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*-1- Manufacture of cooked cereals Field of the Invention 5 The subject of
the present invention is a process for thefmanufacture of cooked cereals or
Tdry pet food which conprises preparing a mxture of water and a dry prem x
of cereal flour or semplina, cooking the m xture and extruding it, as well
as an apparatus for carrying out 10 the process. Background of the

I nvention Different processes are known which conprise at | east one 15
step of extrusion cooklng a mxture of water and a dry prem x nmainly

conpri si ng cMaaufa pf_aoake R318& 41591389 ( GERBER PRODUCTS COVPANY)
di scl oses a process for produ0|ng I nstant cereals which conprises 20

noi stening a I mai rising a cereal flour and including
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Background of the Invention

Different processes are known which comprise at least one
16 step of extrusion cooking a mixture of water and a dry
premix mainly comprising cereal flour or semolina.

AU-A-4591389 (GERBER PRODUCTS COMPANY) discloses a
process for producing instant cereals which comprises

20 moistening a dry blend mainly comprising a cereal flour
and including additional oil and vitamins, extrusion
cooking the moistened blend into an expanded rope,
slicing the rope into puffs, grinding and screening the
puffs to give a fine powder-like particle size, and

25 agglomerating the particles into granules.

EP-A-0524329 (SOCIETE DES PRODUITS NESTLE S.A.) discloses
a process for the manufacture'of precooked cereal foods
by extrusion cooking a moist blend of cereals, wherein a

30 compressed gas is injected into the blend at the end of
the cooking stage, just before the extrusion stage.

Further, many uses of gear pumps are known, for example
supplying well metered amounts of food materials into
35 relatively complicated coextrusion apparatus.



-2-,EP-A- 0202143 (NABI SCO BRANDS I NC.) discloses a triple coextruder
capabl e of coaxially coextruding two cooki ng doughs havi ng different
conpositions and textures separated by a | ayer of an oil-based materi al
serving as 5 a noisture barrier, the doughs and the oil-based materi al
being netered into respective nozzle portions of the coextruder by gear
punps, for exanple. EP-A-0280484 (KOBAYASHI , MASAO discloses a coextrusion
10 apparatus capable of formng a globular food product by wapping a
center nmateri aEPwAH-02024 43r (NABJSICQy BRANDS dNKe) tldsdloseer maktgipile which

the different @BE%EE%E%raE%§%b§% E%t%B%§1Fﬂ59 ES%R%EEH%@g”QQB'EoB Rihl ons of

t he coextrusion apparat us ear Summary of
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the process fobeting meterad untootrespelctd vadbnoeeleapsrtatiofsy ofiethkood
according to t ntion i C onprises preparing a m xture of
wat er and a dr%gﬁgggiggkhbﬁi?e@ghﬁppgsﬁgggz g% ﬁ&ur or senolina, cooking
the m xture and extruding it, distinguishes itself by the fact that the

cooked mi xtur eE%ﬂA-Io%mtemuck%mA@mssmAbt) hﬁ?&%@eé“ aeéb@st%m@lehe with
the aid of gear qﬁ kew_se, aratus for carrylnggout he

process actor Pﬁ’gatré cﬁP@?&rﬂ G mfem @ofPrYdara Ippd Ryodycta Ry or
cooki ng devi cewrappitg pUentetT Hatettialswithdiofhe or more layers of

other food materials, in which the different materials
are also metered into respective nozzle portions of the
coextrusion apparatus by gear pumps, for example.

16
Summary of the Invention

The aim of the present invention is to provide a process
for the manufacture of cooked cereals or dry pet food and

20 an apparatus for carrying out the process which consumes
relatively little energy and which subjects the said
mixture to relatively little shear forces.

To this end, the process for the manufacture of cooked

25 cereals or dry pet food according to the present
invention, which comprises preparing a mixture of water
and a dry premix mainly comprising cereal flour or
semolina, cooking the mixture and extruding it,
distinguishes itself by the fact that the cooked mixture

30 is extruded by pressing it through an extrusion die with
the aid of a gear pump.

Likewise, the apparatus for carrying out the process
according to the_present invention comprises a mixing
35 and/or cooking device, a gear pump and an extrusion die.
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- 3- Throughout the present specification and clains, the expression "mainly
ereal flour or senolina" meansgconprising at |east about 50% or

conprising c

“preferably at |east about 80% of cereal flour or senpblina. 5 Simlarly,

expression "

t he

a mxture of water and a dry prem x" neans "either a m xture of
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erved, surprisingly, that it is possible to manufacture cooked
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It has been observed, surprisingly, that it is possible
to manufacture cooked cereals or dry pet food which have
remarkable organoleptical properties, especially as to
their texture and flavour, while consuming relatively
little energy and subjecting the mixture of water and
cereal material to relatively little shear forces, in
spite of the fact that this mixture passes through a gear
pump and that it is briefly subjected therein to a severe
compression.

