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(57) ABSTRACT 

The present invention relates to a method for producing a 
powdered porous product from at least one starting powdery 
and/or viscous product, characterised in that it comprises the 
continuous following steps without exposing the product to 
open air: a) preparing the starting product in order to make it 
Viscous; b) in athermo-mechanical machine (10) for continu 
ously realising transport and/or mixing functions of Viscous 
products or dry-material rich products, lowering the Viscosity 
of the Viscous product without changing its dry-material con 
tent, by intimate mixing with a gas injected into the process 
ing machine (10) and simultaneously initiating the porosity in 
the Viscous product; c) continuously with the processing 
machine (10), statically or dynamically intensifying the inti 
mate mixture of the Viscous product with a gas in order to 
obtain an aerated and porous mass; and d), dividing said mass 
in order to obtain aerated and porous particles. 
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METHOD AND EQUIPMENT FOR THE 
CONTINUOUS PRODUCTION OF A POROUS 

POWDERED PRODUCT 

0001. The present invention relates to a method and equip 
ment for the production of a porous powdered product from at 
least one pulverulent and/or viscous starting product. 
0002 Methods for producing powdered products are 
known which allow a viscous product to be dehydrated and, at 
the same time, converted into a porous powder. With these 
methods, powdered milk or rehydratable instant drinks, for 
example, are obtained. 
0003. This type of product exhibits a specific rheological 
behavior, which is characterized by exponential-type viscos 
ity curves, as a function of the content of dry matter, which 
exhibit a very marked reversal point above a specific content 
of dry matter. For example, for the skimmed milk presented in 
FIG. 3, the reversal point is located at about 50% dry matter. 
0004 Known technologies and methods which allow the 
product to be obtained below the reversal point of these 
curves can no longer be extrapolated beyond that point. 
0005. There is known from document CH-A-86838, 
which claims a method for continuously drying, on mats, an 
aerated liquid product of dairy origin having a maximum 
content of dry matter of approximately 48%. A particular 
disadvantage of this method is that it is limited in terms of the 
content of dry matter in order to comply with a relatively low 
viscosity which enables the quality of the product of dairy 
origin to be retained. 
0006. A known method is lyophilization or freeze-drying, 
which is a static method of drying or of removing water by 
Sublimation at low temperature and in vacuo. This method is 
intended for products in the liquid state but also for moist 
Solid products. However, it has the disadvantage of being very 
expensive and lacking productivity. 
0007 Also known is a method of drying by means of 
heated rollers which allows liquids or Solid-liquid Suspen 
sions to be dehydrated completely, but their viscosity must be 
low in order to allow them to be formed into a thin layer on the 
rollers. In general, the content of dry matter is limited. For 
example, the limit for milk is of the order of 50%. Moreover, 
the resulting powder is of low porosity and is not instantly 
rehydratable. 
0008. These known methods all have major disadvan 
tages. They are limited technologically by the viscosity of the 
product to be dried, that is to say by its content of dry matter, 
or they are limited in terms of the functionality of the finished 
product, especially in respect of instant rehydration. Finally, 
they are generally very expensive to carry out. 
0009. Another known method is drying by atomization, 
which allows more or less concentrated liquid products to be 
dehydrated. This method also has the disadvantage of being 
relatively expensive owing to investment costs and energy 
related operating costs. Above all, the method is limited by 
the viscosity of the starting product, which must be relatively 
low because the product has to be pulverized or atomized into 
very fine droplets in order that the heat-exchange Surface 
between the hot air and the product is as large as possible. 
These atomization conditions are limited by the viscosity of 
the starting product and therefore its content of dry matter. In 
the case of milk, the starting product has a maximum content 
of dry matter of the order of from 50 to 55%. 
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0010. In addition, it is not possible with this method to 
worka product having a high viscosity or a high content of dry 
matter which is difficult to transport in the various steps by 
pumping without employing very high pressures and there 
fore Sophisticated, heavy and expensive equipment. 
0011. In order to remedy those disadvantages, there is 
known from document WO 2006/032797 a method for pre 
paring a powdered product, starting from the product in the 
liquid State. In this method, continuous drying is carried out 
by thermomechanical treatment, using a thermomechanical 
treatment machine into which there are simultaneously 
injected the preconcentrated product in liquid form and a 
given proportion of powdered product from the same family 
as the preconcentrated liquid product, in order to obtain, after 
mixing, a viscous or pasty product in which the concentration 
of dry matter varies from 70 to 85% and is preferably from 80 
to 85%. The thermomechanical treatment machine therefore 
carries out mixing of the preconcentrated liquid product and 
of the powdered product from the same family according to 
an operation of plasticisation-mixing by shear in a laminar 
regime. 
0012. This plasticisation-mixing operation is feasible in 
purely technical terms, but it yields a final product which is 
markedly impaired in terms of its functional properties, espe 
cially in respect of its porosity and instant solubility. This 
impairment is all the greater, the higher the rate of incorpo 
ration of powdered product, owing to the impact of the 
mechanical shearing thereon. In addition, the injection of gas 
during a Swelling phase does not bring about a sufficient 
improvement to the functional properties of the final product, 
all the more so because the concentration of dry matter in the 
product is high. 
(0013 The problem to be solved therefore resides in the 
necessity of handling a very viscous product and of aerating 
it while structuring its porosity. 
0014 That problem is easily solved in the case of low 
viscosity products but is very difficult to solve in the case of 
very viscous products. 
0015 There is therefore a conflict between the necessity of 
handling a very viscous product and of aerating it by making 
a gas enter the product, and still further of dispersing the gas 
in the mass of the product. 
0016. The methods known and used hitherto therefore do 
not allow a porous powdered product to be obtained from the 
very viscous product under satisfactory technical and eco 
nomic conditions. 
0017. The object of the invention is to propose a method 
and equipment which allow that problem to be solved by 
obtaining a powdered product which has good characteristics 
of porosity, instant solubility and apparent density, while 
improving productivity and reducing energy costs. 
0018. The invention therefore relates to a method for the 
production of a porous powdered product from at least one 
pulverulent and/or viscous product, characterized in that the 
following steps are carried out continuously and without 
exposing the product to the open air: 
a) the starting product is prepared in order to bring it into a 
viscous state of viscosity greater than 100 mPa is and prefer 
ably greater than 200 mPas, 
b) in athermomechanical treatment machine for continuously 
carrying out at least transport and/or mixing functions for 
Viscous products or products rich in dry matter: 

