1'Met hod and device for manufacturing frozen aeratJ%Tngaue?Et*he I nvention
concerhs frozen aerated products, .a method for manufacturing sane, and a
device for inplenenting the nmethod. 5 A conventional nethod for _
manuf acturi ng frozen aerated products, in particular ice cream conprises
operations for mxing, honogeni zing, pasteurizing, freezing and hardening
the m xture to be frozen. Aeration of the mxture or expansion is carried
out at the freezing stage in a proportion such that the vol une increases by
70 to 120% mMabodnadubﬁcé.ﬂ:rma:imani-ingfﬂﬁ&hﬁem&édpm&s, the tenperature
of the aerated mass is typically [err] This is then hardened at [err] in
a hardeni ng chanber, until the core tenperature of the product reaches

[err] or |ess . pr or [err] for extrude ] ars. '
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freezer, for lgevice fofaflétfierfing eMem&Kogavi ng and with the aimof inproving
Its texture, for exanple in tﬁe sense of greater snoothness. However, wth

convent i ofal equi pment, insurnountabl e problenms of high viscosity of the
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at around 20 [err] and the second, beflng specially designed to process
t he highly vi sowduretads fingermsAeratibroofthe ntixtutecoriespansionas ¢avried outrali thedreeing

. Simlarly, EP-A-0561118 descri bes a,three-stage t hod f rQduci ng i ce
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is then hardened at -40 to -45°C in a hardening chamber, until the core temperature of the

product reaches -18°C or less for bulk products or -30°C for extruded products in bars.

Attempts have been made to lower the temperature of the mass on leaving the freezer, for
15 reasons of energy saving and with the aim of improving its texture, for example in the
sense of greater smoothness. However, with conventional equipment, insurmountable
problems of high viscosity of the mass of ice cream at temperatures below -7 to -8°C are
encountered. These problems have been in part resolved by using two scraped surface
freezers in series, the first, which is conventional, delivering aerated ice cream at around
20 -7°C and the second, being spécially designed to process the highly viscous mass so as to

lower its temperature to around -10°C.

Similarly, EP-A-0561118 describes a three-stage method for producing ice cream at low
temperature, down to around -20°C. This is an output temperature at which the

25 hirdening stage can be completely eliminated for bulk products and appreciably shortened
for extruded products. In the first, so-called pre-expansion, stage, air is incorporated into
the mixture to be frozen at a positive temperature. In the second, the aerated mass is
cooled in a scraped surface exchanger, emerging at around -6°C. During the third, a screw

device cools the mass to around -20°C.



for, extruded products. In the first, so-called pre-expansion, stage, air is
i ncorpbrated into the mixture to be frozen at a positive tenperature. In '
the second, the aerated nass is cooled in a scraped surface exchanger,
emerging at around [err] During the third, @ screw device cools the mass to
around [err]. 2 US- A- 5024066 concerns a two-stage system In the first,
a pre-expansion takes place during which air is added to the mass to be
frozen at a positive tenperature. In the second, the aerated nmass is

cool ed, by nead§-A{5024064rconcernsietvestagesysient In thefingt @peetespansion takes plaesd
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nmass in one stagfacefittpd withacraperdilaiesion its periphery| & a sufficiemlyriow negativef snal | er
size than _the 10 known devices, and thus to sinplify the | owtenperature

freezing fret homweﬁ%WW@Mﬁﬁ&g@Wthﬁéaéﬁﬂblpmﬁdﬂl%‘%&ﬁhép Enites
ment i oned pr ev"g“g{f‘égdé%&%ﬁh@mﬁf@ concerns a nethod for manufacturing

frozen aerated pro a conposition to be frozen is m xed,
aerated, frozen and cooled to a tenperature equal to 15 or less than
[err], and passed through a nozzle, characterised in that these operations
take place i n Eheais efithe presentinventian intp earryonit the epsrasions af expansien androgolieg of
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advantage of the energy and texture benefits mentioned previously.

The invention concerns a method for manufacturing frozen aerated products, in which a
composition to be frozen is mixed, aerated, frozen and cooled to a temperature equal to

15 or less than -8°C, and passed through a nozzle, characterised in that these operations take
place in one stage only in a single device composed of two parallel endless screws, turning
in the same direction while meshing with each other and located in a casing fitted with

aeration and cooling means.

20 It has been noted with surprise that it was possible to aerate, mix, cool and extrude a
composition for ice confectionery in a single stage while obtaining a frozen aerated
product at low temperature of improved and stable texture whereas one might have feared
that the texture of the frozen composition might be impaired during processing in a twin-
screw device. This is not obvious, since the known methods make provision for the

25 aeration to take place prior to cooling in a separate device and for the cooling resulting in

freezing to be carried out at least partially in a device equipped with scraper blades.

In order to use the method, a composition for ice confectionery is prepared in a
conventional manner, for ice cream, low fat ice cream or sorbet based, according to the

30 recipe, on milk, skimmed milk, cream, condensed milk, milk powder or butter oil, to



aeratiqh and cooling neans. 20 It has been noted with surprise that it
was possible to aerate, mx, cool and extrude a conposition for ice"
confectionery in a single stage while obtaining a frozen aerated product at
| ow t enperature of inproved and stable textgre whereas one m ght have
feared that the texture of the frozen conposition m ght be inpaired during
processing in a twin- screw device. This is not obvious, since the known-
met hods make provision for the 25 aeration to take place prior to

cooling in a s&pichisadded sucreseaghicese; fruih dextrose,ifuit pulss and stabjlizing iydeamiloigs t o
be carried out _at least partially in a device equi pped w.th scraper bl ades.
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.ingredients in the proportions reci pe, pas Zi ng,
cooling, then tu00°C)drengaipositiog istlideed o maturdfor S61é EmeQe s ieMperafiire. carri ed
out, allowing a reduction of the nmean fat globule size to around 8-20

ni crons. Aft er HoB9Benigng prd matwsng atecpsionalsteps.o a | ow tenperature, close to
[err], the conposition is allowed to mature for sone tine at this

t enperature. Honogeni zing and nmaturing are optional steps.

