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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a process of extracting native proteins from vegetable source materials such
as oilseeds, legumes and grains. Native proteins mentioned in this invention are present in the source material in their
non-denatured state, i.e. with their functional properties relevant to application in food industry like solubility preserved
and not compromised by processing conditions. Source materials mentioned in the present invention are of vegetable
origin and typically contain significant (>5% by weight) amounts of native oils and lipids. The invention further relates to
a device for carrying out this process.

BACKGROUND OF THE INVENTION

[0002] The global demand for edible proteins is increasing steadily, propelled by the growing world population. This
trend is further reinforced by the increasing income per capita in developing countries. Multiple studies indicate the
advantage of using plant proteins, i.e. proteins derived from source materials of vegetable origin, as vital component in
the human diet. The production of plant protein is typically more sustainable than that of animal protein in terms of
greenhouse gas emissions and the use of scarce resources like land, water and energy. An increase in the use of plant
proteins would therefore significantly contribute to more sustainable protein supply in the future.

[0003] Main sources of plant proteins are legumes such as soy beans, peas, faba beans, oil seeds such as rape seed,
sunflower and cereals such as wheat and maize. To increase the use of plant proteins in human diet, methods of isolation
of the proteins from plants need to be developed and deployed on industrial scale. The challenge is to obtain (edible)
protein isolates with high purity (i.e. low in fat content and free from anti-nutritional factors) and with preserved desirable
functional properties ofthe protein such as solubility, ability to form stable foams, ability to form gels, and water-absorbing
and fat-absorbing ability and capacity.

[0004] Prior art technology for removal of endogenous oils and lipids from crude vegetable protein sources such as
oilseeds usually implies use of low boiling organic solvents such as butane or hexane. Residuals of such solvents in the
remaining protein-rich fraction of the crude vegetable protein source after oil/lipid extraction, have to be removed sub-
sequently by use of heat in a purposely devised step, sometimes called desolventization - toasting, where high temper-
atures and steam are used to remove the solvent. Unfortunately, such harsh conditions may significantly limit the sub-
sequent extractability and resulting functionality of the proteins. That is to say, the lipid/oil extraction methods commonly
applied result in non-native proteins with low value to the food industry.

[0005] Subjecting vegetable protein source material, such as oilseed meal to hexane and desolventization-toasting
results in irreversible interactions of proteins present in the source material with the anti-nutritional factors such as
phenolic compounds and phytates. These interactions provide difficulties regarding removal of these anti-nutritional
factors in the subsequent process of isolation of proteins.

[0006] Presence of fat in the vegetable protein source material poses a tremendous challenge to the processor, since
the conventional technologies described in the prior art do not provide for an effective method of separating fat from
proteinaceous components of the source material without compromising functional properties of the proteins.

[0007] If conventional techniques for extraction of proteins are applied, such as extensive mixing and agitating of
source material with extraction solvent in a stirred vessel, oils and lipids typically co-extract with the proteins. QOils and
lipids, when released from the source material during the extraction process, form emulsions that are stabilized by the
proteins present in the source material. Applying technologies described in prior art for isolation of proteins such as
those technologies used for processing of soy meals, results in concentration of fat together with the protein.

[0008] The fat present in the final isolate severely impairs the functionality of the protein as it can also lead to rancidity
and other fat related problems, including poor solubility, caking as well as discoloration.

[0009] Patent application US5,844,086 suggests a process concept to isolate proteins from oil cakes of canola having
a fat content up to 10%, which process comprises steps such as: extraction proteins from canola cake in saline solution,
pressing, centrifugation, fine filtration, ultrafiltration, combined with dilution and chilling ofthe intermediate process liquids
to remove fatty layer by decantation. While such a process could potentially be applied to oilcakes that have not been
treated with hexane, it does not provide the solution that could be readily implemented on industrial scale, due to the
multi-step process. Also noteworthy is that the Murray process implies usage of traditional extraction techniques, thus
including an extraction step using organic solvent and including a desolventization-toasting step.

[0010] In WO 2013/013949 a protein isolation process is provided for isolation of protein from oil cake comprising the
steps of; extraction of proteins with aqueous solution, concentration and adding water-soluble organic solvent to obtain
a protein precipitate. Extraction of the proteins is carried out by providing a suspension of a crude vegetable protein
source in water and stirring the suspension The shear stress applied to a protein source by the stirring induces release
of lipids from the source material and formation of stable emulsion of fats and proteins that is difficult to separate from
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the extractinthe subsequent process steps. This phenomenonwill be particularly severe whenthe conventionaltechnique
of extraction in the stirred vessel is applied on industrial scale, as it is known in the prior art that shear rates in the large
scale stirred vessel reach levels of 100-1000 per second [Camperi A., et al., 2008; Carta G, Jungbauer, 2010].

[0011] In WO 2014/147068 a protein isolation process is provided for isolation of protein from oil cake comprising the
steps of subjection oil seed meal to gravity induced solid-liquid extraction and optionally collecting the resulting inter-
mediate aqueous protein solution. The multi-component system for isolation a protein fraction according to the process
of WO 2014/147068 comprises 4 pump units and two containers. Relatively large volumes of aqueous solution are
applied during the protein isolation process.

[0012] Current methods and devices all bear one or more of the drawbacks as exemplified above. Protein native
conformation is not conserved when vegetable source material is subjected to a protein extraction process, in several
conventional methods. Devices for a process of retrieving a protein extract from a vegetable sources are hard to scale
up, or it has to be used in a laborious manner, requiring numerous components and a large volume of solvent, in several
occasions. The field is thus demanding a scalable process and a suitable device for such scalable process, for preparing
a protein extract comprising protein in its native conformation from vegetable sources such as oilseeds. The process
should have gentle mild conditions leaving the native conformation of protein in the e.g. oilseed starting material intact.
Ideally, the process consumes less solvent and ideally, the device comprises a limited number of components, i.e. tanks,
pumps, efc.

SUMMARY OF THE INVENTION

[0013] A first aspect of the invention relates to a process for the preparation of a protein extract from the meal or oil
cake of oil seeds, wherein the process comprises:

a) preparing in a container a mixture of aqueous solution and comminuted meal or oil cake from oil seeds, wherein
the comminuted particles have an average particle size (d32) smaller than 1000 p.m, preferably between 50 pm
and 500 pm;

b) creating a fluidized bed of the comminuted meal or oil cake particles in the container by means of flow generating
means provided in the container and letting at least a part of the proteins present in the comminuted meal or oil
cake dissolve into the aqueous solution;

¢) separating under fluidized bed conditions at least a part of the dissolved protein from the mixture by means of
filtration means provided in the container, such that a protein extract is obtained.

[0014] The present invention provides an improved process for the mild non-denaturing extraction and isolation of
protein from vegetable sources such as oilseeds whereby source material from which proteins are extracted may contain
significant amounts of endogenous oils and lipids. The aim of the process is to extract native proteins aimed for human
consumption, i.e. native and edible proteins. Therefore, the process of the invention conserves functional properties of
the native protein, and the process of the invention avoids process steps that impair the native conformation of the
protein in the protein extract, such as high temperature above 50°C, extreme pH below 4 or higher than 10, and use of
protein-denaturing compounds or solutions. One object of the invention is to obtain an aqueous extract of proteins with
low content of fat and lipids, with the proteins in the extract having their native conformation.

[0015] Another aspect of the invention relates to a device 1 for preparing a protein extract 29 from meal or oil cake of
oil seeds, which device comprises a closed container 20, 20a having a lower part 20’ and an upper part 20", and wherein
in the lower part of the container a distributer 32 for aqueous solution 31 is positioned, which distributer is arranged for
generating a stream of aqueous solution from the lower part of the container to the upper part of the container in a first
direction, and wherein the container further comprises at least one filtering unit 21 positioned above the distributer for
aqueous solution, which filtering unit comprises a substantially flat filter element, the surface of which is parallel to the
first direction and is provided with a filter having an opening size in the range of 4 pm to 200 pm, preferably 4 to 100
pm and a free area between 20% to 50% and wherein the filtering unit is provided with at least one outlet 22 for the
permeate of the filtering unit.

DETAILED DESCRIPTION OF THE INVENTION

[0016] The present invention relates to a process of preparing an extract from source materials of vegetable origin
such as meals or oil cakes of oil seeds, legumes or cereals comprising of;

a) preparing in a container a mixture of comminuted source material and water,
b) supplying water at the base of the container by means of purposely designed flow distributor system and by doing
so creating a fluidized (expanded) bed of the source material suspended in the upward flowing stream of water;
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c) letting the flow of water continue until the material in the container distributes itself into distinct fractions due to
their size and density, with stratification of material reflecting the balance of forces prevailing in the system with
most coarse and dense fraction residing at the bottom of the bed and the light fraction enriched with oils and lipids
residing at the upper part of the bed;
d) withdrawing the extract containing dissolved proteins from the container by means of filtering device submerged
in the bed formed by source material.

The filtering device separates (insoluble) residues of the source material such as fat (oil}, lipids, hulls, from the extract
containing dissolved proteins. The lipid phase associated with the residual solids generally substantially remains in the
container (retentate) and the extract collected on the filtrate side of the filtering device (permeate) has reduced content
of oil and lipids as compared to the ratio of lipids to protein in the source material. That is to say, the protein extract, i.e.
the filtrate, is enriched in protein compared to the starting material in the container. Typically, the lipid content of the
protein extract obtained with the process of the invention is less than 10wt% based on dry weight, preferably between
0.5wt% and 4wt%, or lower, whereas the protein content of the protein extract obtained with the process of the invention
is at least 35wt% based on dry weight, preferably at least 45wt%, or higher.

[0017] Protein extract collected on the filtrate (permeate) side is then preferably subjected to a concentration step and
a washing step to remove soluble compounds such as non-protein nitrogen compounds, phenolics, phytates, carbohy-
drates, glucosinolates and salts. This operation can be accomplished by employing a suitable ultrafiltration (UF) technique
known in the art, with the UF membrane used in the process being 'tight' enough, i.e. having pores large enough to
retain proteins on the retentate side while molecules smaller than the cut-off size of the membrane are permitted to pass
the membrane and are collected on the permeate side of the UF unit.

