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A process for the manufacture of products from crucifer¬

ous crops

Field of the invention

This invention relates to processes for the manufacture of a

product from a plant material, specifically the manufacture of a product

from seeds from a plant of the order Capparales especially the family

Brassicaceae. The product may be a protein product or a non-protein

product. The processes of the invention provide plant products of use in

the animal feeds, non-food products or for human consumption. Non-

food products include adhesives, paint, etc. I n particular, the protein

products have reduced contents of undesirable glucosinolates, phenolics

and components from non-enzymatic and enzyme catalysed degradation

of glucosinolates as well as oxidation products of phenolics and glucosi¬

nolates as these components have negative effects on nutritional value

and colour.

Background of the invention

Processes for the production of plant products, e.g. protein iso¬

lates or concentrates or the like, are well known in the prior art. Such

plant products are commonly used for animal feeds although they may

also be used for human consumption or other purposes. In addition to

nutritionally valuable components many of the considered plants also

comprise components that give unwanted colour and negative nutri¬

tional value. Furthermore, some plants may have defensive systems

that may be activated, for example by disruption of the cellular struc¬

ture and mixing the plant components, to degrade precursor compo¬

nents into more active components.

Plants of the order Capparales and especially the Brassicaceae

family are important food crops, with many representatives being cul-

tured on a worldwide basis. The family members provide a source for

plant oil and their seeds typically also have a high protein content. The

seeds of rape and mustard may for example yield 40% oil and 30% pro-



seeds of rape and mustard may for example yield 40% oil and 30% pro

tein. However, production of native protein isolates and concentrates

from seeds of plants of the Brassicaceae family is complicated owing to

the glucosinolate-myrosinase system present in the seeds. Myrosinase is

an enzyme or enzyme mixture of isoenzymes capable of catalysing the

hydrolysis and transformation of glucosinolates into various compounds

with sharp, bitter or unpleasant taste, some of which are also toxic at

concentration levels found in the plants. For example, myrosinase

cleaves off the glucose group from a glucosinolate, and the remaining

molecule then quickly converts to a thiocyanate, a nitrile or isothiocy-

anates or products thereof; these are often the quantitatively dominating

active substances that at sufficiently high concentrations serve as de

fence for the plant, and function as antinutrients for humans and

monogastric animals. Myrosinases are classified under EC 3.2. 1 . 147. The

specific degradation product of myrosinase activity on a glucosinolate

may depend on factors such as pH or other proteins or enzymes present.

Myrosinase is commonly stored within myrosin grains in myrosin cells,

but may also be in protein bodies/vacuoles, and as membrane associ

ated cytosolic enzymes separated from the glucosinolates. In this form

the enzymes are maintained segregated from their glucosinolate sub

strates and furthermore they may be kept in a highly stable form, which

is protected from degradation. In particular, Brassicaceae seeds may

have low water contents keeping the myrosinase in an inactive form.

When the structure of the seeds breaks down, for example by disruption

of the plant material, especially in the presence of water, the myrosinase

is brought into contact with the available glucosinolate substrate and hy

drolysis occurs. Myrosinases are commonly very efficient enzymes capa

ble of fast transformation of glucosinolates which in most processing is

undesirable except for mustard production.

Myrosinases are commonly inactivated by heating to high tem

perature, e.g. t o 70°C or more. However, further t o enzymatic break

down of glucosinolates, glucosinolates may also be degraded non-

enzymatically. I n particular, glucosinolates are degraded in the presence

of ferrous iron (i.e. Fe2+ ) ; ferrous iron may occur in sufficient amounts



to catalyse breakdown of glucosinolates in industrial scale processes ut il

ising steel tanks and equipment. Due to the very strong effect, e.g. bit

ter taste, discolouring effect, negative nutritional value etc., of glucosi-

nolate degradation products only small amounts of ferrous iron are nec-

essary to cause a detectable effect on the final product from a Brassica-

ceae plant material. Ferrous iron-mediated degradation is not hindered

at high temperature.

Production of protein products from Brassicaceae seeds has

been addressed in the prior art although improved processes for the

production of products, e.g. protein products, from Brassicaceae seeds

are still needed.

WO 2010/020038 relates to the production of a canola protein

isolate. It thus describes a process of preparing a protein isolate, which

comprises: adding a calcium salt, e.g. calcium chloride, to a supernatant

from the precipitation of a canola protein micellar mass to form a ca l

cium phytate precipitate, removing precipitated calcium phytate from the

resulting solution, optionally adjusting the pH to 2.0 to 4.0 and concen

trating the solution. WO 2010/020038 does not mention, nor address

any problem occurring from myrosinase-generated degradation of glu-

cosinolates.

WO 2010/020042 also relates to the production of soluble ca

nola protein isolate and discloses a process similar to that of

WO 2010/020038, and it likewise does not address the myrosinase-

glucosinolate problem.

US 2009/0286961 discloses processes for production of protein

isolates from oilseed meals. Relevant oilseeds for US 2009/0286961

comprise seeds of canola, rapeseed, mustard, broccoli, flax, cotton,

hemp, safflower, sesame or soybean. The process of US 2009/0286961

may comprise removing fibre from a defatted or protein-enriched oilseed

meal, which step involves addition of a cellulase enzyme after adjusting

the pH t o a value suitable for enzyme activity, such as 3 to 7, followed

by heating to a temperature likewise suitable for enzyme activity, to hy-

drolyse the fibre. The process of US 2009/0286961 provides a heat

treatment of the oilseed, which results in the inactivation of the enzymes



present in the oilseed, for example, myrosinase, lipase, phospholipase,

with the intention to prevent enzymatic degradation of the oil and

breakdown of glucosinolates, and further the heat treatment can also

denature the proteins in the concentrate or isolate.

Thus, the process of US 2009/0286961 may provide a product

free from glucosinolate degradation components, but at the cost of de

naturing other proteins present in the oilseeds, and it does not address

the potential problems which may be caused by soluble phenolics.

EP 0772976 discloses a process that produces a brassica vege-

table supplement or concentrate with high levels of sulphoraphane and

minimal sulphoraphane-nitrile. Thus, EP 0772976 aims to maximise the

conversion of a parent glucosinolate, gluocoraphanin, to sulphoraphane

while minimising the presence of sulphoraphane-nitrile. I n its broadest

form this may be achieved in a process comprising the steps of deacti-

vating endogenous myrosinase enzyme in a brassica vegetable and

blending the vegetable with exogenous myrosinase enzyme. Specifically,

the process may comprise blanching fresh broccoli to inactivate endoge

nous myrosinase enzymes, blending the steamed broccoli with a source

of exogenous myrosinase enzymes, preparing a homogenate from the

blended broccoli and exogenous myrosinase enzymes, centrifuging the

homogenate, concentrating the supernatant by low heat vacuum con

centration, adding a carrier such as starch, maltodextrin, sucrose, dex

trose and vegetable gums to the concentrated supernatant, lowering the

pH to 3.5, forming a powder by drying the concentrate and carrier, and

forming a tablet from the powder.

While EP 0772976 addresses the activity of myrosinase on g lu

cosinolate and discloses a process comprising its inactivation, the proc

ess is not suited to provide protein from brassica plants in a non-

denatured form.

WO 2008/144939 discloses a process for aqueous protein ex

traction from Brassicaceae oilseeds. The process comprises an aqueous

extraction of Brassicaceae oilseed meal where the pH is adjusted to a

value of from about 2.5 to about 5.0 to obtain a soluble napin-rich pro

tein extract and a cruciferin-rich residue. In particular, it was found that



the interval of pH 3 to 5 provided a desirable low solubility. The cruci-

ferin-rich residue may be subjected to a further aqueous extraction, for

example at neutral or alkali pH such as from about 7.0 to about 13.0, to

obtain a soluble cruciferin-rich protein extract and a low-protein residue.

The soluble protein extracts may be desalted and purified by filtration,

such as ultrafiltration or diafiltration. WO 2008/144939 specifically d is

closes filtration of soluble fractions using 5 kDa membranes.

WO 2008/144939 does not explicitly mention myrosinase, and

the myrosinase-glucosinolate problem is thus not addressed explicitly. I n

particular, no concern is shown to separate myrosinase from glucosi-

nolate to prevent subsequent enzymatically catalysed glucosinolate

transformations.