Indeed, between the teeth of a gear pump comprising two
toothed wheels or rollers which mesh which each other,
the mixture may be subjected to a compression of several
hundreds of bar during a fraction of a second, for
example.

To carry out the present process for manufacturing cooked
cereals, it is possible to prepare a dry premix
comprising about 80-88% of a flour or semolina of a
cereal such as wheat, oét, corn or rice, about 2-12% of
sugars such as sucrose and dextrose, and other
traditional ingredients such as about 1-2% of sodium
chloride, up to 15% of modified starches such as modified
corn or wheat starches, up to 10% of powdered milk or
other protein source, up to about 0.5% of mineral salts,
up to about 0.5% of vitamins, up to 2% antioxidants and



‘traditional ingredients such as about 1-2% of sodium chloride, up to 15% of
nodi fi ed starches such as nodified corn orguheat starches, up to 10% of
-powdered mlk or other protein source, up to about O. 5% of m neral sal ts,
35 wup to about 0.5%of vitamins, up to 2% anti oxi dants and -4- possibly
even enzynmes which can reduce the viscosity of the m xture to be prepared,
for exanple. For manufacturing dry pet food, it is possible to prepare 5 a
dry prem x conprising at |east about 50% of cereal flour -or senolina, about
25- 35% of nedRCFIIRKY AFemenaymes Whisthuman rediae Shesoifsgosiky toff | ow, up

to 10% veget aiie Mactulslued oskdphrad 5%t (i and mnerals, for
exanpl e. .10 For manufacturing either cooked cereal s or dry pet food it is

possible to prepare a m xture of water and the prem x such that the m xture
has a water ot etr&nuﬁacﬂhmﬁtngl(&r@%ély fesdihtit Wis bddisiid 1 prdpte speed

bl ade 15 5”‘¥Pﬁi C hi nd.corotating mxer
ext r uder, srllﬁd#(/agngc}geé\ﬁ%% g{é@% eqae%arﬁﬁ pt @tﬁ ?gfp&es‘ﬁ%]e to cook
this m xt ur e ftiqufed?tli rﬁ‘fmqlltftﬁ,atﬁhnu%@m?erqq Gefadr fllwaxt a2@ artimadbout
180 nin, withhy-hrdhctd,d Mo B2d50 Bnd aqﬁpkem&ﬁvggﬁ tHGfpas a
tw n-screw |nteng} a?and corotating mxer or extru or a single-screw
ext ruder, and/%$#® }gcﬁ) sadKEn up e Rlublicamageead ainermlival
vessel ‘encl odiory exwngslen) transportlng means such as an Archi medes screw,
for 25 gganple.

For manufacturing either cooked cereals or dry pet food

it is possible to prepare a mixture of water and the

premix such that the mixture has a water content of about

10-40% by weight, with the aid of a high speed blade

18 mixer, a twin-screw intermeshing and corotating mixer or
extruder, or a single-screw extruder, for example.

It is possible to cook this mixture by heating it to
about 80-200°C for about 20 s to about 180 min, with the
20 aid of a mixing and cooking device such as a twin-screw
intermeshing and corotating mixer or extruder, or a
single-screw extruder, and/or a cooking device such as a
double jacketed cylindrical vessel enclosing internal

transporting means such as an Archimedes screw, for
25 example.

Preferably, the various possible screw configurations of
the above devices which may be used for carrying out the
present mixing and cooking steps are chosen in order to
30 subject said mixture to relatively low shear forces. Such
screws generally comprise a shaft upon which bilobes each
having the shape of a screw section are fitted and
attached onto each other. The length and the direction of
the screw pitch associated with a bilobe can be chosen in
35 function of the type of work which it is desired to
perform in numerous successive and/or alternating zones



Pref erably, the various possible screw configurations of the above devices
whi ch may be used for carrying out the pregent m xing and cooking steps are
Schosen in order to 30 subject said mxture to relatively | ow shear forces.
Such screws generally conprise a shaft upon which bil obes each having the
shape of a .screw section are fitted and attached onto each other. The

| ength and the direction of the screw pitch associated with a bilobe can be
chosen in 35 function of the type of work which it is desired to perform
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51t is possi%%c}for Tt U LTHR ¢ R 3 oking zanfn W0 kPa,
preferably ofefampiebout 100 to about 1000 kPa upstream of the gear punp
and to hage the gear punp exerting a pressure of from about 2000 to about
20000 kPa 10 on the m xture upstreamof the die, for exanple. In order to
press the nixturis tMpssighle dtal madntasinn dmssure ohdsshittham abeart -t he
pressure on ZRDIMRELYN HrbEdULING £0GH BrhilP 1 FPREF Mt PodPnase! | N
the 15 gearlfu between a m xi'ng and coo |na% evi ce and a cookl ng devi ce,
for exanpl e. H‘F%ﬁ?ﬁ“?ﬂf- R RN (PUlh anst die havs ddees g9y (BUmP t he use of
a mixture hawxertinglatpredsude BE Aot QUTEHo ddbiit TRATO &Pa

relati Vew h'&b tHe (ir?fﬁél}'re V\w;'pplsltereuaszulx nc.gf q:hceoo(ﬁen’g oerVIe%ceample.