0.019 the viscosity of the product in the viscous state is 
lowered without changing its content of dry matter by a 
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first operation of intimate mixing with a gas injected into 
the thermomechanical treatment machine, and 

0020 porosity is simultaneously initiated in the product 
in the Viscous state, 

c) continuously with the thermomechanical treatment 
machine, the intimate mixing of the product in the Viscous 
state is intensified in a static or dynamic manner by a second 
operation of mixing with a gas in order to obtain an aerated 
and porous mass, and 
d) the mass is divided in order to obtain aerated and porous 
particles having a content of dry matter of from 50 to 90% and 
a particle size less than or equal to 3 mm. 
0021. According to other features of the invention: 
0022 the product in the viscous state is prepared in the 
thermomechanical treatment machine from at least one 
pulverulent product having a content of dry matter of 
from 70 to 98% and by carrying out at least one step of 
mixing with at least one ingredient and/or at least one 
shearing step and/or at least one heat treatment step 
before the viscosity of the product in the viscous state is 
lowered, 

0023 the product in the viscous state is prepared in the 
thermomechanical treatment machine from at least one 
pulverulent product having a content of dry matter of 
from 70 to 98% and by carrying out at least one step of 
mixing with at least one ingredient and Subsequently a 
step of mixing with a product in the Viscous state and/or 
at least one shearing step and/or at least one heat treat 
ment step before the viscosity of the product in the 
Viscous state is lowered, 

0024 the first and second operations of mixing the 
product in the viscous state and the gas are carried out 
starting from an injection of the gas, 

0025 the product in the viscous state from the same 
family as the product to be obtained is prepared before it 
is introduced into the thermomechanical treatment 
machine, 

0026 the product in the viscous state is introduced into 
the thermomechanical treatment machine and, before 
the viscosity of the product in the viscous state is low 
ered, at least one step of mixing with at least one ingre 
dient and/or at least one shearing step and/or at least one 
heat treatment step is carried out, 

0027 the product in the viscous state from the same 
family as the product to be obtained has a viscosity 
greater than 100 mPa's and preferably greater than 200 
mPa's and a content of dry matter of from 50 to 90%, and 

0028 the gas mixed with the product in the viscous state 
in the thermomechanical treatment machine is identical 
with or different from the gas mixed with the product in 
the Viscous state downstream of said machine. 