10 This matured mass is referred to in the remainder of the description as the "mass to be

frozen". It is introduced, preferably at around 2-5°C, into a twin-screw freezing device,

which will be described in more detail below, in which it is mixed by the co-rotating

screws turning at high speed, preferably at 100-600 r/miﬁ, conveyed to an air injection

area where it is expanded to 20-150% overrun, highly cooled, to -8 to -20°C, and then
15 forced through a nozzle. |

The work in the twin-screw device is surprisingly carried out without excessive shearing,
so that the rise in pressure does not exceed around 50 bar at tﬁe nozzle. The product
emerging is characterised by a mean ice crystal diameter of 10 to 30 microns, which is

20  appreciably lower than can be obtained with conventional freezers, and by a mean fat
globule size of around 8-20 microns. The result of this is an improved texture in the sense

of greater smoothness and greater creaminess.

The invention also concerns a device for implementing the above method, comprising two
25 endless screws, identical and parallel, meshing with each other and turning in the same
direction, located in a casing fitted at one of its ends with an extrusion nozzle and at the
other with means for feeding with the composition to be frozen and, in an intermediate
area, with means for feeding with air, the casing being provided with a jacket in which
refrigerating fluids circulate. '
30



10 "This matured nmass is referred to in the remainder of the descri ption

as, the’"mass to be frozen". It is introduced, preferably at around [err],

into a twin-screw freezing device, which.-will be described in nore detail
below, in which it is mxed by the co-rotati4g screws turning at high
speed, preferably at 100-600 r/mn, conveyed to an air injection area where
it is expanded to 20-150% overrun, highly cooled, to [err] and then 15
forced through a nozzle. The work in the twi n-screw device is surprisingly
carried out w tFheiwoendlesssicrawsghayhaive syccessive lsegmentewhérs ¢he form of thescrewdoe s

not exceed around 50 bar at the nozzle.. The oduct, ener gi S . .
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i s an i nproved ttapspart, eniking { duttingeand eompregsingibperations of theanass towhrds thenezzle and
cream ness, The invention also concerns a device for inplenenting the above
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10 The casing is fitted with cooling means composed of a double envelope with, preferably,
an independent cooling circuit per segment, with valves for controlling the flow rate of

refrigerating agent which allows individual temperature regulation of each segment.

Air may be injected by means of flow meters through pipes at different points on the
15 casing, and preferably in the second half of its length, and preferably on each side of the
latter. In this way, preferably, 80 to 150% overrun may be achieved.

The nozzle is, preferably, in the form of a counter-cone, the function of 'which is to
combine the spaces surrounding each screw into a single output aperture. Its output may
20 be horizontal or vertical. The geometry and dimensions of the nozzle or, where
applicable, the diameter and length of any output pipe which may be associated with it, are
designed to provide a back pressure of around 4 to 50 bar, and preferably 4 to 25 bar.
The back pressure may be adjusted by means of, for example, a ball valve downstream of
the pipe in question, for example in the case of an output temperature of the product close
25 to the low limit, in which case the diameter of the output pipe must be increased to .
compensate for the drop in pressure due to the head loss caused by the increase in
viscosity when the temperature of the mass falls. The nozzle may, preferably, be cooled,

for example by means of a jacket in which a cooling fluid circulates.



The two endl ess screws may have successive segnents where the formof the
screws' varies fromone segnent to another, for exanple fromthe point of
view of the orientation of the threads and their pitch..The configuration
of the screws is arranged to effect the tramsport, mxing, cutting and
conpressing operations of the mass towards the nozzle and 5 to pronote
the incorporation of gas so as to obtain good expansion. Provision may be
made for internediate areas for stirring, for exanple by neans of
mono- | obed and The devichangonling-to the invertioniis deserilsedi i mion¢ detail bélow iwith reference to
conveying effegt, or negative orientation, having a_ backing-up effect, or a
" segnent with r&RFACLRME dﬁ?‘Y’B&B‘Yﬂ&Yl %t%a@rz ﬁ@dﬂb‘?"ﬁ@b’ The casing is
fitted with cooling neans conposed of a double envelope with, preferably,
an i ndependent cooling circuit per segnent, with valves for controlling the

flow rate of r Eigurgbisa schematiporiéw whéxplodet berspectine b ihe devicé s Eigwre risa

r egul atiorg of eehch segnent. Air, may be injected by neans of flow neters

t hr ough pi*pes &% W‘?BF@’YF"SB&FWPEO thecaging gong AdgigiFigpre dnd preferably in
the second half of its length, and preferably on each side of the latter.
In this way, preferably, 80 to 150% overrun may be achi eved. The nozzle is,

preferably, inAshtayfterssemin Rigute 1) 1the deviéd\omprises it &ithusion 8Erews i1 Glid RS ideRtical
conbi ne the spaces surroundi ng each screw into a single output aperture.

I'ts out put nmyapdparallelsetatisg abeuttheir axis and tuining in thersamgalineetiony deives by a motor,
di nensi ons of e zzle or ere, applicable, the diapeter and | ength of
any output pi péwgﬂ I}g\?sﬁfgw\ggsaf}ggﬁgﬁow‘%‘qﬂ?“ﬁ‘gg’ 8’@#3‘&%6‘ Siast gﬂpﬁé a
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pressure may be adjusted by neans of, for exanple, a ball valve downstream
of the pipe i naiggesl andwhichendswitinp nezzle6 inplatefioren.of an out put tenperature

of the product close 25 tothe lowlimt, in which case the dianeter of
t he out put pipe nust be increased to conpensate for the drop in pressure

due to the heaghb e Hnifiledtind 160 thﬂ:%l'?@&%rﬂeﬂ'gs F1 to F9, modifiable from the screw
configuration point of view, associated with which are individual cooling circuits 7 for
15 corresponding jackets carryihg a water-alcohol mixture, with individual adjustment of the
flow rate by means of valves 8. Aeration takes place through the air inlets 9 on each side
of the casing and the air is injected by a piston fitted with a mass flowmeter. The air flow
rate is adjusted individually by valves 10.