In order to press the mixture through said extrusion die,
it is possible to exert the pressure on the mixture
during the cooking step, especially by connecting the

16 gear pump between a miXing and cooking device and a
cooking device, for example. In such an embodiment, the
present process permits the use of a mixture having a
relatively high dry matter content, that means a
relatively high viscosity, while using a cooking device

20 which itself would not be capable of transporting such a
mixture.

It is possible to further enhance the dry matter content
by using enzymes which lower the vicosity of the mixture.

25
A relatively high dry matter content, especially of from
about 78% to about 90%, may be necessary if one wishes to
obtain an expanded product at the exit of the die, for
example.

30

It is also possible to exert the pressure on the mixture
after the cooking step, by connecting the gear pump
between a mixing and cooking device and the die, for
example.

35
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any shearing e transp orte
inner wall of said housing, thus defining 1nterst1c1a1

spaces intended for transporting the mixture to be
extruded downstream. The shape of the teeth may be
especially designed to avoid as much as possible any
friction between the teeth which mesh with each other and
any shearing on the mixture transported.

The gear pump is preferably provided with a double
jacketed body.

It is possible to cut the extruded rope of cooked mixture
into pellets or puffs just at the exit of the die, with
the aid of a cutting device such as a rotating knife, for
example. '

The extrusion die may comprise one or more extrusion
conduits, especially cylindrical conduits, generally
oriented in the same direction as that of a stream of
mixture to be extruded, preferably in a direction
perpendicular to the plane in which the roller axles are
situated, for example. The shape of the extruded rope may
be determined in particular by the shape of the outlet
opening or orifice of said conduits.

The die is preferably enclosed in a double jacketed
casing in which a cooling or heating fluid can be
circulated.

oL 881 Br OB O CodiiVe] 14640 Rt Ve Tod Hesd SR Inghi ch



15 The gear punp is preferably provided with a double jacketed body. It is
possible to cut the extruded rope of cookeg.m xture into pellets or puffs
4Just at the exit of the die, with 20 the aid of a cutting device such as a
rotating knife, for exanple. The extrusion die may conpri se one or nore
extrusion conduits, especially cylindrical conduits, generally 25 oriented
in the same direction as that of a streamof m xture to be extruded,
preferably in a direction perpendicular to the plane in which the roller
axl es are sitBrief] déserinbtihon cof Thhe sPegwingst he extruded rope may be
determ ned in particular by the shape of the outlet 30 opening or orifice
of said conduits. The die is preferably enclosed in _a double jacketed

casing in whiEpPediBertaeHrtheainvgntion pradescribed keley By way. 7.

Brief descripsf osx@hplécobt awiels FabeEen®at So Ofhé Nectomeary Dy ar e _
descrlbedsbeuﬁM/by way, of exanple only with reference to the acconpanying 5
drawi ngs ™n ?%“.ngsF+ﬁuV%lﬁ fs a schematic view of an enbodi mnent where

the gear punp is connected between a m xing and cooking device and a

cooking device, g r&ol'iE'QU%aaé%éﬁié FE8GNBE | gn Vi &imﬁﬂt%&f’é”@ﬂé

where the gear pu I's connecte etween a m xi ng_ and COOKI ng.

gear pump is connected between a mixing and cooking

device and a cooking device, and

10 '
- Figure 2 is a schematic view of an embodiment where the
gear pump is connected between a mixing and cooking

device and the extrusion die.
15 - Detailed description of the Invention

In the embodiment represented in Figure 1, the apparatus
comprises a mixing and cooking device 1, a cooking device
2, a gear pump 3 connected between the mixing'and cooking

20 device 1 and the cooking device 2, and an extrusion die
4. '

The mixing and cooking device 1 is in the form of screws
13 which intermesh and corotate. In other words, the

25 screws 13 rotate in the same direction and mesh with each
other. They are driven by a motor 5. They are enclosed in
a barrel 14 having at its upstream end an inlet 15 for
feeding water and a dry premix. Suitable devices are
commercially available and may be obtained from Wenger,