0029. The invention relates also to equipment for the pro 
duction of a porous powdered product from at least one pull 
Verulent and/or viscous starting product, characterized in that 
it comprises, continuously and without exposing the product 
to the open air: 

0030) means for preparing the starting product in order 
to bring it into a viscous state of viscosity greater than 
100 mPa's and preferably greater than 200 mPas, 

0031 athermomechanical treatment machine compris 
ing at least one transport and/or mixing step for viscous 
products or products rich in dry matter, and a step of 
aeration of the product in the viscous state by a first 
operation of intimate mixing with a gas in order to lower 
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the Viscosity of the product and simultaneously initiate 
porosity in said product without changing its content of 
dry matter, 

0.032 a static or dynamic aeration device connected 
directly to the thermomechanical treatment machine in 
order to carry out a second operation of mixing the 
product with a gas, intensifying the reduction in Viscos 
ity of said product, and obtain an aerated and porous 
mass, and 

0033 a means of separating the mass in order to obtain 
aerated and porous particles having a content of dry 
matter of from 50 to 90% and a particle size less than or 
equal to 3 mm. 

0034. According to other features of the invention: 
0035 the means for preparing the product are incorpo 
rated into the thermomechanical treatment machine, 

0036 the thermomechanical treatment machine is a 
machine having rotating screw(s). 

0037 the thermomechanical treatment machine is an 
extrusion machine having two co-rotating and co-pen 
etrating screws, and 

0038 the thermomechanical treatment machine is a 
single-screw extrusion machine. 

0039. Other features and advantages of the invention will 
become apparent from the following description, which is 
given with reference to the accompanying drawings, in 
which: 

0040 FIG. 1 is a front view, in diagrammatic form, of 
equipment for the production of a porous powdered product 
from a starting product in the viscous state, according to the 
invention, 
0041 FIG. 2 is a front view, in diagrammatic form, of 
equipment for the production of a porous powdered product 
from a pulverulent starting product with mixing with a vis 
cous product, according to the invention, 
0042 FIG.3 is a curve showing the change in the viscosity 
of a product, for example skimmed milk. 
0043 FIGS. 1 and 2 show, in diagrammatic form, equip 
ment for the continuous production of a porous powdered 
product from at least one pulverulent and/or viscous product, 
which equipment comprises two main elements located one 
after the other, a thermomechanical treatment machine des 
ignated as a whole by the reference numeral 10, and a static or 
dynamic aeration device designated by the general reference 
numeral 20 for mixing the product leaving the thermome 
chanical treatment machine 10 with a gas, as will be seen 
hereinbelow. 

0044) The thermomechanical treatment machine is pref 
erably constituted by an extrusion machine 10 having two 
co-rotating and co-penetrating screws. 
0045. In that case, and in a known manner, the extrusion 
machine 10 comprises two screws (not shown) which are 
driven in rotation about their axes by a motor and a reduction 
gear, which are designated by the general reference numeral 
11, inside an elongate vessel forming a sleeve 12 which 
envelops them. The screws of the extrusion machine 10 are 
equipped especially with helical threads or other elements for 
treating the product introduced into the sleeve 12 and which 
engage with one another. The helical threads or the elements 
forming the screws of the extrusion machine 10 determine 
different treatment Zones for the product introduced into the 
sleeve 12. 
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0046. The starting product is constituted by: 
0047 a viscous product having a content of dry matter 
offrom 50 to 90% and a viscosity greater than 100mPa's 
and preferably greater than 200 mPa's (FIG. 1), said 
Viscous product being from the same family as the prod 
uct to be obtained, or 

0048 at least one pulverulent product which has a con 
tent of dry matter of from 70 to 98% and is mixed with a 
Viscous product having a content of dry matter of from 
50 to 90% and a viscosity greater than 100 mPa is and 
preferably greater than 200 mPas (FIG. 2), or 

0049 at least one pulverulent product having a content 
of dry matter of from 70 to 98%. 

