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PROTEIN ISOLATE HAVING AN INCREASED LEVEL OF ISQFLAVONE -
COMPOUNDS AND PROCESS FOR PRODUCTING THE SAME

The present invention relates to an isoflavone-
enriched vegetable protein isolate and to a process for
producing the same.

Isoflavones occur in a variety of leguminous plants,
including vegetable protein materials such as soybeans.
Examples of these'compounds, gso far as they relate to
the present invention, include daidzin, 60AC-daidzin,
daidzein, genistin, 60AC-genistin, genistein, glycitin,
biochanin-A, formononetin and coumestrol. Typically
these compounds are associated with the inherent, bitter
flavour of soybeans and in the production of commercial
products, such as isolates and concentrates, the focus
has been to remove these materials. For example, in a
conventional process for the production of a soy protein
isolate, in which soy flakes are extracted with an
aqueous alkaline medium, much of the isoflavones are
solubilized in the extract and remain solubilized in the
whey which is usually discarded following acid
precipitation of the protein to form an isolate.
Residual isoflavones left in the acid-precipitated
protein isolate are usually removed by exhaustive
washing of the isolate.

It has recently been recognized that the isoflavones
contained in vegetable proteins such as soybeans may
inhibit the growth of human cancer cells, such as breast
cancer cells and prostate cancer cells, as described in
the following articles: "Genistein Inhibition of the
Growth of Human Breast Cancer Cells: Independence from
Estrogen Receptors and the Multi-Drug Resistance Gene"

by Peterson and Barnes, Biochemical and Biophysical
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Research Communications, Vol. 179, No. 1, p. 661 - 667,
August 30, 1991; "Genistein and Biochanin A Inhibit the
Growth of Human Prostrate Cancer Cells but not Epidermal
Growth Factor Receptor Tyrosine Autophosphorylation" by
Peterson and Barnes, The Prostate 22 : 335 - 345 (1993)
and "Soybeans Inhibit Mammory Tumors in Models of Breast

Cancer" by Barnes et al. Mutagens and Carcinogens in the
Diet p. 239 - 253 (1990).

A protein material, suitable for administration in a
diet, and which is rich in these compounds, which
previous processes for the production of commercial
protein materials have made great efforts to remove,
would, therefore, be of considerable value for the
prophylaxis and therapy of various cancers.

The present invention thus provides a process for
preparing an isoflavone-enriched vegetable protein
isolate, which process comprises:

(a) extracting a vegetable protein material
containing isoflavones with an agqueous
extractant having a pH above the isoelectric
point of the material to produce an aqueous
extract of protein and isoflavones

.{b) adjusting the pH of the aqueous extract to about
the isoelectric point of the protein material to
precipitate the protein material; and

(c) separating said precipitated protein material
and either avoiding further washing of said
precipitated material with water or washing said
precipitated material with a limited quantity of
water, e.g. less than four times the weight of
the precipitated material, to provide an
isoflavone enriched protein isolate.
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In the last of these steps, since further washing of
the precipitate is either avoided or minimized, removal
of residual isoflavones is prevented and the process
provides an isoflavone enriched isolate. Additionally,
since the isoflavones are readily solubilized in the
aqueous extractant used to solubilize the protein,
specific weight ratios of protein material to water are
preferably employed to maximize solubilization of the
isoflavones during extraction.

The resulting product may then be incorporated in a
foodstuff or in a precursor to a foodstuff without any
or without substantial further removal of isoflavones.

For purposes of the present invention, the
isoflavones of greatest interest have the following
general formula (I):

R3 o)

[wherein R, Rr?, R3

and R4 are the same or '

different and each represents a hydrogen atom, a hydroxy
group or a methoxy group] and glucosides of these
compounds. Specifically, these compounds and glucosides
thereof which have been isolated from vegetable protein
materials include daidzin, 60AC-daidzin, daidzein,
genistin, 60AC-genistin, genistein, glycitin, biochanin
A, formononetin and coumestrol. Preferred isoflavones
in the present invention for purposes of isolate
enrichment include daidzin, 60AC-daidzin, daidzein,
genistin, 60AC-genistin, and genistein.
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Although the present invention will be described
with respect to soybean products, and the process is
particularly suited for the production of an isoflavone-
enriched isolate from soybean materials, nevertheless
the present process is generally applicable to the
production of protein isolates from a variety of
vegetable protein sources which contain isoflavones and
the following description, so far as it relates to
soybeans and products thereof, also applies mutatis
mutandis to other vegetable protein materials, and
especially to protein materials derived from other
oilseeds.