30 Clextral, Teledyne and the like.

The gear pump 3 comprises two toothed rollers 9 which
mesh with each other. Suitable devices are commercially

available and may be obtained from Maag.
35



device and the extrusion die. 15 Detail ed description of the Invention In

t he enbodi nent represented in Figure 1, th@-apparatus conprises a m xing
-and cooki ng device 1, a cooking device 2, a gear punp 3 connected between
the m xi ng and cooking 20 device 1 and the cooking device 2, and an
extrusion die 4. The m xing and cooking device 1 is in the formof screws
13 which internmesh and corotate. In other words, the 25 screws 13 rotate in
the sane direction and nmesh with each other. They are driven by a notor 5.
They are enclBeedcookingadevice 42 hagmpyisesiasdopgislie chacketedn inlet 15 for
f eedi ng wat er ' uj s devi Lal. |y avail abl e
and nmay be ob?gFﬂ% r??%ﬁ?@éﬁ%ﬁ% $3%ﬁ§¥%§%€gléﬁ$%fe yH%@§%§§§ %wlgke. The
gear punp 3 c@ﬁﬁV?%é%Ytﬁbm?5@¥h€d rollers 9 which nesh with each ot her.
Sui t abl e devices are conmmercially avail able and may be obtai ned from Mag.

35 - 8- glThe,.cOOKI device, 2 conprises a douple jacketed cyl,ndrical
vessel 7 &ncl g?nﬁxggui&gﬂiﬁbﬁeg gg#@ﬁ}%eﬁr?inkfﬁ'Qﬁ?ﬁﬁ%& %gf% The
extrusi on di esédvenaprcgbindrptal ecpnduies Wi hA sewetahg cgévieks i Ll conduits
10. A cuttin | i i t exi fs | e ' a
rotating kni %Pﬁiggﬁiv%%%@gagﬁgtfgéf 1€ﬁe S%:!'% a@llélrl g?%s?%né glféetgég]hxgé cutting
devi ces are wERIE®nbhndrivencb¥ra Betora}2 beSuitabbe stxerusiom dieger and

Cextral, foragdagit€ing devices are well known in the art and may be
10 obtained from Wenger and Clextral, for example.

In the embodiment represented in Figure 2, the apparatus
comprises a mixing and cooking device 1, an extrusion die
4 and a gear pump 3 connected between the mixing and

15 cooking device 1 and the extrusion die 4.

The mixing and cooking device 1, the gear pump 3 and the
extrusion die 4 are similar to the corresponding devices
described above with reference to Figure 1.

20
The process according to the present invention is
described in greater detail in the examples presented
below by way of illustration. The percentages are given
therein by weight.

25

Example 1

An arrangement corresponding to the embodiment
represented in Figure 1 was used, in which the mixing and
30 cooking device was a twin-screw intermeshing and
corotating READCO type TELEDYNE mixer. This mixer had a
screw diameter of 127 mm and a total processing length of
7.2 times the screw diameter. It was driven by a motor
the speed of which was adjustable between 50 and 510 rpm
35 at a maximum power of 37 kW. Its barrel was temperature



1n the enbodi nent represented in Figure 2, the apparatus conprises a mXxing
and cooking device 1, an extrusion die 4 agd a gear punp 3 connected
between the m xing and 15 cooking device 1 and the extrusion die 4. The

m xi ng and cooki ng device 1, the gear punp 3 and the extrusion die 4 are
simlar to the correspondi ng devi ces descri bed above with reference to
Figure 1. 20 The process according to the present invention is described in
greater detail in the exanples presented bel ow by way of illustration. The
per cent ages acengrodhedheitharbyitibi ghe. akd ekagpeamionnhatrWagereheat
correspondi ngek@nhhhgeggbodi ment represented in Figure 1 was used, in which
the m xing and 30 Cooking device was a tw n-screw i nterneshing and
corotati ng READCO type TELEDYNE m xer. This m xer had a screw di aneter of
127 mm and a Theabepropampi wgsl @NYAQOREX7VR UT0/BO thpesMAR@ pumpet Bt. |t

dri b h f ' ' | d 0
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was adj usta I't was provided wth a double
j acket ed bodye%ghaRI®&s tenperature controlled with the aid of a hot water

10 The cooking device was a cylindrical vessel with double
jacket enclosing an Archimedes screw. The temperature of
the double jacketed vessel was controlled with the aid of
a hot water heat exchanger.

16 The extrusion die was a plate pierced with two
cylindrical conduits each 4mm in diameter. It was
enclosed in a double jacketed casing which was
temperature controlled with the aid of a water heat
exchanger.