0050. The sleeve 12 is equipped at its upstream end, rela 
tive to the direction of flow of the product indicated by the 
arrow F, with a feed orifice (not shown) surmounted by means 
13 for introducing the product to be treated into the extrusion 
machine 10. 
0051. In general, the starting product undergoes various 
treatments and various modifications in the extrusion 
machine 10 and in the aeration device 20 in order to obtain a 
porous powdered product which is in the form of aerated and 
porous particles. 
0052 Referring now to FIG. 1, the equipment 10 will be 
described in the case where the starting product is a viscous 
product from the same family as the final product obtained. In 
this case, the starting product in the viscous state is prepared 
before it is introduced into the extrusion machine 10. 
0053. The extrusion machine 10 is composed of a plurality 
of Zones comprising, according to the nature of the starting 
product: 

0054 a first Zone A1 which is a transport Zone for the 
product or rich in dry matter and/or a Zone for mixing 
with at least one ingredient and a heat treatment Zone, 

0055 a second Zone B1 which is a transport Zone for the 
product in the viscous state obtained in Zone A1, Zone B1 
is a transport, shearing and heat treatment Zone for the 
product, 

0056 a third Zone C1 in which the viscosity of the 
product in the viscous state is lowered and porosity is 
simultaneously initiated in the product in the viscous 
state, the third Zone C1 likewise being a heat treatment 
Zone for the product. 

0057. In Zone A1 of the extrusion machine 10, different 
ingredients I can be introduced through one or more orifices 
provided in the sleeve 12, for example lecithin and/or water 
and/or flavorings and/or colorings and/or other appropriate 
ingredients, in order to mix them with the starting product. 
0.058. In Zone C1, the sleeve 12 of the extrusion machine 
10 has at least one orifice for injecting into said sleeve 12 a gas 
G which is intimately mixed with the product in the viscous 
state in order to lower the viscosity of the product in the 
Viscous state without changing its content of dry matter. 
0059 Simultaneously with the lowering of the viscosity of 
the product in the Viscous state, porosity is initiated in the 
product in the Viscous state by the injection of the gas. Inti 
mate mixing of the product in the Viscous state and the gas is 
facilitated by the working of the product in the co-penetrating 
and co-rotating screws of the extrusion machine 10. 
0060. The gas injected into Zone C1 of the extrusion 
machine 10 is, for example, carbon dioxide, air, Steam, nitro 
gen or an oxide thereof. 
0061. By way of example, the screws of the extrusion 
machine 10 are driven in rotationata speed of from 50 to 1200 
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rpm and Zone C1 has, for example, a ratio L/D between the 
length L of Zone C1 and the diameter D of the screws of the 
extrusion machine of from 3 to 12. 

0062. The product at the outlet from the thermomechani 
cal treatment machine has a concentration of dry matter of 
from 50 to 90%. 

0063. At the outlet from the extrusion machine 10, the 
product in the viscous state, the viscosity of which has been 
lowered in Zone C1 of the extrusion machine 10, is transferred 
directly and continuously, and without being exposed to the 
open air, to the static or dynamic aeration device 20. 
0064. In the aeration device 20, the intimate mixing of the 
product in the Viscous state with a gas is intensified in order to 
obtain an aerated and porous mass. 
0065. In the device 20, the gas injected is, for example, 
carbon dioxide, air, Steam, nitrogen or an oxide thereof. 
0066. In the case of a static aeration device, the device 20 
is constituted, for example, by a helical mixer, and in the case 
of a dynamic aeration device, the device 20 is constituted by 
a device equipped with agitator blades. 
0067. The totality of the treatment of the product in the 
Viscous state in the extrusion machine 10 and in the aeration 
device 20 is carried out continuously and without exposing 
the product to the open air. 
0068 Accordingly, the device 20 is located directly at the 
outlet of the extrusion machine10 or is connected to the outlet 
of the extrusion machine 10 by a joining element constituted, 
for example, by at least one leak-tight and continuous tube. 
0069. At the outlet from the device 20, the equipment 
comprises a means for separating the aerated and porous mass 
so obtained in order to obtain aerated and porous particles 
which are smaller than 3 mm and preferably smaller than 2 
mm. The separation means is constituted, for example, by 
orifices provided at the outlet from the device 20. 
0070 The percentage of gas in total injected into the extru 
sion machine 10, expressed as percent by Volume based on the 
dry mass of the product treated in said machine 10, is from 
0.01 nl:kg'min' to 10 nl:kg'mn', the volume of gas 
being expressed under normal temperature and pressure con 
ditions. 