20 Ina variant, not shown, the nozzle 6 is provided with a jacket where a cooling fluid also

circulates, the flow rate of which can be adjusted individually.

At the output end of the casing 3 and nozzle 6, a pipe 11 serves as a pre-expansion area.
The pipe 11 is provided with a ball valve 12 for controlling the back pressure and the

25 residence time of the mass in the'casing.

Let L be the total length of the segments of one of the screws 1 and 2, which represents
the active length of these screws, and D the diameter of one of the screws 1 and 2; the

_ ratio L/D is of the order of 30 to 60.
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viscosity when the tenperature of the mass falls. The nozzle may, _
preferably, be cooled, for exanple by neans of a jacket in which a cooling
fl.uid circul ates. 5 The devi ce according to the invention is described
in nore detail below with reference to the agconpanying draw ng, given by
way of exanple and-in which: Figure 1 is a schematic view in expl oded
perspective of the device and Figure 2 is a 5° schematic transverse
section of the casing along AAin Figure 1. As nay be seen in Figure 1, the
devi ce conpri sds Figuse 3xit candieceersthatthe casing2iha, ani interral matallizredvelapeall el

rotating about their,axis and turping in the sanme direction, driven by a
not or, not shoW°%n%@F§a§‘“Pf]é‘rﬁrE%%%§W§ hand 2 {not shoven) apd ian extegnal

at its start ‘a pld far ] Y| L e
provided with a noﬁ‘-: ré%vtjetijbrp 5 1\éa v%tgig %{%dn‘%é% %féngéelg\% gjr)l?i}b%ﬂ]&géﬁée%ds
with a nozzl e Goblingfluid eirfulates inTheclannél g betweeh iticewallsi formed0dy thereh es 13
segnents F. 1 to F9, nodifiable fromthe screw configuration point of view,
associ at ed® wi t BHPch are individual cool i ng circuits 7 for 15

correspondi ng jackets .carrying a water-al cohol m xture, wth individual

adj ust nrent of t flowrate.b ans qof valve ... Aeration. takes plage

Tt ough the i rTemeepdd Eetbfind! o TRe etton if ieseSbedin oz geetlin B FRap el Telont e
by a piston fit ] iMR&St b whib@w rate i s adjusted

i ndi vi dual | y byéi?glaye‘gﬁlcg.l 20 m;d'llnﬂgg&?g’?t?%ér%?,r%%? Shown, the nozzle 6 is

provided with a jacket where a cooling fluid also circulates, the flow rate
of which i:gtn be adjusted individually. _

Example 1

A composition to be frozen of low freezing point, containing 8.5% lactic fat (in the form
of cream at 35% fat content), 11% non-fat milk solids, 12 % sucrose, 6.4% glucose syrup
15 (of dextrose 40 equivalent), 1% dextrose, 0.47% partial glycerides as tabilisers/emulsifiers
and O .4% vanilla flavouring, was prepared. The total solid content of the composition
was 39.15%, the balance being accounted for by water. The mixture was homogenized in
two stages at 135, then 35 bar, was pasteurized at 86°C for 30 seconds, cooled to 4°C
and stored for 24 hours at this temperature. This composition was introduced into the
20 device under the operating conditions indicated in the examples below.
- Configuration of the screws 1 and 2
Segments F1 " F2 F3 F4 FS F6-F7 F8-F9
Type of screw T T T MIC T Cco Cco
With T: Transport, M: Mixing C: Shearing and CO: Compression

- Injection of air : at 9 from a single side in F5
25 - Flow rate/temperature of the composition to be frozen: 1 l'kg/h in F1/10°C
- Inlet temperature of the refrigerating fluid:-17°C
- Rotation speed of the screws: 600 rev/min
- Diameter of the nozzle (without pipe or output valve): 1.2 mm
- Temperature in the casing segments and the nozzle plate:



At the output end of the casing 3 and nozzle 6, a pipe 11 serves as a

pr e- expansion area. The pipe 11 is provided with a ball valve 12 for
controlling the back pressure and the 25, residence tinme of the nass in
the casing. Let L be the total length of’ the segnents of one of the screws
1 and 2, which represents the active length of these screws, and D the

di ameter of one of the screws 1 and 2; the ratio L/Dis of the order of 30
to 60. 30 6 | 1ISegrh@its € 2, it BhR2be s@en t haf4-Phe casi nBlatd&as an

i nternal netall iﬁ_envel 0 3 suyrroundi Rg t he cﬁannﬂe 14 for passage of the
screws 1 and 2 ( ng'ﬂﬁ‘#cénd 8% er %P net 9% envel Spe 15 nai nt ai ned
at a distance fromthe envel ope 13 by struts 16. A cooling fluid circul ates

in the channel 17 between the walls forned by the envel gp 13 5 and 5.
The method athefemperaturepfithe-mass ptthe putputiof thenozzle § 3as +10. gﬁﬂé‘@'ﬂ‘ t he

exanpl es bel @h' Mefte SYvoliihie bek ‘;%r@%g'?grlﬂ,i}aqngg)[cent ages are by weight.
10 &% W Vit anp 1 A’conposition to be frozen
of low-freezing point, containing 8. 5%l actic fat (in the formof cream at
35% f at ,cont gnt 11% non=fat mlk solids, .12 0 ' %‘QF se syrup
15 (51‘ deiﬁ%@@%ﬁ%@l%&ﬁ%mwﬁ&é}ﬁ%al g yﬁgri des as
tabi | i ser s/ econvedtionsimmnneed O . 4% vanilla flavouring, was prepared. The
total solid content of the comnposition