20
The cutting device was a rotating knife driven by a motor
the speed of which was adjustable.

With the aid of this apparatus, cooked cereals were
25 manufactured in the following way:

20 kg/h of water heated to 80°C and 50 kg/h of a dry
premix mainly comprising corn semolina were fed into the
mixing and cooking device. The premix had a water content

30 of about 11%. The mixture of water and dry premix thus
had a water content of about 36.4%.

The composition of the premix was:

35 - corn semolina 88%
- sucrose 8%



exchanger. 10 The cooking device was a cylindrical vessel w th double

j acket enclosing an Archi nedes screw. The 4guoperature of the double
jacketed vessel was controlled with the aid of a hot water heat exchanger.
15 The extrusion die was a plate pierced with two cylindrical conduits
each 4mmin dianeter. It was enclosed in a double jacketed casing which was
tenperature controlled with the aid of a water heat exchanger. 20 The
cutting device was a rotating knife driven by a notor the speed of which
was adj ust able.sadivwmitklearidef th2% apparatus, cooked cereals were 25

manuf act ured ingifgn{Qs! owi ng way:g26s kg/h of water heated to 80[err]C and
50 kg/h of a dry, premx nmainly conprising corn senolina were fed into the
m xi ng and cookMReERYi 8@1tShe prgai§%had a water content 30 of about 11%
The m xture of awmtPoxpdantlry premxgthus had a water content of about

36. 4% Thg conposition of the prem x was: 35 - corn senolina 88% -
sucrose 8% -10- - sodiumchloride 2% - vitam ns

0.5% - mi ner aThgascxew speed. 686 thamixiygamd cooking ldédice (n-

mixcook) was set to 200 rpm. The temperature of the
barrel of the mixing and cooking device was maintained
between 127 and 137°C. The residence time of the mixture
10 within the mixing and cooking device (t-mixcook) was
about 30 s. At the end of the mixing and cooking device
the mixture was totally gelatinised and it had a
temperature (T-mixcook) of 104°C. The pressure in the
mixing and cooking device and at the inlet of the gear
16 pump (p-gear) was 100 kPa. '

The speed of the toothed rollers of the gear pump (n-
gear) was set to 9 rpm. The temperature of the body of
the gear pump was maintained'at 100°C. The residence time

20 of the gelatinised mixture within the gear pump was about
8 s.

The temperature of the double jacket of the cooking
device was maintained at 90°C. The residence time of the
25 mixture within the cooking device was about 3 h. At the
end of the cooking device the cooked mixture had a
temperature of 84°C. The pressure at the end of the
cooking device and in front of the extrusion die (p-die)
was 2000 kPa. '
30 _
The temperature of the double jacketed casing of the
extrusion die was maintained at 90°C.

The cooked cereals thus manufactured were ball-shaped,
35 partly expanded pellets, ready to be processed with



-The screw speed of the m xing and cooki ng device (n- m xcook) was set to
200 rpm The tenperature of the barrel of.44e m xi ng and cooki ng devi ce was
-mai ntai ned between 127 and 137[err]C. The residence tine of the mxture 10
wi thin the m xi ng and cooki ng device (t-m xcook) was about 30 s. At the end
of the m xing and cooking device the mxture was totally gelatinised and it
had a tenperature (T-m xcook) of 104[err]C. The pressure in the m xing and
cooking device and at the inlet of the gear 15 punp (p-gear) was 100 kPa.
The speed of furtheotdewnrstream efuipmenfeain mrgeX ko eargitkerset to 9

rpm The tenﬁ‘%ﬁ&geopfrépfe@ogyt@ffig@eg'eafo,p mai ntained at
The '

100[err] C residence tine 20 of the gelatinised mxture within the gear
punp was about 8 s. The tenperature of the double jacket of the cooking
devi ce was nerté asmeTl adndOties rt&std hef r €lse deieeute nEmmfovdd 25 mi xture

ithin th Ki ' bout,3 h. _At.th . of L g [
the cooked m R EFCCRELY SSPERRe Senr OBy BAY 0TS S U cRiF o e o
of the cooki ndevire ceBafidrenenteningfthéececkingideviice, (Pheli e) was 2000
kPa. 30 The t : ' | t ' di
wo. mai nt af net Sr b eos puk bRz NP CILGRE 1GNNS dlg Pt IARErC" O €
bal | - shaped, hB&veatheyseephnard pestetaf wehlyceeked ¢ereaksoUttPYh

]flurf( her gom-ﬁéae?ﬁgeﬁuépasakiha Pedsel] othe ebiberoputhedcoskedl led into
axes, 1 géfggugé had changed to dark yellow-light brown and its
smell and taste were more intensive, namely similar to

those of fresh baked bread.

