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Description

FIELD OF INVENTION

[0001] The present invention relates to the recovery of flax protein isolates from flax oil seed meal.

BACKGROUND OF THE INVENTION

[0002] In US Patent Application No. 10/266,677 filed October 9, 2002 (WO 03/030652), assigned to the assignee
hereof, there is described the preparation of a flax protein isolate. As set forth therein, there is provided a flax oil seed
protein isolate having a protein content of at least about 90 wt%, preferably at least about 100 wt%, as determined by
Kjeldahl nitrogen x 6.25 (N x 6.25) on a dry weight basis.
[0003] In such process, yields of flax protein isolate were limited because of the inability to concentrate the protein
solution to high protein contents owing to the presence of water-soluble mucilage. Flax seed mucilage is a gummy
substance consisting substantially of polysaccharides. The presence of the mucilage in protein products separated from
flax oil seed meal by other processes makes it difficult to produce products with protein contents high enough to be
classified as isolates.
[0004] Flax seed is known to contain about 34 to about 37 wt% proteins and several different protein components,
distinguished by different sedimentation coefficients (S), have been identified. These proteins include a 12S globulin,
known as linin, and 2S albumin, known as colinin.
[0005] Linola® oil seed, distributed by Agricore United, is a mutant of flax oil seed in which the fatty acid composition
has been changed and linolenic acid (C18:3) has been substantially reduced from about 50% in conventional flax oil
seed to about 2%, through traditional breeding procedures. These modifications were made to provide, from the resulting
Linola oil seed, an edible polyunsaturated oil substantially similar to sunflower oil in fatty acid composition.
[0006] Madhusudhan and Singh (J. Agric. Food Chem. 1983, 31, 959-963) conducted studies on dehulling and de-
mucilaging of linseed, and determined the solubility of the proteins of the linseed meal in water, 0.5 and 1.0M NaCl, and
2% sodium hexametaphosphate solutions in the pH range 2-12. The solubility was found to be minimum around pH 3-6
and maximum around pH 8.0. The solubility minimum shifted to pH 0.5-4.5 in 1M NaCl and to 0.6-5.3 in 2% sodium
hexametaphosphate. The total proteins were characterised by techniques of gel filtration, ion exchange chromatography,
electrophoresis and ultracentrifugation. The presence of at least three components was observed.
[0007] Oomah and Mazza (Food Chemistry, 1993, 48, 109-114) reviewed the literature on the protein content, amino
acid composition, fractionation and functional properties of flax seed proteins. They remark on the favourable functional
properties of flax seed proteins and the wide range of potential products in which they can be incorporated.

SUMMARY OF THE INVENTION

[0008] It has now surprisingly been found that, if an initial extraction of the flax seed at elevated temperature using a
mildly-alkaline solution of sodium bicarbonate to remove mucilage is effected, then a much higher concentration of
concentrated aqueous protein solution can be produced, enabling improved yields of flax protein isolate to be obtained.
In addition, a flax protein isolate can be produced from flax protein meal by isoelectric precipitation or by a micellar route.
[0009] It has now also been found that the predominant protein component of flax protein isolates of the invention is
a 7S protein, which appears to be half of the 12S globulin known as linin, and which has a molecular weight of approximately
162,000 to 169,000 Da, as determined by HPLC Retention Times compared to BioRad animal protein standards. Other
protein components of flax protein isolates of the invention include linin, having a molecular weight of approximately
415,000 to 440,000 Da, as determined by HPLC Retention Times compared to BioRad animal protein standards and
colinin, having a molecular weight of approximately 16,000 to 17,000 Da, as determined by HPLC Retention Times
compared to BioRad animal protein standard.
[0010] It has now further been found that the relative proportions of the protein components are similar between protein
micellar mass (PMM)-derived flax protein isolate and supernatant-derived flax protein isolate of the invention.
[0011] In particular, it has been found that PMM-derived flax protein isolate having a protein content of at least about
90 wt% (N x 6.25), preferably at least about 100 wt%, has a protein component content of about 65 to 95 wet% of 7S
flax protein (half of linin), about 0 to 20 wt% of linin and about 0 to 20 wt% of colinin. It has been found that supernatant-
derived flax protein isolate having a protein content of at least about 90 wt% (N x 6.25), preferably at least about 100
wt%, has a protein component content of about 65 to 95 wt% of 7S flax protein (half of linin), about 0 to 20 wt% of linin
and about 0 to 20 wt% of colinin.
[0012] The similarity in the protein component profiles for the PMM-derived and the supernatant-derived flax protein
isolates results in similar behaviour in environments where the flax protein isolates are employed. The similar protein
content profiles enable the combining of PMM-derived and supernatant-derived flax protein isolates in any desired
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proportion without altering the composition, thus resulting in an increased yield for the process.
[0013] PMM-derived, supernatant-derived and iso-electric precipitation (IEP)-derived flax protein isolates have a very
similar amino acid profile. The amino acid profiles obtained are set forth below in the Examples.
[0014] The present invention provides a procedure for preparation of a flax protein isolate having a unique protein
profile involving an initial extraction of the oil seed. A protein isolate is defined as a protein containing at least 90 wt%
protein at a Kjeldahl nitrogen conversion rate of N x 6.25. The term "protein content" as used herein refers to the quantity
of protein in the protein isolate expressed on a dry weight basis.
[0015] The flax protein isolate produced according to the process herein may be used in conventional applications of
protein isolates, such as, protein fortification of processed foods, emulsification of oils, body formers in baked goods
and foaming agents in products which entrap gases. In addition, the protein isolate may be formed into protein fibers,
useful in meat analogs, may be used as an egg white substitute or extender in food products where egg white is used
as a binder. The flax protein isolate may be used as nutritional supplements. Other uses of the flax protein isolate are
in pet foods, animal feed and in industrial and cosmetic applications and in personal care products.

BRIEF DESCRIPTION OF DRAWINGS

[0016] Figures 1 and 2 are HPLC chromatograms of Linola isolates, with Figure 1 being that for a PMM-derived Linola
protein isolate and Figure 2 being that for a supernatant-derived Linola protein isolate; and
[0017] Figures 3, 4 and 5 are Differential Scanning Calorimetry thermograms for Linola isolates, with Figure 3 being
that for PMM-derived Linola protein isolate, Figure 4 being that for a supernatant-derived Linola protein isolate and
Figure 5 being that for IEP-derived Linola protein isolate.

