20107088744 A2 I I 0000 O 010 00 0 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization /sy [N AN 0 00O O 0
International Bureau S,/ 0
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
12 August 2010 (12.08.2010) PCT WO 2010/088744 A2

(51) International Patent Classification: Not classitied CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
A L. DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/BE2010/000008 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: o et 2010 (09.02.2010 IIEI/[(])E, I\I\I/[ZGb l\l\/flKl,JllE\/Hl\’I,GNl[’\IX, S/I{Xi’"?/né,o M{%é I\II{/I\J, I;Ig, é\IDL
m . . > > Ed > 2 2 2 2 2 2 s 2 2
. eona ( . ) SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

(25) Filing Language: English TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(26) Publication Language: English (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available). ARIPO (BW, GH,
0902018.1 9 February 2009 (09.02.2009) GB S\I\{}) KEE LS, M(\XMMZA’Z NAB» YSDI»«S;L» KSZZ 13{% URGI} Z%»
, Burasian , AZ, BY, , KZ, , RU, TJ,
(71) Applicant (for all designated States except US): TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
FUGEIA NV [BE/BE]; Gaston Geenslaan 1, B-3001 ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Heverlee (BE). MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

(72) Inventor; and TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

(75) Inventor/Applicant (for US only): BROEKAERT, ML, MR, NE, SN, TD, TG).
Willem [BE/BE]; Kluizenbosstraat 26, B-1700 Dilbeek Declarations under Rule 4.17:

(BE). —  of inventorship (Rule 4.17(iv))
(74) Agent: LESCROART, Olivier; Gaston Geenslaan 1, Published:

B-3001 Heverlee (BE).
—  without international search report and to be republished

(81) Designated States (unless otherwise indicated, for every upon receipt of that report (Rule 48.2(2))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: METHOD FOR MAKING PENTOSES AND PENTOSE-BASED SOLUBLE OLIGO/POLYSACCHARIDES FROM
CEREALS

(57) Abstract: The present invention provides a method for the extraction and isolation of solubilised arabinoxylan depolymerisa-
tion products, using arabinoxylan-containing plant material as a starting material. Preferably, such solubilised arabinoxylan de-
polymerisation product is any one of soluble arabinoxylan, arabinoxylan-oligosaccharides, xylose and arabinose. Said method
comprises the mashing of said arabinoxylan-containing plant material in water and treating it with an appropriate concentration of
an endoxylanase enzyme preparation in order to enzymatically depolymerise and solubilise a fraction of the arabinoxylans com-
prised in said plant material, wherein said endoxylanase treatment is followed or preceded by an acid treatment. This acid treat-
ment comprising the incubation of said plant material in an acidified aqueous mash in order to obtain a depolymerisation and solu-
bilisation of another fraction of the arabinoxylans comprised in said plant material. Preferably, said acidified mash is obtained by
adding to said mash a strong acid to a final concentration between 0.02 and 0.4 N. The method further comprises the separation
from said mashed plant material of a water-solubilised fraction, which comprises at least part of the solubilised arabinoxylan de-
polymerisation products.



10

15

20

25

30

35

WO 2010/088744 PCT/BE2010/000008

METHOD FOR MAKING PENTOSES AND PENTOSE-BASED SOLUBLE
OLIGO/POLYSACCHARIDES FROM CEREALS

FIELD OF THE INVENTION

The present invention relates to a method for the isolation and extraction from
arabinoxylan-containing plant material, in particular cereal material, of solubilised
arabinoxylan depolymerisation products, such as pentoses and/or soluble pentose-
based oligo/polysaccharides, which can be used as food, beverage, or feed ingredients
or as substrates for fermentation or chemical modifications.