It is important to note that the mixture was totally

15 gelatinised, namely totally precooked before entering the
cooking device which rather functioned as a holding
device without transferring any further heat into the
mixture. '

20 Thus, a specific energy input into the mixture (E-
mixture) may be defined as the sum of the respective
power consumption of the mixing and cookig device (W-
mixcook) and of the gear pump (W-gear) divided by the
flowrate of the mixture. In the present example, W-

25 mixcook was 9.8 kW, W-gear was 0.8 kW and E-mixture was
0.15 kWh/kg.

Examples 2 to §

30 An arrangement corresponding to the embodiment
represented in Figure 2 was used.

In Example 2, the mixing and cooking device was a twin-
screw intermeshing and corotating READCO type TELEDYNE
35 mixer identical to the one used in Example 1.



-The srell and the taste of the m xture inproved 5 noticeably during its

| ong residence tinme in the cooking devi ce.qgefore entering the cooking
.device, the gelatinised mxture was |ight yellow and did not really have
‘the smell and taste of well cooked cereal. After |eaving the cooking
-vessel, the color of the cooked 10 m xture had changed to dark yellowIight
brown and its snell and taste were nore intensive, nanely simlar to those
of fresh baked bread. It is inportant to note that the m xture was totally
15 gel ati ni selin Bzampyet 3; athg piringkandbebokingndevieeg wae @cowWiRy devi ce

whi ch rat her éHP&&:' ﬁﬂ@grﬁésﬁlﬂel ghqgcsfatsem@tﬁ@uvztﬁaﬂﬁér&mm

further heat r1nto e mxture ecifig energg |np$é into éhe
mxture (E- n¢&t§ﬂ€?rnawhb§ g¥trudaraBadha §Gﬁ?Uf diametespRtt

consunption Oé theal gsraaeagﬂnﬁoméhgtﬂeafcm(H\imgsxenekécﬁed ﬁiaméEegear
punp (VVgg@r I vi de &E hg gé t he m.xt ﬁ pr esent

exanpl e, 2Bt 138 o8k 1¥g8 y8akWV P fBESH. % Wi i xture was 0. 15
kWh/ kg. Exanpadsugtabls. 3mtAnbarremgwaantemperetpnadcqgtrollhé wirbbdi ment
represented |?hg|ggaeo% Vas Fgﬁggn hgagfagphglgs.the m xi ng and cooki ng

device was a twn-"screw interimeshing and corotating READCO type TELEDYNE
35 m xer identical to the one used in Exanple 1. -12- In Exanple 3, the

m xing and cogKi RYafieYECq, Vehe2miWifly and cooking device was a single-
10 screw X-25 type WENGER extruder. This extruder had a
' screw diameter of 133 mm and a total processing length of
8.8 times the screw diameter. It was driven by a motor
the speed of which was adjustable. Its barrel was
temperature controlled with the aid of induction heatlng
16 coils.

In Example 5, the mixing and cooking device was an OE
15.2 type KHAL expander which is a kind of single screw

extruder.
20
In Example 2 the composition of the premix was the same
as in Example 1.
In Example 3 and 4 the composition of the premix was:
25 ' -_
- corn semolina 25%
- rice flour 55%
- sucrose 12%
- modified corn starch 4%
30 - sodium chloride ' 2%
- vitamins 0.5%
- mineral salts 0.5%
- antiodeant 1%

35



screw internmeshing and corotating BG-72 H type CLEXTRAL extruder. This
extruder had a screw dianmeter of 88 nmand ggfotal processing length of 17
times the screw dianmeter. 5 It was driven by a notor the speed of which was
adjustable. Its barrel was tenperature controlled with the aid of induction
heating coils. In Exanple 4, the m xing and cooki ng device was a single- 10
screw X-25 type WENGER extruder. This extruder had a screw di aneter of 133
nm and a total processing length of 8.8 tines the screw dianeter. It was
driven by a nolmrExémpkec®dtihéd edmpdsitasomdpfistiad|prenixs s el was
tenperature controlled with the aid of induction heating 15 coils. In
Exanpl e 5, the m xing and cooking device was an CE 15.2 type KHAL expander
which is a kind e#rRjFefprelsra ew extrude?0%20 In Exanple 2 the conposition

of the prem. x wagedberbaiR @8di anfnarple 1. In Exanple 3 and 4 the

conpositionr of the prem x_was: 25 - cor enol i na 25% - rice
f1 our 5 by’é%@ggcgﬁcrose 2og 12% - nodified corn starch
4% 30 - sodi um £at candetallow 2% - v8g am ns 0.5% -
m neral salts _ vegetableOb§ggfoaﬂéfgxyd€§t _ ' 1% 35
- vitamins, minerals T 4%

10 In all of Examples 2 to 5, the gear pump was a VACOREX VX
70/70 type MAAG pump. It was driven by a motor the speed
of which was adjustable. It was connected at the end of
the mixing and cooking device and in front of the die. It
was provided with a double jacketed body in which a

15 temperature of 120°C was maintained with the aid of a
high pressﬁre water based heat exchange system. The speed
of its toothed rollers was adjusted in order to keep a
constant pressure of about 100-200 kPa at its inlet.