In light of the above there is a need for a process capable of

providing a product from seeds from plants of the order Capparales es-

pecially the Brassicaceae family, which product is free from degradation

products from glucosinolates occurring from the catalytic activity of my

rosinase on glucosinolates and also non-enzymatic degradation of g lu

cosinolates. Likewise, there is a need for a process capable of removing

phenolics and glucosinolates and their degradation products. I n particu-

lar, there is a need for a process capable of providing native protein from

the seeds, and avoiding unwanted oxidations with production of various

oxidation products. Furthermore, there is a need for a process to sepa

rate glucosinolate from myrosinase on an industrial scale. The present

invention addresses these problems.

Summary of the invention

The present invention relates to a process for the manufacture of

a product from seeds from a plant of the order Capparales comprising

the steps of:

providing the seeds having a water content of about 9% by

weight or less;

- disrupting the seeds;

- mixing the disrupted seeds with aqueous acid to provide a pH of



the mixture in the range of about 1.0 to about 5.0;

- separating myrosinase from glucosinolates t o provide a myrosi-

nase-containing fraction and a myrosinase-free fraction; and

isolating the product from the myrosinase-containing fraction or

from the myrosinase-free fraction;

wherein the temperature of the disrupted seeds and the aque

ous mixture is maintained at a value of from about 0°C to about 65°C. It

is preferred that the seeds are from a plant of the family Brassicaceae. It

is further preferred that the temperature is from about 0°C t o about

50°C.

The process of the present invention provides products from a

plant material of the Brassicaceae family, which products have little or

no glucosinolates and/or degradation products thereof. I n particular, the

process allows fractionation of products from seeds of plants containing

both glucosinolates and myrosinase enzymes, which may otherwise de

grade the glucosinolates without inhibition of the enzymes. The seeds

from any plant of the order Cappa rales, especially the family Brassica

ceae, may be used in the process. It is however also contemplated to

employ other parts of plants from the Brassicaceae family. For example,

in certain embodiments the product is manufactured from vegetative

parts from any plant of the order Capparales especially the family Bras

sicaceae. I n a preferred embodiment, the seeds are rapeseeds {Brassica

napus L).

The enzymatic degrading of glucosinolates may occur following

disruption of seeds from the plant of the order Capparales especially the

family Brassicaceae. Commonly the disruption of the seeds results in the

breakdown of the seeds, where, in undisturbed seeds, the myrosinase

enzymes are isolated from the glucosinolates. Thus, the disruption of the

seeds facilitates the contact between the glucosinolates and the myrosi-

nase enzymes, which may thereby in the presence of water initiate the

enzymatic degradation of the glucosinolates. In particular, when the

seeds are disrupted as part of a traditional industrial process the d is

rupted plant material may be subjected to aqueous extraction providing

further activation of the myrosinase; this is prevented in the process of



the invention.

Prior to disruption of brassica seeds myrosinase and glucosi-

nolate are generally segregated and no enzymatic breakdown of glucosi

nolates will occur. However, a high water content of the seeds during the

initial disruption allows enzymatic degradation of the glucosinolates,

thereby creating a risk of damaging the final product. Thus, according to

the present invention the water content of the seeds should be low, i.e.

about 9% by weight or less. The inventors found that the enzymatic

degradation of glucosinolates facilitated by the activity of the myrosinase

is sufficiently reduced when the water content is at this level. Hence,

providing seeds with low water content provides a sufficient time frame

for establishing further measures for preventing the enzyme activity e.g.

mixing aqueous acid etc. Certain types of brassica seeds may have in

herent water content higher than 9% by weight. Therefore, in a specific

embodiment the step of providing the seeds may comprise a step to re

duce the water content to about 9% by weight or less. I n a preferred

embodiment of the present invention the water content of the seeds is in

the range of about 2%, e.g. about 4%, to about 9% by weight. When

the water content is in this range recovery of proteins and enzymes in

their native state has been found to be optimal and reduction of glucosi-

nolate degradation owing to milling is reduced.

Any method may be employed to reduce the water content. For

example, the seeds may be dried by heating the seeds. When intact

seeds are heat dried correctly the protein present in the seeds will gen-

erally not denature due to the stable form of the protein in the seeds. In

another embodiment, the water content may be lowered using ext rac

tion. Extraction of water may be performed using liquid solvents, e.g.

ethanol or isopropanol, or water may be extracted using solvents in a

subcritical or supercritical state, which is also referred to as "subcritical

extraction" or "supercritical extraction". It is preferred to use carbon d i

oxide (C0 2) as a solvent in supercritical extraction to reduce the water

content, although other appropriate solvents may also be used in a su

percritical extraction. Supercritical extraction is well-known to the skilled

person who can readily set up a process to preferentially extract water



from the seeds, e.g. using carbon dioxide at 50 °C and 20 MPa. Like

wise, the skilled person can readily set up a process to preferentially ex

tract oil from the seeds using a solvent in a supercritical state, e.g. using

carbon dioxide at 50 °C and 60 MPa. Supercritical extraction of water

and oil from the seeds may be done sequentially in any order or simul

taneously. The same supercritical solvent, e.g. carbon dioxide, may ad

vantageously be used to specifically, selectively and sequentially extract

both water and oil. Extraction of water using supercritical carbon dioxide

advantageously provides a process where water is removed without sub-

jecting the seeds, and thereby the proteins of the seeds, to high tem

peratures so that heat denaturation of proteins is minimised.

The present inventors have now found that myrosinase en

zymes may be sufficiently inhibited without application of excessive heat,

as is otherwise commonly required in techniques of the prior art, to the

disrupted seeds when the seeds are processed according to the inven

tion. When the temperature of the disrupted seeds and the aqueous m ix

ture is maintained at a value in the range of about 0°C to about 65°C,

preferably about 50°C, heat mediated denaturation of protein is p re

vented. Thus, the process provides for recovering and isolating native

proteins as well as enzymes which have retained their activity. I n par

ticular, it provides a protein product of non-denatured protein. By avoid

ing heating recovered proteins, e.g. native proteins or non-denatured

proteins, will have better solubility parameters. Furthermore, low protein

solubility is also observed if glucosinolate degradation products have re-

acted with proteins, especially on side-chains of lysinyl and cysteinyl

residues. Thus, by avoiding glucosinolate degradation protein solubility

can be preserved. This particularly holds true for rapeseed proteins. The

temperature should be kept in the indicated range from disruption of the

seeds until myrosinase has been separated from the glucosinolates. Fur-

thermore, the lower temperature of the aqueous mixture, the lower the

activity of the myrosinase enzyme. Therefore, it is preferred that the

temperature is in the range of about 0°C t o about 25°C (or "ambient

temperature").

The disrupted seeds are mixed with an aqueous acid to provide



a pH of the thus obtained aqueous mixture in the range of about 1.0 to

about 5.0. The inventors found that a pH in this range inhibits the act iv

ity of the myrosinase enzyme. Figure 1 shows the effect of pH on the ac

tivity of myrosinase. Thus, by maintaining the pH in a range where the

degradation of glucosinolates by myrosinase is retarded the glucosi-

nolates and myrosinase enzymes may be separated without any degra

dation products of glucosinolate being produced. The present inventors

have now further found that a pH in this range, i.e. about 1.0 to about

5.0, when obtained using a chelating acid, optionally obtained using a

chelating acid in combination with another acid, such as a strong inor

ganic acid or an organic acid, ferrous iron-mediated hydrolysis and other

non-enzymatic breakdown of glucosinolates and phenolics are inhibited.

When used in combination with a temperature in the range of about 0°C

to about 50°C, especially about 0°C to about 25°C, about 20°C or about

15°C, it is possible to recover native proteins and non-degraded glucosi

nolates from the seeds. I n a particular embodiment the pH of the aque

ous mixture is about 1.0 to about 3.0. The present inventors found that

maintaining the pH within this range results in almost complete inhibi

tion of the myrosinase enzyme. Figure 2 shows the residual content of

glucosinolates after 10 min reaction as a function of pH. The combined

effect of myrosinase inhibition and prevention of non-enzymatic degra

dation is especially pronounced at pH 3.0 or lower, e.g. in the range of

about 2.0 to about 2.5, in the presence of a chelating acid, optionally in

combination with another acid. This allows that both myrosinase, being

inhibited by the low pH, and glucosinolates as well as soluble phenolics

are present in solution and may be recovered. When the pH is about 2.0

or higher the activity of the enzyme may be recovered once the pH is re

adjusted to e.g. the optimal value for the enzyme, e.g. to about 6.5.