BACKGROUND OF THE INVENTION

Cereals contain 5-10% of arabinoxylan, which together with starch, cellulose and -
glucan constitute the most abundant cereal carbohydrates. Arabinoxylan (AX) consists
of a main chain of B-1,4-linked D-xylopyranoside (xylose) units that are either
unsubstituted, monosubstituted with a single a-L-arabinofuranoside (arabinose) at
either C-(0)-2 or C-(0)-3, or disubstituted with single a-L-arabinofuranoside units at C-
(0)-2 and C-(0)-3 (Andersson and Aman 2001; Izydorczyk and Biliaderis, 1995). The
pentoses xylose and arabinose are thus the main monomers of AX, and AX are
therefore also called pentosans. Less abundant substituents attached to the C-(0)-2
position of the xylose residues can be glucuronic acid, 4-O-methyl glucuronic acid, or
short oligomers consisting of L-arabinose, D-xylose, D-galactose, D-glucose and/or
uronic acids, while acetyl groups can be linked to the C-(0O)-2 and/or C-(0O)-3 position of
the xylose residues. Hydroxycinnamic acids, mainly ferulic acid, and to a lesser extent
dehydrodiferulic acid, p-coumaric acid, and sinapic acid, are present as substituents as
well, and they are generally linked to the C-(0)-5 position of terminal arabinose units
(Andersson and Aman 2001; Izydorczyk and Biliaderis, 1995).

AX in cereals are either water-extractable or water-unexiractable (Gruppen et al. 1992;
Courtin and Delcour, 2001). Water-unexiractable AX (WU-AX) can be partially
solubilised under alkaline conditions or by using enzymes, such as endoxylanases.
WU-AX bind large amounts of water. The main fraction of naturally occurring water-
extractable AX (WE-AX) have very high molecular masses (up to 800,000 Dalton)
depending on the source and extraction method, and have an exiraordinary viscosity
forming potential. In cereals, the major part of AX are WU-AX. Especially the bran, the

outer parts of cereal fruits, is rich in WU-AX.
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Arabinoxylan-oligosaccharides (AXO0S), pentose-based oligosaccharides derived from
AX, have been shown to exert prebiotic properties (Cloetens et al. 2008; Courtin et al.
2008; Van Craeyveld et al 2008). Prebiotics are compounds, usually non-glucosidic
oligosaccharides, that cannot be digested by enzymes of the upper gastro-intestinal
tract but are selectively fermented by some types of intestinal bacteria in the large
intestine (Gibson and Roberfroid, 1995; Roberfroid, 1988; Van Loo, 2004). The
presence of prebiotics in the diet causes a shift in the composition and metabolism of
the intestinal bacterial population, typically characterised by a relative increase in
Lactobacillus and Bifidobacterium species. This shift in the microbiota of the intestine is
associated with improved overall health, reduced gut infections, increased levels of
intestinal short chain fatty acids, better absorption of minerals, better transit and
suppression of colon cancer initiation (Van Loo, 2004). AXOS-containing preparations
can therefore find wide uses as ingredients for food, beverage and feed products.
Neither AX nor its pentose components xylose and arabinose are fermented by
standard strains of the yeast Saccharomyces cerevisiae, and therefore they do not
contribute to the production of ethanol by fermentation of cereals. However, yeast
strains can be engineered such that they can utilise and ferment xylose and arabinose
(Hahn-Hagerdal et al 2007). The pentose Xxylose also finds applications in the
pharmaceutical, cosmetic, and food industry, and as a substrate for enzymatic or
chemical conversion to polyols, such as xylitol, which can be used as a non-cariogenic
sweetener. The pentose arabinose is widely used as an intermediate in the production
of pharmaceuticals, such as nucleoside analogue antiviral agents.

Several methods have been proposed to isolate pentoses or pentose-based

oligosaccharides from cereal bran.

Yamada et al. (1993) disclosed an extraction method involving chemical extraction of
wheat bran using a concentrated alkaline solution, followed by neutralisation, removal
of the salts, enzymic hydrolysis with endoxylanase, and chromatography on a carbon
column (Yamada et al., 1993). Other methods involving alkaline extraction of AX from
wheat bran are described in US-A-3,879,373 and W098/31713. The main drawback of
these methods is that the extraction step with high concentration alkali is environment-
unfriendly, and requires costly removal of the chemicals from the different product
streams. AX have also been extracted from cereal bran using alkaline peroxide
solutions (Maes and Delcour, 2001; Hollmann and Lindhauer, 2005) yet these methods
require large quantities of costly hydrogen peroxide. The AX exiracted by alkaline
solutions have a high molecular weight and are devoid of hydroxycinnamic acid
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substituents (Hollmann and Lindhauer, 2005), most likely due to saponification of the
ester link. The lack of hydroxycinnamic acid substituents can be a drawback for the
use of such preparations in food, beverage or feed applications, since the
hydroxycinnamic acid substituents confer desired antioxidant properties to the AX or
AXOS (Ohta et al 1997; Yuan et al 2005).