The starting material for the present invention is
preférably soybean flakes, from which the oil has been
removed by solvent extraction. In the first step of the
process of the present invention, the flakes are
extracted with an aqueous extractant having a pH above
about the isoelectric point of the protein material,
preferably a pH of from 6.0 to 10.0 and a most preferred
pPH of from 6.7 to 9.7. Typical alkaline reagents may be
employed, if desired, to elevate the pH of the aqueous
extractant, and there is no particular restriction on
the nature of these, although food grade reagents are
preferred, including sodium hydroxide, potassium
hydroxide and calcium hydroxide. The desired isoflavone
compounds are typically solubilized in the aqueous
extractant and, in order to maximize recovery of these
compounds in the aqueous extract, the weight ratio of
flakes to aqueous extract is preferably controlled to
spedific levels in order to solubilize as much of the
inherent isoflavones in the protein materials as is
possible. '

Extraction of the proteins and isoflavones can be
carried. out in variety of ways including countercurrent
extraction of the flakes, preferably at a weight ratio
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of flakes to aqueous extract of from 5 : 1 to 12 : 1 in
which the initial extract is used to reextract the
flakes and provide an aqueous extract of protein and
isoflavones. Alternatively, a two step extraction
process can be used in which the weight ratio of flakes
to extractant in the initial step preferably comprises
about 8 : 1 and then a second extraction of the flakes
with fresh extractant, takes place preferably at a
weight ratio of flakes to extractant of from about 3 : 1
to about 6 : 1 so that the combined weight ratio of
flakes to extractant in both steps preferably does not
exceed a total weight ratio of flakes to extractant of
from about 11 : 1 to 14 : 1.

Although, not critical, extraction may be carried
out at temperatures up to about 49°C (120°F), for a
period of time between about 5 and 60 minutes,
preferably about 15 minutes. The pH of the agqueous
protein extract containing isoflavones described above,
is then adjusted to about the iscelectric point of the
protein, preferably by the addition of an edible acid,
such as acetic, sulfuric, phosphoric or hydrochloric
acid, or any other suitable acidic reagent. The
isoelectric point for soy protein is generally between
about 4.0 and 5.0 and more preferably from about 4.4 to
4.6, and it is to a pH within one of these ranges that
the extract is preferably adjusted. Adjustment of the
pH to the isoelectric point precipitates the protein in
the form of a curd. Typically, in the production of a
conventional protein isolate, the acid-precipitated
protein is separated from the remaining aqueous extract,
described as the whey, and is then washed or treated to
remove residual flavours. The washed isolate is then
preferably dewatered to form a dried isolate having a
protein content, on a dry basis, which will normally and
preferably exceed 90%. Extensive washing has often been
used to remove undesirable flavours, which have been
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attributed to various "phenolic" compounds in soybeans
such as the isoflavones.

In the present invention, washing of the
precipitated protein material is either avoided entirely
or is minimized in order to reduce substantially removal
of the isoflavones from the protein precipitate and
thereby to provide an isoflavone-enriched isolate. For
example, by avoiding or minimizing washing of the
precipitated protein material the recovery of
igsoflavones in the dried protein isoclate can be more
than doubled. Washing of the acid-precipitated protein
with water is therefore avoided completely or is
limited, preferably to a single washing with water
during which the weight ratio of water to starting
protein material is preferably between about 2 : 1 and
4 : 1. This lack of washing or reduced washing of the

acid precipitated curd provides an isolate enriched with
the desired isoflavones.

The acid-precipitated protein is then preferably
dewatered by a combination of centrifugation or '
concentration and may be dried in a conventional
manner. The present invention is not intended to be
limited by any particular means of dewatering, although
it is preferred to use conventional drying techniques,
such as spray drying to form a dried isolate. Protein
isolate produced in the above manner provide isolates
which have increased amounts of isoflavones, compared to
a conventional isolate as is illustrated in the
following specific but non-limiting examples.