Therefore, when the pH is in the range of about 2.0 to about 2.5, e.g.

about 2.2 to about 2.3, it is possible to obtain a good yield of glucosi

nolate due to its high solubility at this pH and also it is possible to re

cover the pH-inhibited myrosinase which may be reactivated by increas

ing the pH to above 5 . Furthermore, with the pH of the aqueous mixture

in the range of 2.0 to about 3.0, about 2.0 to about 2.5, or about 2.2 to



about 2.3, the proteins of the seeds may particularly advantageously be

recovered in a native state. When the pH is below about 2, e.g. in the

range of about 1.0 to about 2.0, the myrosinase may be irreversibly in

activated. Thus, in a specific embodiment the disrupted seeds are mixed

with aqueous acid to provide a pH of the mixture in the range of about

1.0 to about 2.0. When the pH is in the range of about 1.0 to about 3.0

the solubility of proteins is generally higher than when the pH is above

3.0, and this range may provide an improved yield of protein. In any

embodiment of the invention it is possible to adjust the pH further after

mixing the disrupted seeds with aqueous acid. I n particular, the pH may

be monitored and controlled to a desired value by adding acid or base,

or the pH may increased or decreased likewise by adding acid or base.

Any acid capable of providing a pH in the indicated range may

be used in the method of the invention. The acid may be a strong acid in

an appropriate concentration, or the acid may be a buffer. I n particular

in embodiments where the pH is in the range of about 2.0 to about 3.0,

e.g. about 2.2 to about 2.3 it is preferred that a buffer is used. It is in all

embodiments possible to employ a combination of buffers and strong ac

ids. The acid may be a mineral acid or an organic acid, in particular the

acid may be compatible for use in food products. It is preferred that the

aqueous acid comprises a chelating agent, in particular a chelating acid.

Any ratio of disrupted seeds to aqueous acid is possible in the

process of the invention. However, in preferred embodiments the ratio of

disrupted seeds to aqueous acid is 1:20 to 10: 1 .

According to the process of the invention the myrosinase and

glucosinolates are separated into two fractions, thereby providing a my-

rosinase-containing fraction and a myrosinase-free fraction. In general in

the range of pH of the invention the myrosinase and glucosinolates are

in soluble forms. However, in certain embodiments myrosinase and/or

glucosinolates may also be precipitated from the solution. The inventors

found that separating the glucosinolate substrates from the myrosinase

enzyme provides for the recovery of high value products free from g lu

cosinolates and in particular degradation products derived from glucosi

nolates. Furthermore, both myrosinase and glucosinolates may be re-



covered, and in certain aspects the invention relates to myrosinase and

glucosinolate obtainable according to the method of the invention.

Any method capable of separating myrosinase and glucosinolate

may be used in the method of the invention. In general, glucosinolates

are small molecules with a negative charge, whereas myrosinases are

protein molecules of much larger size; certain myrosinases have

isoeletric points at about pH 5 or higher making these myrosinases posi

tively charged in the pH-range in the method of the invention. Thus, my

rosinase and glucosinolate may be separated based on their sizes, e.g.

using an ultrafiltration membrane, diafiltration or gelfiltration. In part icu

lar, an ultrafiltration membrane may be selected with a cut-off value,

e.g. 100 kDa or less, allowing retention of the myrosinase in the reten-

tate whereas the glucosinolate may be recovered from the permeate

fraction. Thus, when ultrafiltration or diafiltration is employed the reten-

tate will represent the myrosinase-containing fraction, being free from

glucosinolates, and the permeate will represent the myrosinase-free

fraction, containing the glucosinolates and soluble phenolics.

Myrosinase may also be separated from glucosinolates using ad

sorptive methods. Thus, the mixture of the disrupted seeds with aque-

ous acid may be contacted with any adsorptive material capable of ad

sorbing, or binding, myrosinase without binding glucosinolates or vice

versa followed by elution of the adsorbed fraction from the adsorptive

material. For example, myrosinase may be adsorbed to, and separated

from glucosinolates, by contacting the aqueous mixture with a nega-

tively charged material, e.g. a cation-exchange material. Likewise, g lu

cosinolates may be adsorbed to, and separated from myrosinase, by

contacting the aqueous mixture with a positively charged material, e.g.

an anion-exchange material. Any ion-exchange material is appropriate

for the method of the invention. It is also possible to adsorb the myrosi-

nase to adsorptive material employing other principles, for example my

rosinase may be adsorbed to a material functionalised with affinity

ligands capable of selectively binding myrosinase.

When adsorptive materials are used to separate myrosinase

from glucosinolates the adsorbed component, i.e. myrosinase or glu-



cosinolates as appropriate, can be eluted from the adsorptive material

using any appropriate method as will be well known to the skilled per

son. For example, when a cation-exchange material is employed the my

rosinase-containing fraction is represented by the adsorbed material,

and when an anion-exchange material is employed the adsorbed mate

rial represents the myrosinase-free fraction containing the glucosinolates

and soluble phenolics. The adsorbed material may then be eluted from

the adsorptive material.

According to the present invention products may be recovered

from both the myrosinase-containing fraction and the myrosinase-free

fraction. I n particular the present invention provides for isolating a prod

uct free of glucosinolate and/or glucosinolate degradation products, e.g.

a product free of compounds such as nitriles, isothiocyanates, thiocy-

anates, epithionitriles and oxazolidine-2-thiones. Thus, the present proc-

ess improves the quality of the isolated product and supersedes a num

ber of purifying steps otherwise required for removing said compounds.

In addition, the separation provides for the possibility of recovering both

the myrosinase enzyme and the glucosinolates intact.

I n an embodiment of the process of the present invention the

steps of mixing with aqueous acid and disrupting the seeds are per

formed simultaneously. This procedure further facilitates the fast inhibi

tion of the myrosinase enzyme. The myrosinase enzyme typically has a

high reaction rate. Therefore, it is important that the disrupted seeds are

mixed with aqueous acid already being at the desired pH, or that the

mixing and disruption are performed simultaneously. It may however be

necessary to adjust the pH of the mixture to retain the desired value.

Once the disrupted seeds have been mixed with aqueous acid the my

rosinase is inhibited, and the disrupted seeds may be extracted with the

aqueous acid for any duration as desired.

In an embodiment of the process according to present inven

tion, the process may further comprise the steps of: separating an oil

fraction from an oil-depleted fraction. Any method for separating an oil

fraction from the seeds is appropriate for the invention, and the term

should be understood in its broadest terms. For example, "separating



oil" may comprise pressing or extraction using appropriate solvents, e.g.

liquid solvents such as organic solvents, or solvents in a supercritical

state, such as supercritical carbon dioxide, or any combination of press

ing and, liquid or supercritical, solvent extraction. When the seeds have

been subjected to oil pressing, the seed residue, or "press cake", is con

sidered to represent "disrupted seeds", although the press cake may also

be disrupted further prior t o mixing with aqueous acid. Likewise, the

press cake may be disrupted further simultaneously with mixing with

aqueous acid. I n yet a further embodiment, an oil fraction is separated

after mixing with aqueous acid, e.g. using a solid-liquid separation unit

capable of separating two liquid phases, e.g. an oil phase and an aque

ous phase, and a solid phase. For example the process may employ a

three-phase decanter centrifuge.

In specific embodiments the steps of the process of the inven-

tion are set up to operate on a continuous basis. One, multiple or all

steps may be set up to operate on continuously. Continuous operation is

especially useful for industrial scale processing of large volumes, e.g.

multiple tonnes per hour, of seeds.

I n a preferred embodiment of the process according to the pre-

sent invention the product is native protein. I n particular, the product is

native brassica proteins with a low content of glucosinolates and glucosi-

nolate degradation products. These proteins are highly suitable as food

ingredients and will have values comparable to casein. I n another em

bodiment the product is a soluble or non-soluble dietary fibre. In a par-

ticular embodiment, the invention relates to a process, wherein the dark

colour of proteins and fibre products are reduced, e.g. compared to pro

teins and fibres produced by traditional methods, due to the separation

of the substrates, e.g. soluble phenolics, and enzymes involved in the

unwanted colour formation. In a further embodiment, non-enzymatic

colour formation of proteins and fibre products are reduced due to inhibi

tion of the involved, e.g. metal catalysed or other, oxidation. The proc

ess according to the invention may provide a product, wherein the nut ri

tive value of proteins, e.g. native protein, and fibre products are retained

due to the initial inhibition and separation of the substrates and enzymes



otherwise responsible for the reactions causing reduced nutritive values

of the proteins and fibre products.