WQ002/067698 describes a complex method to fractionate bran by first treating bran
with starch hydrolysing enzymes followed by mechanical separation into a water-
insoluble fraction, a protein-rich fraction and a glucose-rich fraction. The water-
insoluble fraction is then treated with endoxylanases or a cocktail comprising
endoxylanases and other enzymes such as glucanases, cellulases, pectinases or
phytases, and the resulting solubilized fraction is further purified by ultrafiltration to
obtain an AXOS-enriched fraction. Several similar procedures have been described in
which bran is first treated with an amylase to convert starch in water-soluble
maltodextrins, where after the slurry is filtered and the residue treated with
endoxylanase to solubilise low molecular weight AXOS (Maes et al 2004; Swennen et
al. 2006; W02006/027529).

Non-enzymatic methods have been developed for the isolation of low molecular weight
AXOS from cereal by-products based on autohydrolysis of AX in aqueous solutions
under high pressure and high temperature conditions (Garrote et al., 2002, Kabel et al.
2002). Extraction of WU-AX from cereal bran using acidic solutions at high
temperature has been described as well (Sanjust et al 2004; Palmarola-Adrados et al.
2005), and these methods are generally more suited to produce pentoses rather than
pentose-based oligosaccharides, due to extensive acid-catalysed hydrolysis of the
polysaccharide links.

Palmarola-Adrados et al. (2005) have investigated the combination of acidic treatment
and enzymatic treatment of wheat bran. They found that pretreatment of bran using
dilute acids at high temperature improves the production of glucose when followed by
treatment with an enzyme cocktail containing cellulases and endoxylanases. However,
pretreatment with dilute acids at high temperature did not give an increase in yield of
the pentoses. It was concluded by these authors that the endoxylanase was not
essential in the enzyme mixiure, as only exira glucose was released during the

enzymatic hydrolysis step (Palmarola-Adrados et al. 2005).
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It is an object of the present invention to provide more efficient methods for the
extraction and isolation of solubilised arabinoxylan depolymerisation products, such as
pentoses and/or pentose-based soluble oligo/polysaccharides from arabinoxylan-
containing plant material, such as cereal br_an, thajr are more efficient and have a lower

overall operational cost than the methods known from the prior art.
SUMMARY OF THE INVENTION

The present invention provides a method for the extraction and isolation of solubilised
arabinoxylan depolymerisation products, using arabinoxylan-containing plant material
as a starting material. Preferably, such solubilised arabinoxylan depolymerisation
product is any one of soluble arabinoxylan, arabinoxylan-oligosaccharides, xylose and
arabinose. Said method comprises the mashing of said arabinoxylan-containing plant
material in water and treating it with an appropriate concentration of an endoxylanase
enzyme preparation in order to enzymatically depolymerise and solubilise a fraction of
the arabinoxylans comprised in said plant material, wherein said endoxylanase
treatment is followed or preceded by an acid treatment. This acid treatment comprising
the incubation of said plant material in an acidified aqueous mash in order to obtain a
depolymerisation and solubilisation of another fraction of the arabinoxylans comprised
in said plant material. Preferably, said acidified mash is obtained by adding to said
mash a strong acid to a final concentration between 0.02 and 0.4 N. The method
further comprises the separation from said mashed plant material of a water-solubilised
fraction, which comprises at least part of the solubilised arabinoxylan depolymerisation
products.

DETAILED DESCRIPTION

List of figures

Figure 1: Schematic representation of a method for fractionation of arabinoxylan-
containing plant material, such as cereal bran, whereby an enzyme-based arabinoxylan
solubilisation step and an acid-based arabinoxylan solubilisation step are applied

sequentially without an intermittent water-soluble/water-insoluble separation step.

