangular blocks,
often with a cross section of approx. 100 x 70mm, and approx. 200mm long. The feed blocks will
have a density of approx. 1 and consist of approx. 95% core material and approx. 5% shell
material. The feed blocks are palletized and stored in the pallet store at the feed mill and in the

farmer- pallet store.

27-08-2004
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The feed blocks can be led directly to the animals' stable and in wet feeding the feed blocks are
dissolved within short time.

THE MEANS USED TO ACHIEVE THE SPECIAL EFFECT OF THE INVENTION:

This dissolution is achieved by a procedure of the kind mentioned initially and characterized by
the fact that a digestible extruder-cooked feed shell surrounds an unheated mealy feed quantity
forming a feed block with dimensions larger than 30x30x30mm with all the properties of the

pelleting process known today.
MODE OF OPERATION OF THE PROCEDURE:

In feed production, the feed is divided into an unheated mealy core product amounting to approx.

95% or the feed substance, and a shell product amounting to approx. 5% of the feed substance.

The core product is weighed, ground, mixed and conveyed to the core product feeder screw of the
invention, which is feeding a compressing screw in which the core product is deaerateed and

compressed so that density increases.

From the compressing screw the core product is pressed into a joint die, in which the core die part
forms the core product to the desired shape and a feed stick is formed when the core product

leaves the joint die.

The shell product is~weighed, ground, mixed and led to the_extruder-cooker feeder screw of the
mvention feedifig-an extruder-cooker-in-which the-shell-preduct-is-extruder-cooked =so-that -the-
degree of gelatimization of starch is increased and the shel product becomes more digestible.

By extrusion the shell product is expanded, and a porous shell product is formed which is easy to
shape and fortify well. From the extruder-cooker the shell product is pelleted in the joint die,
where a shell die part forms the shell product to the desired shape surrounding the core product,

when the shell product leaves the joint die.

27-08-2004



Printed: 07-09-2004 DESC' REPLACEMENT gpp 01960196
_ 13 19

2 5 AUG. 2004

The feed bar now formed consisting of the core product surrounded by the shell product passes a
cutter which cuts the feed bar to adequate lengths and at the same is using the shell product to
close the. The feed blocks thus formed are then by a belt conveyor led to a stamping roller burning
company name, product name and other product related information into 3 of the feed block sides.

5  The finished feed block is then conveyed to palletizing.

As approx. ca. 95% of the feed is unheated and does not require noticeable energy, the present
production process results in energy savings of approx. 63% and CO, discharge reduction of

approx. 59%.

10
COMMENT TO CLAIM 2:
In a special execution the core product is fed vertically to the joint die and leaves the joint die
vertically. The shell product is fed horizontally and leaves the joint die vertically.

15

The core product is shaped by a core die part the outer surface of which is part of the shell die part
of the shell product.

The shell product is shaped by a shell die part, which together with the outer surface of the core
20  die part is forming a die pipe around the core die part. A

COMMENT TO CLAIM 3:

In a special execution, the cutter cutting and closing of the feed block ends are combined in the

25  same unit.

By means of 2 guide-a set of cutting/shaping jaws is set into rotation, in which the cutting/shaping
jaws parallelly-and -at the same speed as the feed-bar is combining cutting and closing.

30 COMMENT TO CLAIN 4:

In a special execution of the stamping roller, it is burning or stamping product information on 3 of

the feed block surfaces by means of 3 rollers between which the feed blocks are led.
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