In another embodiment the product is a glucosinolate. Glucosi-

nolates are usable as bioactive compounds and/or molecular building

blocks. Depending on the type, these compounds can be used as phar

maceuticals (e.g. cancer prevention), or as pesticides, fungicides or in

secticides with or without combination with myrosinases. In yet other

embodiments, the product of the process of the invention is a degrada

tion product from glucosinolate, e.g. a degradation product from myrosi-

nase treatment of glucosinolate. In another embodiment the product is

active myrosinase, and in a further embodiment the product is a myrosi-

nase in an inhibited or inactive form. In a preferred embodiment of the

process according to the invention the myrosinase is recovered in its ac

tive form and/or in a state from which it may return to its active form.

Such myrosinase enzymes are usable for glucosinolate degradation as

the degradation products of glucosinolate compounds e.g. can be used

as pesticides, fungicides, and/or insecticides. In another embodiment the

product is an antioxidant or a phenolic compound. The antioxidants may

be neutral, anionic, and cationic antioxidants. In another embodiment

the product is oil. In another embodiment the product is an amphiphilic

lipid, e.g. a phospholipid or a glycolipid. In another embodiment the

product is a lipid soluble antioxidant or vitamin.

Brief description of the figures

Embodiments of the present invention are explained in further

detail by use of the following schematic drawings. The illustrations serve

as examples and should not limit to the scope of the invention:

Figure 1 shows myrosinase activity as a function of pH.

Figure 2 shows residual glucosinolate content as a function of pH.

Figure 3 shows the effect of different buffers on myrosinase activity.



Figure 4 shows a schematic flow diagram illustrating the process steps

leading to fractionation of various valuable products derived from cruci

ferous plant material.

Figure 5 shows a schematic flow diagram illustrating the process steps

for the fractionation of oil emulsion derived from the seeds of a Cap

parales plant.

Figure 6 shows a schematic flow diagram illustrating the process steps

for the fractionation of protein rich material.

Figure 7 shows a schematic flow diagram illustrating the process steps

for the fractionation of an acidic water fraction obtained in a process for

the fractionation of valuable products derived from cruciferous plant m a

terial.

Detailed description of the invention

The present invention relates to a process for the manufacture of

a product from seeds from a plant of the order Capparales comprising

the steps of:

providing the seeds having a water content of about 9% by

weight or less;

- disrupting the seeds;

- mixing the disrupted seeds with aqueous acid to provide a pH of

the mixture in the range of about 1.0 to about 5.0;

- separating myrosinase from glucosinolates t o provide a myrosi-

nase-containing fraction and a myrosinase-free fraction; and

isolating the product from the myrosinase-containing fraction or

from the myrosinase-free fraction;

wherein the temperature of the disrupted seeds and the aque

ous mixture is maintained at a value of from about 0°C to about 65°C.

The description refers to the figures showing schematic flow



diagrams for the processes where each process step is generally repre

sented with a box labelled according to the process. Likewise, starting or

end products, as well as intermediary products, are also identified by

appropriately labelled boxes.

Initially, seeds from a plant of the order Capparales especially

the family Brassicaceae with a low water content are provided. Any plant

of the order Capparales especially the Brassicaceae family is appropriate

for the process, although plants of other families containing a myrosi-

nase-glucosinolate defensive system may also be processed according to

the invention. Likewise, other parts of plants of the Brassicaceae family

are also appropriate for certain embodiments of the process. The family

contains inter alia species such as Brassica oleracea (broccoli, cabbage,

cauliflower, etc.), Brassica rapa (turnip, Chinese cabbage, etc.), Brassica

napus (rapeseed, etc.), Brassica nigra (black mustard), Brassica juncea

(sarepta mustard), Raphanus sativus (common radish), Sinapis alba

(mustard), Armoracia rusticana (horseradish), Matthiola (stock), Arabi-

dopsis thaliana. Preferred seeds are rapeseeds or canola seeds. Other

relevant seeds are those of cabbage, broccoli, cauliflower, turnip, m us

tard, radish, horseradish, cress, wasabi and watercress. The family may

also be referred to as Cruciferae, the mustard family or cabbage family,

and the terms brassica and crucifer (or cruciferous) likewise refer to

plants of the family. These terms may be used interchangeably.

Plants generally comprise a complex mixture of soluble and in

soluble components such as proteins and non-protein components. The

process of the present invention provides products derived from these

components, such as proteins, e.g. native protein, myrosinase, in inhib

ited, active or inactive form, fibres, starch, pectin, cellulose and hemicel-

lulose, glucosinolates and their degradation products, antioxidants, phe-

nolics, minerals and other organic components.

"Seeds" as referred to in connection with the present invention

refers any seed obtained and/or derived from a plant. Seeds may also be

referred to as cellular endosperm. The principal macromolecular materi

als stored in seeds are carbohydrates, proteins, and lipids. These com

pounds occur together but the relative amounts vary in seeds of differ-



ent taxa.

The process of the present invention can also be used with other

glucosinolate/myrosinase containing plant materials such as e.g. cab

bage, broccoli, cauliflower, etc. The process may be modified according

to the starting material (crucifer variety, plant part etc.) but the general

process is as described.

Members of the Brassicaceae family typically comprise one or

more myrosinase enzymes. A single species may comprise a single my-

rosinase enzyme or several different myrosinase enzymes, and a my-

rosinase enzyme may be found as different isoenzymes. I n the context

of the invention the term "myrosinase" refers generally to myrosinase

enzymes present in a relevant seed. I n particular, a myrosinase may be

an enzyme classified under EC 3.2. 1 . 147.

The term "glucosinolate" should also be understood broadly.

Glucosinolates are typically water-soluble anions with well defined st ruc

tures, consisting of alkyl aldoxime-O-su Ifate esters with a β-D-

thioglucopyranosyl group at the aldoxime carbon (C-0) in c/s-[Z]-

configuration to the sulphate group. With a few exceptions, the alkyl side

chain vary for different glucosinolates, and it is variation in this side

group that is responsible for the majority of variation in the biological ac

tivities of these plant compounds. A single plant may contain one or

more different glucosinolates, and the term glucosinolate refers gener

ally to glucosinolates present in a relevant seed. I n particular, "glucosi

nolate" may also refer to a mixture of glucosinolates.

I n general, the plant material will be subjected to some degree

of disruptive processing in the methods of the present invention. This

disruptive processing (or "disruption" or derived forms of this term) may

be any processing intended to reduce the size of parts or particles of the

plant material, and typical disruptive processing involves cutting, press-

ing, chopping, milling, grinding, crushing, grating, shredding etc. I n par

ticular the disruption aims t o degrade or disrupt the cell walls of the

plant material to make the contents of the cells accessible. In a preferred

embodiment the seeds are disrupted by wet milling after mixing the

seeds with aqueous acid, so that the disruption and further mixing are



performed simultaneously. I n yet another embodiment the seeds are

disrupted in an initial dry disruption followed by wet milling, which is

preferentially performed simultaneously with the mixing with the aque

ous acid. The terms plant material and disrupted plant material may also

refer to any liquid produced in the disruptive processing, and the term

"plant material" may thus refer to any whole plant, any part of a plant, a

solid or liquid material obtained during disruptive processing or a m ix

ture of these.

The methods of the present invention comprise a step mixing

the disrupted seeds with aqueous acid t o provide a pH of the mixture in

the range of about 1.0 to about 5.0. I n the context of the present inven

tion this range is generally referred t o as "low pH". Other pH ranges

relevant to the process of the present invention are values of about 1.0

t o about 3.0, such as about 2.0 to about 2.5, such as about 2.2 to 2.3.

Within these ranges of pH the myrosinase is inhibited. At a pH below

about 2.0 the myrosinase enzyme is generally irreversibly inhibited. It is

believed that subjecting the myrosinase enzyme to an environment with

a pH value below about 2.0 results in an irreversible denaturation of the

enzyme. Hence, in a specific embodiment the pH range from about 1.0

to about 2.0 is relevant to provide an irreversibly inactivated myrosinase

enzyme. The pH may be obtained using any acid, such as sulphuric acid,

hydrochloric acid or phosphoric acid or the acid may be organic, such as

citric acid or acetic acid. I n certain specific embodiments the acid is also

capable of serving as a chelating agent, which acids comprise e.g. citric

acid, oxalic acid, lactic acid, malic acid, maleonic acid, tartaric acid, suc

cinic acid. Certain myrosinases contain a metal atom, e.g. a zinc atom,

which may be involved in the activity of the enzyme, and it is believed

that a chelating acid may inhibit the enzyme also by sequestering the

metal atom. Furthermore, without being bound by theory the present in-

ventors believe that a chelating acid may bind metal ions present in so

lution, e.g. ferrous iron, and thereby prevent non-enzymatic metal ion-

mediated breakdown of glucosinolates and phenolics. I n a particular em

bodiment the acid is citric acid or acetic acid. Figure 3 shows the effect

of a chelating acid, i.e. citric acid, on the activity of a myrosinase.