Figure 2: Schematic representation of a method for fractionation of arabinoxylan-

containing plant material, such as cereal bran, whereby an enzyme-based arabinoxylan
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solubilisation step and an acid-based arabinoxylan solubilisation step are applied

sequentially with an intermittent water-soluble/water-insoluble separation step.

Description

The present invention is based on the finding that the incubation of arabinoxylan-
containing plant material in an acidified aqueous mash followed or preceded by an
incubation of said plant material in a mash comprising an endoxylanase enzyme
preparation allows for the exiraction and isolation of an important fraction of the total
amount of arabinoxylan comprised in said plant material under the form of solubilised
arabinoxylan depolymerisation products. Preferably, such solubilised arabinoxylan
depolymerisation product is any one of soluble arabinoxylan, arabinoxylan-
oligosaccharides, xylose or arabinose. Moreover, the isolation yield of solubilised
arabinoxylan depolymerisation products using the combined endoxylanase and acid
treatment was significantly higher than obtained with either an endoxylanase or acid
treatment only.

So in a first object the present invention provides a method for the extraction and
isolation of solubilised arabinoxylan depolymerisation products using arabinoxylan-
containing plant material as a starting material. Said soluble arabinoxylan
depolymerisation products can either be soluble arabinoxylan, arabinoxylan-
oligosaccharides, xylose or arabinose or mixtures of two or more of these compounds.
Said method comprises the mashing of the arabinoxylan-containing piant material in
water and treating it with an appropriate concentration of an endoxylanase enzyme
preparation in order to enzymatically depolymerise a fraction of the arabinoxylans
comprised in said plant material, wherein said endoxylanase treatment is followed or
preceded by an acid treatment. This acid treatment comprising the incubation of said
plant material in an acidified aqueous mash in order to obtain a depolymerisation and
solubilisation of another fraction of the arabinoxylans comprised in said plant material.
The method further comprises the separation of one or more water-solubilised fractions
from said mashed plant material, said water-solubilised fractions comprising at least
part of the solubilised arabinoxylan depolymerisation products.

In a preferred embodiment of the method of the present invention the arabinoxylan-
containing plant material is mashed in water and subjected to said endoxylanase
treatment in order to enzymatically depolymerise and solubilise a first fraction of the
arabinoxylans comprised in said plant material. The endoxylanase treatment is then

followed by said acid treatment in order to depolymerise and solubilise a second
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fraction of the arabinoxylans comprised in said plant material. Water-solubilised
fractions comprising solubilised arabinoxylan depolymerisation products can be
isolated at a single or several moments in the extraction process. For instance,
following endoxylanase treatment, the endoxylanase-containing mash of said
arabinoxylan-containing plant material can Be acid'ified in order to subject the mash to
said acid treatment. Upon completion of the acid treatment the mash is separated into
i) a water-solubilised fraction comprising both the enzymatic and acid solubilised
arabinoxylan depolymerisation products and i) the water-insoluble plant material
residue. Alternatively, said endoxylanase treatment is followed by a separation of said
mash into i) a first water-solubilised fraction comprising enzymatically solubilised
arabinoxylan depolymerisation products and i) a first water-insoluble plant material
residue. Said first water-insoluble plant residue is then resuspended in water in order to
obtain a second mash, which is subjected to said acid treatment followed by separation
of said second mash into iii) a second water-solubilised fraction comprising solubilised
arabinoxylan depolymerisation products and iv) a second water-insoluble plant material
residue.

In another preferred embodiment of the method of the present invention the
arabinoxylan-containing plant material is mashed in water and subjected to said acid
treatment in order to depolymerise and solubilise a first fraction of the arabinoxylans
comprised in said plant material. The acid treatment is then followed by said
endoxylanase treatment in order to enzymatically depolymerise and solubilise a second
fraction of the arabinoxylans comprised in said plant material. Water-solubilised
fractions . comprising solubilised arabinoxylan depolymerisation products can be
isolated at different moments in the extraction process. For instance, following acid
treatment, the acid treated mash is subjected to said endoxylanase treatment,
preferably after adjusting the pH of said mash towards the optimal pH of the
endoxylanase preparation used. Upon completion of ihe endoxylanase treatment the
mash is separated into i) a water-solubilised fraction comprising both the acid and
enzymatic solubilised arabinoxylan depolymerisation products and ii) the water-
insoluble plant material residue. Alternatively, said acid treatment is followed by a
separation of said mash into i) a first water-solubilised fraction comprising acid
solubilised arabinoxylan depolymerisation products and ii) a first water-insoluble plant
material residue. Said first water-insoluble plant residue is then resuspended in water
in order to obtain a second mash, which is subjected to said endoxylanase treatment,
preferably after adjusting the pH of said second mash towards the optimal pH of the
endoxylanase preparation used. The endoxylanase treatment is then followed by