[0018] Protein concentrate obtained after UF step with the protein extract is preferably advantageously processed in
a further step including separation into protein fractions by application of any of the techniques suitable to fractionate
proteins according to the Osborne scheme, known in the art and as described for example in [Owusu-apenten R., 2004].
[0019] Forrapeseed proteins, two dominant protein fractions are albumin napins which are water soluble, and globulin
cruciferins, which are soluble in saline solutions. Both napins and cruciferins are insoluble in 70 vol% ethanol.

[0020] A person skilled in art knows that reducing the ionic strength of the protein concentrate obtained after UF
containing native napins and cruciferins induces precipitation of the globulin fraction while leaving the albumin fraction
mainly in solution. A person skilled in the art knows that addition of a water-soluble solvent such as for example ethanol
up to a concentration of about 70 vol%, as envisaged by the Osborne scheme, will precipitate albumins and globulins
while leaving prolamines (i.e. proteins soluble in 70 vol% ethanol) in solution. As napins and cruciferins are not belonging
to the class of prolamines, they will be precipitated upon addition of ethanol to aqueous solution containing these protein
fractions.

[0021] Proteins are isolated from solutions by suitable techniques known in the art to remove water or solvents used
in the process. Protein precipitates and aqueous protein concentrates are dried by spray drying, vacuum drying, lyophi-
lization, known in the art.

[0022] Thus a first aspect of the invention relates to a process for the preparation of a protein extract from the meal
or oil cake of oil seeds, wherein the process comprises:

a) preparing in a container a mixture of aqueous solution and comminuted meal or oil cake from oil seeds, wherein
the comminuted particles have an average particle size (d32) smaller than 1000 p.m, preferably between 50 pm
and 500 pm;

b) creating a fluidized bed of the comminuted meal or oil cake particles in the container by means of flow generating
means provided in the container and letting at least a part of the proteins present in the comminuted meal or oil
cake dissolve into the aqueous solution;

¢) separating under fluidized bed conditions at least a part of the dissolved protein from the mixture by means of
filtration means provided in the container, such that a protein extract is obtained.

Optionally, in the process according to the invention, the comminuted particles have an average particle size (d32)
between 800 pm and 1000 pm.

[0023] Equally preferred in the process according to the invention are comminuted particles having an average particle
size (d32) smaller than 200 pm.

[0024] A person skilled in art will understand that comminuting starting material to smaller size may be beneficiary for
the mass transfer and extraction of proteins from the source material. The same reasoning applies for release of the
lipids like tri-gicerides and phospholipids present in the source material. It is therefore part of the invention to optimize
the grinding (comminution) conditions in such a way as to achieve acceptable extraction yield regarding proteins while
preventing excessive disruption of the oil bodies containing lipids, which oil bodies are a natural part of the source
material (like in rapeseed). The inventors have found that conducting the process of extraction according to the invention
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with material comminuted to the size range 0-200 pm results in improved extraction of proteins but at the expense of
relatively increased release of lipids to the crude extract. Processing the same vegetable source material (rapeseed
cake) comminuted to a different size range (800 -1000 w.m) under the same process conditions still resulted in efficient
extraction of proteins but at the same time with much improved retention of the lipids on the side of retentate.

[0025] It is part of the invention that any particle size of comminuted vegetable source material is convenient for
application in the process of the invention, when the particular applied particle size (range) does not induce clogging of
the filter of the filtering unit. Exemplifying experiments with comminuted oilseed meal having particle size distributions
in the ranges as provided above, revealed protein extract according to the invention without inducing clogging of the
filter. See the Examples as provided below, for preferred aspects of the invention regarding applicable particle sizes.
[0026] The inventors found that for most sources of oilseed meal water is applicable as the aqueous solution in the
process ofthe invention. Also preferred is NaCl solution, for example at 0.1 M, or even as high as 2wt%, as the aqueous
solution in the process of the invention. Fluidized beds consisting of aqueous solution of water with organic solvent are
also preferred for the process of the invention.

[0027] Preferably, in the process according to the invention, the aqueous solution is thus selected from water, or a
mixture of water and less than 20% by volume of a water soluble organic solvent selected from alcohols and ketones,
preferably ethanol or acetone, or mixtures thereof.

[0028] If needed, preservatives may be added to the aqueous solution in the process of the invention. The process
of the invention is in fact equally applicable if the aqueous solution further comprises an inorganic salt and/or a preserv-
ative. Safety requirements regarding the edibility of the protein extract obtainable by the process of the invention limit
the selection of suitable inorganic salt or preservative. Typically, NaCl is selected as inorganic salt in the aqueous
solutions according to the invention.

[0029] Inthe process according to the invention, optionally the aqueous solution further comprises at least one additive
selected from aninorganic salt, a preservative such as ascorbic acid, or mixtures thereof. A particularly preferred inorganic
salt is NaCl, preferably the aqueous solution is an about 2wt% NacCl solution.

Generally, proteins from vegetable origin, e.g. proteins in oilseeds, have a stable native conformation in a milieu with a
pH within the range 4 to 10. Typically, proteins extracted from e.g. oilseeds preserve their native conformation in solution
with a pH of about 6.5 to 7.5, preferably around 7.

[0030] Hence, the pH of the aqueous solution preferably ranges between 4 to 10, preferably between 6 to 8, more
preferably between 6.5 to 7.5, most preferably about 7 in the process according to the invention.

[0031] Inthe examples section, results of protein extractions with the process ofthe invention are provided forrapeseed,
sunflower and soy bean. The process of the invention is equally suitable for any vegetable materials comprising proteins,
if provided in particulate form and if suitable for application in a fluidized bed. The process of the invention is particularly
suitable for vegetable material originating from oilseed.

[0032] Preferably, inthe process according to the invention, the comminuted meal or oil cake has been prepared from
soy, rapeseed, sun flower, flax, linola, coconut, mustard seed meals, cottonseed, grain, wheat, rye, oat, rice, rice bran
or legumes such as peas or faba beans. Of course, other sources of oil cake are equally applicable in the process of
the invention.

[0033] The inventors found a method for providing a protein extract with the protein from vegetable origin and with the
protein having its native conformation suitable for application in food processing technology. Since the skilled person is
aware ofthe protein denaturing effects of common methods for extracting oil from oilseeds, i.e. methods in which oilseeds
are subjected to e.g. hexane extraction and/or toasting, in the process of the invention, preferably comminuted oilseeds
are applied that were not subjected to these harsh oil-extraction steps.

[0034] Highly preferably is thus a process according to the invention, wherein the comminuted meal or oil cake is cold-
pressed.

[0035] A process according to the invention is thus also highly preferred, wherein the comminuted meal or oil cake is
non-hexane treated.

Solubility of the native proteins in the protein extracts obtainable by the process of the invention is to some extent
determined by the ionic strength of the aqueous solution applied during extraction. The inventors obtained highly stable
protein extract with long-lasting preserved native conformation, when the aqueous solution during extraction has an
ionic strength of 0.05t0 0.6. For example (see preferred embodiments in the examples below) good results were obtained
with an NaCl solution of 0.1 M or 2wt%.

[0036] Preferably, in the process according to the invention, the ionic strength of the aqueous solution is 0.05 to 0.6
expressed as molality units, i.e. total number of moles of solutes as per kg water, more preferably 0.3 to 0.4. Most
preferably the ionic strength of the aqueous solution is about 0.34. A 2wt% NaCl aqueous solution has an ionic strength
of about 0.34.

Stability of natively folded proteins, such as proteins in the protein extract obtained with the process according to the
invention, is in part determined by the temperature of the aqueous solution comprising the dissolved protein. In the
process ofthe invention, protein extract with native conformation typically was retrieved when applying aqueous solution
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at ambient temperature or lower. Dependent on the source of vegetable material, higher temperature is equally suitable,
as long as native conformation of the protein in the protein extract is preserved. Of course, native conformation of such
protein retrieved with the process of the invention is easily accessed applying routine analytical methods known to the
person skilled in the art of protein biochemistry. A suitable e.g. an optimal temperature for the process of the invention
is thus readily determined, with regard to preserved native protein conformation.

[0037] The process according to the invention preferably has a temperature during step b) and ¢) of below 50°C, more
preferably 5°C to 30°C, even more preferably 10°C to 25°C, most preferably 12°C to 16°C.

[0038] Food industry is awaiting a fast and scalable process for the isolation of natively folded proteins from vegetable
sources. The present invention does not only provide for such a fast and scalable protein extraction method, though
moreover, the process of the invention also provides for a protein extract that is enriched in protein with regard to e.g.
non-edible components present in the vegetable source material, and fat and oil. The process of the invention thus
provides a protein extract that is enriched in protein.

[0039] Preferred is a process according to the invention, wherein in step ¢) protein is selectively separated under
fluidized bed conditions by a selected shear rate and a selected superficial average velocity of the flow of aqueous
solution from the flow generating means, such that an enriched protein extract is obtained.

[0040] An important aspect ofthe process ofthe invention is the low shear rates that are applied regarding tangentially
flowing aqueous solution comprising the solubilized proteins from vegetable source material and the filter of the filtering
unit in the process according to the invention. In the process ofthe invention, applying only low shear rates to the solution
comprising protein to a large extent contributes to preserving the native conformation of the protein.

[0041] Also preferred is thus a process according to the invention, wherein in step c) the separation by means of
filtration means is under low shear rate of below 20 per second, more preferably between 1 to 10 per second, most
preferably about 10 per second.

[0042] Importantly, protein denaturing process steps implying e.g. agitation, shaking, efc., are completely absent for
the process of the invention, further contributing to the preservation of the native conformation of protein in the protein
extract obtained by a process according to the invention. Avoidance of agitation, shaking, efc., also contributes to a
large extent to avoiding freeing of oil droplets (lipids, fat) from the solid particles into aqueous solution. This is particularly
beneficial for consolidating free flow of solubilized protein through the filter (preventing clogging), and is particularly
beneficial for obtaining further enrichment of the protein in the protein extract (by preventing oil droplets from entering
the permeate).