GENERAL DESCRIPTION OF INVENTION

[0018] The initial extraction of the flax seed is effected using a mildly-alkaline aqueous solution, generally having a
pH of about 7.5 to about 9, preferably at the natural pH of the aqueous solution of the alkaline material, preferably at an
elevated temperature of about 30° to about 70°C, more preferably at about 50°C. The extraction of flax oil seed may
preferably be effected at seed to solution ratio of about 1:1 to about 1:20, more preferably about 1:5 to about 1:10,
preferably using an aqueous solution containing about 0.2 to about 0.7 M mildly-alkaline material. Preferably, an aqueous
solution of sodium bicarbonate having a concentration of about 0.5 M is used at about 50°C in a ratio of flax seed to
solution of about 1:8.
[0019] After a first extraction of the oil seed, preferably by mixing with stirring of the oil seed in the aqueous alkaline
solution, for about 15 to about 60 minutes, more preferably about 30 to about 60 minutes, the extraction is preferably
repeated with fresh aqueous alkaline solution until no further mucilage is extracted from the oil seeds.
[0020] The extracted oil seeds then are processed to recover the oil and to provide an oil seed meal from which a flax
protein isolate may be produced.
[0021] One procedure whereby the flax protein isolate may be formed from the flax oil seed meal is by isoelectric
precipitation. Prior to effecting the initial removal of mucilage as provided herein, the applicants had not been able to
produce a flax protein isolate by isoelectric precipitation processing of flax oil seed meal. Isoelectric precipitation is
commonly used to prepare other protein isolates, for example, soy protein isolate.
[0022] In such isoelectric precipitation, the flax oil seed meal, or linola oil seed meal, is extracted with an aqueous
alkaline solution, generally an aqueous sodium hydroxide solution having a pH of about 8 to about 12, preferably about
9 to about 11, at a temperature of about 0° to about 40°C, preferably about 15° to about 25°C, at a meal concentration
of about 2.5 to about 10% w/v, preferably about 5% w/v.
[0023] Following extraction of the meal, residual meal is separated from the aqueous protein solution in any convenient
manner, such as by employing vacuum filtration, followed by centrifugation and/or filtration to remove residual meal.
The separated residual meal may be dried for disposal.
[0024] The flax protein solution is then acidified to a pH of about 3 to about 5, preferably about 4, using any convenient
acid, such as hydrochloric acid, to cause the formation of a precipitate of flax or linola protein isolate. The precipitate is
removed from supernatant and dried. The dried isoelectric precipitation (IEP)-derived flax protein isolate has a high
protein content, in excess of about 90 wt% (N x 6.25), preferably at least about 100 wt%.
[0025] Alternatively and preferably, the flax protein isolate is prepared following the procedure described in the afore-
mentioned copending US Patent Application No. 10/266,677 (WO03/030652). The process may be effected in a series
of batch operations or as a continuous or semi-continuous process.
[0026] The initial step of the process of producing the flax protein isolate according to the procedure of the aforemen-
tioned application, involves solubilizing proteinaceous material from flax oil seed meal. The proteinaceous material
recovered from flax seed meal may be the protein naturally occurring in flax seed or the proteinaceous material may be
a protein modified by genetic manipulation but possessing characteristic hydrophobic and polar properties of the natural
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protein. The flax meal may be any flax meal resulting from the removal of flax oil from flax oil seed with varying levels
of non-denatured protein, resulting, for example, from hot hexane extraction or cold oil extrusion methods. The removal
of flax oil from flax oil seed usually is effected as a separate operation from the protein isolate recovery procedure
described herein.
[0027] Protein solubilization is effected most efficiently by using a salt solution since the presence of the salt enhances
the removal of soluble protein from the oil seed meal. The salt usually is sodium chloride, although other salts, such as,
potassium chloride, may be used. The salt solution has an ionic strength of at least about 0.10 M, preferably at least
about 0.15 M, generally up to about 2.0 M to enable solubilization of significant quantities of protein to be effected. As
the ionic strength of the salt solution increases, the degree of solubilization of protein in the oil seed meal initially increases
until a maximum value is achieved. Any subsequent increase in ionic strength does not increase the total protein solu-
bilized. The ionic strength of the salt solution which causes maximum protein solubilization varies depending on the salt
concerned and the oil seed meal chosen.
[0028] In view of the greater degree of dilution required for protein precipitation with increasing ionic strengths, it is
usually preferred to utilize an ionic strength value less than about 1.0 and more preferably a value of about 0.15 to about 0.6.
[0029] In a batch process, the salt solubilization of the protein is effected at a temperature of above about 0°C and
preferably up to about 35°C, preferably accompanied by agitation to decrease the solubilization time, which is usually
about 10
to about 90 minutes. It is preferred to effect the solubilization to extract substantially the maximum amount of protein
from the oil seed meal, so as to improve product yield. The upper preferred temperature limit of about 35°C is chosen
since the process becomes uneconomic at higher temperature levels in a batch mode.
[0030] In a continuous process, the extraction of the protein from the flax oil seed meal is carried out in any manner
consistent with effecting a continuous extraction of protein from the flax oil seed meal. In one embodiment, the flax oil
seed meal is continuously mixed with a salt solution and the mixture is conveyed through a pipe or conduit having a
length and at a flow rate for a residence time sufficient to effect the desired extraction in accordance with the parameters
described herein. In such continuous procedure, the salt solubilization step is effected rapidly, in a time of up to about
10 minutes, preferably to effect solubilization to extract substantially the maximum amount of protein from the flax oil
seed meal. The solubilization in the continuous procedure preferably is effected at elevated temperatures, generally up
to about 60°C or more.
[0031] The aqueous salt solution and the flax oil seed meal have a natural pH of about 5 to about 7 to enable a protein
isolate to he formed by the micellar route, as described in more detail below. The optimal pH value for maximum yield
of flax or linola protein isolate varies depending on the flax oil seed meal chosen.
[0032] At and close to the limits of the pH range, protein isolate formation occurs only partly through the micelle route
and in lower yields than attainable elsewhere in the pH range. For these reasons, pH values of about 5.3 to about 6.2
are preferred.
[0033] The pH of the salt solution may be adjusted to any desired value within the range of about 4 to about 7 for use
in the extraction step by the use of any convenient acid, usually hydrochloric acid, or alkali, usually sodium hydroxide,
as required.
[0034] The concentration of oil seed meal in the salt solution during the solubilization step may vary widely. Typical
concentration values are about 5 to about 15% w/v.
[0035] The protein extraction step with the aqueous salt solution has the additional effect of solubilizing fats which
may be present in the flax seed meal, which then results in the fats being present in the aqueous phase.
[0036] The protein solution resulting from the extraction step generally has a protein concentration of about 5 to about
40 g/L, preferably about 10 to about 30 g/L.
[0037] The aqueous phase resulting from the extraction step then may be separated from the residual flax oil seed
meal, in any convenient manner, such as by employing vacuum filtration, followed by centrifugation and/or filtration to
remove residual meal. The separated residual meal may be dried for disposal.
[0038] Where the flax seed meal contains significant quantities of fat, then the defatting steps described in US Patents
Nos. 5,844,086 and 6,005,076, assigned to the assignee hereof, for canola, may be effected on the separated aqueous
protein solution and on the concentrated aqueous protein solution discussed below.
[0039] As an alternative to extracting the flax oil seed meal with an aqueous salt solution, such extraction may be
made using water alone, although the utilization of water alone tends to extract less protein from the flax oil seed meal
than the aqueous salt solution. Where such alternative is employed, then the salt, in the concentrations discussed above,
may be added to the protein solution after separation from the residual flax oil seed meal in order to maintain the protein
in solution during the concentration step described below.
[0040] The aqueous protein solution then is concentrated to increase the protein concentration thereof while main-
taining the ionic strength thereof substantially constant. Such concentration generally is effected to provide a concentrated
protein solution having a protein concentration of at least about 150 g/L, preferably at least about 250 g/L.
[0041] The concentration step may be effected in any convenient manner consistent with batch or continuous operation,
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such as by employing any convenient selective membrane technique, such as ultrafiltration or diafiltration, using mem-
branes, such as hollow-fibre membranes or spiral-wound membranes, with a suitable molecular weight cut-off, such as
about 3,000 to about 100,000 daltons, preferably about 5,000 to about 10,000 daltons, having regard to differing mem-
brane materials and configurations, and, for continuous operation, dimensioned to permit the desired degree of concen-
tration as the aqueous protein solution passes through the membranes.
[0042] The concentrated protein solution then may be subjected to a diafiltration step using an aqueous salt solution,
usually a sodium chloride solution, of the same molarity and pH as the extraction solution. Such diafiltration may be
effected using from about 2 to about 20 volumes of diafiltration solution, preferably about 5 to about 10 volumes of
diafiltration solution. In the diafiltration operation, further quantities of contamination are removed from the aqueous
protein solution by passage through the membrane with the permeate. The diafiltration operation may be effected until
no significant further quantities of contaminants are present in the permeate. Such diafiltration may be effected using a
membrane having a molecular weight cut-off in the range of about 3,000 to about 100,000 daltons, preferably about
5,000 to about 10,000 daltons, having regard to different membrane materials and configuration.
[0043] An antioxidant may be present in the diafiltration medium during at least part of the diafiltration step. The
antioxidant may be any convenient antioxidant, such as sodium sulfite or ascorbic acid. The quantity of antioxidant
employed in the diafiltration medium depends on the materials employed and may vary from about 0.01 to about 1 wt%,
preferably about 0.05 wt%.