separation of said second mash into iii) a second water-solubilised fraction comprising
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enzymatically solubilised arabinoxylan depolymerisation products and iv) a second
water-insoluble plant material residue.

Preferably, the arabinoxylan-containing plant material used as starting material in any
of the above embodiments of the method according to the present invention, is bran,
inflorescence by-products, stem by-prodﬁcts, 6r spent grains. More preferably, the
arabinoxylan-containing plant material is bran, most preferably bran derived from
cereals, such as wheat, durum wheat, rye, oats, barley, maize, sorghum, or rice. Most
preferably, the AX-containing plant material is (durum) wheat bran. Furthermore, it may
be advantageous that the arabinoxylan-containing plant material used in the method
according to the present invention is destarched plant material. More preferably, said
destarched plant material is obtained by mashing arabinoxylan-containing plant
material in water in the presence of an appropriate concentration of an a-amylase and
subsequently separating the insoluble destarched plant material from the liquid fraction
containing the solubilised starch derived material.

Preferably, the endoxylanase treatment as used in any of the above embodiments of
the method of the present invention, involves the incubation of the mash with an
enzyme preparation containing at least endoxylanase activity. ~ Examples of
commercial preparations with predominant endoxylanase activity include, but are not
limited to, Shearzyme™ 500L (Novozymes), Pentopan™ Mono BG (Novozymes),
Pulpzyme™ (Novozymes), Ecopulp™ TX-200A (AB Enzymes), Veron™ 191 (AB
Enzymes), Veron™ Special (AB Enzymes), Multifect™ CX 12 L (Genencor/Danisco),
Grindamyl™ H640 (Danisco), and Grindamyl™ Powerbake™ (Danisco).  The
arabinoxylan hydrolysis step involves incubation for an appropriate period of time, such
as, but not limited to, between 1 and 24 hours, more preferably between 2 and 12
hours, for instance between 3 and 9 hours, of the slurry at temperatures and pH values
as recommended by the commercial developer of the endoxylanase enzyme
preparation used for arabinoxylan hydrolysis, typically at a pH between 4 and 8, such
as between 4 and 6. Preferably, the dominant endoxylanase in said endoxylanase
enzyme preparation is an endoxylanase with high selectivity for WU-AX, with a
substrate selectivity factor (SSFCHROM), as defined in Moers et al. (2005), that is at
least 2 or higher, preferably at least 3 or higher, such as 4 or higher. The dominant
endoxylanase in said endoxylanase enzyme preparation is preferably an endoxylanase
of Glycosyl Hydrolase Family 11 (Henrissat 1991). Other enzyme activities present in
the endoxylanase enzyme preparation may be, but are not limited to,
arabinofuranosidase, beta-glucanase, exoxylanase, beta-xylosidase, and/or xylobiase