0071. The gas injected into Zone C1 represents from 30 to 
60% of the total amount of gas injected into the equipment, 
and the gas injected into the device 20 represents from 40 to 
70% of the total amount of gas injected. 
0072 The particles so obtained have a concentration of 
dry matter of from 50 to 90%, a solubility greater than 90% 
and an internal porosity greater than 50%. 
0073. At the outlet from the aeration device 20, the equip 
ment can comprise a device for drying the aerated and porous 
particles, and the drying device is formed by at least one 
fluidized-bed dryer or by at least one atomizing tower or by a 
counter-current vertical dryer or by a conveyor dryer. After 
this additional drying, the particles have a concentration of 
dry matter of the order of 96%. 
(0074) Referring now to FIG. 2, the equipment 10 will be 
described in the case where the starting product is at least one 
pulverulent product. 
0075. The extrusion machine 10 is composed of a plurality 
of Zones comprising, according to the nature of the starting 
product: 

0.076 a first Zone A1 which is a transport Zone for said 
at least one pulverulent product and/or a Zone for mixing 
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with at least one ingredient and/or a heat treatment Zone 
in which the product is brought to a temperature of from 
20 to 80° C. 

0077 a second Zone A1 which is a Zone for mixing of 
the product obtained in Zone A1 with a viscous product 
from the same family as the final product to be obtained 
and for heat treatment of the mixture brought to a tem 
perature of from 40 to 200° C., said viscous product 
having a content of dry matter of from 50 to 90% and a 
viscosity greater than 100 mPa is and preferably greater 
than 200 mPas, 

0078 a third Zone B1 which is a transport and shearing 
Zone for the product in the viscous state and in which the 
product in the viscous state is maintained at a tempera 
ture of from 40 to 200° C., and 

(0079 a fourth Zone C1 in which the viscosity of the 
product in the viscous state is lowered and porosity is 
simultaneously initiated in the product in the viscous 
state while maintaining the product at a temperature of 
from 40 to 200° C. 

0080. The sleeve 12 is equipped at the start of Zone A1 
with a feed orifice (not shown) surmounted by means 13a for 
introducing the product to be treated into the extrusion 
machine 10. 
0081. In Zones A1 and A1 of the extrusion machine of 
FIG. 2, different ingredients I can be introduced through one 
or more orifices provided in the sleeve 12, for example leci 
thin and/or water and/or flavorings and/or colorings or other 
appropriate ingredients, in order to mix them with the starting 
product. 
0082 Analogously to Zone C1 of the first embodiment 
shown in FIG.1, the sleeve 12 of the extrusion machine of the 
second embodiment shown in FIG. 2 has at least one orifice 
for injecting into said sleeve a gas G which is mixed inti 
mately with a product in the viscous state in order to lower the 
Viscosity of the product in the viscous state without changing 
its content of dry matter. 
0083. The gas injected into Zone C1 of the extrusion 
machine 10 is, for example, carbon dioxide, air, Steam, nitro 
gen or an oxide thereof. 
0084. The speed of rotation of the screws of the extrusion 
machine 10 is identical with that of the preceding embodi 
ment, and the characteristics of the screws are analogous. 
0085. At the outlet from the extrusion machine 10, the 
product in the viscous state, the viscosity of which has been 
lowered in Zone C1 of the extrusion machine 10, is likewise 
transferred directly and continuously, and without being 
exposed to the open air, to the static or dynamic aeration 
device 20, which is identical with that of the preceding 
embodiment. 
I0086. In the aeration device 20, the intimate mixing of the 
product in the viscous state with a gas is intensified in order to 
obtain an aerated and porous mass. 
0087. In the device 20, the gas injected is, for example, 
carbon dioxide, air, Steam, nitrogen or an oxide thereof. 
0088. The gas injected into Zone C1 of the embodiment of 
FIG. 2 represents from 10 to 80% of the total gas injected into 
the equipment, and the gas injected into the device 20 repre 
sents from 20 to 90% of the total amount of gas injected. 
I0089. At the outlet from the device 20, the particles so 
obtained have a temperature of from 20 to 90° C. and a 
particle size less than or equal to 3 mm. 
0090 The equipment can also comprise a device for dry 
ing the aerated and porous particles at the outlet from the 