Ezample 2

10 In this example, the composition for freezing was the same as that of Example 1 and the

operating conditions were as follows: '

- Configuration of the screws 1 and 2 ,
Segments F1 F2 F3 F4 FS F6-F7 F&-F9 -
TypeofScrew T ™™ ™ M/C T Co CO

With T: Transporst, M: Mixing, C: Cutting and CO:Compression
15 - Injection of air : at 9 from both sides in FS and FS, that is by means of 4 pipes witha
flow rate of 7.8 Vh _
- Flow rate/temperature of the composition to be frozen: 10 kg/h in F2/10°C
- Inlet temperature of the refrigerating fluid: -25 to -28°C
- Rotation speed of the screws: 600 rev/min '
20 - Diameter of the nozzle, with pipe 11 and outlet valve 12: 10 mm
= Temperature in the casing segraents and the nozzle plate:
Segments F1-F2 F3 = FaF9 Plate 6
Temperature (°C)  +8to+12 8to-9  -10to-14 -12
The temperature of the mass at the outlet of the nozzle § was -8 to -10°C. The overrun
was 80 to 100%. The mean ice crystal diameter measured by optical microscopy at -10°C



was 39.15% the bal ance being accounted for by water. The nixture was
honogeni zed in two stages at 135, then 35 bar, was pasteurized at [err] for
30 seconhds, cooled to 40C and stored for 24 hours at this tenperature. This

conposition was introduced into the 20 gevi ce under the operating
conditions indicated in the exanples below - Configuration of the screws 1.
and 2 Segnents Fl F2 F3 F4 F5 F6- F7
F8-F9 Type of screw T M C T CO CO

Wth T: Transpandat IQOO-N/ISQO mggﬁﬁcmbeems 26§ micron CThe Geap fat giobule dianetgremedsoredof
air: at 9 fro ngle.side in F5 25 ~ - Flowrate/tenperature of the
conposi tion tgf)yglgsqrrsgapgwg llégslﬂ“’r‘?f"[err] - Inlet tenperature of the
refrigerating fluid:- [err] - Rotation speed of the screws: 600 rev/mn -
D aneter of the nozzle (wthout pipe or output valve): 1.2 mm- Tenperature

in the casing Thepmdae obtainedtad acmobthepamt ereamier texfuee than Tieprodunremadaina  of
t he mass gt t he out PUt of the nozzle 6 was [err]. The overrun was 65%

(i ncrease’in vEMYRRIGRALMARNEE hect to the non-serated nass). 5 The product
obt ai ned had a snoother and cream er texture than the producte nmade in a
ci nventional manner. '

Examples 3-6

It was proceeded with the same composition for freezing as in Example 1, with the screw
10 configuration and under the same conditions as in Example 2, apart from:
- The flow rate of the composition to be frozen: 9.5 kg/h,
- The temperature in the segment F2: 4.5 to 5.5°C,
- The temperature of the refrigerating fluid at the inlet of the casing cooling circuit: 26.5
to -27.5°C.
15 Another difference was that the rotation speed of the screws was varied, as shown below.

The following parameters were recorded for the products emerging:

Example 3 4 5 6
Speed (r/min) 600 300 200 100
Output Temperature -8.5 -10 -11 -12.2
(°C) '

Overrun (%) 90 90 85 80
Pressure at plate 6 (bar) 2 7 11 23

The mean ice crystal diameter measured by optical microscopy at -10°C and at 1000-1500
magnification (Dc, micron) and the mean fat globule diameter measured by laser scanning

20 (Dg, micron) obtained were:
Example 3 5 6
Dc 13 26 19

Dg 8.44 17.17 14.02



Example 2 10 In this exanple, the conposition for freezing was the sane
as that of Exanple and the operating conditions were as follows; -
Configuration of the screws 1 and 2 8 and at 1000- 1500 magnification
was 25 mcron. The nmean fat globul e di aneteg neasured by | aser scanni ng was
11.3 micron. The product obtained had a snoother and cream er texture than
the products nmade in a 5 conventional manner. Exanples 3-6 It was
proceeded with the same conposition for freezing as in Exanple 1, with the
screw 10 c oHi¥ ¢vgTi case, dhe products dbtained bads @ smoatbercingdicosasniersexturefhambee 2,
apart from - Tk(\)% ition to be frozen: 9.5 kg/h, -

flow,rate of the conpos
The tenperatur@rlﬁﬁﬁgdnge’ﬁ?“aﬁm% [err], - The tenperature of the

refrigerating fluid at the inlet of the casing cooling circuit: -26.5 to
[err] 15 Anot her difference was that the rotation speed of the screws
was varied, as shown below. The follow Egampleame8 ers were recorded for the
products smergi ng: Exanpl e ' 3 4 5

6 Speed (P/mn) _ 600 300 200 100

It was proceeded with the same composition for freezing as in example 1, with the screw
configuration and under the same conditions as in Example 2, apart from:
- The flow rate of the composition to be frozen: 9.5 kg/h,
- The temperature in the segment F2: 3°C,
10 - The temperature of the refrigerating fluid at the inlet of to the casing cooling circuit:
-25.9t0 -27.1°C,
- The rotation speed of the screws, that is 600 r/min in Example 7 and 100 r/min in
Example 8,
- at the outlet of the nozzle, a pipe 11 of 20 mm diameter and a ball valve 12.
15 |
In the case of Example 7,. the outlet temperature of the product was -8.4°C and the
overrun 90%.
In the case of Example 8, the outlet temperaturé of the product was -12.4°C, the overrun
80% and the pressure at the nozzle 9 bar. The mean ice crystal diameter measured by
20 optical microscopy at -10°C and at 1000-1500 magnification (Dc, micron) and the mean

fat globule diameter measured by laser scanning (Dg, micron) obtained were:

Example 7 8
Dc 23 24
Dg 10.35 13.35

In every case, the products obtained had a smoother and creamier texture than the

25 products made in a conventional manner.