activities.
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Preferably, said acid treatment as applied in any of the above embodiments of the
method of the present invention, involves the use of a strong acid, such as for instance
but not limited to phosphoric acid, hydrochloric acid, perchloric acid, nitric acid, or
sulfuric acid, which is added to the mash to a final concentration between 0.02 N and
0.4 N, preferably between 0.02 and 0.2 N, for 'instance between 0.02 and 0.1N.
Preferably, the concentration of said strong acid is determined with respect to total
amount of water in the mash. Typically, the addition of a strong acid to the mash results
in a pH of the mash below 3, more preferably below 2.5, most preferably below 2. More
preferably the strong acid is sulfuric acid and is added to the aqueous mash at a
concentration between 0.02 and 0.2 N (0.01 and 0.1 M), preferably between 0.02 and
0.1 N (0.01 and 0.05 M). The temperature of the mash during acid treatment is
preferably between 80°C and 180°C, more preferably between 90°C and 160°C, such
as between 100 and 140°C, and the incubation time is between 5 and 180 minutes.
The pH, temperature and incubation time parameters arebeing selected such that
substantial solubilisation of arabinoxylans occurs, yet that the selected parameters are
at the boundary of conditions that cause excessive formation of furfural and colored
Maillard products when the stringency is increased (the lower the pH the higher the
stringency, the higher the temperature the higher the stringency, and the longer the
incubation time the higher the stringency). For instance, sulfuric acid is added to the
mash at a concentration of 0.025 M, followed by the incubation of the mash at 120°C
during 45 minutes. By substantial solubilisation of arabinoxylans through acid
treatment is meant that the applied acid concentration results in the extraction of an
amount of water-solubilised arabinoxylan depolymerisation products (soluble
arabinoxylan, arabinoxylan-aligosaccharides, free xylose or free arabinose or a mixture
thereof) from a given arabinoxylan-containing plant material, that is at least three times
more than is obtained at a pH between 6 and 7, while maintaining any other
temperature and incubation conditions constant.

The water-solubilised fractions as isolated in any one of the above embodiments of the
method of the present invention are preferably separated from said water-insoluble
fractions using either a gravitational sieve, a filter press, a rotary filter, a centrifugal
sieve, a belt filter, a vacuum filter, a screw press, a decanter, a centrifuge, or a
centrifugal decanter, or a combination of these separation means, or any other means
known to the skilled person

Optionally, the water-solubilised fractions comprising solubilised arabinoxylan
depolymerisation products obtained according to any one of the above embodiments of
the method of the present invention are further purified using filiration or

chromatography techniques or combinations thereof to remove minerals and other
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impurities. Furthermore, these water-solubilised fractions may be concentrated,
preferably after said further purification, using means for water removal, such as falling
film or plate evaporator, reverse osmosis filtration, nanofiliration, or a combination of
these concentration means. These water solubilised fractions may also be dried or
otherwise obtained in a dry form, preferably after' either or both said further purification
and said concentration, for instance using spray drying equipment or by crystallisation.
Preferably, the water-solubilised fractions comprising solubilised arabinoxylan
depolymerisation products obtained according to any one of the above embodiments of
the method of the present invention or the preparations derived thereof through further
purification, comprise on a dry matter basis at least 40% (w/w), more preferably at least
50%, most preferably at least 60% for instance at least 70% or 80% arabinoxylan
depolymerisation products. Said soluble arabinoxylan depolymerisation products being
either soluble arabinoxylan, arabinoxylan-oligosaccharides, xylose and arabinose or
mixtures of two or more of these compounds.

Optionally, a water-solubilised fraction comprising solubilised arabinoxylan
depolymerisation products obtained according to any one of the embodiments of the
method of the present invention may be processed using filtration or chromatography
techniques in order to obtain preparations comprising an increased concentration of a
particular  solubilised arabinoxylan depolymerisation product, either soluble
arabinoxylan, arabinoxylan-oligosaccharides, xylose or arabinose, as compared to the
concentration of this product in said water-solubilised fraction. For example, the a
water-solubilised fraction comprising solubilised arabinoxylan depolymerisation
products are processed in order o obtain preparation enriched in xylose or arabinose.
Optionally, the water-insoluble fractions obtained according to any of the above
embodiments of the method according to the present invention are washed with water
before further treatment. Such washing step may comprise washing the water-insoluble
cake with water in a filter, pressed filter, belt filier, sieve, or ceriirifugal decanter, as
preferred by the skilled person. Preferably, the washing is performed in a counter-
current flow between water-insoluble and fresh water.