Apr. 29, 2010 

aeration device 20, and the resulting particles have a concen 
tration of dry matter of the order of 96%. 
0091. The gas injected into the extrusion machine 10 can 
be identical with or different from the gas injected into the 
device 20. 
0092. In general, a first operation of mixing the product in 
the Viscous state with a gas is carried out in the thermome 
chanical treatment machine 10, and a second operation of 
mixing the product in the Viscous state with a gas is carried 
out in the aeration device 20. The second mixing operation in 
the aeration device 20 is carried out under pressure. 
0093. According to a first example, the product in the 
viscous state is milk, powdered milk thereby being obtained. 
0094. According to a second example, the product in the 
Viscous state is a natural or (physically and/or chemically) 
modified Starchy product based on cereal (wheat, oat, maize, 
barley, etc.) flours, potato flour, potato granules, potato flakes 
and/or tapioca flour, the product initially being in the form of 
a mixture of the Solution, Suspension or emulsion type in an 
aqueous medium, the method yielding the product in pulveru 
lent form. 
0.095 According to a third example, the product in the 
Viscous state is a natural or (physically and/or chemically) 
modified protein product selected from milk casein, wheat 
gluten, maize Zein, Soybean proteins, legume proteins, in 
particular pea proteins and/or proteins of oleaproteaginous 
crops, in particular Sunflower or rape, the product initially 
being in the form of a mixture of the solution, Suspension or 
emulsion type in an aqueous medium, the method yielding the 
product in pulverulent form. 
0096. According to a fourth example, the product in the 
Viscous state is a milk fractionation co-product/by-product 
obtained by fractionating milk by centrifugation, filtration, 
nanofiltration, ultrafiltration and/or reverse osmosis, or a co 
product obtained by coagulation of milk. 
0097. In general, the method according to the invention 
carried out using the equipment which combines an extrusion 
machine, in which the Viscosity is lowered and porosity is 
initiated, and a static or dynamic aeration device, in which the 
increase in the porosity of the product is continued, therefore 
makes it possible to work very viscous products and to aerate 
them while structuring their porosity, which is not the case 
with the methods used hitherto. 
0098. In fact, as is shown by way of example in FIG. 3, 
which shows the change in the Viscosity of a product such as 
skimmed milk as a function of its percentage of dry matter, it 
will be seen that the viscosity of the product increases expo 
nentially from a content of 50% dry matter. For other prod 
ucts, the curves may be different but show the same exponen 
tial increase, with a marked reversal point corresponding to a 
content of dry matter which is generally from 10 to 90%, 
depending on the nature and composition of the Solutions, 
Suspensions or emulsions under consideration. 
0099. The technological solutions known hitherto, which 
allow the product to be treated below the reversal point of the 
curve, are not suitable beyond that point. 
0100. In the case of skimmed milk, for example, it will be 
seen that a technological jump must be imagined and imple 
mented in order to be able to transport, mix, aerate that prod 
uct at a content of dry matter greater than 50% owing to its 
Viscosity, which becomes very high. 
0101 The method and equipment according to the inven 
tion therefore allow very viscous products having a concen 
tration of dry matter of from 50 to 90% to be handled and 
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treated, and aerated and porous particles having good char 
acteristics of porosity, wettability, instant solubility and 
apparent density to be obtained. 
0102 Depending on the nature of the product, the content 
of dry matter can vary from 10 to 90% with a viscosity greater 
than 100 mPa S. 
0103 Moreover, the method and equipment according to 
the invention allow productivity to be improved while energy 
costs are reduced. 
0104. According to a variant, the starting product can be 
constituted by at least one pulverulent product having a con 
tent of dry matter of from 70 to 98% without being mixed with 
a product in the Viscous state. In this case, the equipment is 
identical with the equipment of FIG. 2. 

EXAMPLES 

A. Powdered Milk 

0105 Starting product: concentrated milk with a con 
centration of dry matter of 65% and a viscosity greater 
than 1000 mPa is 

01.06 Extrusion machine 10: 
0107 Zone A: optional mixing with lecithin 
0.108 Zone C: injection of 50% of the total amount of 
gaS 

0109) temperature of the product below 50° C. 
0110 Aeration device 20 

0111 injection of 50% of the total amount of gas 
(O112 temperature of the product below 50° C. 

0113 Resulting particles smaller than 2 mm with a con 
centration of dry matter of from 65 to 85%. 

B. Instant Drinks 

1st Example 
0114 Starting product: oat flour 55%-sugar 37%- 
chocolate powder 8% 

0115 Extrusion machine 
0116 Zone A: mixing with water 
0117 temperature of the product from 120 to 150° 
C. 

0118 Zone B: viscous product with a concentration 
of dry matter of from 60 to 70% 
0119 temperature of the product from 120 to 150° 
C. 