OJtput Terrperature -8.5 -10 -11 -12.2 [err] Overrun
(% ' 90 90 85 80 Pressure at plate 6
(bar) 2 7 11 . 23 The -nean ice crystal dianmeter .
measured by optical mcr oscopy at [err] andygt 1000- 1500 magnification (Dc,
m cron) and the nean fat gl obul e di aneter neasured by Iaser scanni ng 20
(Dg, micron) obtained were: Exanple -3 5 6 Dc
13 26 19 Dg 8.44 17. 17 14.02
9 In every case, the products obtained hEdampke®ot her and cream er texture

than the produﬁlﬁ made in a conventional manner. Exanples 7-8 5 It was
proceeded with é””éé’ﬁ@d yctpdynger the gonditions,of Example Js apast fomthe following t h t he

screw confi gur under the sanme conditions as in Exanple 2, apart
from - The flow rate o"f the conposition to be frozen: 9.5 kg/h, - The
tenperature in.the segnent F2: [err], 10 - The tenperature of the

refrigerating fluid at the inlet of to the casing cooling circuit:
5 ~ Configuration of the screws 1 and 2

Segments F1 F2 F3 F4 F5 F6-F7 F8-F9
Type of T ™™ ™ M/C M/C CcO Co
Screw

With T: Transport, M: Mixing, C: Shearing and CO: Compression

10 - Injection of air : at 9 from both sides in F5 and F6, that is by means of 4 pipes with a
flow rate of 9.9 I/h.
The outlet temperature of the product was - 8.5°C and the overrun 100%.
The mean ice crystal diameter measured by optical microscopy at -10°C and at 1000-1500
magnification was 26 micron.

15 - The mean fat globule diameter measured by laser séanning was 8.82 micron.
Examples 10-11

In these examples, where a composition for freezing prepared in the same way as Example
20 1 was used, the following operating conditions were applied:

- Configuration of the screws 1 and 2 |

Segments | F1 F2 F3 F4 F5 Fé6 F7 F8 F9

Type of Screw T ™ TM MC T €O MCO M/CO CO

With T: Transport, M: Mixing, C: Shearing and CO:Compression
- For example 10:

25 - quantity of incoming product 10 kg/h



-25.9°to -27. [err]-- The rotation speed of the screws, that is 600 r/mn
in Exanple 7 and 100.r/min in Exanple 8, - at the outlet of the nozzle, a
pl pe 11 of 20 nmdianeter and a ball valve 12. 15 In the case of Exanple 7,
the outlet tenperature of the product was [grr] and the overrun 90% In the
case of Exanple 8, the outlet tenperature of the product was [err] the
overrun 80% and the pressure at the nozzle 9 bar. The nean ice crystal

di anet er measured by 20 optical mcroscopy at [err] and at 1000- 1500
magni fi cati on { Onjectiorcofiax): through 9 of the drsidesin BS arud Fég bglmam«iﬁMmmmmswdtHw

| aser scanni ng (tP%v F‘fg&n) obt ai ned were: Exanple

8 Dc 24 Dg 10. 35
13.35 In every, ‘pap{ﬁ 0 had a snoot her and cream er
‘texture than the gg é rodugtgésr%%géeﬂ/ﬁﬁp conventi onal rmanner. 10

Exanple 9 This VGaolmgmfmeEZtmEQbytrhﬁstUflaCﬂ'e‘emgﬁqmﬂtcEWHBB‘ECY, apart from
the followi ng characteristics:
5 The exiting temperature of the product was - 11 5° C with a 100% overrun.

For example 11:

- Quantity of incoming product 10 kg/h

- Injection of air: through 9 of the 2 sides in F5 and F6, by means of 4 conduits with a
10 flow of 13 g/h

- Rotating speed of the screw: 100 r/min

- Cooling of areas F2 to F9 by means of a freezing liquid to -30/-35° C.

The exiting temperature of the product was -14,5°C with a 90% overrun.

15 The products obtained had a smoother and creamier texture than the products made in a

conventional manner taken as a reference.

Accellerated ageing was created by means of thermal shocks in a heated stove,
programmed with a cycle of temperatures simulating the conditions to which these

20 products are subjected during their distribution in the chain from freezer to the consumer.

The mean diameter of the ice crystals measured by optic microscope at -10°C was up to
1000-1500 (D¢, micron) and the mean diameter of the fat globules measured by laser

scanning (Dg, micron) obtained was:

25 Example 10 11
Dc before ageing - 18 19
Dc after ageing 57 77
Dg - 437 7.89

As a comparison, the corresponding values for the reference were:



5. Configuration of the screws 1 and 2 Segnents . F1 F2 '
F3 ' F4 F5 F6- F7 F8-F9 Type of T T/ M T/ M

MC M C CO CO Screw Wth T: Transport, M Mxing, C
Shearing and CO Conpression 10 - Injectipn of air: at 9 fromboth sides

in F5 and F6, that is by neans of 4 pipes with a flowrate of 9.9 1/h. The
outlet tenperature of the product was - 8.50C and the overrun 100% The
mean ice crystal dianeter neasured by optical mcroscopy at [err] and at
magni fi cati on waPchefon¢ ageing: 285  The nean fat gl obul e di aneter neasured

by | aser scanni nﬁ s 8.82 micron. Exanples 10-11 In these exanples, where
a conposition fo Ere%q{'& g)f’epar ed in the sane way as Exanple 20 1 was
used, the foll O\Abggo'gp_erati ng conditions were applied: - Configuration of
the screws 1 and Segnents - F1 F2 F3 . F4 F5 F6 F7

F8 F9 Type Kho®ingahat the destabilifdtidn of the\fats déhtzibutes To the faXy perobtion dflafRe CO
Wth T: Transport, M M xjng,, C Shearing and CO Cor&pressi on - For exanple
10: 25 5 - qEFeHP s nofed thatinithage ecaeasns prepargd ccording 1o the ivention, the level of

destabilisation of the fats was always greater than in the case of conventional products.