Preferably, the method of the present invention including any of its embodiments
disclosed herein results in the extraction of at least 50% (w/w), more preferably at least
60% (w/w), most preferably at least 70% (w/w) of the water-unextractable arabinoxylan
comprised in the arabinoxylan-containing material used as starting material.
Preparations enriched in soluble arabinoxylan and/or arabinoxylan-oligosaccharides
can be-used as a food, beverage or feed additive. Such preparation can be added to a
food, beverage or feed product, for instance to improve taste, mouthfeel or texture of
the product, to obtain a health benefit upon ingestion of the product, and/or to improve
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the efficiency of food utilisation in animals. Arabinoxylan-oligosaccharides are known to
be prebiotics, i.e. a non-digestible food, beverage or feed ingredient that beneficially
affects the host by selectively stimulating growth and/or activity of a limited number of
bacteria in the lower part of the gastro-intestinal tract (Gibson and Roberfroid, 1995;
Roberfroid, 1998; Van Loo, 2004). 1 '

Preparations enriched in the free pentoses (xylose and arabinose) can be used as a
food, beverage or feed additive, as a substrate for microbial fermentation for production
of desired fermentations products such as ethanol, or as a substrate for enzymatic or
chemical conversion to produce other chemicals, such as for instance the polyols xylitol

and arabitol.

In a first particular embodiment the invention provides a process for fractionation of
arabinoxylan-containing plant material on industrial scale which comprises the following
steps (figure 1):

(a1) treatment of the arabinoxylan-containing plant material with hot water,
optionally in presence of an enzyme mixture comprising at least an alpha
amylase, in order to extract the water soluble compounds and starch from said
arabinoxylan-containing plant material;

(b1) separation of the mash of step (a1) into a water-insoluble fraction and a water-
solubilised fraction, comprising the extracted water-soluble compounds and
solubilised starch and/or solubilised starch hydrolysis products, by filtration or
centrifugation;

(c1) mixing the water-insoluble fraction obtained in step (b1) with water and addition
to the resulting mash of an enzyme preparation comprising at least an
endoxylanase, and incubating said mash during an appropriate period of time in
order to extract a first fraction of solubilised arabinoxylan depolymerisation
products from said water-insoluble fraction;

(d1) addition of an acid to the mash of step (c1), and incubation of the mash for an
appropriate time in order to extract a second fraction of solubilised arabinoxylan
depolymerisation products from said water-insoluble fraction;

(e1) separation of the mash of step (d1) into a water-insoluble fraction and a water-
solubilised fraction by filtration and/or centrifugation, said water-solubilised
fraction comprising both said first and second fractions of solubilised

arabinoxylan depolymerisation products,

~ Optionally the water-solubilised fraction of step (et) is further processed in either step

(f1) and/or step (g1):
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(1) demineralisation of the water-solubilised fraction of step (e1), e.g. by using ion
exchange resins, electrodialysis, and/or membrane filtration

(g1) concentration of the water-solubilised fraction of step (1), or (e1) in case the
demineralisation step (f1) was omitted, by evaporation and/or membrane filtration
to obtain a syrup, optionally followed by drying or crystallisation to obtain a dry
product.

The order of steps (c1) and (d1) can be reversed. In this case steps (c1’) and (d1’)
proceed as follows:
(c1’) mixing the water-insoluble fraction of step (b1) with water and addition to the
resulting mash of an acid, and incubation of the mash for an appropriate time
(d1’) adjustment of the pH of the mash of step (c1’) to a value between 4 and 9,
followed by addition of an enzyme mixture comprising at least an endoxylanase,
and incubation of the mash for an appropriate time
However, the order of steps (c1) followed by (d1) is preferred over the order of step
(c1’) followed by (d1’), because the former does not require pH adjustment and cooling

in between the two steps.

The vyield of said solubilised arabinoxylan depolymerisation products in the water-
solubilised fraction of step (e1) was significantly higher than when either one of the
endoxylanase treatment of steps (c1) or (d1’) or the acid treatment of either steps (d1)

or (c1’) were omitted.

In a second particular embodiment, the invention provides a process for fractionation of
arabinoxylan-containing plant material on industrial scale which comprises the following
steps (figure 2):

(a2) treatment of the arabinoxylan-containing plant material with hot water,
optionally in presence of an enzyme mixiure comprising at least an alpha
amylase, in order to extract the water soluble compounds and starch from said
arabinoxylan-containing plant material;

(b2) separation of the mash of step (a2) into a water-insoluble fraction and a water-
solubilised fraction, comprising the water-soluble compounds and solubilised
starch and/or solubilised starch hydrolysis products, by filiration or centrifugation