[0044] The concentration step and the optional dialfiltration step may be effected at any convenient temperature,
generally about 15° to about 60°C, and for the period of time to effect the desired degree of concentration. The temperature
and other conditions used, to some degree, depend upon the membrane equipment used to effect the concentration
and the desired protein concentration of the solution.
[0045] As is well known, ultrafiltration and similar selective membrane techniques permit low molecular weight species
to pass therethrough while preventing higher molecular weight species from so doing. The low molecular weight species
include not only the ionic species of the food grade salt but also low molecular weight materials extracted from the source
material, such as, carbohydrates, pigments and anti-nutritional factors, as well as any low molecular weight forms of the
protein. The molecular weight cut-off of the membrane is usually chosen to ensure retention of a significant proportion
of the protein in the solution, while permitting contaminants to pass through, having regard to the different membrane
materials and configurations.
[0046] The concentrated and optionally diafiltered protein solution may be subjected to pasteurization to kill any
bacteria which may have been present in the original meal as a result of storage or otherwise and extracted from the
meal into the flax protein isolate solution in the extraction step. Such pasteurization may be effected under any desired
pasteurization conditions. Generally, the concentrated and optionally diafiltered protein solution is heated to a temperature
of about 55° to about 70°C, preferably about 60° to about 65°C, for about 10 to about 15 minutes, preferably about 10
minutes. The pasteurized concentrated protein solution then may be cooled for further processing as described below,
preferably to a temperature of about 25° to about 40°C.
[0047] Depending on the temperature employed in the concentration step, the concentrated protein solution may be
warmed to a temperature of at least about 20°, and up to about 60°C, preferably about 25° to about 40°C, to decrease
the viscosity of the concentrated protein solution to facilitate performance of the subsequent dilution step and micelle
formation. The concentrated protein solution should not be heated beyond a temperature above which the temperature
of the concentrated protein solution does not permit micelle formation on dilution by chilled water. The concentrated
protein solution may be subject to a further defatting operation, if required, as described in US Patents Nos. 5,844,086
and 6,005,076.
[0048] The concentrated protein solution resulting from the concentration step and optional defatting step then is
diluted to effect micelle formation by mixing the concentrated protein solution with chilled water having the volume
required to achieve the degree of dilution desired. The concentrated protein solution is diluted by about 15 fold or less,
preferably about 10 fold or less.
[0049] The chilled water with which the concentrated protein solution is mixed has a temperature of less than about
15°C, generally about 3° to about 15°C, preferably less than about 10°C, since improved yields of protein isolate in the
form of protein micellar mass are attained with these colder temperatures at the dilution factors used.
[0050] In a batch operation, the batch of concentrated protein solution is added to a static body of chilled water having
the desired volume, as discussed above. The dilution of the concentrated protein solution and consequential decrease
in ionic strength causes the formation of a cloud-like mass of highly associated protein molecules in the form of discrete
protein droplets in micellar form. In the batch procedure, the protein micelles are allowed to settle in the body of chilled
water to form an aggregated, coalesced, dense, amorphous, sticky gluten-like protein micellar mass (PMM. The settling
may be assisted, such as by centrifugation. Such induced settling decreases the liquid content of the protein micellar
mass, thereby decreasing the moisture content generally from about 70% by weight to about 95% by weight to a value
of generally about 50% by weight to about 80% by weight of the total micellar mass. Decreasing the moisture content
of the micellar mass in this way also decreases the occluded salt content of the micellar mass, and hence the salt content
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of dried isolate.
[0051] Alternatively, the dilution operation may be carried out continuously by continuously passing the concentrated
protein solution to one inlet of a T-shaped pipe, while the diluting water is fed to the other inlet of the T-shaped pipe,
permitting mixing in the pipe. The diluting water is fed into the T-shaped pipe at a rate sufficient to achieve the desired
degree of dilution of the concentrated protein solution.
[0052] The mixing of the concentrated protein solution and the diluting water in the pipe initiates the formation of
protein micelles and the mixture is continuously fed from the outlet from the T-shaped pipe into a settling vessel, from
which, when full, supernatant is permitted to overflow. The mixture preferably is fed into the body of liquid in the settling
vessel in a manner which minimizes turbulence within the body of liquid.
[0053] In the continuous procedure, the protein micelles are allowed to settle in the settling vessel to form an aggregated,
coalesced, dense, amorphous, sticky, gluten-like protein micellar mass (PMM) and the procedure is continued until a
desired quantity of the PMM has accumulated in the bottom of the settling vessel, whereupon the accumulated PMM is
removed from the settling vessel.
[0054] The settled isolate is separated from the residual aqueous phase or supernatant, such as by decantation of
the residual aqueous phase from the settled mass or by centrifugation. The PMM may be used in the wet form or may
be dried, by any convenient technique, such as spray drying, freeze drying or vacuum drum drying, to a dry form. The
dry flax protein isolate has a high protein content, in excess of about 90 wt% protein, preferably at least about 100 wt%
protein (N x 6.25), and is substantially undenatured (as determines by differential scanning calorimetry). The dry flax
protein isolate isolated from fatty oil seed meal also has a low residual fat content, when the procedures of USPs
5,844,086 and 6,005,076 are employed, which may be below about 1 wt%.
[0055] The supernatant from the PMM formation and settling step contains significant amounts of flax protein, not
precipitated in the dilution step, and the supernatant may be processed to recover additional quantities of protein there-
from.
[0056] In such procedure, the supernatant from the dilution step, following removal of the PMM, may be concentrated
to increase the protein concentration thereof Such concentration is effected using any convenient selective membrane
technique, such as ultrafiltration, using membranes with a suitable molecular weight cut-off permitting low molecular
weight species, including the food grade salt and other non proteinaceous low molecular weight materials extracted
from the source material, to pass through the membrane, while retaining flax protein in the solution. Ultrafiltration mem-
branes having a molecular weight cut-off of about 3,000 to 100,000 daltons having regard to differing membranes and
configurations, may be used. Concentration of the supernatant in this way also reduces the volume of liquid required to
be dried to recover the protein, and hence the energy required for drying. The supernatant generally is concentrated to
a protein content of about 50 to 300 g/L, preferably about 100 to about 200 g/L, prior to drying.
[0057] The concentrated supernatant may be dried by any convenient technique, such as spray drying, freeze drying
or vacuum drum drying, to a dry form to provide a further flax protein isolate. Such further flax protein isolate has a high
protein content, usually in excess of about 90 wt% protein (N x 6.25), preferably at least 100 wt%, and is substantially
undenatured (as determined by differential scanning calorimetry). If desired, the wet PMM may be combined with the
concentrated supernatant prior to drying the combined protein streams by any convenient technique to provide a combined
flax protein isolate. The combined flax protein isolate has a high protein content, in excess of about 90 wt% (N x 6.25),
preferably at least about 100 wt%, and is substantially undenatured (as determined by differential scanning calorimetry).
[0058] In another alternative procedure, a portion only of the concentrated supernatant may be mixed with at least
part of the PMM and the resulting mixture dried. The remainder of the concentrated supernatant may be dried as any
of the remainder of the PMM. Further, dried PMM and dried supernatant also may be dry mixed in any desired relative
proportions.
[0059] By operating in this manner, a number of flax protein isolates may be recovered, in the form of dried PMM,
dried supernatant and dried mixtures of various proportions by weight of PMM and supernatant, generally from about
5:95 to about 95:5 by weight, which may be desirable for attaining differing functional and nutritional properties.
[0060] Alternatively, the procedure described in copending US Patent Application No. 60/544,346 filed February 17,
2004 (WO2005/077201), assigned to the assignee hereof, for the recovery of canola protein isolate, may be used to
recover the flax protein isolate. According to the procedure described therein, the concentrated protein solution resulting
from the protein solution concentration step is dried directly, rather than processing to produce PMM and separately
processing the supernatant. Drying of the concentrated protein solution, which may also be optionally diafiltered and
defatted, as described above, may be effected in any convenient manner, such as spray drying, freeze drying or vacuum
drum drying.
[0061] Since the protein isolates which are formed by the direct drying procedure are generally of lesser purity, in
particular, a higher salt content, than obtained by the procedure described above, they are preferably used in non-human
applications, although the protein isolates may be processed to reduce their salt content by any convenient procedure,
such as by dialysis.
[0062] The relative quantities of the respective proteins in any given protein isolate may be determined by any con-
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venient analytical technique, such as an analytical separation technique. The most common of these techniques uses
selective media in a column that permits separation based on size. For gel permeation chromatography (GPC) applica-
tions, spherical gel-like materials are used. Where pressure is used, as in high pressure liquid chromatography (HPLC),
then a rigid media is used. The latter technique also is known as size exclusion chromatography (SEC). The results
obtained using such techniques on samples of flax protein isolate prepared as described herein are contained in the
Examples below.
[0063] The PMM-derived flax protein isolate and the supernatant-derived flax protein isolate predominantly consist of
the 7S flax protein (half of linin), having a molecular weight of approximately 162,000 to 169,000 Da, with minor quantities
of linin, having a molecular weight of approximately 415,000 to 440,000 Da, and colinin, having a molecular weight of
approximately 16,000 to 17,000 Da. In general, the PMM-derived protein contains:

about 65 to 95 wt% of 7S flax protein (half of linin);
about 0 to 20 wt% of linin; and
about 0 to 20 wt% of colinin.

In general, the supernatant-derived protein contains:

about 65 to 95 wt% of 7S flax protein (half of linin);
about 0 to 20 wt% of linin; and
about 0 to 20 wt% of colinin.

EXAMPLES

Example 1:

[0064] This Example illustrates the removal of mucilage from Linola oil seed meal.
[0065] Linola oil seed was washed using varying concentration levels of sodium bicarbonate by mixing aqueous sodium
bicarbonate with a seed: solvent ratio of 1:8 with Linola oil seed for one hour at 50°C using an overhead mixer set at
high speed.
[0066] Washes were done at each concentration of aqueous sodium bicarbonate solution tested in order to compare
the amount of mucilage recovered from the seeds. A total of 500 g of linola was washed in 4 L of sodium bicarbonate
at each concentration.
[0067] The supernatant from each wash was decanted and 100 ml from each supernatant was diluted 1:1 with 88%
ethanol to precipitate any solubilized mucilage. The mucilage then was collected and dried to calculate the total amount
of mucilage removed from the seeds.
[0068] The amounts extracted at the various concentration of sodium bicarbonate solution is shown in Table I:

[0069] As may be seen from Table I, a sodium bicarbonate concentration of 0.5 M is much more effective for removing
mucilage than lower concentrations. In addition, at the 0.5 M concentration, the seed still had the slimy feel to it that is
attributed to mucilage. A second, identical wash was done and another 34 grams of mucilage was removed. Following
this second wash, a third wash was done and another 36.4 grams of mucilage was removed. A fourth wash yielded very
little mucilage, indicating complete removal of mucilage from the 500 grams of linola seed. A total of 102.8 grams of
mucilage was removed.
[0070] Following these washes, the seed did not have the "slimy" feel that mucilage imparts, providing another good
indication that most of the mucilage had been removed.

TABLE I

Weight of mucilage removed during first wash at each concentration

Sodium bicarbonate concentration Weight of mucilage. (g)

0.1 M 16.0 g

0.3 M 16.4 g

0.5 M 32.0 g
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Example 2:

[0071] This Example illustrates the preparation of a flax meal in accordance with one embodiment of the invention.
[0072] 25 kg of Linola oil seed, variety 2047, was added to 200 L of 0.5 M sodium bicarbonate at 50°C in a 400 L
mixing tank. The slurry was stirred vigorously for one hour. After settling, the aqueous phase was decanted and the
waste was discarded. A one-liter portion of the decanted aqueous phase was diluted with an equal volume of ethanol,
to precipitate mucilage to provide a rough estimate of the amount of mucilage recovered.
[0073] After decanting the aqueous phase, the seed was rinsed twice with hot tap water to remove any residual wash
solution. The procedure of sodium bicarbonate extraction, separation and washing was repeated five times. The seed
was then washed four times with hot tap water to remove any residual wash and mucilage. The seed was found to have
lost its characteristic slimy feel, providing a good indication that the mucilage had been removed.
[0074] It was found that each successive aqueous sodium bicarbonate wash removed less mucilage than the previous
one and that, by the fifth wash, very little mucilage was precipitated from the one-liter portion of wash solution when
diluted with ethanol, providing a good indication that most of the mucilage had been removed from the seed.
[0075] The seed then was dried, washed and defatted to remove the oil from the seed.