[0043] As said, the process according to the invention is suitable for extracting proteins of virtually any vegetable
sources, as long as specifications as provided above are met. The process is now particularly suitable for extracting
proteins from vegetable material that is rich in lipids, such as oilseeds.

[0044] Thus, preferably, inthe process according to the invention, the comminuted meal or oil cake particles comprise
more than 5% by weight lipids.

As said, the process of the invention provides for a protein extract that is preferably enriched in protein content. Of
course, the protein content of the crude starting vegetable material influences the yield and extent of enrichment of the
retrievable protein extract.

[0045] Preferred is thus a process according to the invention, wherein the comminuted meal or oil cake particles
comprise between 5 to 60% by weight protein, more preferably between 10 to 40% by weight protein.

[0046] It is a particular benefit of the process according to the invention that only low shear stress is applied to the
proteins dissolving from the oil seed particles in the aqueous solution. Such low shear stress is applied to the aqueous
solution for example by an upward flow generated by flow generating means positioned in a lower part of the container.
A further benefit of such upward flow of aqueous solution is the provision of a gradient of comminuted meal or oil cake
particles with regard to the mass and/or density of such particles. Typically, near the bottom side ofthe container particles
with relatively higher weight or density will remain, whereas lighter particles will distribute along the longitudinal direction
of the container, in the direction of the flowing aqueous solution.

[0047] Typically, by also adjusting the superficial average velocity of the aqueous solutions, it is now possible to have
oil droplets ending up near the top end of the container, whereas heavier particles such as hull, will stay nearer to the
bottom side of the container. Concomitantly, the flow is selected within a range that avoids clogging of the filters and
blocking protein from entering the permeate side ofthe filtering unit. Of course, the flow rate is also fine-tuned with regard
to the opening size of the filter in the filtering unit. It was now found that in the process ofthe invention, suitable superficial
average velocity is in the range of 0.1 to 10 mm per second, and suitable opening size of the filter is in the range of 4
to 200 p.m and between 20% to 50% free area, preferably the filter has an opening size in the range of 40 to 100 pm
and between 30-40% free area.

[0048] In the process according to the invention, preferably the flow generating means for creating a fluidized bed of
the comminuted meal or cake particles is positioned in a lower part of the container such that an upward stream of the
aqueous solution is formed which creates the fluidized bed of particles.

[0049] Preferably, in the process according to the invention, the flow of aqueous solution from the flow generating
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means has a superficial average velocity of 0.1 to 10 mm per second, more preferably 0.5 to 5 mm per second.
[0050] Preferably, in the process according to the invention, the filtration means comprises a filter having an opening
size in the range of 4 to 200 pm and between 20% to 50% free area, more preferably the filter has an opening size in
the range of 10 to 100 p.m and between 30-40% free area, most preferably the filter has an opening size in the range
of 40 to 100 pm and between 30-40% free area.

[0051] Tendency of protein to lose its native conformation generally is larger when exposed to hydrophobic surface
than when exposed to a hydrophilic surface. Therefore, in the process according to the invention, the filtration means
preferably comprises a filter made of hydrophilic material.

[0052] Hydrophilic surfaces applicable in protein isolation and purification biology are known in the art. Typical surfaces
compatible with maintaining native protein structure are for example stainless steel, Teflon and plastics as commonly
applied in protein chromatography technologies.

[0053] Preferably, inthe process according to the invention, the filter made of hydrophilic material is made of stainless
steel.

[0054] In order to provide for optimal low shear rate conditions during extraction of protein from the comminuted
vegetable particles, the inventors found that it is particularly suitable to provide for a filtration means positioned tangentially
to the flow of aqueous solution. It was found that native fold is optimally conserved when applying the low shear rates
achievable in such arrangement of filtration means and tangential flow, according to the invention.

[0055] The process according to the invention has a filtration means which is preferably positioned tangentially to the
flow of aqueous solution created by the flow generating means.

[0056] Theexamples below show preferred embodiments of the invention, providing protein extract with 10% fat based
on dry weight or lower. Oil droplets (comprising lipids, fat) on average have a diameter of about 10 p.m. The inventors
found that majority of the oil droplets in the protein extract are removed by subjecting the protein extract in the permeate
to a centrifugation step and/or a second filtration step using filtration means comprising a filter having an opening size
of smaller than 10 pm, more preferably about 4 pm, most preferably about 1 pm.

[0057] Preferably, in the process according to the invention, the process thus further comprises a step d) wherein the
protein extract is subjected to a centrifugation step and/or a second filtration step using filtration means comprising a
filter having an opening size of smaller than 10 pm, more preferably about 4 pm, most preferably about 1 wm, such that
at least part of the lipid fraction in the protein extract is discarded from the protein extract.

[0058] The protein extract obtained by a process according to the invention is preferably either directly subjected to
further purification steps, or after the oil-discarding step as outlined above. Preferably, the protein extract is subjected
to a protein precipitation step comprising addition of a solvent such as a small molecule organic solvent, preferably
compatible with the use of protein in food industry. Suitable solvents are for example methanol, ethanol and acetone,
with ethanol particularly preferred. Solvent is typically added to the protein extractto a final vol% of 70 or higher, according
to the invention, for example 70-95 vol%.

[0059] The process according to the invention preferably further comprises a step d) (when no centrifugation step
and/or a second filtration step has been subjected to the protein extract), or further comprises a step e) (when a centrif-
ugation step and/or a second filtration step has been subjected to the protein extract), wherein methanol, ethanol or
acetone is added to the protein extract, such that a protein precipitate is formed; and a further step wherein the protein
precipitate is separated from the liquid fraction.

[0060] Preferably, the organic solvent added to the protein extract, to precipitate the protein in the protein extract in
the process according to the invention, is ethanol.

[0061] For application in food products, the precipitated protein obtained upon addition of solvent as described is
preferably subsequently dried upon applying any suitable method for drying protein known in the art for preserving the
native fold of the protein.

[0062] In the process according to the invention, in a further step the protein precipitate is thus dried after the protein
precipitate is separated from the liquid fraction.

[0063] Protein precipitation upon addition of solvent, e.g. ethanol, is facilitated by a relatively high protein concentration.
Therefore, it is part of the process of the invention to first subject the protein extract to a protein concentration step
known in the art, before the protein is precipitated upon addition of solvent to the protein concentrate. Preferably, the
protein extract is also further purified according to the invention, by discarding small molecule contaminants. A suitable
and convenient way to concentrate and concomitantly purify the protein in the protein extract obtained by a process
according to the invention is by applying diafiltration.

[0064] Thus, preferably, in the process according to the invention, prior to any subsequent step, the protein extract
obtained in step c) is diafiltrated, preferably by using ultra filtration.

[0065] It is an important achievement of the process of the invention, that a protein extract is obtainable within a time
span of 4 hours, preferably within 10 minutes to 200 minutes. The inventors found that for most applications, the protein
extract with optimal protein recovery while at the same time keeping recovery of lipids as low as possible, is obtained
by applying the process of the invention for about 20 minutes to about 120 minutes, most often in about 60 minutes.
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That is to say, in the protein extract protein recovery is over 30% based on dry weight whereas fat recovery is less than
6% based on dry weight, most often less than 3% based on dry weight. As said before, the fat content is conveniently
further lowered upon application of a subsequent centrifugation step and/or further filtration step using a filter with pores
of 10 p.m or smaller.

[0066] In the process according to the invention, in step c) preferably at least part of the dissolved protein is separated
in 10 minutes to 200 minutes, preferably in 20 minutes to 120 minutes, more preferably in about 60 minutes.

[0067] Thus, preferably, a process according to the invention provides a protein extract in step ¢) wherein the lipid
content of the protein extract is less than 10wt% based on dry weight, preferably less than 6wt% based on dry weight,
more preferably 0.5wt% to 4wt% based on dry weight, and wherein in step c) the protein content of the protein extract
is at least 30wt% based on dry weight, preferably at least 35wt% based on dry weight, more preferably at least 40wt%
based on dry weight, most preferably at least 45wt% based on dry weight.

[0068] The inventors not only found a convenient and scalable process for obtaining a protein extract from e.g. a
source of oil seed cake or meal, with keeping protein conformation in the native state, but the inventors also disclose a
protein concentrate applicable in food industry.

[0069] Thus, a protein extract obtainable by the process according to the invention is disclosed.

[0070] Preferably, the lipid content of the protein extract is less than 10wt% based on dry weight, preferably less than
6wt% based on dry weight, more preferably 0.5wt% to 4wt% based on dry weight.

[0071] As said, the lipid content of the protein extract is readily further lowered upon applying further filtration or
centrifugation.

[0072] A protein extract with low fat content is one of the several benefits of the process of the invention. Due to the
low fat content, protein is enriched in the protein extract. Typically, the protein content of the protein extract is at least
35wt%. See the examples provided below.

[0073] Preferably, the protein content of the protein extract is at least 30wt% based on dry weight, preferably at least
35wt% based on dry weight, more preferably at least 40wt% based on dry weight, most preferably at least 45wt% based
on dry weight. Preferably, the protein content of the protein extract is at least 50wt%.

[0074] Thus, preferably, a protein extract is disclosed, wherein the lipid content of the protein extract is less than
10wt% based on dry weight, more preferably less than 6wt% based on dry weight, most preferably 0.5wt% to 4wt%
based on dry weight, and wherein the protein content of the protein extract is at least 30wt% based on dry weight,
preferably at least 35wt% based on dry weight, more preferably at least 40wt% based on dry weight, most preferably at
least 45wt% based on dry weight.

[0075] The process of the invention is particularly suitable for providing protein extracts comprising protein that is
valuable to the food industry. When the vegetable source material is for example an oil seed material such as a cake
or meal that was not subjected to protein denaturing conditions, the protein obtainable by the process of the invention
typically and preferably is an edible protein.