Example 12

10 In this example, a mixture of low fat ice cream, containing 5% fats, was used. The
preparation consisted of mixing 14.28% cream with a 35% fat content, 8% non fatty milk
solids, 15% saccharose, 3.303% glucose syrup (dextrose equivalent 40), 1% dextrose,
0.5% partial glycerides as stabilisers/emulsifiers and 0.4% vanilla essence. The total
percentage of the selids in the composition was 33.06%, the rest was water. The mixture

15 was then homogenised in 2 stages at 224, then 40 bar, it was then pasteurised at 86° C for
30 s, it was cooled at 4° C and stored for 24 h at this temperature.

This mixture was placed in the freezing device in the same operating conditions and
configuration of screw as those given for Example 10. The temperature of the mass upon

20 its emergence from the extruder was -11.5% and overrun was 100%.

The ice cream with a low fat content had a very creamy texture. The freshly prepared
product as well as that which had undergone accelerated ageing were compared with
other referenced products which had been subjected to similar constraints. The tasters

25 found that the products freshly prepared according to the invention gave a slight sensation
of cold, had a fattier texture and had less crystals.

The mean diameter of the ice crystals measured by optic microscope at -10°C was up to
1000-1500 (D¢, micron) and the mean diameter of the fat globules measured by laser

30 scanning (Dg, micron) obtained was:



- Injection of air: through 9 of the 2 sides in F5 and F6, by neans of 4
conduicts with a flow of 12 g/h - Rotating speed of the screw 300 r/mn -
Cooling of areas F2 to F9 by neans of a freezing liquid to [err]. 5 The
exiting tenperature of the product was [errj3with a 100% overrun. For
exanpl e 11: - Quantity of incom ng product 10 kg/h - Injection of air:
through 9 of the 2 sides in F5 and F6, by neans of 4 conduits with a 10
flow of 13 g/h - Rotating speed of the screw. 100 r/mn - Cooling of areas
F2 to F9 by neans of a freezing liquid toExample.12The eXReférempet enper at ure of
t he product waﬁ &g{orélr wth a 90% overrun. 15 The prqoducts obtained had a
snmoot her and cV€ g% ure than the prdfucts made i #%a conventional
manner taken & nce. Accel |l eratedgagei ng was crggated by neans of

t her mal shocksﬁl‘:%ﬂg%g ed stove, progr amGTZd with a cycﬁqe of tenperatures
sinmulating the conditions to which these 20 products are subjected
during their distribution in the chain fromfreezer to the consuner. The
mean di amBter of the ice crystals neasdsamme13déic i croscope at [err] was
up to 1000- 1500 (Dc, mcron) and the mean di.aneter of the fat gl obules

measured by | aser scanni ng (Dg, micron) obtained was: 25 - Exa_rrpl o
ég . % 1 D thedeEaniplisbfie mixtures for sorbet Svere preparddinlthie fflloingrgginett To a

mixture at 60° C of 0.8% stabilisers (gelatine, carob gum), was added 29% sugar, 10%
ghucose syrup and 35% unsweetened puree of raspberries, a colouring and a raspberry

10 flavouring as well as a food grade acid of up to pH 3.2-3.4. The solid content of the
composition was 30.30%, the rest being water. The mixture was homogenised at 72° C in
one stage at a pressure of 50 bar, it was then pasteurised at 85°C for 30 min., cooled at

4°C and left standing for at least 4 h at that temperature.

15 The mixture for freezing was introduced into the device with the same configuration of
screw as that in Example 10. The operating conditions were the same as those for

Example 10, apart from the following:
- Injection of air: in 9 of the two sides in F5 and F6, being by 4 conduits with an outflow
20 of 2,5, 12 and 15 g/h.

- Screw rotation speed: of 100 and 300 r/min.

The following parameters were taken for the emerging products:

Example 13 14 15 16
25 Air Flow (g/h) 2 5 12 15
Speed (r/min) 100 100 100 300
Exiting tem- _
perature (°C) -16 -16 -16,5 -10,5
Overrun (%) 24 40 92 150

30



Dg ’ : 4. 37 7.89 As a corrpari son, the

' cofrespondi ng values for the reference were: 12 Dc before ageing: 28, Dc
at.ter ageing: 94, Dg: 0.91. Knowi ng that the destabilisation of the fats
contributes to the fatty perception of an igg 5 cream it is noted that

in those ice creans prepared according to the invention, the |evel of
~destabilisation of the fats was always greater than in the case of
conventional products. Exanple 12 10 In this exanple, a m xture of |ow
fat ice cream Thetdxaims ofthe psddacts obtaimed vernithded bete ¢ff theserof ideotreans) despiRdh®f
m xi ng 14.28% cre W th 35% fat content, 8% non fatty mlk solids, 15%
saccharose, 3 ﬁﬂ"?ﬂrgﬁ?’{%&gg“tsyrup (dextrose equival ent 40), 1% dextrose,

csoenbe. he P AHEfisd e Ak b sBBECGRHIaH el pfhoscdh 1 Ble coventigna)
the rest was wadanner, gve ita kbsgotd diaracter)\the nidpéR hin® 6P @RBIakEtheigheatest SR AfonIf

e
224, then 40 bar, it was then pasteurised at [err] for 30 s, it was cool ed

at [err] and sfass and the leastropghness of; theiserbstsinaenaresd actprdingtpthe dnvention, poth ferd

of screw ac.  naedreshlBrtibred iodRATa MGl SERoRdhich bR B idPhadaliner 20

Its enmergence fromthe extruder was -11.5% and overrun was 100%

Examples 17-19

10 Example 17: It was proceeded in Example 10 with homogenisation, but the maturation
stage was cut out.
Example 18: It was proceeded in Example 10, but the homogenisation stage was cut out.
Example 19: It was proceeded in Example 10, but the homogenisation and maturation

stages were both cut out.