Example 3:

[0076] This Example illustrates the preparation of a Linola protein isolate from mucilage-reduced meal by iso-electric
precipitation.
[0077] 10 kg of the defatted Linola oil seed meal, prepared as described in Example 2, was added to 200 L of 0.15 M
NaCl solution at room temperature and the pH of the mixture was adjusted to 11.0 with 50 wt% sodium hydroxide solution.
The slurry was stirred for one hour, after which the extracted meal was permitted to settle from the resulting protein
solution for one hour.
[0078] 100 L of protein solution, having a protein content of 13 g/L, was then decanted and filtered through 20 and
0.2 Pm filters in a filter press in order to clarify the solution. The clarified solution then was placed in a cooler at 4°C for
16 hours to permit any oil present to rise to the surface, where it could be skimmed off. Very little oil was seen, indicating
a very effective defatting step.
[0079] The pH of the protein solution at ambient temperature was then adjusted to 4.0 using 3 N HCl and the protein
immediately began to precipitate by a change of colour of the solution from a golden yellow colour to milky white. Once
the mixing was stopped, the protein precipitated rapidly from the solution. After a two-hour settling period, the supernatant
was decanted and analyzed for protein content.
[0080] Following removal of supernatant, 10 L of pellet material was centrifuged at 10,000 xg for 5 minutes to decrease
the residual supernatant content of the precipitated protein. The resulting pellet was reconstituted in 4 L of water and
spray dried to provide 293 g of dried IEP-derived Linola protein isolate. The protein content of the spray dried protein
was 101 wt% (N x 6.25) d.b.

Example 4:

[0081] This Example illustrates the functional properties of the Linola protein isolate produced in Example 3.
[0082] The IEP-derived Linola protein isolate produced according to the procedure of Example 3 (IEP Linola) was
tested for functional properties of foaming and oil holding capacity in comparison to typical samples of PMM-derived
and supernatant-derived canola protein isolates (CPI) produced according to the process described in pending US
Patent Application No. 10/137,391 filed May 3, 2002 (WO 02/089597), assigned to the assignee hereof.
[0083] The test procedures employed are those set forth in copending United States Patent Application No. 10/137,306
filed May 3, 2002 (WO 02/089597), assigned to the assignee hereof.
[0084] For foaming, the procedure utilized is that described in Phillips et al, J. Food Sci. 55:1441, 1990. 3.75 g samples
of protein isolates were placed into individual 150 ml beakers. 60 ml of 0.075 M NaCl solution was added to the protein,
by initially making a paste to dissolve the protein with a few ml of liquid. The mixture was mixed on a stirrer with a
magnetic stir bar for 10 minutes. The pH of the solution was adjusted to 7.00 with 0.1 M NaOH, and the solution stirred
for another 10 minutes. The pH was re-adjusted to 7.00 and the volume of liquid was brought up to 75 ml with the required
amount of 0.075M Nacl to yield a 5% w/v protein solution. The 75 ml of solution was poured into a Hobart Mixer bowl
and the combined weight of solution, bowl and whisk attachment was recorded. The protein solution was whipped on
speed 3 for 5 minutes.
[0085] Sufficient foam was gently scooped out to fill two tared 125 ml measuring cups using a rubber spatula. Excess
foam was scraped off using the flat end of a large knife to level the top of the foam even with the top of the measuring
cup and the weight of the foam was recorded. The foam was gently returned to the mixing bowl and whipped for another
5 minutes. This procedure then was repeated. The foam was gently returned to the mixing bowl and whipped for a further
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5 minutes for 15 minutes in all. The procedure again was repeated.
[0086] The overrun was calculated from the following equation: 

[0087] The stability of the foam was also tested. The protein solution was prepared in the same manner as described
for the % overrun measurements except the protein solution was whipped for 15 minutes on level 3. Using a rubber
spatula, the foam was carefully transferred to into a 1 L long-necked funnel placed on top of a 250 ml graduated cylinder.
A small amount of quartz wool was placed in the top of the funnel spout to prevent foam from draining while still allowing
drainage of the liquid.
[0088] The volume of liquid that was collected in the graduated cylinder at 5, 10 and 15 minutes was measured. The
volume held in the wool was added to the final volume.
[0089] For oil holding capacity, the procedure used in this Example is that described in Swift et al, Food Technol. 15,
436-72 (1961).
[0090] The recipe set forth in Table II was used to prepare an emulsion:

[0091] The sugar, salt and protein isolate were dry blended in a 600 ml beaker. The water and vinegar were mixed,
by initially making a paste to dissolve the protein with a few ml of liquid. The mixture was mixed on a stirrer using a
magnetic bar for 5 minutes. A 2000 ml beaker was filled with canola oil and the weight recorded A suction hose was
placed in the oil.
[0092] The dispensing end of the hose was attached to a homogenizer and the pump was primed with oil using setting
#1 to dispense approximately 40 to 50 ml/min. At the same time, the homogenizer (Silverson LHRT) was turned to 5,000
rpm and the pump switched on to disperse the oil. The point at which the emulsion was most viscous was visually
observed. At the point of inversion, the pump and homogenizer were immediately switched off. The end of the suction
hose was pinched with a clip to keep the oil in it and the weight of oil left in the 200 ml beaker was determined.
[0093] The results obtained are set forth in Tables III and IV below:

TABLE II

Ingredient Weight Added
(g)

Protein Isolate 0.5

Vinegar (No Name 5% acetic acid) 55.2

Canola Oil (CSP Foods) N/D

Sugar (Rogers fine granulated 4.1

Salt (Sifto) 1.2

Distilled Water 52.4

N/D = not determined

TABLE III

IEP-derived Linola Protein Isolate vs. Canola PMM-derived CPI

Batch % Overrun Foam Stability Oil Holding Capacity Globular size
(Foam Volume) (Ml drainage at 15 minutes) (Ml oil/100 mg protein) (PM)

CPI-1 1471.8 17.5 147.7 18.9

CPI-2 1030.4 32.7 190.5 29.1

CPI-3 1216.5 24.0 119.8 24.3

CPI-4 1051.2 45.3 115.4 21.6

CPI-5 1091.6 35.3 124.5 28.0
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[0094] As may be seen from Table III, the IEP Linola protein isolate had superior foam properties to the PMM-derived
canola protein isolates, with foam higher volume and less drainage (better stability). The oil holding capacity of the IEP
Linola protein isolate was comparable to the PMM-derived canola protein isolate but it had a larger globular size.
[0095] As may be seen from Table IV, the foam volume produced by the IEP Linola protein isolate was less than that
produced by the supernatant-derived canola protein isolate, but the foam was much more stable. The Linola protein
isolate had superior emulsification properties to the supernatant-derived canola protein isolate. The oil holding capacity
of the Linola protein isolate was approximately twice as high as the supernatant-derived canola protein isolate and had
a smaller globular size.