Thus, the protein extract preferably contains edible protein.

[0076] Theinventorsalso provide for a device suitable for applying the process ofthe invention, to obtain protein extract.
[0077] Another aspect of the invention relates to a device for preparing a protein extract from meal or oil cake of oil
seeds, which device comprises a closed container having a lower part and an upper part, and wherein in the lower part
of the container a distributer for aqueous solution is positioned, which distributer is arranged for generating a stream of
aqueous solution from the lower part of the container to the upper part of the container in a first direction, and wherein
the container further comprises at least one filtering unit positioned above the distributer for aqueous solution, which
filtering unit comprises a substantially flat filter element, the surface ofwhich is parallel to the first direction and is provided
with a filter having an opening size in the range of 4 p.m to 200 p.m, preferably 4 .mto 100 pm and a free area between
20% to 50% and wherein the filtering unit is provided with at least one outlet for the permeate of the filtering unit.
[0078] Preferred embodiments ofthe device ofthe invention are provided in Figure 1. Preferably, the filter of the device
according to the invention is a wire mesh.

[0079] The inventors found that optimal protein enrichment with regard to low fat recovery in the permeate were
achieved upon applying filters with an opening size in the range 1 to 200 pm, preferably 4 to 100 w.m, more preferably
a filter with an opening of 40 pm to 100 pm, most preferably about 40 pm or an opening of about 100 pm. With such
filters, oil droplets are efficiently kept out of the permeate, and filter clogging is kept to a minimum.

[0080] Preferably,the device accordingtothe invention has a filter with an opening size inthe range 0f40 pmto 100 p.m.
[0081] The device of the invention is construed to avoid any agitation, in order to apply minimal stress to the protein
extracted from the vegetable source material. It is also part of the invention to prevent clogging of the filter of the device
according to the invention. Clogging is already kept at minimal level by applying a flow at particularly low shear rate, i.e.
a flow with a superficial average velocity of 0.1 to 10 mm per second, combined with a filter having an opening size
adapted to the particle size of the vegetable source material. The inventors now found that it is even more preferred if
the device of the invention is further equipped with vibration means for vibrating the closed container and/or for vibrating
the filtering unit during protein extraction. When occasionally an opening of the filter starts to become clogged, vibration
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will release the occluding particle from the opening.

[0082] The device according to the invention preferably is provided with vibration means for vibrating the container
and/or filtering unit, such that in operation clogging of the filter is avoided and agitation of the aqueous solution is avoided.
[0083] One of the many benefits of the device of the invention for use in the process of the invention, is its easy and
ready scalability. In the examples, embodiments are provided for prototype 'ALSEQOS’ devices according to the invention,
which devices operate adequately at 1.6, 1.9 and about 31 L scale. It is now an important benefit of the invention that
the volume of the closed container is readily scaled-up to 100 L and more.

[0084] Preferably, the device according to the invention thus has a container having a volume of between 0.1 m3 and
100 m3, preferably between 1 m® and 20 m3, more preferably, between 1 m® and 10 m3.

[0085] The inventors found that carefully selecting the ratio between the total area of the filters and the volume of the
closed container in the device according to the invention, beneficially contributes to efficient accumulation of protein in
the protein extract, and also contributes to rapid extraction, i.e. within 20 to 200 minutes, while keeping the volume of
permeate at minimal levels. Of course, the inventors developed a device of the invention in which also the opening size
of the filter is adapted to optimal speed, protein extraction efficiency, lowest shear rate suitably for not denaturing the
protein structure, efc., together with said optimally chosen ratio.

[0086] Therefore, the device according to the invention preferably has a ratio between the total area of the filters and
the volume of the closed container of between 2 m2 per m3 and 20 m2 per m3, preferably between 5 m2 per m3 and 15
m2 per m3,

[0087] The device according to the invention is construed for the process of the invention in such a way that tangential
flow of the aqueous solution exerts as low shear stress to the protein solubilized from the particles as possible, while
cross flow through the filter in order to retrieve permeate with the solubilized protein is still favorable for obtaining protein
extract in a convenient time span, at low volume. For this, the inventors found that it is beneficial for the device of the
invention to preferably apply a filtering unit having an internal volume of 0.05 m3 to 10 m3.

[0088] Thus, preferably, the device according to the invention has a filtering unit having an internal volume of 0.05 m3
to 10 m3.

[0089] It is part of the invention that the device according to the invention comprises a filtering unit consisting of a
single filter. However, the inventors surprisingly found that the device is easily and readily scalable upon construing a
filtering unit comprising more than 1 filter, e.g. up to 200 filters, or 12 filters. See also the embodiments of the invention
in this regard, provided in the Examples and figures. Preferably, a filtering unit of the invention comprises multiple filters,
oriented parallel relative to each other (see for an example ofthe invention, Figure 1C). Thus, the device of the invention
provides for means to shorten extraction time by applying more than one filter while keeping the volume of the closed
container constant. Thus, the device of the invention also provides for means to increase the turn-over of the device, by
increasing the volume of the closed container while concomitantly increasing the number of filters in a filtering unit.
Preferably, the device according to the invention has a container comprising 2 to 200, preferably 5-100, preferably 10-50
filtering units.

DESCRIPTION OF THE FIGURES
[0090]

Figure 1. Examples are provided of a device according to the invention and parts of such device for the process
for preparation of a protein extract. A. Device 1 for preparing a protein extract. The device comprises a closed
container 20, having a lower part 20’ and an upper part 20", an inlet 23 connected via an outlet 25 with a second
container 24, comprising aqueous solution 31, and said closed container comprising a filtering unit 21 with an outlet
22 |located near the upper part of the closed container. The outlet 22 of the filtering unit is in connection with a pump
26, said pump connected to an inlet 27 in connection with a third container 28, for collecting protein extract 29.
Closed container 20 comprises a mixture of aqueous solution with comminuted vegetable protein source material,
such as oilseed meal. B. Example of a closed container 20 of a device 1 for preparing a protein extract. The closed
container has a cylindrical shape. The filtering unit 21 has a flat filter and the shape of a rectangular prism. C. An
example of a closed container 20a having a rectangular prism shape. The closed container comprises more than
one filtering unit, in this example 12 filtering units numbered 21-1, 21-2, ..., 21-12. The combined filtering units are
in connection with a collector pipe 47 at each side near the top side of the filtering units, each collector pipe having
an outlet 22, as indicated. The closed container 20a is equipped with a bottom distributor plate 32, positioned at the
bottom side of the closed container. D. Close-up side view of two filtering units 21-1 and 21-2 of a closed container
20a (See Figure 1C.). Inlet 25 of the bottom distributor plate 32 is indicated. Arrows 40, 41 and 43 indicate the local
superficial average velocity u at indicated positions in the fluidized bed of 0.1 mm per second (40), 0.5 mm per
second (41) and u0 of 1 mm per second (43). The arrows 40, 41 and 43 and the vertical arrows starting from the
bottom distributor plate indicate the tangential flow along the filtering units. The horizontal arrows along the filters
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indicate the cross flow of aqueous solution (comprising solubilized protein) through the filters. E. Example of a part
of afiltering unit 21, comprising a supporting perforated sheet 33 (e.g. stainless steel, 2 mm thick, holes with diameter
2 mm, 23% open area), with the surface of the sheet layered at both sides with a layer of wire mesh cloth 34. F.
Example of a closed container 20 comprising an inlet 25 for aqueous solution, further comprising a filtering unit 21,
comprising an outlet 22 for collecting protein extract. Arrows 44, smaller from bottom to top, indicate the decreasing
flow at the retentate side A of the closed container. Arrows 45, larger from bottom to top, indicate the increasing
flow at the permeate side B of the filtering unit. Horizontal arrows in the closed container, near the filter indicate the
cross flow of aqueous solution comprising solubilized protein from the mixture of comminuted meal or oil cake
particles and aqueous solution 30. Vertical arrows in the closed container near the bottom indicate the tangential
flow of aqueous solution. Arrow 46 indicates the level of aqueous solution in the closed container while in operation,
i.e. during fluidized bed conditions. G. Close-up view of a filtering unit 21, having an outlet 22 at the permeate side,
with a particle size gradient 30 of comminuted meal or oil cake particles in aqueous solution. Particle size in the
aqueous solution in the fluidized bed range from larger particles 30" near the bottom side of the filtering unit to the
smallest particles 30’ near the top side of the filtering unit. Typically, droplets of oil (fat, lipids) are near the top side
of the filtering unit, due to their lower density as compared to the aqueous solution. The filtering unit is for example
micro-filtration cloth (wire mesh) having about 30% free area. The decreasing tangential flow 49 of aqueous solution
at the retentate side of the closed container is indicated with the vertical arrows becoming smaller from bottom to
top. The horizontal arrows 50 indicate the cross flow of aqueous solution comprising solubilized protein from the
retentate side (R) to the permeate side (P) of the filter of the filtering unit. The outlet 22 ofthe filtering unit is connected
to a collector pipe 47 via a clamp 48. Further filter units are preferably connected to the collector pipe using similar
means for connecting. For a prototype ALSEOS device of the invention, preferably the collector pipe has in internal
diameter of about 40 mm. The permeate side of the filtering unit is preferably substantially free of oil droplets (lipids,
fat), that is to say the lipid fraction is below 10 w/w% (as per dry weight) and preferably lower.

Figure 2. A. Flow rate profile of permeate in ALSEOS 1.0 - Experiments #1.1-1.4. B. Flow rate profile of permeate
in ALSEOS 1.0* - Experiments #1.5-1.11.

Figure 3. Fractions observed in Experiment# 2.1, fromtop to bottom inthe ALSEOS device accordingto the invention.
[0091] The present invention will be illustrated further by means of the following Examples.
EXAMPLES
[0092] Inallexamplesthe starting material and the samples of Crude Extract (obtained with ALSEOS device, according
to the invention) and Supernatant (obtained in stirred tank, using a conventional process in accordance to the prior art)

were analyzed according to the analytical methods described below.