EXAMPLE 1
In order to illustrate the increased levels of

isoflavones in protein isolates produced pursuant to the
present invention, a conventional protein isolate and
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procedure for producing the same was first completed to
show recovery of the desired isoflavones in a
conventional process. 45 kg (100 lbs.) of defatted
soybean flakes were placed in an extraction tank and
extracted with 454 kg (1,000 lbs.) of water heated to
32°C (90°F) to which sufficient calcium hydroxide was
added to adjust the pH to 9.7. This provided a weight
ratio of water to flakes of 10 : 1. The flakes were
separated from the extract and reextracted with 272 kg
(600 lbs.) of aqueous extract having a pH of 9.7 and a
temperature of 32°C (90°F). This second extraction step
provided a weight ratio of water to flakes of 6 : 1.

The flakes were removed by centrifugation, and the first
and second extracts were combined and adjusted to a pH
of 4.5 with hydrochloric acid. The acid-precipitated
curd was separated from the whey by centrifugation and
then washed with water in a weight amount of seven times
that of the starting material to provide a protein
isoclate. BAnalysis of the curd, whey, spent flakes and
starting material was completed for genistin (which
includes genistin, genistein, and 60AC-genistin) and
daidzin (which includes daidzin, daidzein, and
60AC-daidzin). Analysis of these isoflavones was
accomplished by the procedure described below:

PROCEDURE FOR MEASUREMENT OF TOTAL GENISTIN AND DAIDZIN

1. 0.25 g of soy product is weighed out and added to
20 ml1 of extraction solution consisting of 80 parts
methyl alcohol, 10 parts water and 10 parts 3N HCI.

2. An additional 20 ml. of 4N HCl is added and the mix
is stirred for 10 minutes.

3. The solution is reflﬁxed with a condenser for one
hour.



Lo

8 -

22654

4. The solution is cooled, and filtered through Whatman

#4 filter paper.

5. A 10 ml aliquot is removed to which is added 10 ml.
of milli pore water and 0.4 ml. of acetic acid, and

mixed.

6. Each solution is injected into an HPLC column and
measured for the above isoflavone levels by UV

absdrption.

Analysis of the precipitated curd, soy whey, spent
flakes and starting material for the above isoflavones

is set forth in Table 1.

The results are also shown as

a percentage recovery of the noted isoflavones from the
level contained in the starting material.

1

Level

(mg/gm dry basis)

Material Genistin
Curd 0.90
Whey 3.24
Spent Flakes 0.21

Starting Material 1.72

Daidzin

0.54
3.30
0.19
1.58

% Recovery
Genistin Daidzin

23% 15%
75% 83%
2% 2%

The above example clearly illustrates that the
desired isoflavones in a conventional process are mostly
concentrated in the whey, which results in low levels of
igsoflavones in most commercial protein isolates.
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EXAMPLE 2

45 kg (100 1bs.) of defatted soybean flakes were
placed in an extraction tank and extracted in a
continuous two stage countercurrent procedure with
363 kg (800 1lbs.) of water heated to 32°C (90°F), to
which sufficient calcium hydroxide was added to adjust
the pH to 9.7. This provided a weight ratio of water to
flakes of 8 : 1. The flakes were removed by
centrifugation and the aqueous extract was adjusted to a
pH of 4.5 in order to precipitate the protein, which was
then separated from the whey by centrifugation. Washing
of the separated curd with water was avoided. Analysis
of the curd, whey spent flakes and starting material was
completed in a similar manner as described in Example
1. These results are listed in Table 2.

TABLE 2
Level
(mg/gm dry basis) % Recovery
Material Genistin Daidzin Genistin Daidzin
Curd - 2.31 1.59 59% 44%
Whey _ 1.68 2.11 39% 53%
Spent Flakes 0.21 0.28 2% 3%

Starting Material 1.72 1.58

The recovery results described above show that the
desired isoflavone level in the curd has been

substantially increased as compared to Example 1 to

thereby provide an isoflavone enriched soy protein
isolate. '
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EXAMPLE 3

The acid precipitated curd was prepared as described
in Example 2 except that, following acid precipitation
of the curd, the curd was washed with ambient
temperature water equal to a weight ratio of two times
the weight of the flakes. Analysis was completed as
described in Example 1 and the level of recovery of
isoflavones is set forth in Table 3.

TABLE 3
Level

(mg/gm dry basis) % Recovery
Material Genigtin Daidzin Genistin Daidzin
Curd 2.03 1.37 52% 38%
Whey 1.94 2.35 45% 59%
Spent Flakes 0.31 0.28 3% 3%
Starting Material 1.72 1.58

The recovery results show a substantial increase in
isoflavone recovery in the curd as compared to Example 1
to thereby provide an isoflavone enriched soy protein
isolate.