20 The gelatinised mixture wa$ pressed through a die plate
pierced with one or more cylindrical extrusion conduits,
each a few mm in diameter (Example 2 to 4) or star shaped
extrusion conduits (Example 5).

25 The expanding ropes were cut at the exit face of the die
into ball- or star-shaped pellets with a cutting device
which was a standard CLEXTRAL pelletizer.

The different processing parameters are presented in
30 table 1 below in which the abbreviations used correspond
to those defined in Example 1:



-13- I'n Exanple 5 the conposition of the prem x was: - corn senolina

50% -
dall ow

4% 10 In all
MAAG punp.

meat fl our

and aninmal 5 by-

product4-

9% - veget abl e by- products

of Exanples 2 to 5,

8% -

29% -
vitam ns,
t he gear punmp was a VACOREX VX 70/ 70 type
It was driven by a notor the speed of which was adjustable.

i

fat and
neral s

t

was connected at the end of the m xi ng and cooki ng device and in front of

t he die.

It was provided with a double jacketed body in which a 15

tenperature cFablP®[®rr]C was maintained with the aid of a high pressure
water based heat exchange system The speed of its toothed rollers was

adj usted in g CcoTStantTpressSur e ofatout = s
inlet. 20 TheExmmpIeMaed nixture wa$ pre&ssed|thrdugh f dié pl ate pPercdd
with one or jnore cylindrical extrusi¢n condui}s, each f few mm{ n di anetfer
(Exanpl e 2 tjg)y—or _star Siaped extTPsTon_conpur tS_(EXaNpr & 5) .| 20 e
expandi ng rogeater Elevtrater hkgdhl 1 [fack8of Jhe 86 ipro AII-| or 90
star-shaped pghyehsxWrth @ cuikypg) devi cgawhi Eh wap a ptandard [CLEXERAL
pell etizer. e drfferent proceSsIMOpar afetels are_presented 1w 30 tablje
bel ow i n whic¥2tdE aBREedtaPfons use? coffesppndlfodt hps i ned
Exanpl e 1: mizbheel (%)
t-mixcook (s) 30 20 35 30
T-mixcook (°C) 132-142 | 139-148 | 124-134| 120-140
n-mixcook (rpm) 200 286 315 330
W-mixcook (kW) 11.6 30 24 33
p-gear (kPa) 100 100 200 150
n—-gear (rpm)- 12 21.5 20.5 20
W-gear (kW) 0.8 1.4 1.3 1.2
E-mixture (kWh/kg) 0.115 0.122 0.131 0.073
p-die (kPa) 4400 11400 8000 10500
die conduits (mm) 1 x 3.5 3 x 4 3 x 4
The cooked cereals manuféctured in Examples 2 and 4 were
5 ball-shaped semi-expanded pellets, ready to be processed
with further down-stream equipment in order to be either
puffed or rolled into flakes, for example.
The cooked cereals manufactured in Example 3 were ball-
10 shaped expanded pellets, ready to be processed with
further down-stream equipment in order to be toasted, for
example.
The shape of the pellets manufactured in Examples 2 to 4
15 were similar to, and their smell, taste and texture were

also similar to but could even be said to have improved
as compared to those of corresponding pellets
manufactured without the support of the gear pump.



Exanpl’e No 2 3 4 5 water flow rate

(kg/ h) 18 18 37 O9sdry mx " " (kg/h) 83
230 150 350 water content of 27 ' 17.5 28.5
28.5 mxture (9% t-m xcook (s) 30 20 35

30 T-m xcook ([err] Q) 132-142 139-148° 124-134 120-140

n-m xcook (rpm 200 286 315 330 Wm xcook (kW
11.6 30 24 3 p-gear (kPa) 100 100
200 150The gdsy pepnfood manufactured i Exampbe 5 were g0ab 20

Wagear (kKW shaped xture
(KWh/ kg) s ape egpandedoggllets,léﬁédy Bodégg%roces %%27EEH1

4400 11406urth8606°wn'§b’5%mc1¢‘éuwﬂ%1=tsn(%iler to be dried and 3 x 4
3 x 4 The cookedtedseddbs erampdetured in Exanples 2 and 4 were 5
baII-shap%p sem - expanded pellets, ready to be processed with further
down-stream equi pnent in order to be either puffed or rolled into flakes,
for exanple. The cooked cereals nanufactured in Exanple 3 were ball- 10
shaped expanded pellets, ready to be processed with further down-stream
equi pnent in order to be toasted, for exanple. The shape of the pellets
manuf actured in Exanples 2 to 4 15 were simlar to, and their snell, taste
and texture were also simlar to but could even be said to have inproved as
conpared to those of corresponding pellets manufactured w thout the support
of the gear punp. - 15-