Analytical methods for Crude Extract and Supernatant samples

Protein content

[0093] Protein content was determined by Kjeldahl method according to AOCS Official Method 991.20 Nitrogen (Total)
Milk. A conversion factor of 6.25 was used to determine the amount of protein (% (w/w)).

Dry matter content

[0094] Dry matter content was determined by a dryer method. The container with a cover, baguette and pre-weighed
sand (sea sand washed with water, hydrochloric acid and calcined) of 20 grams (weights recorded to the nearest 0.1
g) was placed into a dryer preheated to temperature of 105°C + 2°C and dried for about 2 hours until constant weight
was recorded. At this time, the container was sealed and transferred to a desiccator, cooled to room temperature and
weighed (weights were recorded to the nearest 0.001 g). A sample of 2 g + 0.001 g was weighed and placed into the
container. The container was covered and inserted into a dryer kept at temperature of 105°C + 2°C. The cover of the
container was removed and dried for 3 h. After 3 h of drying the container was capped and transferred to a desiccator
and cooled down to room temperature (cooling time of 30-45 min.). After this time, the container with the dried sample
and sand was weighed. The dry matter content X (%) was calculated by the formula:
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a—>b
X = . x 100%

Calculations:
a - mass of the container with the test sample and sand before drying (g);
b - mass of the container with the test sample and sand after drying (g);

¢ - mass of the container with sand (g).

[0095] The final result is the arithmetic mean of at least two measurements that do not differ by more than 0.2%. The
result is rounded to 0.1.

Fat content

[0096] The fat content was determined by the Gerber method according to PN-ISO 2446:2010 (Reference: Milk -
Determination of fat content - Gerber butyrometer, pages 1 - 18.)

Analytical methods for starting material

Total Protein content Fat content Moisture
content
Rapeseed The same method as described above Soxhlet method, see below Moisture
cake analyzer,
see below
Soya bean Kjeldahl method (Nx 6,25) according to Soxhlet method according to Moisture
cake and CLA/PSO/13/2013, version 3, CLA/PS0O/10/2013, version 4, analyzer,
sunflower 19.12.2013r. by Central Agro-ecological | 06.08.2013 by Central Agro-ecological | see below
cake Laboratory of University of Life Sciences Laboratory of University of Life
in Lublin Sciences in Lublin

Fat content, Soxhlet method

[0097] Sample was placed into a mortar and ground with a pestle into a homogeneous mass. About 5g + 0,001 g of
prepared sample was weighed in Erlenmeyer flask. 45 cm? of boiling distilled water was added. After stirring 55 cm?3
25% HCI was added. The flask was combined with a reflux condenser and heated to reflux for 15 minutes. After this
time, coolers were rinsed with 100 cm? of boiling distilled water. Erlenmeyer flask contents were quantitatively transferred
to filter paper. The residue on the filter was washed with distilled water at 60°C to wash out the chloride (Check with
acidified using HNO;, solution AgNQO,). Afterwards the filter with its content was placed on a watch glass and dried. The
dried filter was transferred to the extraction thimble. Thimble and filter paper were placed in a semi-automatic Soxtec
Avanti 055. The extraction process was carried out according to the instructions of the apparatus.

[0098] Extraction cycle consists of three phases:

- The first phase of the process: pre-cooking the sample in petroleum ether, boiling temperature 40 - 60°C, duration
15 minutes

- Second phase of the process: main extraction, duration 45 minutes

- Third phase of the process: fat recovery, duration 20 minutes.

[0099] The aluminum container with the sample was dried in a dryer heated to temperature 100-102°C for 1 h. After-
wards the container was transferred to a desiccator and subjected to cooling for ca. 30-45 minutes). After this time

aluminum container with the sample was weighed (weighed to the nearest 0.0001 g).
[0100] The fat content (X) in the sample was calculated as % according to the formula:
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a—>b
X = . x 100%

where:
a- mass of the aluminum container with the sample after drying (g);
b- mass of the aluminum container after drying (g)
c- mass sample (g)
[0101] As the final result should be the arithmetic mean of at least two X differs by not more than 0.2%.

Moisture content

[0102] Asample (2 = 0.5g)was placed in the moisture analyzer (RadWag WPS 110S) intemperature 105°C. Moisture
content was determined from the difference in the sample weight before and after drying.

Example 1

Preparation of a protein extract from rapeseed cake by means of ALSEOS 1.0 prototype, in accordance to the
invention.

[0103] In this example the protein extraction process of the invention was performed with an ALSEOS 1.0 prototype
device (Column Volume = 1.57 L or 1.96 L; See Figure 1F), according to the invention. The filter element 21 is in the
form of tube or pipe made of perforated stainless steel with free area (aperture 50%) and diameter of the holes 5 mm.
The diameter of the tube is 16 mm, the length is 800 mm. Around this tube the filter cloth is wrapped. The filter cloth is
made of stainless steel wire mesh. Different cloths were applied in the Examples, having different opening sizes: 4 p.m,
40 p.m and 100 p.m. Aperture (free area of the cloth) was about 30% for all of these cloth fabricates. The filter element
is positioned in a Column (Borosilicate glass) with an inner diameter of 50 mm, and with a distributor plate 32.

[0104] Two columns were used:

ALSEOS 1.0 ID 50 mm; H = 850 mm; VOL =1.56 L
ALSEOS 1.0* ID 50 mm; H = 1000 mm; VOL = 1.97 L.

[0105] The working principle of the device is formation of the fluidized bed from comminuted material of vegetable
origin, from which the filtrate (Crude Extract) is withdrawn by means of a filtering unit submerged in the fluidized bed
suspension. Vegetable sources were rapeseed cake, soybean cake and sunflower cake. Protein recovery and fatrecovery
were analyzed.

Procedure

[0106] Process conditions are summarized in Table 1.

[0107] Priorto charging into the ALSEOS device, the starting material was comminuted in the mixer-grinder (Therm-
omix, Vorwerk) and sieved to get the required particle size distribution, as given in Table 1. The pre-treated starting
material was then gently mixed, using a spoon, with aqueous salt solution (2% NaCl (w/w), ratio liquid / solid (L/S) = 4
+/- 2%) in a container for the period of less than about 10 min. Meantime pH of the suspension was adjusted to reach
target pH=7.0 (6.8-7.2).

1) The suspension was loaded into the column, which was pre-filled with aqueous salt solution up to 5 cm from the
column bottom. When the column was pre-filled with approximately 1/3 of the column volume, flow of aqueous salt
solution was started through the distributor at the bottom of the column.

2) Flow of aqueous salt solution to ALSEOS and outflow of permeate (extract) from ALSEOS were controlled by a
peristaltic pump. A circulation thermostat controlled temperature in the whole system.

3) The duration of the extraction time was registered as given in Table 1. Weight measurements in time were taken
in order to obtain the flow rate profile (Figure 2A for ALSEOS 1.57 L Column Volume, and Figure 2B for ALSEOS
1.96 L Column Volume).

4) The Crude Extract was sampled and analyzed for dry matter (expressed as % w/w), Total Protein concentration

12



10

15

20

25

30

35

40

45

50

55

(Kjeldahl Nx6.25), and fat concentration.

DK/EP 3229603 T3

5) Additional samples of Crude Extract were taken in Experiment #1.11, after 0.5 column volume (CV) of extract
was collected (after about 30 min), after 1 CV (after about 65 min.), after 1.5 CV (after about 165 min.), and after 2

CV (after about 199 min).

13
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ALSEQOS 1.0 Column H=800 mm , ID =50 mm volume 1.57 L
ALSEQOS 1.0* Column H=1000 mm , ID =50 mm volume 1.96 L

Experiments with stirred vessels, according to prior art.

[0108] The process performed in the device according to the invention was compared with the conventional mode of
protein extraction (Experiments 1.12 and 1.13), in a stirred vessel, applying (intensive or gentle) stirring of the particles
derived from the vegetable source, i.e. comminuted cake.

Procedure

[0109] Process conditions are summarized in Table 2.

1) Rapeseed cake was comminuted in a mixer-grinder (Thermomix, Vorwerk) and sieved to generate the desired
particle size distribution, as indicated in Table 2.

2) In the extraction experiments 100 g of comminuted rapeseed cake was used.

3) The material was suspended in 400 g of the extraction medium (aqueous salt solution NaCl 2% w/w solution).
The temperature of the extraction medium was adjusted to the process temperature prior to each experiment. The
pH of the suspension was adjusted to pH 7.0 (range: 6.8-7.2). Extraction was performed in a 1 L-jacketed Radley’s
glass reactor under conditions of 'intensive stirring’, i.e. stirring at 1.290 rpm, with an anchor mixer (Experiment
1.12), vs. conditions of 'gentle stirring’, i.e. stirring at 5 rpm, with an anchor mixer, to just suspend the particles
(Experiment 1.13).

4) The process duration and temperature were adjusted for each experiment, as shown in Table 2.

5) Post extraction, the material was transferred to 500 mL centrifugation bottles and centrifuged in Beckham centrifuge
(SER 90E, rotor type JA10) for 10 min, at 3000*g.

6) After centrifugation the extract was gently decanted i.e. without disturbing the top fat layer that was formed in the
upper part of the bottle.

7) Weight measurements were taken for mass balance calculations.

8) The decanted Supernatant was sampled and analyzed for dry matter %, Total Protein concentration (Kjeldahl
Nx6.25), and fat concentration.

Table 2. Overview of experiments and corresponding process conditions and process outputs with stirred

vessel
Experiment # Ex1.12 Ex 1.13
Starting material rapeseed cake rapeseed cake
Process conditions
Volume stirred vessel (L) 1 1

gentle mixing, just suspended

Information on mixing intensity | intensive mixing, 1.290 rpm conditions, 5 rpm

particle size starting material (.m) 0-200 0-200
NaCl concentration (w/w%) 2 2
Temperature (°C) 15 15
Extraction time (min) 60 60
Liquid/Solid ratio (L/S) 4 4
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Process conditions

Load starting material (g) 100 100
Amount of aqueous salt solution for preparation 400 400
of the suspension (g)
Process output
Extraction time (min) 60 60
Amount of Supernatant collected, after 265 217

centrifugation (g)

* Jacketed glass reactor: Radley’s Reactor-Ready Lab 1L with RS 100 Overhead Stirrer (PTFE Anchor)

Results

[0110] Table 3 summarizes the characteristics of the starting material, which was used in Experiments 1.1-1.13. The
process differences are summarized in Table 4.