15
Tastings of the newly prepared products as well as structural measures (size of crystals,
destabilisation of the fats) on products freshly prepared and after ageing showed only
minor differences in relation to the same products which had been put through
homogenisation and maturation.

20

In the preceeding Examples, the method and the device were described in relation to the
manufacture of iced mixtures without specifying that one could also process by co-
extruding, various ice creams or different coloured and flavoured sorbets and thus obtain
composite products, for example marbled.

25 Of course, the method would be applicable to the manufacture of frozen products such as
mousses, creams and sweet or savoury spreads, for example of cheese, vegetables, meat
or fish or with sauces or salad dressings. In these cases, the flexibility of the method
allows the adaptation of the incorporation of air in the mixture to be frozen more or less in
keeping with the degree of overrun required relative to the characteristics of the types of

30 products aimed for. |



The i ce crean1mnth a low fat content had a very creany texture. The freshly
prepared product as well as that -which had undergone accel erated agei ng
were conpar®d with other referenced products which had been subjected to
simlar constraints. The tasters 25 foundgst hat the products freshly
prepared according to the invention gave a slight sensation of cold, had a
fattier texture and had | ess crystals. The nean di.aneter of the ice
crystals measured by optic mcroscope at [err] was up to 1000- 1500 (Dc,

m cron) and t h&laimsn di ameter of the fat gl obul es measured by | aser 30

scanning (Dg, m cron) obtained was 13 Exanple 12 Ref erence Dc
bef ore agei ng 24 Dc after ageing

67 1. AStetfiod for man Wn aera p?ﬂl. n
t hese Exanpl es sone IT?X'[OJI‘ esu or s%r benwertgd ‘r°é‘8%‘?e I'n the OW}‘SSI’

manner: To a nifvozen is ntiked, aematedpfrofenSahdsdonlud tb aaempéramtedquakto of %ss thag8)C,
was added 29% su 10% gl ucose syrup and 35% unsweet ened puree of

raspberries,. a 89&?# thsoughep nozzlgs @bmeylsqd)m thatithese 9permtionsiakeplage in one stage d
d id of f th
30°30% the r e S, %@%@fe@%ﬁwﬁ i 38 b AL e RS, S B s 'S0

stage at a pregreétionafhifetnédiin F with ¢43R ofhee andlesdt&d /i aS&ﬁn%HttE&Mth abftios @nd
mn., cooled at [err] and left standing for at |east

tenperature. cooling means.

10 2. A method according to Claim 1, characterised.in that the composition to be frozen is
introduced at around 2-5°C into the twin-screw device, in which it is mixed by the co-
rotating screws turning at 100-600 r/min, conveyed to an air injection area where it is
expanded to 20-150% overrun, highly cooled, to -8 to -20°C, and then forced through a
nozzle.

15
3. Frozen aerated product without fat obtained by extrusion, characterised by a mean ice

crystal diameter of 10 to 30 microns.

4. Frozen aerated product containing fat obtained by extrusion, characterised by ice
20 crystals of a mean diameter from 10 to 30 microns and fat globules of a mean diameter

from 8 to 20 microns.

5. Frozen aerated product, susceptible to be obtained by working the method according to
claim 1 or 2.

25
6. Device for implementing the method according to one of Claims 1 and 2, comprising
two endless screws, identical and parallel, meshing with each other and turning in the
same direction, located in a casing fitted at one of its ends with a nozzle and at the other

with means for feeding with composition to be frozen and, in an intermediate area, with

| HR 0 A0



15 The mixture for freezing was introduced into the device with the sane
configuration of screw as that in Exanple 10. The operating conditions were

the sanme as those for Exanple 10, apart fromthe follow ng: - Injection of
air: in 9 of the two sides in F5 and F6, beilfg by 4 conduits with an

outfl ow 20 of 2,5,12and 15g/h. - Screw rotation speed: of 100 and 300
r/imn. The follow ng pararreters were taken for the emerging products:
Exanpl e 14 15 . 16 25 Ai rFl ow (g/.h)

2 5 mgans for i@d@sé@ﬂr ai; thei qaying being proydied withogjacket rpwhich refijgerating
EX|t|ngtem p rr -16 -16 -16,5 -10,5 Overrun (%

24 ﬂ@L%Sﬂég 14 The textures of the products obtained

rem nded one of those of |ce creans, despite the total absence of fat. The
taste conparison with a sorbet of the sanme conposition prepared in the
conventi onal né#niRevice gemdmg taclpigs6, ohaﬂadtemaylrlachaé the tmoeendbsmem presept
crystals, (the greatest sen s and t | east rou hnes of

The’ sor bets. or SRR RBHRRs HHSEaRs haPs oAbt SrEl vaen Hom ghe segment b the othe?

_from the point of the orientation of the dies and of their movement, the configuration of
the screw is.designed to effect the operations of transport and mixing., shearing and
compression of the mass towards the die and to promote the incorporation of gas so as to

obtain a good overrun,

10
8. Device according to claim 7, characterised by the fact that, L being the total length of
the segments of one screw and D the diameter of one screw, the relation L/D is in the
order of around 30-60 and the screws comprise intermediate areas for mixing by means of
mono-jobe or bi-lobe discs with a positive orientation, having a conveying effect, or

15 negative orientation, having a backing-up effect, or a segment with reverse screw pitch

inducing a backing up.

9. Device according to claim 6, characterised by the fact that the nozzle is equipped with
cooling means made up of a double envelope with an autonomous cooling circuit per

20 segment, that the die is, where necessary, equipped with cooling means, with safety valve
for controlling the distribution of the freezing agent, which permits an individiual

regulation of each segment and, where necessary, the temperature of the die.

10. A device according to claim 6, characterised by the fact that the air is injected by
25 means of conduits at different levels of the casing of the 1/2 to 4/5 of its length, preferably

on each side of said casing.