Example 5:

[0096] This Example illustrates the preparation of a Linola protein isolate from mucilage-reduced meal by a micellar
route.
[0097] 4 kg of the defatted Linola oil seed meal, prepared as described in Example 2, was added to 80 L of 0.5 M
NaCl solution at room temperature (5% w/v). The slurry was mixed for one hour, following which the slurry was allowed
to settle for � hour and the aqueous protein solution decanted. The decanted aqueous protein solution had a protein
content of 7.1 g/L and a volume of 55 L. The solution was filtered through 20 PM filter pads in a filter press to remove
suspended solids. The press was flushed with 20 L of water to provide 75 L of a filtrate having a protein content of 5.28 g/L.
[0098] The filtrate was subjected to ultrafiltration using 300 daltons molecular weight cut-off ultrafiltration membranes
to concentrate the solution to 1.3 L of concentrated aqueous protein solution (retentate) having a protein content of 174
g/L. The retentate then was diluted into 9 volumes of 4°C water, which produced a white cloud of protein micelles.
[0099] A settling period of 16 hours was permitted after which the supernatant was decanted and centrifuged to recover
as much of the precipitated material as possible to provide 11 L of supernatant having a protein content of 1.11 g/L. The
Linola protein isolate pellet obtained from the precipitation step also was centrifuged to reduce its volume to a minimum
level.
[0100] The Linola protein isolate pellet was dried to produce 81 g of dried protein, representing a 20 wt% yield of the
protein extracted from the Linola seed meal. The dried Linola protein isolate had a protein content of 112 wt% (N x 6.25) d.b.
[0101] The clarified supernatant was concentrated using 300 daltons molecular weight cut-off membranes to 1.25 L
of concentrated supernatant containing 63.3 g/L of protein. The concentrated supernatant was dried and produced 77
g of a Linola protein isolate (20% yield) having a protein content of 106 wt% (N x 6.25) d.b.
[0102] High pressure liquid chromatography (HPLC) analysis was performed as described in copending United States
Patent Application No. 10/413,371 filed April 15, 2003 (WO 03/088760), assigned to the assignee hereof, on the two
Linola fractions.

(continued)

IEP-derived Linola Protein Isolate vs. Canola PMM-derived CPI

Batch % Overrun Foam Stability Oil Holding Capacity Globular size
(Foam Volume) (Ml drainage at 15 minutes) (Ml oil/100 mg protein) (PM)

CPI-6 1196.1 34.0 166.9 24.6

IEP-derived Linola 1770.9 0.67 118.9 59.0

TABLE IV

IEP-derived Linola Protein Isolate vs. Canola Supernatant-derived CPI

Batch % Overrun Foam Stability Oil Holding Capacity Globular size
(Foam Volume) (Ml drainage at 15 minutes) (Ml oil/100 mg protein) (PM)

CPI-7 2603.6 22.7 67.2 72.6

CPI-8 1984.8 21.3 53.6 151.7

CPI-9 1924.4 22.0 43.3 151.7

CPI-10 1889.2 17.3 41.3 192.4

IEP-derived Linola 1170.9 0.67 118.9 59.0
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Example 6:

[0103] This Example illustrates the functional properties of the PMM-derived and supernatant-derived Linola protein
isolates produced in Example 5.
[0104] The PMM-derived and supernatant-derived Linola protein isolates prepared according to the procedures of
Example 5 were tested for functional properties of foaming and oil holding capacity, according to the procedures described
in Example 4, in comparison to typical PMM-derived and supernatant-derived canola protein isolates (CPI) produced
according to the process described in the aforementioned US Patent Application No. 10/137,391 (WO02/089597).
[0105] The results obtained are set forth in the following Tables V and VI:

[0106] As may be seen from Tables V and VI, the functional properties of the PMM-derived and supernatant-derived
Linola protein isolate were very similar, as might be expected from their similar HPLC properties, the main differences
being in emulsion characteristics, differences lying between the two fractions in oil holding capacity and globular size.
[0107] In most categories, the functionality of the PMM-derived and supernatant-derived Linola protein isolates was
as good or better than the PMM-derived and supernatant-derived canola protein isolates. The PMM-derived and super-
natant-derived Linola protein isolate was weaker than the canola supernatant-derived isolate in foam volume, but the
stability of the Linola foam was much better.

TABLE V

Linola Protein Isolate vs. Canola PMM-derived CPI

Batch % Overrun Foam Stability Oil Holding Capacity Globular size
(Foam Volume) (MI drainage at 15 

minutes)
(MI oil/100 mg protein (Pm)

CPI-1 1471.8 17.5 147.7 18.9

CPI-2 1030.4 32.7 190.5 29.1

CPI-3 1216.5 24.0 119.8 24.3

CPI-4 1051.2 45.3 115.4 21.6

CPI-5 1091.6 35.3 124.5 28.0

CPI-6 1196.1 34.0 166.9 24.6

PMM-derived Linola 1464.0 2.0 139.5 19.8

Supernatant-derived 
Linola

1470.0 0 81.4 11.8

TABLE VI

Linola Protein Isolate vs. Canola PMM-derived CPI

Batch % Overrun Foam Stability Oil Holding Capacity Globular size
(Foam Volume) (MI drainage at 15 

minutes)
(MI oil/100 mg protein (PM)

CPI-7 2603.6 22.7 67.2 72.6

CPI-8 1984.8 21.3 53.6 151.7

CPI-9 1924.4 22.0 43.3 151.7

CPI-10 1889.2 17.3 41.3 192.4

CPI-11 2776.8 4.0 47.1 118.9

PMM-derived Linola 1464.0 2.0 139.5 19.8

Supernatant-derived 
Linola

1470.0 0 81.4 11.8
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Example 7:

[0108] This Example illustrates analysis of the PMM-derived and supernatant-derived Linola protein isolates produced
in Example 5.
[0109] HPLC analysis, performed as described in co-pending United States Patent Application No. 10/413,371 filed
April 15, 2003 (WO 03/088760), assigned to the assignee hereof, of the two Linola isolates showed that each isolate is
made up primarily of the same components, as may be seen in Figures 1 and 2. In both Linola protein isolates, the main
protein component has a molecular weight of approximately 162,000 to 169,000 Da with lesser components, one having
a molecular weight in the range of 16,000 to 17,000 Da and another having a molecular weight of 415,000 to 440,000
Da. These results are summarized in the following Tables VII and VIII:

Example 8:

[0110] This Example illustrates amino acid analysis.
[0111] Linola protein isolates prepared as described in Examples 3 and 5 were analyzed for amino-acid content.
[0112] The amino acid analysis is set forth in the following Table IX:

TABLE VII

HPLC Profiles for PMM-Derived Linola Protein Isolate

Protein Fractions 12S - Linin 7S - Half Linin 2S - Colinin Others

% of Protein Peaks 11.9 78.0 9.2 0.9

M.W. in kDa 415-440 162-169 16-17

TABLE VIII

HPLC Profiles for Supernatant-Derived Linola Protein Isolate

Protein Fractions 12S - Linin 7S - Half Linin 2S - Colinin Others

% of Protein Peaks 6.4 76.9 12.6 4.1

M.W. in kDa 415-440 162-169 16-17

TABLE IX

g/100g dry matter

Amino Acid MW(1) Amino Acid PMM-derived isolate Supernatant-derived 
isolate

IEP-derived isolate

133.1 Aspartic 11.50 11.40 11.90

119.1 Threonine 3.97 3.80 3.77

105.1 Serine 4.74 4.87 4.88

204.2 Tryptophan 1.84 1.81 1.75

146.1 Glutamic 21.10 21.00 19.10

75.1 Glycine 5.61 5.62 5.26

89.1 Alanine 4.67 4.78 4.90

121.1 Cystine 1.30 1.28 0.96

117.1 Valine 5.30 5.70 5.92

149.2 Methionine 1.47 1.42 1.48

131.2 Isoleucine 4.33 4.49 4.93

131.2 Leucine 5.33 5.36 5.76
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[0113] The values presented in Table IX represent amino acids on the basis of grams per 100 grams dry weight. The
data was adjusted to the basis of 100 grams of amino acid and the revised data is shown in the following Table X:

(continued)

g/100g dry matter

Amino Acid MW(1) Amino Acid PMM-derived isolate Supernatant-derived 
isolate

IEP-derived isolate

181.2 Tyrosine 2.29 2.36 2.25

165.2 Phenylalanine 4.85 4.86 5.86

155.2 Histidine 2.03 2.02 2.09

146.2 Lysine 2.73 2.34 2.69

174.2 Arginine 11.80 12.10 12.20

115.1 Proline 3.71 3.87 4.05

Sum: 98.57 99.08 99.75

Avg. aa MW(1) 134.75 135.33 136.43

Anhydrous MW(2) 116.74 117.32 118.41

Note: (1): Molecular Weight of "free" amino acids.
(2): Weight Average Molecular Weight of polymeric amino acids. Note: No adjustment made for Glutamine or
Asparagine, which are included in Glutamic and Aspartic respectively.

TABLE X

Amino Acid Summary: g/100g Amino Acids

Amino Acid PMM-derived isolate Supernatant- derived isolate IEP-derived isolate

Aspartic* 11.7 11.5 11.9

Threoninee 4.0 3.8 3.8

Serine 4.8 4.9 4.9

Tryptophane 1.9 1.8 1.8

Glutamic* 21.4 21.2 19.1

Glycine 5.7 5.7 5.3

Alanine 4.7 4.8 4.9

Cystinee 1.3 1.3 1.0

Valinee 5.4 5.8 5.9

Methioninee 1.5 1.4 1.5

Isoleucinee 4.4 4.5 4.9

Leucinee 5.4 5.4 5.8

Tyrosine 2.3 2.4 2.3

Phenylalaninee 4.9 4.9 5.9

Histidinee 2.1 2.0 2.1

Lysinee 2.8 2.4 2.7

Argininee 12.0 12.2 12.2

Proline 3.8 3.9 4.1

Sum: 100.0 100.0 100.0
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[0114] As may be seen from Table IX and Table X, the amino acid profiles for PMM-derived, supernatant-derived and
IEP-derived Linola protein isolates are very similar.
[0115] Table IX includes the molecular weights for the individual amino acids. Combined with the individual quantities,
the average molecular weights for the "free" amino acids for the three protein isolates are shown, and are all about 135
Da. The anhydrous Weight Averaged Molecular Weights are also shown since the proteins are biopolymers of anhydrous
amino acids, (each minus a water molecule, excluding one terminal amino acid per polypeptide). The average polymeric
amino acid molecular weights are all about 117 to 118 Da. Table X also indicates the essential amino acids, which
cannot be synthesized by humans. The overall content of the eleven essential amino acids is very similar for the three
protein isolates.

Example 9:

[0116] This Example illustrates Differential Scanning Calorimetry analysis of Linola protein isolates.
[0117] Linola protein isolates prepared as described in Examples 3 and 5 were subject to Differential Scanning Ca-
lorimetry. Differential Scanning Colorimetry is an instrumental method that measures the phase transition that arises for
bio-molecules. The sample is placed into a sealed pan with some water or buffered solution and heat is applied at a
constant rate, such as 10°C / minute, covering a specific temperature range, such as 20°C to 150°C. A second pan,
containing water or buffer solution, is simultaneously heated to act as a reference. A thermogram of the energy uptake,
called endothermic heat flow, is recorded during the temperature rise. Complex biologicals, such as proteins, absorb
energy and this energy changes the conformation of the molecule, denaturing or unfolding it. Denaturation behavior is
specific for individual proteins, or other bio-molecules, and the analysis provides the Denaturing Temperature, TD, and
the enthalpy change (∆H) in Joules/gram of sample. The thermogram shows an energy "well" representing the phase
transition from the native to denatured protein. The bottom of the "well" represents the TD value. The absence of any
energy "well" indicates that complete denaturing has occurred.
[0118] As may be seen from Figures 3, 4 and 5, PMM-derived and supernatant-derived Linola protein isolates are
similar in terms of thermal stability, as might be expected from their similar HPLC properties, with supernatant-derived
Linola protein isolate having a slightly higher stability. The Differential Scanning Calorimetry thermogram for IEP-derived
Linola protein isolate indicates that this protein isolate is substantially denatured in contrast to the PMM-derived and
supernatant-derived Linola protein isolates which are substantially undenatured.

SUMMARY OF DISCLOSURE

[0119] In summary of this disclosure, the present invention provides an improved method of producing flax protein
isolates in which mucilage first is extracted from the flax oil seed prior to flax oil removal and flax oil seed meal preparation,
enabling greater yields of protein isolates to be obtained and greater flexability in isolation procedure, to be achieved.

Claims

1. A process of preparing a flax protein isolate, which comprises:

initially extracting flax oil seeds using a mildly-alkaline aqueous solution of an alkaline material to remove
mucilage therefrom,
crushing the extracted oil seeds to recover oil and leave a meal, and
processing the meal to recover a flax protein isolate therefrom.

2. The process claimed in claim 1, wherein said mildly-alkaline aqueous solution has a pH of 7.5 to 9 and preferably
a concentration of 0.2 to 0.7 M of mildly-alkaline material.

(continued)

Amino Acid Summary: g/100g Amino Acids

Amino Acid PMM-derived isolate Supernatant- derived isolate IEP-derived isolate

Sum essential aa: 45.6 45.6 47.5

e = 11 essential amino acids aa = amino acids
* Glutamic acid and aspartic acid include glutamine and asparagine respectively
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3. The process claimed in claim 1 or claim 2, wherein said initial extraction of flax oil seeds is effected at a temperature
of 30° to 70°C, preferably 50°C and at a seed to solution ratio of 1:1 1 to 1:20, preferably 1:5 to 1:10.

4. The process claimed in any one of claims 1 to 3, wherein said initial extraction of flax oil seeds is effected by stirring
the oil seeds in the aqueous solution for 15 to 60 minutes, preferably 30 to 60 minutes.

5. The process claimed in any one of claims 1 to 4, wherein there are multiple extractions of the oil seeds until no
further mucilage is extracted from the oil seeds.

6. The process claimed in any one of claims 1 to 5, wherein said mildly-alkaline material is sodium bicarbonate,
preferably used as an aqueous solution of the sodium bicarbonate at its natural pH.

7. The process claimed in any one of claims 1 to 6, wherein said flax oil seed meal is processed to recover a flax
protein isolate by a procedure including isoelectric precipitation of flax protein solution from an alkaline solution of
flax protein produced by extraction of the meal with an aqueous alkaline solution.