Table 3 Information about starting material

Experiment | Staring Information starting DwW Tota_l Fat
# material | S°uce material @) | Prorin o )
(%DW)
Ex1.1-Ex | Rapeseed | Agro-Food Ent oroducton pocess max. | st 31 17
1.7,Ex1.12 | cake Rutkowski P P :
73°C
Sunflower Process temp. in oil
Ex1.8 Agrotrade Enterprise | production process > 93 51 7
cake
100°C
Ex 1.9, Ex . Proces§ temp. in oil
Soya cake | Agrotrade Enterprise | production process > 94 26 14
1.10 .
100°C
R d Pilot-scale Process temp. in oil
Ex13 C:kpeesee installation, Prof. Tys | production process max. 92 31 23
from Lublin 40°C
Table 4 Summary of process parameter differences
Starting Experiment | Extraction | Particlesize | Temp. Filter mesh opening size Extraction
material # device (pm) (°C) (in ALSEOS 1.0) (p.m) time
Rapeseed Ex 1.1 ALSEOS 800-1000 15 100 62
cake 1.0
Rapeseed Ex1.2 ALSEOS 0-200 15 100 63
cake 1.0
Rapeseed Ex1.3 ALSEOS 800-1000 15 40 62
cake 1.0
Rapeseed Ex 1.4 ALSEOS 0-200 15 40 57
cake 1.0
Rapeseed Ex 15 ALSEOS 0-200 15 4 24
cake 1.0
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Starting Experiment | Extraction | Particlesize | Temp. Filter mesh opening size Extraction
material # device (pm) (°C) (in ALSEOS 1.0) (.m) time
Rapeseed Ex 1.6 ALSEOS <1000 15 100 120
cake 1.0*

Rapeseed Ex 1.7 ALSEOS <1000 22 40 57
cake 1.0*

Sunflower Ex 1.8 ALSEOS <1000 22 40 60
cake 1.0*

Soyabean Ex 1.9 ALSEOS <1000 22 40 63
cake 1.0*

Soyabean | o 440 ALSEOS <400 15 40 203
cake 1.0*

Rapeseed Ex1.11(0.5 ALSEOS

cake cv) 10 <1000 15 100 30
Rapeseed Ex 1.11 (1 ALSEOS

cake cv) 10 <1000 15 100 65
Rapeseed Ex1.11(1,6 ALSEOS

cake cv) 10 <1000 15 100 165
Rapeseed Ex 1.11 ALSEOS

cake (2CV) 10 <1000 15 100 203
Rapeseed Ex1.12 stirred 0-200 15 intensive mixing 60
cake vessel

Rapeseed Ex1.13 stirred 0-200 15 gentle mixing 60
cake vessel

[0111] The analytical data obtained for the Crude Extracts and Supernatants and the process recoveries for Experi-

ments 1.1-1.13 are summarized in Table 5.

Table 5 Results of protein extraction experiments using the process according to the invention with a device
of the invention, compared to conventional methods.

Analytical data referto Crude Extracts (Ex. 1.1 - 1.11) and Supernatant (Ex. 1.12 and 1.13), recoveries are calculated
for the extraction step)

Dry Fat Total Total Fat/Protein ratio in
. . weight Fat Recover Protein Protein Crude Extract or
Starting Experiment (DW) v (Nx6,25) | Recovery Supernatant
material #
0,

(%) é‘f\,’) % (% DW) % (g DW/g DW)
f:lf:seed Ex 1.1 44% | 2,3% 3,2% 45,5% 35,2% 0,05
Rapeseed
cake Ex 1.2 5,9% 51% 9,7% 47,0% 48, 7% 0,11
Rapeseed
cake Ex 1.3 5,5% 3,6% 6,3% 33,9% 31,8% 0,11
f:lf:seed Ex 1.4 37% | 55% 6,5% 39,3% 25,3% 0,14
Rapeseed
cake Ex1.5 8,7% 7,0% 3.5% 40,9% 11,0% 0,17
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Analytical data referto Crude Extracts (Ex. 1.1 - 1.11) and Supernatant (Ex. 1.12 and 1.13), recoveries are calculated
for the extraction step)
Dry Fat Total Total Fat/Protein ratio in
. . weight Fat Recover Protein Protein Crude Extract or
Starting Experiment (DW) v (Nx6,25) | Recovery Supernatant
material # -
(%) D(‘f\)l) % (% DW) % (g DW/g DW)

Rapeseed Ex 1.6 44% | 3,4% 7.6% 30,3% 37,0% 0,11
cake
Rapeseed

Ex 1.7 6,8% 3,0% 6,5% 26,8% 32,1% 0,11
cake
Sunflower

Ex 1.8 4,3% 2,3% 9.2% 13,8% 7,2% 0,17
cake
Soya bean Ex 1.9 38% | 0,7% 1,0% 23,4% 18,3% 0,03
cake
Soya bean Ex 1.10 6,7% | 0,0% 0,0% 10,8% 29,2% 0,00
cake
Rapeseed | Ex1.11(0.5 | 440, | na n.a 40,4% 16,9% n.a
cake CcVv)
Rapeseed | Ex1.11(1 | 579 | 54 n.a 36,0% 42,7% n.a
cake CcVv)
Rapeseed | Ex1.11(1,5 | ;.0 | 14 n.a 33,9% 50,8% n.a
cake CcVv)
Rapeseed Ex 1.1 o o o o o
cake (2CV) 4.9% 3,1% 9.7% 32,3% 55,7% 0,10
Rapeseed Ex 1.12 153% | 251 68,6% 41,0% 58,5% 0,64
cake %
f:lf:seed Ex 1.13 9.8% | 3,1% 3,1% 50,0% 37,3% 0,06

Conclusions from experiments performed in the ALSEOS 1.0 device

[0112]

1) The results obtained show by and large, the benefits of the ALSEOS process and device. The yield on protein is
high and the oil/lipids are mainly retained at the retentate side of the filter. It was demonstrated that about 50% of
proteins present in the starting material have been recovered in the Permeate in some of the experiments. At the
same time most of the fat present in the starting material has been retained on the Retentate side. Expressed as
the ratio Fat:Protein, the ratio is significantly lowerinthe Permeate (about 0.1) than in the starting material (about 0.5).
2) Protein extract was obtained for tested process conditions according to the invention. A stable flux of permeate
was maintained throughout the process time. That shows good hydrodynamic performance of ALSEOS device. For
Experiment # 1.5, in which 4 pm filter mesh opening size was applied, flux was observed for 24 min process time
due. This indicates the need to optimize the mesh opening size when longer process time is required, which mesh
opening size should be adapted to the specific granulometric properties of staring material in order to prevent fouling
of the filtering device. A person skilled in art will know that increasing the filter area will also facilitate more stable
process and less fouling of the filter mesh.

3) Forrapeseed cake the highest protein recovery (55,7%) was obtained in Experiment 11, for the process conditions
of <1000 pm particle size, 100 pm filter mesh opening size and, 15°C extraction temp, 203 minutes extraction time,
where 2 Column Volume of permeate were collected. That clearly shows the added value of the increased contact
time of the starting material with the aqueous salt solution, as compared to the protein recovery obtained in e.g.
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example 1.6, with the same process conditions except for the shorter contact time of 120 min.

4) In all cases fat recovery was lower than 10%, meaning that 90% of the fat was retained on the retentate side.
5) The lowest fat recovery was obtained in Experiment 1.1 for the process conditions of 800-1000 p.m particle size,
100 p.m filter mesh opening size and, 15°C extraction temperature, 60 minutes extraction time.

6) Fat recovery in Experiment 1.1 was lower as compared to the Experiment 1.2 in which rapeseed cake was ground
to smaller particle size of 0-200 p.m. However, in experiment 1.2 higher protein recovery (48.7%) was obtained as
compared to Experiment 1.1 (35.2%). That indicates that mass transfer conditions for protein recovery are favorable
when particles are smaller. However, smaller particle size favors fat release during extraction, most probably because
the comminution of rapeseed cake also breaks down oil bodies in rapeseed cake, what enables release of fat.

7) Devices ofthe invention comprising filters with 40 p.m filter mesh opening size and with 100 p.m filter mesh opening
size are both particularly suitable for the process according to the invention; devices with these filters provide for
low fat recoveries combined with high protein recovery and suitable hydrodynamics, i.e. less prone to fouling com-
pared to tight filter mesh opening size (4 pm, in Experiment 1.5).

8) In experiment 1.11 the benefit of the prolonged contact time of rapeseed cake with extraction medium on protein
recovery is seen. In this experiment samples of Crude Extract were withdrawn when the amount of collected Crude
Extract reached 0.5 CV (corresponding to 30 minutes contact time), 1 CV (65 minutes contact time), 1.5 CV (165
minutes contact time), and 2 CV (199 minutes contact time). The protein recovery increased as follows: 16.9% (0.5
CV),42.7% (1 CV), 50.8% (1.5 CV), and 55.7% (2 CV).

Conclusions elucidated from experiments with stirred vessels
[0113]

1) Fat recoveries were below 10% when comparing all experiments with ALSEOS 1.0 device with the lowest being
3.2% in Experiment 1.1. When a conventional stirred tank vessel with gentle mixing was used (Experiment 1.13)
fat recovery was comparable, being 3.1%.