EXAMPLE 4

The acid precipitated curd was prepared as described
in Example 2 except that, following acid precipitation,
the curd was washed with ambient temperature water equal
to a weight ratio of four times the weight of the
flakes. The recovery of isoflavones from this procedure
are listed in Table 4.



2254

TABLE 4
Level
(mg/gm dry basis) % Recovery

Material Genistin Daidzin Genistin Daidzin
Curd 1.80 1.12 46% 31%
Whey 2.20 2.63 51% 66%
Spent Flakes 0.31 0.28 3% 3%
Starting Material 1.72 1.58

While redévery data shows a substantial increase in
isoflavone recovery in the curd as compared to Example
1, the recovery is less than is described in Example 3.

EXAMPLE 5

100 grams of defatted soybean flour was extracted
with 800 grams of water at a temperature of 32°C
(90°F). The slurry had a pH of 6.7. The slurry was
stirred for five minutes and centrifuged to remove the
spent flour. The extract was adjusted to a pH of 4.5
with hydrochloric acid and the curd was separated from
the soy whey by centrifugation for ten minutes. No
washing of the curd took place. Recovery of the
isoflavones in the various fractions was measured as
described in Example 1 and is listed in Table 5.
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TABLE_5
Level
(mg/gm dry basis) % Recovery

Material Genisgtin Daidzin Genistin Daidzin
Curd _ 2.49 1.76 60% 46%
Whey 1.25 1.47 29% 37%
Spent Flakes 0.91 1.40 11% 17%
Starting Material 1.72 1.58

It may be seen the isoflavone levels in the curd
were generally improved compared to that of Example 1.

EXAMPLE 6

100 g of defatted soy flour was extracted with 800g
of water at a temperature of 32°C (90°F). The pH was
adjusted to 9.7 by the addition of calcium hydroxide.
The slurry was stirred for 15 minutes and then
centrifuged for five minutes to separate the extract.
The spent flour was then extracted a second time by
mixing the flour with 300 g of water for five minutes.
The second extract was separated from the spent flake by
centrifugation for five minutes. The first and second
agqueous extracts were combined and the pH adjusted to
4.5, the isoelectric point of the protein. The acid-
precipitated curd was recovered by centrifugation and
isoflavone recovery in the curd, whey and spent flake
fractions measured as described in Example 1. The
isoflavone recovery is listed in Table 6.



TABLE 6

2254

Material

Curd

Whey

Spent Flakes
Starting Material

Level

(mg/gm dry basis)

Genistin

2.23
1.77
0.21
1.72

Daidzin

1.48
2.27
0.19
1.58

% Recovery

Genistin Daidzin

57% 41%
41% 57%
2% 2%
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CLAIMS:

1.

A process for producing an isoflavone enriched
vegetable protein isolate comprising;

(a) extracting a vegetable protein material
containing isoflavones with an aqueous
extractant having a pH above the isoelectric
point of the material to produce an aqueous
extract of protein and isoflavones

(b) adjusting the pH of the aqueous extract to
about the isoelectric point of the protein
material in order to precipitate the protein
material; and '

(c) separating said precipitated protein
material and either avoiding further washing
of said precipitated material with water or
washing said precipitated material with a
limited quantity of water, to provide an |
isoflavone enriched protein isolate.

A process according to Claim 1 wherein extraction is
carried out at a pH of from 6.0 to 10.0.

A process according to Claim 2 wherein extraction is
carried out at a pH of from 6.7 to 9.7.

A process according to any one of Claims 1 to 3,

wherein the pH of the extract is adjusted to a value
of from 4.4 to 4.6.

A process according to any one of Claims 1 to 4,
wherein the vegetable protein material is extracted
with said extractant and at a weight ratio of .
extract to material of from 5 : 1 to 12 : 1.
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A process according to any one of Claims 1 to 5,
wherein extraction of the vegetable protein material
comprises a double extraction, so that the combined
weight ratio of extractant to material from both

extractions does not exceed a total weight ratio of
from 11 : 1 to 14 : 1.

A process according to any one of Claims 1 to 6, in
which said material in step (c) is washed with water
in an amount by weight which is less than about 4
times the weight of the protein material to provide
an isoflavone enriched protein isolate.

A process according to Claim 7, wherein the
precipitated protein material is washed with water
in an amount by weight which is less than about two
times the weight of the protein material.

A process according to any one of the preceding
Claims, including the step of dewatering the
isoflavone enriched isolate.