I n connection with some applications it may be desirable to fully

or partly remove and/or neutralise the acid. Low pH of products accord

ing to the invention may e.g. interfere with later enzymatic applications

and it may also interfere with the flavour of food products produced on

basis of one or more products according to the present invention, par

ticularly if relatively large amounts of such products are added to the

food product.

Figure 4 illustrates a general process for the fractionation of

cruciferous plant material. The terms "fractionation" a nd "bio-

fractionation" may be used interchangeably and refer to the separation

of components of a plant seed into different factions, which may be f ur

ther processed in order to obtain a final product for that particular f rac

tion. Other crops may be processed using the same and/or similar proc

esses. It is an object of the present exemplified embodiment to provide a

fractionation of the cruciferous plant material into separate products,

such as proteins, glucosinolates, myrosinase enzymes, phenolics, fibre

fractions, etc. In particular, it is an object of the present process to o b

tain a fraction of the enzyme myrosinase in its native form as well to

separate glucosinolates from the native myrosinase enzyme.

In the process of the invention, the seeds are initially disrupted.

For the purpose of the present invention any disruption method is a p

propriate, and the specific type of disruption principle employed may be

chosen depending on the nature of the seeds and their specific composi

tion. For example, the disruption principle may be selected from such

parameters as the water and oil contents of the seeds, the size of the

seeds prior to the disruption, and the hardness of the seeds. The disrup

tion principle is typically selected so as to allow the disruption of the cell

walls of cells in the seeds, and typical principles comprises cutting,

pressing, chopping, milling, grinding, shredding, grating etc. In a pre-

ferred embodiment the disruption involves pressing to allow separation

of an oil fraction from an oil-depleted fraction.

In a preferred embodiment the disruption involves pressing to

allow separation of an oil fraction and an oil-depleted fraction. The mate

rial obtained after pressing is referred t o as "Feed" in Figure 4 . The



pressing is carried out at mild conditions that preserve the proteins in

their native form. This implies that the consecutive process is performed

at low temperature, e.g. a temperature in the range of about 0°C to am

bient temperature, such as in the range of about 0°C t o about 20°C,

about 19°C, about 18°C, about 17°C, about 16°C, about 15°C, about

10°C or about 5°C, or mildly increased temperatures, e.g. a temperature

in the range of about ambient temperature to about 50°C, such as to

about 45°C, about 40°C, about 35°C or about 30°C. Further, to obtain

successful bio-fractionation the seeds should be mature and have low

water content. The glucosinolates should be preserved in their native

state. However, a high water content, i.e. above 9% by weight during

the initial disruptive processing may result in enzymatic degradation of

the glucosinolates potentially creating irreversible damage to the final

products. Therefore, the water content should be fairly low, e.g. in the

range of about 2%, e.g. about 4%, to about 9% by weight, to facilitate

extraction of protein and to avoid enzymatic degradation of the glucosi

nolates followed by chemical modification of the proteins by reactions

with the glucosinolate degradation products. If these criterions are met

the produced oil has low or undetectable contents of glucosinolate deg-

radation products and the proteins and fibres in the seed residues are

kept at their native form. It is preferred that the temperature is below

ambient temperature in the disruption to further minimise enzymatic

degradation of glucosinolates.

The oil may be separated immediately after pressing, e.g. using

filtration or centrifugation, or the oil-depleted fraction, e.g. the disrupted

seeds, and the oil fraction may be mixed with aqueous acid in the bio-

fractionation process to extract proteins, soluble fibres, glucosinolate

and other components of interest. Since the disrupted seeds contain

both the glucosinolates and the native myrosinase enzyme caution

should be taken to avoid enzymatic glucosinolate degradation during the

following extraction step. The extraction (in the "Mixer" of Figure 4) is

performed in aqueous acid, and to avoid glucosinolate degradation pH is

kept low t o minimise the myrosinase activity as long as the glucosi

nolates are in contact with the myrosinase enzymes. The temperature is



preferably retained low, the lower the temperature the lower the enzy

matic activity of myrosinase.

The duration of the extraction step may be selected freely, e.g.

the extraction may take place instantaneously, or the extraction may

have a duration up to e.g. 3 hours, such as 1 minute, 10 minutes, 15

minutes, 30 minutes or 1 hour. The extraction may advantageously be

performed as a continuous process. I n certain embodiments it may be

necessary to physically agitate the mixture during extraction. For exam

ple, the extraction may be performed in a vessel equipped with a stirring

blade, an impeller, a Rushton turbine, a propeller or the like, or the m ix

ing vessel may otherwise be fitted to agitate the mixture of the disrupted

seeds with aqueous acid. I n an embodiment the mixing, optionally com

bined with simultaneous disruption, is performed by wet milling. I n par

ticular, when the mixture of the disrupted seeds with aqueous acid is

physically agitated this generally involves subjecting the mixture t o

shear stress. I n a preferred embodiment, the components of interest,

e.g. proteins, fibres, myrosinase, glucosinolates etc. are found in the l iq

uid phase. The components of interest may be dissolved in the liquid

phase or the components of interest may be found in a precipitated

state. I n certain embodiments of the invention some components of in

terest are found in a dissolved state and other components of interest

are in a precipitated form.

Following extraction of the disrupted seeds, e.g. the press cake,

the mixture of the disrupted seeds with aqueous acid may be subjected

to a solid-liquid separation to separate a liquid phase with the compo

nents of interest from a solid phase (or "hulls"). This can be accom

plished by use of e.g. centrifuges, sieves or hydrocyclones or combina

tions of these. I n a particular preferred embodiment, a three-phase de

canter is used to obtain three fractions comprising an oil phase, e.g. an

oil emulsion, a first acidic aqueous phase, e.g. a protein suspension, and

a solid phase of the hulls. The oil emulsion may be further treated to o b

tain a purified oil fraction; Figure 5 illustrates the further processing of

the oil emulsion obtained from the three-phase decanter. I n this em

bodiment the oil emulsion is mixed with water under increased tempera-



ture, and the obtained suspension is treated in e.g. a two-phase de

canter centrifuge to provide a purified oil and a water phase.

The first acidic aqueous phase, e.g. the protein suspension, o b

tained from the three-phase decanter centrifuge, may be processed us-

ing a two-phase decanter centrifuge in order to fractionate the protein

suspension to provide a second acidic aqueous phase, or second protein

suspension, and a protein rich fraction ("Protein Rich Material" or PRM).

Myrosinase and glucosinolate from the first acidic aqueous phase are

found in the second aqueous phase, and the protein rich fraction com-

prises protein free from both myrosinase and glucosinolate, and this

fraction may also be referred to as a protein isolate. This protein isolate

may be subjected to any further processing step as desired; appropriate

further processing is known to the skilled person. For example, Figure 6

illustrates the processing of the protein rich fraction, which in this case

also comprises insoluble fibres. The protein rich fraction is mixed with

water, optionally also with salt (indicated as "salt water") and/or opt ion

ally at alkaline pH, in a mixer. Alkaline pH facilitates solubilisation of pro

tein from the insoluble fibres, although water at neutral pH may also

solubilise protein. It is preferred that salt, e.g. NaCI, is also present, e.g.

at about 0.02 M to about 1.0 M, since salt may prevent discolouration,

e.g. in the form of browning, due to oxidation of phenolic compounds

(especially sinapin and other sinapoyl derivatives). The salt water with

insoluble fibres and solubilised protein is subjected to a solid-liquid sepa

ration, e.g. a two-phase decanter centrifuge, to separate the insoluble

fibres from the solubilised protein ("Water Fraction"). The water fraction

may be subjected to a desalting operation, e.g. diafiltration at 20 kDa,

10 kDa, 5 kDa, 3 kDa or 1 kDa, to remove salt and also optionally con

centrate the solubilised protein as a protein concentrate ("Globulin pro

teins"). Protein and insoluble fibres produced in the steps shown in Fig-

ure 6 are free from glucosinolates and glucosinolate degradation prod

ucts, as well as myrosinase, and the protein and insoluble fibres are

products of the invention.