8. The process claimed in any one of claims 1 to 6, wherein said flax oil seed meal is processed to recover a flax
protein solution by:

solubilizing protein in said flax oil seed meal by extracting using an aqueous sodium chloride solution having
an ionic strength of at least 0.10 M at a pH of 5 to 7 to provide an aqueous protein solution having a concentration
of 5 to 40 g/L,
concentrating the aqueous protein solution to a concentration of at least 150 g/L by a selective membrane
technique,
diluting the concentrated protein solution with water having a temperature of less than 15°C to form protein
micelles, and
collecting and recovering said protein micelles as a protein micellar mass of flax protein isolate.

9. The process claimed in claim 8, wherein the protein micellar mass in dried.

10. The process claimed in claim 8 or 9, wherein residual liquid from the recovering of the protein micellar mass is
processed to recover additional quantities of flax protein isolate.

Patentansprüche

1. Verfahren zur Herstellung eines Flachsproteinisolats, umfassend:

Vorextrahieren von Leinölsamen unter Verwendung einer mildalkalischen wässrigen Lösung von alkalischem
Material, um schleimige Ablagerungen aus denselben zu entfernen,
Zerkleinern der extrahierten Ölsamen, um Öl zu gewinnen und ein Mehl zu hinterlassen, und
Verarbeiten des Mehls, um ein Flachsproteinisolat aus demselben zu gewinnen.

2. Verfahren nach Anspruch 1, wobei die genannte mildalkalische wässrige Lösung einen pH-Wert von 7,5 bis 9 und
vorzugsweise eine Konzentration von 0,2 bis 0,7 M von mildalkalischem Material aufweist.

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei das genannte Vorextrahieren von Leinölsamen bei einer Tem-
peratur von 30°C bis 70°C, vorzugsweise 50 °C, und im Samen-zu-Lösung-Verhältnis von 1:1 bis 1:20, vorzugsweise
1:5 bis 1:10, bewirkt wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei das genannte Vorextrahieren von Leinölsamen durch Umrühren
der Ölsamen in der wässrigen Lösung für 15 bis 60 Minuten, vorzugsweise 30 bis 60 Minuten, bewirkt wird.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei mehrere Extraktionen der Ölsamen erfolgen, bis keine weiteren
Schleimstoffe mehr aus den Ölsamen extrahiert werden.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei das genannte mildalkalische Material Natriumbikarbonat ist,
vorzugsweise als eine wässrige Lösung des Natriumbikarbonats mit seinem natürlichen pH-Wert verwendet.
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7. Verfahren nach einem der Ansprüche 1 bis 6, wobei das genannte Leinölsamenmehl verarbeitet wird, um ein
Flachsproteinisolat zu gewinnen durch ein Verfahren, das isoelektrische Fällung von Flachsproteinlösung aus einer
alkalischen Lösung von Flachsprotein einschließt, das durch Extraktion des Mehls mit einer wässrigen alkalischen
Lösung gewonnen wird.

8. Verfahren nach einem der Ansprüche 1 bis 6, wobei das genannte Leinölsamenmehl verarbeitet wird, um eine
Flachsproteinlösung zu gewinnen durch:

Solubilisieren von Protein in dem genannten Leinölsamenmehl durch Extrahieren unter Verwendung einer
wässrigen Natriumchloridlösung mit einer Ionenstärke von mindestens 0,10 M mit einem pH-Wert von 5 bis 7,
um eine wässrige Proteinlösung mit einer Konzentration von 5 bis 40 g/L bereitzustellen,
Aufkonzentrieren der wässrigen Proteinlösung auf eine Konzentration von mindestens 150 g/L durch eine se-
lektive Membrantechnik,
Verdünnen der konzentrierten Proteinlösung mit Wasser mit einer Temperatur von weniger als 50°C, um Pro-
teinmizellen zu bilden, und
Sammeln und Gewinnen der genannten Proteinmizellen als eine Proteinmizellemasse von Flachsproteinisolat.

9. Verfahren nach Anspruch 8, wobei die Proteinmizellenmasse getrocknet wird.

10. Verfahren nach Anspruch 8 oder 9, wobei Restflüssigkeit von dem Gewinnen der Proteinmizellenmasse verarbeitet
wird, um zusätzliche Mengen von Flachsproteinisolat zu gewinnen.

Revendications

1. Procédé de préparation d’un isolat de protéines de lin, qui comprend :

initialement l’extraction de graines oléagineuses de lin au moyen d’une solution aqueuse faiblement alcaline
d’une substance alcaline pour en retirer le mucilage,
le broyage des graines oléagineuses extraites pour récupérer une huile et laisser une farine, et
le traitement de la farine pour en récupérer un isolat de protéines de lin.

2. Procédé selon la revendication 1 où ladite solution aqueuse faiblement alcaline a un pH de 7,5 à 9 et de préférence
une concentration de 0,2 à 0,7 M de substance faiblement alcaline.

3. Procédé selon la revendication 1 ou la revendication 2 où ladite extraction initiale de graines oléagineuses de lin
est conduite à une température de 30° à 70°C, de préférence de 50°C et à un rapport des graines à la solution de
1:1 à 1:20, de préférence de 1:5 à 1:10.

4. Procédé selon l’une quelconque des revendications 1 à 3 où ladite extraction initiale de graines oléagineuses de
lin est conduite par agitation des graines oléagineuses dans la solution aqueuse pendant 15 à 60 min, de préférence
30 à 60 min.

5. Procédé selon l’une quelconque des revendications 1 à 4 où il y a de multiples extractions des graines oléagineuses
jusqu’à ce qu’aucun mucilage supplémentaire ne soit extrait des graines oléagineuses.

6. Procédé selon l’une quelconque des revendications 1 à 5 où ladite substance faiblement alcaline est le bicarbonate
de sodium, de préférence utilisé sous forme d’une solution aqueuse du bicarbonate de sodium à son pH naturel.

7. Procédé selon l’une quelconque des revendications 1 à 6 où ladite farine de graines oléagineuses de lin est traitée
pour récupérer un isolat de protéines de lin par un processus incluant la précipitation isoélectrique d’une solution
de protéines de lin à partir d’une solution alcaline de protéines de lin produite par extraction de la farine avec une
solution alcaline aqueuse.

8. Procédé selon l’une quelconque des revendications 1 à 6 où ladite farine de graines oléagineuses de lin est traitée
pour récupérer une solution de protéines de lin par :

solubilisation des protéines dans ladite farine de graines oléagineuses de lin par extraction au moyen d’une
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solution aqueuse de chlorure de sodium ayant une force ionique d’au moins 0,10 M à un pH de 5 à 7 pour
produire une solution aqueuse de protéines ayant une concentration de 5 à 40 g/L,
concentration de la solution aqueuse de protéines jusqu’à une concentration d’au moins 150 g/L par une tech-
nique à membrane sélective,
dilution de la solution de protéines concentrée avec de l’eau ayant une température inférieure à 15°C pour
former des micelles de protéines, et
collecte et récupération desdites micelles de protéines sous forme d’une masse micellaire de protéines d’isolat
de protéines de lin.

9. Procédé selon la revendication 8 où la masse micellaire de protéines est séchée.

10. Procédé selon la revendication 8 ou 9 où le liquide résiduel provenant de la récupération de la masse micellaire de
protéines est traité pour récupérer des quantités supplémentaires d’isolat de protéines de lin.
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