I0120 Zone C: injection of carbon dioxide 80% of the 
total amount of gas 
0121 temperature of the product of the order of 
700 C. 

0.122 Aeration device 20 
I0123 injection of carbon dioxide 20% of the total 
amount of gas 

0.124 temperature of the product of the order of 60° 
C. 

0.125 Resulting particles smaller than 3 mm with a con 
centration of dry matter of from 60 to 80%. 

2nd Example 

0.126 Starting product: maize flour 91.5%-cassava 
starch 8%-calcium carbonate 0.5% 

0127 Extrusion machine 
I0128 Zone A: mixing with water 

0.129 temperature of the product from 60 to 
1000 C. 
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0.130 Zone B: viscous product with a concentration 
of dry matter of from 60 to 80% 
0131 temperature of the product from 120 to 150° 
C. 

(0132 Zone C: injection of carbon dioxide 90% of the 
total amount of gas 
0133) temperature of the product from 150 to 200° 
C. 

0.134 Aeration device 20 
I0135 injection of carbon dioxide 10% of the total 
amount of gas 

(0.136 temperature of the product of the order of 90° 
C. 

0.137 Resulting particles Smaller than 3 mm with a con gp 
centration of dry matter of from 70 to 90%. 

1. Method for the production of a porous powdered product 
from at least one pulverulent and/or viscous starting product, 
wherein the following steps are carried out continuously and 
without exposing the product to the open air: 

a) the starting product is prepared in order to bring it into a 
viscous state of viscosity greater than 100 mPa's and 
preferably greater than 200 mPas, 

b) in a thermomechanical treatment machine (10) for con 
tinuously carrying out at least transport and/or mixing 
functions for Viscous products or products rich in dry 
matter: 

the viscosity of the product in the viscous state is low 
ered without changing its content of dry matter by a 
first operation of intimate mixing with a gas injected 
into the thermomechanical treatment machine (10), 
and 

porosity is simultaneously initiated in the product in the 
Viscous state; 

c) continuously with the thermomechanical treatment 
machine (10), the intimate mixing of the product in the 
viscous state is intensified in a static or dynamic manner 
by a second operation of mixing with a gas in order to 
obtain an aerated and porous mass, and 

d) the mass is divided in order to obtain aerated and porous 
particles having a content of dry matter of from 50 to 
90% and a particle size less than or equal to 3 mm. 

2. Method according to claim 1, wherein the product in the 
Viscous state is prepared in the thermomechanical treatment 
machine (10) from at least one pulverulent product having a 
content of dry matter of from 70 to 98% and by carrying out 
at least one step of mixing with at least one ingredient and/or 
at least one shearing step and/or at least one heat treatment 
step before the viscosity of the product in the viscous state is 
lowered. 

3. Method according to claim 1, wherein the product in the 
Viscous state is prepared in the thermomechanical treatment 
machine (10) from at least one pulverulent product having a 
content of dry matter of from 70 to 98% and by carrying out 
at least one step of mixing with at least one ingredient and 
Subsequently a step of mixing with a product in the Viscous 
state and/or at least one shearing step and/or at least one heat 
treatment step before the viscosity of the product in the vis 
cous state is lowered. 

4. Method according to claim 1, wherein the product in the 
Viscous state from the same family as the product to be 
obtained is prepared before it is introduced into the thermo 
mechanical treatment machine (10), the product in the vis 
cous state is introduced into said thermomechanical treatment 
machine (10) and, before the viscosity of the product in the 
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Viscous state is lowered, at least one step of mixing with at 
least one ingredient and/or at least one shearing step and/or at 
least one heat treatment step is carried out. 

5. Method according to claim 1, wherein the first and 
second operations of mixing the product in the Viscous state 
and the gas are carried out starting from an injection of the 
gaS. 

6. Method according to claim3, wherein the product in the 
Viscous state from the same family as the product to be 
obtained has a viscosity greater than 100 mPa's and a content 
of dry matter of from 50 to 90%. 

7. Method according to claim 1, wherein drying of the 
aerated and porous particles is carried out. 

8. Method according to claim 1, wherein the resulting 
particles have a concentration of dry matter of the order of 
96%, after additional drying. 