The second acidic aqueous phase, e.g. the second protein sus

pension, obtained from the two-phase decanter centrifuge comprises



water soluble compounds such as proteins, glucosinolates, myrosinase

enzymes, soluble dietary fibres and other soluble compounds. The sec

ond acidic aqueous phase obtained from the two-phase decanter cent ri

fuge may be subjected to a further solid-liquid separation, e.g. a filtra-

tion or centrifugation to obtain a lipoprotein rich fraction in the retentate

and a third acidic aqueous phase ("Acidic Water fraction" in Figure 4 and

Figure 7). The filtering process applied may be any filtering process suit

able for separation of a water/protein suspension.

The third acidic aqueous phase will be processed according to

the invention t o separate myrosinase from glucosinolate t o provide a

myrosinase-containing fraction and a myrosinase-free fraction, for ex

ample as illustrated in Figure 7 . I n other embodiments, the first or the

second acidic aqueous phases are processed directly to separate myrosi

nase from glucosinolate without the additional process steps outline

above. I n yet a further embodiment, the mixture of the disrupted seeds

with aqueous acid is processed directly as illustrated in Figure 7 . The

first, second and third acidic aqueous phases are commonly referred to

as the "Acidic Water Fraction".

Figure 7 illustrates the further processing of the glucosinolates

and myrosinase enzymes found in the Acidic Water Fraction. I n the em

bodiment of Figure 7, the acidic water fraction is subjected to a step of

ultrafiltration to separate glucosinolate and myrosinase based on differ

ences in size. Ultrafiltration is considered particular suitable for industrial

purposes in processes which require to purify, separate, and concentrate

target macromolecules in continuous systems. I n a specific embodiment

the process of the invention is performed continuously. The Acidic Water

Fraction or more generally, the aqueous mixture, may be subjected to

ultrafiltration using a cut-off value in the range of about 10 kDa to about

300 kDa, preferably about 50 kDa to about 200 kDa, more preferably

about 75 kDa t o about 150 kDa, even more preferably 85 kDa t o about

125 kDa. I n the embodiment of Figure 7 the myrosinase enzymes are

removed from the glucosinolates using ultrafiltration with a cut-off value

of about 100 kDa. I n general the ultrafiltration membrane and its cut-off

value are selected such that glucosinolates and certain low molecular



weight (LMW) proteins are found in the permeate whereas certain high

molecular weight (HMW) proteins including myrosinase enzymes and

typically also soluble fibres are located in the concentrate (or retentate).

Alternatively, the separation of myrosinase and glucosinolates

can also be performed by contacting the mixture of the disrupted seeds

with aqueous acid or the Acidic Water Fraction with an adsorptive mate

rial. I n the context of the present invention the term "contact" should be

understood as bringing the aqueous acidic mixture into contact with the

adsorptive material, e.g. a chromatography resin, thereby allowing the

components, dissolved or suspended, of the plant material t o interact

with the surface of the adsorptive material containing appropriate f unc

tional groups. The contacting may be performed in any appropriate con

tacting vessel, for example a stirred or otherwise mixed tank, or the

resin may be placed in a column serving as a contacting vessel when

contacting the plant material with the resin. Columns with the resin may

be of any type used in chromatography, such as packed or expanded

bed columns, axial flow columns, or radial flow columns, and such co l

umns may be operated according to any chromatographic principle. The

resin need not be in the same type of contacting vessel in all steps of the

process. For example, the contacting may be performed in a stirred tank

while for subsequent elution steps the resin is transferred to a column. It

is preferred to use a column as the contacting vessel for both the con

tacting step and elution steps.

Proteins, and other polymeric biomolecules, have numerous

functional groups that can have positive and/or negative charges. These

functional groups are typically of a weakly charged nature and therefore

their charge will be dependent on the ambient pH. Thus, at the low pH of

the invention myrosinases will generally be at their cationic form thus a l

lowing for binding to the stationary phase of a cation exchange chroma-

tography resin. I n contrast, glucosinolates are negatively charged and

will not bind to a cation-exchange material. Therefore the glucosinolate

may be separated from the myrosinase by contacting the mixture of the

disrupted seeds and aqueous acid with cation-exchange material or an

anion-exchange material to adsorb the myrosinase or the glucosinolate,



respectively.

Myrosinase adsorbed to a cation-exchange material can subse

quently be eluted, and recovered, from the material by changing the pH

of the ambient liquid to above the isoelectric point of the myrosinase to

introduce an electrostatic repulsion between the protein and the f unc

tional groups on the resin. Alternatively, myrosinase and glucosinolates

may be eluted from the adsorptive material by contacting the material

with a solution of high ionic strength, e.g. NaCI at 0 .1 to 1 M or higher

concentration.

When several different species of proteins or other compounds,

each with different characteristics, such as the isoelectric points, are

bound to the same ion exchange resin it may be possible to selectively

elute one or more of the bound species and thereby fractionate them

from other bound species. Selective elution of different species may be

obtained by gradually exposing the resin with bound proteins to increas

ingly strong elution conditions. For example, selective elution from a

cation-exchange material may be obtained by first increasing to one pH

value higher than the binding pH, then to yet another higher pH etc.

Such step-wise selective elution is also contemplated in the process of

the invention. It is also possible to gradually increase the ionic strength

of the eluent solution and thereby obtain selective elution.

It is considered to use gradients for elution. With a "gradient" is

understood that the liquid phase of the column is subjected to a gradual

change from one extreme condition to another extreme condition. The

gradient may be created by proportionally mixing the two solutions, so

that the liquid applied to the column has an increasing proportion of the

latter solution. The gradient may be a simple linear gradient with a con

stant increase (over time) in the proportion of the eluent solution, or the

gradient may follow a more complex pattern. It is also possible to em-

ploy step-wise changes in conditions where for example a washing solu

tion is first applied to the column after contacting the plant material with

the resin, then a first eluent solution is applied for a given amount of

time, then a second eluent solution and so forth.

The chromatography resin may be of any type known in the art



for different types of chromatography. For example, the resin may be of

a densified type for expanded bed chromatography, a so-called soft gel

for liquid chromatography, a resin for high-performance or high-

pressure liquid chromatography (HPLC). It is, however, preferred to em-

ploy a resin of a high capacity designed for operation at high flow-rates,

such as for example Sepharose Big Beads, Sepharose Fast Flow, Sepha-

rose XL, Cellthru BigBeads or Rhobust® Adsorbent. The Sepharose

bra nd of ch romatog raphy resi ns is ma rketed by G E Hea lthca re

(http://www.gehealthcare.com), and appropriate resin types are de-

scribed in detail in the handbook "Ion Exchange Chromatography &

Chromatofocusing, Principles and Methods" published by GE Healthcare.

Ce l lth r u Big Bea ds a re m a rketed by Sterogene Bioseparations

(http://www.sterogene.com). Rhobust® Adsorbents are marketed by

Upfront (http://www.upfront-dk.com). Other types of adsorbent material

employed in ion exchange separation are, however, also considered to

be within the definition of a "chromatography resin" in the context of the

invention. Such adsorbent material comprises charged membranes and

so-called chromatographic monoliths.

Appropriate operating parameters, such as linear and/or volu-

metric flow-rates, appropriate diameter and height of a chromatography

column, amount of chromatography resin needed for a given process,

equilibration and regeneration of the resin, buffering capacity of material

contacted with the resin etc. are likewise described in the handbook "Ion

Exchange Chromatography & Chromatofocusing, Principles and Methods"

and other reference manuals well-known to the skilled person.

In a further embodiment, the mixture of the disrupted seeds

with aqueous acid is contacted with an affinity adsorptive material func-

tionalised with appropriate ligands, such as a lectin, e.g. concanavalin A,

to adsorb myrosinase without adsorbing glucosinolate.

In the embodiment of Figure 7, the permeate comprising glu-

cosinolates but no myrosinase may be subjected to a further ult raf ilt ra

tion step with a lower cut-off than the preceding step, e.g. with a cut-off

of 10 kDa. This will provide a concentrate with proteins of 10 to 100 kDa

molecular weight and soluble fibres. Fibres and protein may be sepa-



rated by contacting the concentrate with an ion-exchange material, e.g.

a cation-exchange resin or an anion-exchange resin, to adsorb the pro

tein while keeping the soluble fibres in the flow-through. The concen

trate being at low pH may be contacted directly with a cation-exchange

material, whereas the pH may be increased prior to contacting with an

anion-exchanger.