The. dry pet food manufactured in Exanple 5 were star shaped expanded

pel l.ets, ready to be processed with furthefgdown-stream equi pnment in order
0 e dried and coated, for exanple. -16- Clainms 1. A process for the

marjuf act ure of cooked cereals or dry pet food which conprises preparing a
m xture of water and 5 a dry preni x mainly conprising cereal flour or
sepol i na, cooking the mxture and extruding it, he fact
that t he cooked m xture is extruded by pressing |nmnﬂlmumﬁmlwl usion die
with the ai d @faimgear punp. 10 2. A process as clained4n®cléintl, in
which the pressure is exerted by the gear punp on said mxture during the
cooking step. 3. A process as clainmed in claiml, in which thf pressure 15
i s exerted byltHe BEREePENEOBHNtRA| BanniagEerareErcopked (oRFFRLISIRP. A5Y A
process as clgéfretbbdd ‘Gﬂxﬁd:Hl éempmg@sclef@paﬁgﬁgpae@ﬁxmgeaom whtee ahdwat er
and said Bren1x such that it 29 ter contegt g % ?t %@ { 9nabout
40% by wePght® 3h¥ RESRIXghehR ﬁ1§?ﬂ?513fngb83fe§ F6°% 200PerfTe for
about 20 s tocabdbimg18fe mixtare Aapdoertsuding| at pechanactarihsed BMi ch
conprises 25 pa S f h k erably
of from100 to éo%%énggﬁes %gaﬁgég ? migéarépg%péggy& g@?ﬁy §?ese%§§ punp

exerting a prbtsﬁhéobghfa@nﬁ&bﬁuﬁlQDOGlﬁoWaﬁbthQOQBQ Rﬁaaoﬁeéélﬂ xture
upstream of the die.

10 2. A process as claimed in claim 1, in which the pressure
is exerted by the gear pump on said mixture during the
cooking step.

3. A process as claimed in claim 1, in which the pressure
15 is exerted by the gear pump on said mixture after the
cooking step.

4. A process as claimed in claim 1, which comprises
preparing a mixture of water and said premix such that it
20 has a water content of about 10 to about 40% by weight,
and cooking the mixture at about 80 to about 200°C for
about 20 s to about 180 min. .

‘5. A process as claimed in claim 1, which comprises

25 maintaining a pressure of less than about 2000 kPa,
preferably of from 100 to 1000 kPa upstream of the gear
pump and having the gear pump exerting a pressure of from
about 2000 to about 20000 kPa on said mixture upstream of
the die.

30
6. An apparatus for carrying out the process according to
any one of claims 1 to S, which comprises a mixing and/or
cooking device, a gear pump and an extrusion die.



30 6. An apparatus for carrying out the process according to any one of
clainms 1 to 5, which conprises a m xing andﬁg cooki-ng device, a gear punp
and an extrusion die. -17- 7. An apparatus as clainmed in ETETHTB‘“mhlch

f'urther conprises a cooki ng device downstream of a rnu’mmmm

device. 5 8. An apparatus as clainmed in claim?7, Hﬂﬁr "ﬂg and
cooki ng device conprises a tw n- scremllnterneshlng and orbtdtlﬁg m xer or
extruder, said cooking device conprises a double jacketed cylindrical

vessel encl osi Ng ah APPAIrERGES a3C e\ imead 1tnh@1@aaf Huih it ifnraGiwiect ed
bet ween the m xin and cookin deV|ce and t ok| 3§V|ce 9. An
apparatus as cFEMREASES & aioPeKkIng, ARYLSS Wals rﬁaﬁg & 6'8‘5‘121% i ce

conprises a singbkingrdwviﬁeextruder sai d cooki ng device conprises a
doubl e jacketed cylindrical vessel enclosing an Archinedes screw, and the

gear punp is connected between the m xing and _cooking device and the
cooki ng dew? ce8. An apparatus as claimed in claim 7, in which said

mixing and cooking device comprises a twin-screw
intermeshing and corotating mixer or extruder, said
cooking device comprises a double jacketed cylindrical
vessel enclosing an Archimedes screw, and the gear pump

10 is connected between the mixing and cooking device and
the cooking device.

9. An apparatus as claimed in claim 7, in which said
mixing and cooking device comprises a single-screw

15 extruder, said cooking device comprises a double jacketed
cylindrical vessel enclosing an Archimedes screw, and the
gear pump is connected between the mixing and cooking
device and the cooking device.