9. Method according to claim 1, wherein the gas mixed 
with the product in the viscous state in the thermomechanical 
treatment machine (10) is identical with or different from the 
gas mixed with the product in the viscous state downstream of 
said machine. 

10. Method according to claim 9, wherein the gas is, for 
example, carbon dioxide, air, Steam, nitrogen or an oxide 
thereof. 

11. Method according to claim 1, wherein the percentage 
of gas in total injected into the thermomechanical treatment 
machine (10), expressed as percent by volume based on the 
dry mass of the product treated in said machine, is from 0.01 
nl-kg'min' to 10 ml-kg-mn. 

12. Method according to claim 1, wherein at least 10% of 
the gas mixed with the product is injected into the thermome 
chanical treatment machine (10). 

13. Method according to claim 1, wherein the product in 
the viscous state is milk, powdered milk thereby being 
obtained. 

14. Method according to claim 1, wherein the product in 
the Viscous state is a natural or (physically and/or chemically) 
modified Starchy product based on cereal (wheat, oat, maize, 
barley, etc.) flours, potato flour, potato granules, potato flakes 
and/or tapioca flour, the product initially being in the form of 
a mixture of the Solution, Suspension or emulsion type in an 
aqueous medium, the method yielding the product in pulveru 
lent form. 

15. Method according to claim 1, wherein the product in 
the Viscous state is a natural or (physically and/or chemically) 
modified protein product selected from milk casein, wheat 
gluten, maize Zein, Soybean proteins, legume proteins, in 
particular pea proteins and/or proteins of oleaproteaginous 
crops, in particular Sunflower or rape, the product initially 
being in the form of a mixture of the Solution, Suspension or 
emulsion type inanaqueous medium, the method yielding the 
product in pulverulent form. 

16. Method according to claim 1, wherein the product in 
the Viscous state is a milk fractionation co-product/by-prod 
uct obtained by fractionating milk by centrifugation, filtra 
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tion, nanofiltration, ultrafiltration and/or reverse osmosis, or a 
co-product obtained by coagulation of milk. 

17. Equipment for the production of a porous powdered 
product from at least one pulverulent and/or viscous starting 
product, wherein it comprises, continuously and without 
exposing the product to the open air: 
means for preparing the starting product in order to bring it 

into a viscous state of viscosity greater than 100 mPa's 
and preferably greater than 200 mPas, 

athermomechanical treatment machine (10) comprising at 
least one transport and/or mixing step for the Viscous 
products or products rich in dry matter, and a step of 
aeration of the product in the viscous state by a first 
operation of intimate mixing with a gas in order to lower 
the Viscosity of the product and simultaneously initiate 
porosity in said product without changing its content of 
dry matter, 

a static or dynamic aeration device (20) connected directly 
to the thermomechanical treatment machine (10) in 
order to carry out a second operation of mixing the 
product with a gas, intensifying the reduction in Viscos 
ity of said product, and obtain an aerated and porous 
mass, and 

a means of separating the mass into aerated and porous 
particles having a content of dry matter of from 50 to 
90% and a particle size less than or equal to 3 mm. 

18. Equipment according to claim 17, wherein the means 
for preparing the product are incorporated into the thermo 
mechanical treatment machine (10). 

19. Equipment according to claim 17, wherein the thermo 
mechanical treatment machine is a machine having rotating 
screw(s). 

20. Equipment according to claim 17, wherein the thermo 
mechanical treatment machine is an extrusion machine (10) 
having two co-rotating and co-penetrating screws. 

21. Equipment according to claim 20, wherein the screws 
of the extrusion machine (10) are driven in rotation at a speed 
of from 50 to 1200 rpm. 

22. Equipment according to claim 17, wherein in the aera 
tion step of the extrusion machine (10), the ratio between the 
length of the screws and the diameter of said screws is from 3 
to 12. 

23. Equipment according to claim 17, wherein the thermo 
mechanical treatment machine (10) is a single-screw extru 
sion machine. 

24. Equipment according to claim 17, wherein it com 
prises, at the outlet from the aeration device (20), a drying 
device formed by at least one fluidized-bed dryer. 

25. Equipment according to claim 17, wherein it com 
prises, at the outlet from the aeration device (20), a drying 
device formed by at least one atomizing tower. 

c c c c c 