The permeate from the second, e.g. 10 kDa cut-off, ult raf ilt ra

tion will generally contain peptides and LMW proteins and carbohydrates

of below 10 kDa molecular weight as well as small molecules, such as

glucosinolates, antioxidants and phenolic compounds. The components

of the second permeate may be separated by contacting initially with a

cation-exchange material and then contacting the flow-through from the

cation-exchange step with an anion-exchange material. The cation-

exchange step will adsorb proteins ("LMW albumins"), amino acids, and

cationic antioxidants, which may be recovered by elution as described

above. In the following anion-exchange step glucosinolates and anionic

antioxidants will bind to the ion-exchanger and may be recovered by elu

tion as described above. The run-through fraction from the anion-

exchange step will comprise LMW carbohydrates.

The specific unit operations illustrated in Figure 7 may be com

bined as desired using any necessary modification of the process

streams for the different operations, as long as myrosinase and glucosi-

nolate are separated from each other. Accordingly, the process for the

manufacture of the products from the plant seeds comprises a number

of different steps for arriving at the final products. The order in which

the steps are presented should not be limiting for the present invention.

The steps may be executed in any order suitable. According to the pre

sent invention it is important that the disrupted seeds are mixed with

aqueous acid at low pH. It is also possible to add further technical aids

such as enzymes, flocculants, filter aids, etc., to e.g. solubilise, clarify or

hydrolyse components, e.g. carbohydrates, cell wall components, pro

teins etc., without deviating from the invention. For example, the m ix

ture may be supplemented with a cell wall degrading enzyme to improve

accessibility to cell components, or the mixture may be supplemented



with a flocculant to precipitate desired components.

In other aspects the invention relates to products obtainable in

the process of the invention.

The process may further comprise the fractionation of fibres.

The term "fibre" as used in connection with the present invention de

notes polymeric compounds that are resistant to enzymatic digestion in

the digestive tract, i.e. in the stomach and small intestine and, thus,

reach the large intestine essentially intact. As such, "resistant starch"

may be embraced by the term "fibres" according to the present inven-

tion. Upon ingestion, fibres have several beneficial physiological effects

such as protection against colon cancer, improving glucose tolerance and

insulin sensitivity, lowering plasma cholesterol and triglyceride concen

trations, increasing satiety, and possibly even reducing fat storage.

Dietary fibres are the indigestible portion of plants that move

food through the digestive system, absorbing water and making defeca

tion easier. Dietary fibre consists of non-starch polysaccharides such as

cellulose and many other plant components such as dextrins, inulin, lig-

nin, waxes, chitins, pectins, beta-glucans and oligosaccharides. Dietary

fibres are usually divided according to whether they are water-soluble or

not. Insoluble fibre possesses passive water-attracting properties that

help to increase bulk, soften stool and shorten transit time through the

intestinal tract. Soluble fibre usually undergoes metabolic processing in

the gut via fermentation, yielding end-products with broad, significant

health effects.

Soluble fibres may be desirable to remove from a protein prod

uct, e.g. a protein isolate or concentrate, to be used to prepare an ani

mal feed. However, soluble fibres may themselves constitute a poten

tially commercially interesting component from plant materials. Soluble

fibres can be used as e.g. a sugar replacement agent. Soluble fibres of

current commercial interest comprise e.g. fructans, inulin, oligofructose,

polydextrose, indigestible dextrins, etc. Due t o the solubility in water,

these products find widespread use in the food industry, in particular as

a low calorie sugar substitute in combination with e.g. high intensity

sweeteners. Soluble fibres can also be used to improve the nutritional



qualities of various food products.

Examples

Example 1 - Recovery of myrosinase activity after low pH-

treatment

0.5 gram full fat seeds of Brassica napus L. (DM 8%) was milled in a cof

fee grinder and subsequently mixed with 10.00 ml_ citrate buffer varying

from 1 - 200 mM. Additionally samples containing either 100 m M citrate

buffer and 10 m M sulphuric acid or 25 m M citrate buffer and 50 m M sul-

phuric acid were made. Mixing of the ground seed material with the d if

ferent buffers was performed with wet milling using an Ultra Turrax for 2

minutes. Temperature was kept at 20 °C.

Centrifugation at 4000 x g for 5 minutes was performed to yield

a supernatant and a sediment phase. pH was measured in all solutions.

Likewise measurements of the UV absorbance at both 280 nm and 325

nm were performed.

The myrosinase activity after the treatment at low pH was

measured using a spectrophotometric method where sinigrin (500 µ Ι_ of

1.2 mM) was applied as the substrate, ascorbic acid was applied as an

activator of the reaction (75 µ Ι_ of 10 mM) and phosphate buffer (vari

able volume of 50 mM, pH 6.5) to keep the pH constant and finally su

pernatant (variable volume, typically from 10 - 100 µ Ι_) containing my

rosinase where the total volume was kept at 1.5 ml_ in a 0.5 cm quartz

cuvette. Measurement was performed using blanks and the activity was

calculated from the decrease in absorbance at 227 nm resulting from the

enzymatic hydrolysis of the substrate. Measurements were performed at

20 °C.

Myrosinase activity was measured as the activity that was pos

sible to recover after exposure to different pH values as shown in Figure

1 . pH values measured in the supernatant was affected by the buffering

power of the seed components mainly covered by proteins. Recovered

activity of myrosinase measured at pH 6.5 after exposure to pH values

at 5.5-4.5 was almost equal to the activity that can be found for an ex-



traction using pH 6.5. Hence the myrosinase is not degraded by the ex

posure to these pH values, and full recovery of the activity was possible.

At lower pH values from pH 4 to 3 a linear decrease in recovered active

myrosinase can be observed and only 30 % of original myrosinase activ-

ity can be recovered. Lowering the pH values to 2 .1 results in a further

lowering of recoverable reactivated myrosinase amounting to below 10

% of the original activity indicating an irreversible inactivation of the my

rosinase.

Protein solubility was increased as measured by direct UV spec-

troscopy at 280 nm when pH was lowered from pH 5.5 to 3.0 yielding an

increase amounting to 25 % . Hence the reduction of recoverable my

rosinase activity is not a result of lowered solubility of the myrosinase in

the supernatant phase.

Example 2 - Glucosinolate level in solution effected by pH in so¬

lution

0.5 gram full fat seeds of Brassica napus L. (DM 8%) was milled in a cof

fee grinder and subsequently mixed with 10.00 mL citrate buffer varying

from 1 - 200 mM. Additionally samples containing either 100 m M citrate

buffer and 10 m M sulphuric acid or 25 m M citrate buffer and 50 m M su l

phuric acid were made. To accomplish lower pH values mixtures of in

creasing concentrations of sulphuric acid were also prepared. These

ranged from 40 m M to 150 m M sulphuric acid. Mixing of the ground seed

material with the different buffers was performed with wet milling using

an Ultra Turrax for 2 minutes. Temperature was kept at 20 °C.

Centrifugation at 4000 x g for 5 minutes was performed to yield

a supernatant and a sediment phase. pH was measured in all solutions.

Supernatant ( 1 mL) was added to an anion-exchange column

(lmL Sephadex DEAE, A-25, GE-Healthcare) to adsorb glucosinolates to

the ion-exchange resin and thereby separate them from myrosinase.

Unbound and loosely bound material comprising myrosinase were

washed of the column using 2 x 1 mL deionised water and 2 x 0.5 mL

0.02 M acetate buffer pH 5.0. 75 \ Sulfatase (17 mg/mL) is added to

the column and this is left overnight and subsequently desulfoglucosi-



nolates provided by the sulfatase activity are eluted with 3 x 1 ml_ deion-

ised water. Desulfoglucosinolates are analysed by use of micellar elec-

trokinetic capillary chromatography.

Glucosinolates analysed as desulfoglucosinolates are used as

another measure of how active the myrosinase enzymes in the solution

at different pH values have been. This is important as the goal is to avoid

the degradation of glucosinolates.

Remaining intact glucosinolates in solution after exposure to

myrosinase is shown in Figure 2 . This level is depending on the reaction

time afforded as all enzymatic reactions. Remaining glucosinolates after

exposure to pH values of 5.5 to 4.5 were low. Only 17 % intact glucosi

nolates were left at these pH values, which was also expected. Lowering

pH to between 3 and 4, reduced the remaining intact glucosinolates to

around 50 % of the maximal obtainable. Lowering the pH to around 2 af-

forded a preservation of the intact glucosinolates and proofs the possibil

ity of conserving the intact glucosinolates in solution without prior heat

inactivation of myrosinase. Furthermore, the combination of the t reat

ment at low pH with separation of the myrosinase from the glucosi

nolates in the anion-exchange chromatography provides that a product

free from glucosinolates and glucosinolate degradation products can be

produced in the method of the invention.