That shows the advantage of ALSEOS device, as in case of the stirred tank low fat recovery was due to the
centrifugation step which was performed after extraction. In case of ALSEOS centrifugation was not needed and
comparable fat recovery was obtained. To explain this phenomenon, it is of paramount importance to understand
that it is shear forces that are responsible for the release of fat into the liquid phase during co-extraction of proteins
in the presence of fat. The level of shear in the ALSEOS device is lowest possible of all known devices in the art,
with which the process of extraction of oilseeds can be performed. Shear rates in stirred vessels are in the range
100- 1000 per second, to be compared with shearrates of < 10 per second in the expanded (fluidized) bed according
to the invention, which is thus the case in the prototype ALSEOS devices exemplified in the current examples. Shear
rates in the conventional packed bed aimed for percolation extraction known in the art are in the range 10-100 per
second [Carta G, Jungbauer, 2010].

At industrial scale the conditions in stirred tank vessel will rather resemble the conditions mimicked in the small-
scale vessel by providing the intensive mixing (Experiment 1.12). This because it is expected that the maximum
shear rates in the stirred vessels will be an order of magnitude higher than average shear rates in the reactor, as
reported in the literature [Camperi A., ef al., 2008; Villadsen J, Liden G; 2003].

2) When comparing fat recoveries obtained in Example 1.2 according to the invention (ALSEOS 1.0 device) with
fat recovery obtained in Example 1.12 (stirred vessel, intensive mixing), the advantage of a low shear extraction,
which is provided by means of ALSEOS device, is demonstrated in terms of low fat recovery - 9.7% fat recovery in
Experiment 1.2, vs. 68.6% fat recovery in Experiment 1.12.

Experimental materials

[0114] All starting material was stored at room temperature. After milling the pre-treated materials were stored in the
fridge (2-8°C). Samples of Crude Extracts and Supernatants were frozen (-20°C) and defrosted priorto analytical testing.

Key equipment

[0115] ALSEOS 1.0 (experiment# Ex 1.1 - 1.4): Column KronLab, vol. 1.57 L (YMC-ECO50/750M0OVK) and ALSEOCS
1.0 * (experiment # Ex. 1.5 - 1.11) vol. 1.96 L (YMC-ECO50/999MOVK) with the filter mesh opening size 100 wm, 40
pmand 4 pm

Peristaltic pump (experiment# Ex. 1.1 - 1.4): Ismatec Ecoline with head pump MS/CA 4-12

Peristaltic pump (experiment# Ex. 1.5-1.11); Lead Fluid BT-100S with head pump DG-4

Thermostat (experiment# Ex 1.1 - 1.4): LabTech RH40-25A Circulator
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Thermostat (experiment# Ex.1.5-1.11): Huber Unichiller 150Tw-H

Jacketed glass reactor (experiment# Ex.1.12-1.13): Radley’s Reactor-Ready Lab 1 L with RS 100 Overhead Stirrer
(PTFE Anchor)

Centrifuge (experiment# Ex.1.12-1.13): Beckman SER 90E with rotor type JA10

Example 2

Preparation of a protein extract from rapeseed cake by means of ALSEOS 2.0, a device of the invention

[0116] In this example the protein extraction process of the invention was performed with an ALSEOS 2.0 prototype
device (column volume = 31.4 L, filter mesh opening size 100 pm according to the invention). Forthe ALSEOS 2.0 (31.4
L) Prototype the filter element was in the form of a frame, covered (both sides) by filter cloth (Figure 1E). The column
diameter was 200 mm and the height 1000 mm. Column volume about 30 L. The same filter cloth 4 wm and 100 p.m
was applied as for ALSEOS 1.0 (See Example 1). The working principle of the device is formation of the fluidized bed
from rapeseed cake.

Procedure:

[0117] Process conditions are summarized in Table 6. An ALSEOS prototype protein extraction device (column) was
pre-charged with water (tap water, temperature about 15°C, no salt added). Inlet of water to the device was through a
distributor plate at the bottom of the column. Flow velocity was about 30 L/h. Rapeseed cake was comminuted in the
mixer (Zelmer ZSB, 1400 B) and sieved to get the size of < 2000 p.m. 1.5 kg of comminuted rapeseed cake was pre-
mixed in a bucket with about 8 kg of water. Gentle swirling was applied by planetary movement of the closed bucket (by
hand), for about 1 minute, to avoid excessive agitation. The content of the bucket was then poured into the ALSEOS
prototype column via a funnel and through the ball valve in the top lid of the column. A second portion of comminuted
1.5 kg rapeseed cake was prepared in a similarway and poured to the ALSEOS prototype column. Waterwas continuously
supplied to the ALSEOS prototype column during charging the container with the cake slurry. Feed rate of the water
supply was about 30 L/h. When the liquid level was approaching the top lid of the column, the venting valve of the
container was kept open allowing portion of the content of the column (about 5 L) to be discharged to a waste container.
Thereafter, the vent valve was closed and the only outlet for liquid from the column device is on the permeate side of
the filter of the filtration means. Filtrate (permeate) fromthe ALSEOS device was collected in a separate filtrate container.
[0118] Samples of the filtrate (Crude Extract) were analyzed for dry weight, Total Protein and fat content.

Results
[0119] Fractionation of the retained material on the retentate side of the filter was observed, with a ’light’ fraction
(relatively low particle density; lipid rich) accumulating at the top of the ALSEOS column (closed container) and a 'heavy’

fraction (relatively high particle density containing less lipids and more hulls) residing in the bottom part of the column.

Table 6 Overview of experiments and corresponding process conditions and process outputs with ALSEOS 2.0

# Experiment Ex 2.1
starting material rapeseed cake
Information on ALSEOS 2.0
Alseos Type* 2.0
Column Volume, CV (L) 314
Filter mesh opening size (Alseos 2.0) (p.m) 100
Process conditions
Particle size starting material (m) < 2000 p.m
Temperature (°C) ca. 15
Liquid/Solid ratio (L/S) 10
Load starting material (kg) 3
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(continued)

Process output

Extraction time (minutes) 51

Amount of Crude Extract collected (kg) 18

*ALSEOS 2.0 Column H=1000 mm, ID =20 cm, volume 31.4 L

Table 7 Information about the starting material

Experiment | Starting Information starting material | Source DW Total Protein Fat
# material 9 (%) (% DW) (%DW)
Ex 2.1 Rapeseed | Process temp. in oil production | Z.T. 91% 39% 9%

cake process >100°C Bielmar

Table 8 Results of protein extraction experiments using the process according to the invention with a device
of the invention.

(Analytical data refer to Crude Extract, recoveries are calculated for the extraction step)
D_ry Fat Tota_l Total Protein | Fat/Proteinratio
. . weight Fat R Protein R Crude E
# material .
(%) Eg\f\J/) % (% DW) % (g DW/g DW)
Rapeseed
Ex 2.1 1,1% 5,9% 51% 42,9% 10,1% 0,14
cake
Example 3

Devices of the invention for the process according to the invention

[0120] Figure 1 provides embodiments ofthe device accordingtothe invention. Fordetails of the device of the invention:
see the description of Figure 1.

[0121] Typically, in the device of the invention as provided in Figure 1B, a wire mesh cloth is applied with the cloth
wrapped around a (metal, plastic) frame, preferably made of stainless steel, preferably having an opening size 4-100
pr.m, more preferably, 40-100 pm, with preferably having a free area of about 30%. For a prototype ALSEOS device of
the invention, preferably, the closed containeris a (e.g. cylindrical) chromatography column with for example an internal
diameter (ID) of 0.2 m and preferably a height of about 1 m. In the device of the invention as exemplified in Figure 1D,
the filters of the filtering unit are preferably positioned substantially vertically. In a preferred embodiment of the invention,
the device of the invention comprises a series of parallel positioned filtering units comprising parallel filters, each con-
nected to at least one collector pipe. See Figure 1C and 1F.

[0122] In a preferred operation of the process of the invention with an exemplified device according to the invention,
an Expanded Bed made of ground oil seeds is suspended in the upward flowing water. The Protein Extract (PERMEATE)
is withdrawn via the Cross Flow through the wire mesh into the vertically positioned panels of filters. The Wire mesh is
permeable for water and solutes and preferably blocks entrance of oil droplets (lipids, fat) into the permeate. At the
Retentate Side of the closed container, segregation of particles based on size and/or density is observed due to dimin-
ishing superficial velocity of the liquid in the Tangential Flow: Fine/light particles are located near the top side of the
closed container, whereas Coarse/denser particles remain near the bottom side (Figure 1G).

[0123] Figure 1E shows a typical part of a filtering unit of the device of the invention, with a wire mesh filter.
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Example 4

Providing protein extract with the process according to the invention, using a device of the invention

[0124] InTable9andin Table 10 below, experimental details and results are provided for experiments with comminuted
rapeseed meal.

[0125] Forexperiment 1.11 (described in Example 1) a 1.96 liter ALSEOS prototype (ALSEOS 1.0) device according
to the invention was applied.

In experiment 1.11 protein extraction was performed with gently treated rapeseed cake, which was generated from the
oil production process in which temperature during rapeseed pressing was maintained below 73°C.

[0126] For experiment 2.1 (described in Example 2) a 31.4 liter ALSEOS prototype (ALSEOS 2.0) device according
to the invention was applied. In experiment 1.11 protein extraction was performed with harshly treated rapeseed cake,
which was generated from the oil production process in which temperature during rapeseed pressing was above 100°C.

Table 9 Information on the starting material

Experiment# PrO(_:(?ss Startlr_lg Information starting material Source
conditions material

Ex. 1.11 (from Process temp. in oil production Agro-Food Ent. L.

Example 1) See Table 4 Rapeseed cake process max. 73°C Rutkowski

Ex 2.1 (from See Table 6 Rapeseed cake Process temp; in oil production 7T Bielmar

Example 2) process >100°C

Table 10 Experimental conditions and results of protein extraction using the process and device according
to the invention.