11. A device according to claim 6, characterised by the fact that the die is in the form of a
counter-cone, the function of which is to combine the spaces surrounding each screw into

30 a single outlet pipe and that the outlet is vertical or horizontal.
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the-freshly prepared products as well as for those which had already

under gone agei ng. Exanples 17-19 10 Exanple 17: It was proceeded in
Exanpl e 10 wi th honogeni sation, but the maturation stage was cut out.
Exanple 18: It was proceeded in Exanple 10, put the honogeni sation stage
was cut out. Exanple 19: It was proceeded in Exanple 10, but the: '
honogeni sati on and maturation stages were both cut out. 15 Tastings of the
new y prepared P%odact_s as well as structural nmeasures (size of crystals,
dest abi | i sat i onlof B¢Hacerageargding;to slaimi i &t chafactesiséd/bynthe fiet et ﬁi&dliﬁﬁét&*anagéigﬂg
showed only mr I e ip relation to the same products which ha
been put thr ougﬁ'thgh%ég’gﬁ %ﬁﬁ’%‘i}&aﬂ V’ﬁﬁ?gﬂﬁ‘tm&ﬁ!‘mﬂf"ﬂq And peefenably 4 to 25
Exanpl es, the nteirland thand device SGwvisirRaid L REG [Qn to the
manuf acture of iced m xtures w thout sgglgi |£nd5 [ [gkg%%gdrg%h%d al so process
by co- extruding, various ice creans or different coloured and flavoured
sorbets and thus obtain conposite products, for exanple marbled. 25 o
course, the nethod woul d be applicable to the manufacture of frozen
products such as nousses, creans and sweet or savoury spreads, for exanple
of cheese, vegetables, nmeat or fish or with sauces or salad dressings. In
these cases, the flexibility of the nethod allows the adaptation of the
incorporation of air in the mxture to be frozen nore or less in keeping
with the degree of overrun required relative to the characteristics of the
types of 30 products ained for.
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15'c ainms 1. A nethod for nmanufacturing frozen aerated products, in whicha
conposition to be frozen is mixed, aerated, frozen and cooled to a
tenperature equal to or |less than [‘E?Q 5 and passed through a nozzl e,
characterised in that these operatibhs&ake place in one stage only in a
singl e device conposed of two parallel endless screws, turning in the sane
direction while nmeshing with each other and located in a casing fitted with:
aeration and cooling neans. 10 2. A method according to Caiml,
characterised in that the conposition to be frozen is introduced at around
[err] into the twin-screw device, in which it is mxed by the co- rotating
screws turning at 100-600 r/mn, conveyed to an air injection area where it
is expanded to 20-150% overrun, highly cooled, to [er™, an 5theq_forced
through a nozzle. 15 3. Frozen aerated proguct mﬁthoutL%§Q\Egtained by
extrusion, characterised by a mean ice cr{3uél 1@meter of to 30
mcrons. 4. Frozen aerated product contagmi :
characterised by ice 20 crystal s of ,a¥&e ip =0 30
m crons and fat gl obules of a nean dia : . S :
aerated product, susceptible to be obtai;ned
to . .




cl-akm|, or 2. 25 6. Device for inplenenting the nethod according to one of
Clains,1 and 2, conprising two endl ess screws, identical and parallel,
meshing with each other and turning Eﬂgyﬂgzsane direction, located in a
casing fitted at one of its ends w't zle and at the other with neans
for feeding with conposition to be frozen and, in an internedi ate area,

W th 16 neans for feeding with air, the casing being provided with a
jacket in which refrigerating fluids circulate. 7. Device according to
claim6, characterised in that the two endl ess screws present 5

successi ve segnents where the shape of the screw varies fromone segnent to
the other, fromthe point of the orientation of the dies and of their
novenent, the configuration of the screwis designed to effect the
operations of transport and m xi ng., shearing and conpression of the nass
towards the die and to pronote the incorporation of gas so as to obtain a
good overrun. 10 8. Device according to claim7, characterised by the fact
that, L being the total |ength of the segnents of one screw and D the

di anmeter of one screw, the relation L/Dis in the order of around 30-60 and
the screws conprise internediate areas for m xing by neans of nono-I|obe or
bi -1 obe discs with a positive orientation, having a conveying effect, or -

17
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15 - _negative orientation, having a backing-up effect, or a segnment with
reverse screw pitch inducing a backing up. 9. Device according to claim®6
claracterised by the fact that the nozzle is equipped with cooling neans
made up of a double envel ope with an autononmous cooling circuit per 20
segnent, that the die is, where necessary, equipped with cooling neans,
with safety valve fMETHRIINANDIDENIGE FOR MANBRAGTURINGO FROKENt ARRATER PRODULTROENT |,
whi ch permts an i ndi'vi diual regulation of each segnent and, where
necessary, .t he Abstiagt ature of the die. 10. A device accordlng to claim®6,
characteri sed by the fact that the air is injected by 25 means of
conduits at different levels of the casing of the 1/2 to 4/5 of its length,

preferably on oaeledicdtoret to._claimé6,

characterised by the fact atnﬁg‘?ﬁtnﬁgy&%eh?%&Fdnéﬁaﬁ&%%w?ﬁ%gé"égﬁﬂf31’ e,

the functl on ofidenticad land pal‘aﬂel,anedhmgemtlhacb pthRe andstuirifg Mthe SanfPdifection, Wéatddf O
ngl e outlet pe and_that the outlet is vertical or horizontal

é? 12. A ?eél lcé“%te tF&#8“%9%#%ﬁnﬂiwbmoaéle@ndstetheg§hetwghnmnsfoln&:edmuef
7 10 50 bar. acihseobostil «PhERodbant 15 el i Emictiald . et furtheie Wit e

pi pe adjusts t he the Chsiny mﬁglprewded with a jacket in which refrigerating fluids cxrculate.

Figure 1
10