Example 3 - Myrosinase activity in different pH and different

buffer systems

0.5 gram full fat seeds of Brassica napus L. (DM 8%) was milled in a cof

fee grinder and subsequently mixed with 10.00 mL buffer using 50 m M

citrate or acetate adjusted to different pH values ranging from pH 7 to

pH 2 . Mixing of the ground seed material with the different buffers was

performed with wet milling using an Ultra Turrax for 2 minutes. Tem-

perature was kept at 20 °C.

Centrifugation at 4000 x g for 5 minutes was performed to yield

a supernatant and a sediment phase. pH was measured in all solutions.

The myrosinase activity was measured using a spect ropho

tometry method where sinigrin (500 µ of 1.2 mM) was applied as the



substrate, ascorbic acid was applied as an activator of the reaction (75

µ Ι_ of 10 mM) and buffer according to the sample conditions (citrate or

acetate) (variable volume of 50 mM, pH variable according t o sample

conditions) t o keep the pH constant and finally supernatant (variable

volume, typically from 10 - 100 µ Ι_) containing myrosinase where the

total volume was kept at 1.5 ml_ in a 0.5 cm quartz cuvette. Measure

ment was performed using blanks and the activity was calculated from

the decrease in absorbance at 227 nm resulting from the enzymatic hy

drolysis of the substrate. Measurements were performed at 20 °C.

The pH effect on myrosinase activity depends on the buffer be

ing used. Citrate buffers have a more pronounced effect on the inactiva-

tion of myrosinase as seen in Figure 3 . Importantly, at pH 4.0 using a

citrate buffer it is seen that the measured myrosinase activity is very low

and almost not existing.

The difference between effects exerted by acetate and citrate

may be originating from the chelating ability of the citrate to form a

complex with the Zn ion in the myrosinase.

Example 4 - Affinity chromatography to capture myrosinase and

glycoproteins

Glycoproteins and hence myrosinases can be isolated by binding to an

appropriate affinity chromatography matrix or resin, e.g. Sepharose with

Concanavalin A attached. Concanavalin A binds a-D-glucopyranosyl- and

a-D-mannopyranosyl- groups with free hydroxyl groups at the C-3, C-4

and C-5 positions. This give the specific binding to the mannoside part of

the myrosinase glycoproteins.

I n a laboratory experiment, a column can be prepared in a Pas

teur pipette fitted with a glass wool as filter in the bottom. 2 ml_ of swol

len Con-A Sepharose material is added to the column and allowed to set-

tie. The column is equilibrated with 0.02 M Tris-HCI + 0 .5 M NaCI, pH

7.4. An extract of myrosinase is prepared from 10 g milled Brassica

napus L. suspended and wet milled using ultra turrax for 2 minutes in a

20 °C solution of 70 ml_ deionised water. Centrifugation of the extract

for 5 minutes at 4000 x g yielding a supernatant which is applied to the



column. Unbound compounds are eluted by use of the equilibrium

buffer. Approximately 10 ml_ of 0.25 M methyl- a-D-mannopyranoside

dissolved in the equilibrium buffer is used to elute the bound myrosinase

from the column.

This procedure facilitates a fast separation of myrosinase from

the glucosinolate substrates and subsequently recovering the myrosi-

nases as a product free of glucosinolates. Affinity separation of myrosi

nase using a concanalin A-derivatised resin can thus readily be used to

separate myrosinase from glucosinolates after treatment at low pH.



P A T E N T C L A I M S

1 . A process for the manufacture of a product from seeds from a

plant of the order Capparales comprising the steps of:

- providing the seeds having a water content of about 9% by

weight or less;

- disrupting the seeds;

- mixing the disrupted seeds with aqueous acid to provide a pH of

the mixture in the range of about 1.0 to about 5.0;

- separating myrosinase from glucosinolates to provide a myrosi-

nase-containing fraction and a myrosinase-free fraction; and

isolating the product from the myrosinase-containing fraction or

from the myrosinase-free fraction;

wherein the temperature of the disrupted seeds and the aqueous m ix

ture is maintained at a value of from about 0°C to about 65°C.

2 . A process according to claim 1, wherein the seeds are from a

plant of the family Brassicaceae.

3 . A process according to claim 1 or 2, wherein the seeds are seeds

of rapeseeds or canola seeds or seeds of cabbage, broccoli, cauliflower,

turnip, mustard, radish, horseradish, cress, wasabi and watercress.

4 . A process according to any one of claims 1 to 3 further compris

ing the step of separating an oil fraction from an oil-depleted fraction.

5 . A process according to any one of the preceding claims further

comprising reducing the water content to about 9% by weight or less.

6 . A process according to any one of the preceding claims, wherein

the water content is in the range of about 2% to about 9% by weight.

7 . A process according to any one of claims 4 or 5, wherein the w a

ter content is reduced by supercritical extraction, by solvent extraction

or by heating.

8 . A process according to claim 6, wherein the water content is re-

duced by supercritical extraction using carbon dioxide (C0 2) .

9 . A process according to any one of the preceding claims, wherein

myrosinase and glucosinolates are separated based on their sizes.

10. A process according to claim 9, wherein the myrosinase is

separated from glucosinolates by subjecting the aqueous mixture to ul-



trafiltration with a cut-off value of about 100 kDa or less.

11. A process according to any one of the preceding claims,,

wherein the myrosinase is separated from glucosinolate by contacting

the aqueous mixture with an ion exchange resin.

12. A process according to claim 11, wherein myrosinase is ad

sorbed to a cation-exchange resin.

13. A process according to claim 11 or 12, wherein glucosinolate is

adsorbed to an anion-exchange resin.

14. A process according to any one of the preceding claims,

wherein myrosinase is adsorbed to an affinity resin, preferably a conca-

navalin A-functionalised resin.

15. A process according to any one of the preceding claims,

wherein the pH of the aqueous mixture is about 1.0 to about 3.0, pref

erably about 2.0 to about 2.5, more preferably about 2.2 to about 2.3.

16. A process according to any one of the preceding claims,

wherein the aqueous acid comprises a chelating acid.

17. A process according to claim 16, wherein the chelating acid is

selected from citric acid, oxalic acid, lactic acid, malic acid, maleonic

acid, tartaric acid, or succinic acid or a combination thereof.

18. A process according to any one of the preceding claims,

wherein the temperature is in the range of about 0°C to about 25°C.

19. A process according to any one of the preceding claims,

wherein the process operates on a continuous basis.

20. A process according to any one of the preceding claims,

wherein the steps of mixing with aqueous acid and disrupting the seeds

are performed simultaneously.

21. A process according to any of claims 1 to 20, wherein the prod

uct is native protein.

22. A process according to any of claims 1 to 20, wherein the prod-

uct is a glucosinolate.

23. A process according to any one of the claims 1 to 20, wherein

the product is a soluble or non-soluble dietary fibre.

24. A process according to any of claims 1 to 20, wherein the prod

uct is active myrosinase.



25. A process according to any of claims 1 to 20, wherein the prod

uct is an antioxidant.

26. A process according to any of claims 1 to 20, wherein the prod

uct is a soluble phenolic.

27. A process according to any of claims 1 to 20, wherein the prod

uct is a lipid soluble antioxidant or vitamin.

28. A process according to any of claims 1 to 20, wherein the prod

uct is an amphiphilic lipid, preferably a phospholipid or a glycolipid.

29. A native protein product obtainable in a process according to

any one of claims 1 to 20.

30. A glucosinolate product obtainable in a process according to

any one of claims 1 to 20.

31. A soluble or non-soluble dietary fibre product obtainable in a

process according to any one of claims 1 to 20.

32. A myrosinase product obtainable in a process according to any

one of claims 1 to 20.

33. An antioxidant product obtainable in a process according to any

one of claims 1 to 20.

34. A lipid soluble antioxidant product obtainable in a process ac-

cording to any one of claims 1 to 20.

35. An amphiphilic lipid product obtainable in a process according

to any one of claims 1 to 20.

36. A soluble phenolics product obtainable in a process according to

any one of claims 1 to 20.
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