D_ry Fat Tota_l Tota_l Fat/Protein ratio
weight Fat Recovery Protein Protein Crude Extract
Experiment# Process (DW) (Nx6,25) | Recovery
conditions
0,
(%) D(‘f;’l) % (% DW) % (g DW/g DW)
Ex.1.41(from | o Tobled | 490% | 3.1% 9.7% 32.3% 55.7% 0.10
Example 1)
Ex 2.4 (from | o Table6 | 1.14% | 5.85% | 5.05% 42.93% 10.1% 0.14
Example 2)

From the protein recovery data (Table 10) it is seen that rapeseed cake pretreated with temperature above 100°C
(Experiment 2.1) provides relatively low protein recovery, compared to rapeseed cake that was only subjected to mild
temperature conditions before application in the process according to the invention (Experiment 1.11).

[0127] The low recovery in experiment 2.1 can be partly explained by the fact that no salt was added to the extraction
medium. It is known that solubility of proteins is positively influenced by the ionic strength of the extraction medium
[Rodrigues |.M., et al., 2012]. An effect of salt concentrations in extraction mediumwas investigated in further experiments
with the extraction performed in stirred tank, according to prior art, process conditions: pH 6.8-7.2, size distribution of
comminuted rapeseed cake 0-200 p.m, extraction temp. 15°C, extraction duration 120 minutes, gentle mixing intensity.
Protein recovery was higher when 2% w/w NaCl was present in the extraction medium (34.7%) as compared to when
no salt was added (27.4%).

[0128] An effect of heat pretreatment on rapeseed cake was investigated in further experiments with the extraction
performed in stirred tank, according to prior art, process conditions: pH 6.8-7 .2, size distribution of comminuted rapeseed
cake 800-1000 pwm, extraction temperature 15°C, extraction duration 120 minutes, 2% w/w NaCl in extraction medium,
gentle mixing intensity. In the first case rapeseed cake obtained from the oil production process in which temperature
did not exceed 73°C was used while in the second case rapeseed cake pretreated with temperature higher than 100°C
was applied. In the former case protein recovery was higher (47.9%) as compared to the latter case (38.4%), showing
the influence of pre-treatment temperature, in favor of low-temperature pre-treatment.

[0129] These data show that temperature used in the oil production process influence the suitability of the starting
material for the protein extraction.
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That confirms that rapeseed cake (a by-product obtained when seeds are mechanically pressed in oil production) is
more suitable for extraction of proteins than rapeseed meal (a byproduct obtained when oil is extracted chemically, e.g.
by hexane, which must be further removed from the process in a purposely-devised toasting step by heat treatment
(temperature >>100°C)).

ABBREVIATIONS USED

[0130] ALSEOS, aqueous low shear extraction of proteins from oilseeds; ca., circa; DW, dry weight; g, gram(s); H,
height; ID, internal diameter; L, liter; L/S, liquid(:)solid ratio; min, minute(s); P, permeate; R, retentate; RT, room tem-
perature, ambient temperature; UF, ultra-filtration; um, micrometer or pm; VOL, volume (as in vol%); wt%, weight per-
centage w/w, weight ratio
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Patentkrav

1. Fremgangsmade til fremstilling af et proteinekstrakt ud fra mel eller oliekage
af oliefr@, hvor fremgangsmaden omfatter:

a) at fremstille, i en beholder, en blanding af en vandig opl@sning og findelt mel
eller oliekage ud fra oliefra, hvor de findelte partikler har en gennemsnitlig par-
tikelstarrelse (d32), der er mindre end 1000 um;

b) at danne en fluid bed af de findelte mel- eller oliekagepartikler i beholderen
ved hjeelp af flowgenererende midler tilvejebragt i beholderen og lade mindst
en del af de proteiner, der forekommer i det findelte mel eller oliekage, opl@ses
I den vandige opl@sning;

c) at separere, under fluid bed-betingelser, mindst en del af det opl@ste protein
fra blandingen ved hjeelp af filtreringsmidler tilvejebragt i beholderen, séledes
at der opnas et proteinekstrakt.

2. Fremgangsmade ifalge krav 1, hvor de findelte partikler har en gennemsnit-
lig partikelstarrelse (d32) mellem 800 um og 1000 ym.

3. Fremgangsmade ifalge krav 1, hvor de findelte partikler har en gennemsnit-
lig partikelstarrelse (d32), der er starre end 200 ym.

4. Fremgangsmade ifalge et hvilket som helst af de foregéende krav, hvor den
vandige opl@sning er udvalgt blandt vand eller en blanding af vand og mindre
end 20 volumen% af et vandopl@seligt organisk oplasningsmiddel udvalgt
blandt alkoholer og ketoner, fortrinsvis ethanol eller acetone eller blandinger
deraf.

5. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor det
findelte mel eller oliekage er fremstillet af soja, rapsfra, solsikke, har, linola,
kokosned, sennepsframel, bomuldsfra, korn, hvede, rug, havre, ris, risklid eller
beaelgfrugter, sdsom eerter eller fababanner.

6. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor det
findelte mel eller oliekage ikke er behandlet med hexan.
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7. Fremgangsmade ifalge et hvilket som helst af de foregaende krav, hvor se-
parationen i trin ¢) ved hjeelp af filtreringsmidler sker under lav forskydnings-
hastighed pa under 20 pr. sekund, fortrinsvis mellem 1 til 10 pr. sekund.

8. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor de
findelte mel- eller oliekagepartikler omfatter mere end 5 vaegt-% lipider.

9. Fremgangsmade ifglge et hvilket som helst af de foregaende krav, hvor de
findelte mel- eller oliekagepartikler omfatter mellem 5 til 60 veegt-% protein,
fortrinsvis mellem 10 til 40 veegt-% protein.

10. Fremgangsmade ifelge et hvilket som helst af de foregaende krav, hvor
fremgangsmaden endvidere omfatter et trin d), hvor proteinekstraktet udseet-
tes for et centrifugeringstrin og/eller et andet filtreringstrin under anvendelse af
filtreringsmidler omfattende et filter med en abningsstarrelse pa mindre end 10
um, fortrinsvis ca. 4 um, fortrinsvis ca. 1 um, saledes at mindst en del af lipid-
fraktionen i proteinekstraktet kasseres fra proteinekstraktet.

11. Fremgangsmade ifelge et hvilket som helst af kravene 1-9, hvor frem-
gangsmaden endvidere omfatter et trin d), eller ifalge krav 10, hvor fremgangs-
maden endvidere omfatter et trin e), hvor methanol, ethanol eller acetone til-
seettes til proteinekstraktet, saledes at der dannes et proteinbundfald; og et
yderligere trin, hvor proteinbundfaldet separeres fra vaeskefraktionen.

12. Fremgangsmade ifglge et hvilket som helst af kravene 1-11, hvor, i trin c),
lipidindholdet af proteinekstraktet er mindre end 10 vaegt-% baseret pa ter-
veegt, fortrinsvis mindre end 6 veaegt-% baseret pa terveegt, mere foretrukket
0,5 veegt-% til 4 veegt-% baseret pa tarveegt, og hvor, i trin c), proteinindholdet
af proteinekstraktet er mindst 30 vaegt-% baseret pa terveegt, fortrinsvis mindst
35 veegt-% baseret pa tervaegt, mere foretrukket mindst 40 veegt-% baseret pa
terveegt, mest foretrukket mindst 45 veegt-t% baseret pa terveegt.

13. Indretning (1) til fremstilling af et proteinekstrakt (29) ud fra mel eller olie-
kage af oliefrg, hvilken indretning omfatter en lukket beholder (20), som har en
nedre del (20') og en @vre del (20"), og hvor der i den nedre del af beholderen
er anbragt en fordeler (32) til vandig opl@asning (31), hvilken fordeler er indrettet
til at frembringe en strem af vandig opl@sning fra den nedre del af beholderen
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til den @vre del af beholderen i en farste retning, og hvor beholderen endvidere
omfatter mindst en filtreringsenhed (21), der er anbragt over fordeleren til den
vandige oplasning, hvilken filtreringsenhed omfatter et i det veesentlige fladt
filterelement, hvis overflade er parallel med den ferste retning og er forsynet
med et filter med en abningssterrelse i omradet 4 um til 200 um, fortrinsvis 4
pm til 100 um, og et frit omrade mellem 20 % til 50 %, og hvor filtreringsenhe-
den er forsynet med mindst et udlgb (22) for filtreringsenhedens permeat.

14. Indretning ifalge krav 13, hvor filteret har en abningssterrelse i omradet 40
pm til 100 pm.

15. Indretning ifelge krav 13 eller 14, hvor forholdet mellem det totale omrade
af filtrene og volumenen af den lukkede beholder er mellem 2 m? pr. m2 og 20
m? pr. m3, fortrinsvis mellem 5 m? pr. m® og 15 m? pr. m3.
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DRAWINGS

FIGURE 1
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FIGURE 1 (CONTINUED)

i R i G g G
U5 0555 5.5, %650 P 5 5 s s . 5 T .

NN
BN

R

£

€
7z N
N o =
A -— pesereeeelylh
O B YYYYYGEY VYUY IYGETYCEYYY T
G e e g i a
S e G
G 2005050 %0 P T 2 s B P 2 i e i Y e \\n% %
7 o w& o %
7 <+ e N“ © %,
O YUY TY DG DYDY 7% %
L 7
Z
Z
%

R

7

IR

—
1

1
o~

47

RN

%

&

Y

N

RS
\\\&\\

N
S

4 %,

0N A D AR 20N R 2N NN IR R0 A N0 NN AN 2000 R 0 0 2000 RO A0 02 N0 N MW N

)
Y
™
.
8
»
S
O 200 O NN BN 0T AN U 0N O R SRV R0 Y R0 O 200 RN N Q000 PO 00N DO O T A AN RN AT Y AT N 00N Y 200 S AR N

Cran,,
AT 2000 R0 AN N0 20 00 20N 00 BN N0 e N
A

o
*,

"ae

21

%

¢

W

st

34



DK/EP 3229603 T3

FIGURE 1 (CONTINUED)
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FIGURE | (CONTINUED)
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FIGURE 2
Al
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FIGURE 3

Fraction 1 - Light fraction
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