(c2) mixing the water-insoluble fraction obtained in step (b2) with water and addition
to the resuling mash of an enzyme preparation comprising at least an

endoxylanase, and incubating said mash during an appropriate period of time in
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order to extract a first fraction of solubilised arabinoxylan depolymerisation
products from said water-insoluble fraction;

(e2) separation of the mash of step (c2) into a water-insoluble fraction and a water-
solubilised fraction by filtration and/or centrifugation; said water-solubilised
fraction comprising said first fraction of solubilised arabinoxylan depolymerisation
products

Optionally the water-solubilised fraction of step (e2) is further processed in either step
(f2) and/or step (g2):

(f2) demineralisation of the water-solubilised fraction of step (e2), e.g. by using ion
exchange resins, electrodialysis, and/or membrane filtration

(g2) concentration of the water-solubilised fraction of step (f2), or (e1) in case
demineralisation step (f1) was omitted,, by evaporation and/or membrane
filtration to obtain a syrup, optionally followed by drying or crystallisation to obtain
a dry product.

(d3) mixing the water-insoluble fraction of step (e2) with water and addition to the
resulting mash of an acid, and incubation of the mash for an appropriate time in
order to extract a second fraction of solubilised arabinoxylan depolymerisation
products from said water-insoluble fraction;

(e3) separation of the mash of step (d3) into a water-insoluble fraction and a water-
solubilised fraction by filtration and/or centrifugation, said water-solubilised
fraction comprising said second fraction of solubilised arabinoxylan
depolymerisation products,

optionally the water-solubilised fraction of step (e2) is further processed in either
step (f3) and/or step (g3),

(f3) demineralisation of the water-solubilised fraction of step (€3), e.g. by using ion
exchange resins, electrodialysis, and/or membrane filtration

(g3) concentration of the water-solubilised fraction of step (f3), or (e1) in case
deminiralisation step (f1) was omitted, by evaporation and/or membrane filtration
to obtain a syrup, optionally followed by drying or crystallisation to obtain a dry
product.

Preferably, the arabinoxylan-containing plant material used in said first and second
particular embodiment is bran, inflorescence by-products, stem by-products, or spent
grains. More preferably, the arabinoxylan-containing plant material is bran, most
preferably bran derived from cereals, such as wheat, durum wheat, rye, oats, barley,
maize, sorghum, or rice. Most preferably, the AX-containing plant material is (durum)

wheat bran.

12



10

15

20

25

30

35

WO 2010/088744 PCT/BE2010/000008

Steps (a1) and (a2) are preferably performed at a temperature between 75°C and
120°C, preferably between 80°C and 110°C. If an alpha-amylase is used it is preferably
selected among the thermostable alpha-amylases that have an optimal temperature for
alpha-amylase activity in this temperature range. Examples of commercial amylase
preparations with such properties include, but are not limited to, Termamyl 120 L
(Novozymes, Denmark), BAN 480L (Novozymes, Denmark), Muliifect AA 1200 L
(Genencor/Danisco), Amylyve™ A 30 (Lyven, France), Gamalpha™ HT 120 L (AB
Enzymes, Germany), and Alphastar™ (Dyadic, USA). Such thermostable amyiase
preparations are obtained from bacteria like Bacillus licheniformis, B.
amyloliquefaciens, and B. subtilis or fungi like Aspergillus niger or A. oryzae. The

incubation time of steps (a1) and (a2) is between 5 and 180 minutes.

The enzyme-based arabinoxylan solubilisation steps (c1), (d1) or (c2) involves
incubation of the mash with an enzyme preparation containing at least endoxylanase
activity. Examples of commercial preparations with predominant endoxylanase activity
include include, but are not limited to, Shearzyme™ 500L (Novozymes), Pentopan™
Mono BG (Novozymes), Pulpzyme™ (Novozymes), Ecopulp™ TX-200A (AB
Enzymes), Veron™ 191 (AB Enzymes), Veron™ Special (AB Enzymes), Multifect™ CX
12 L (Genencor/Danisco), Grindamyl™ H640 (Danisco), and Grindamyl™ Powerbake™
(Danisco). The arabinoxylan hydrolysis step involves incubation for an appropriate
duration of time, such as, but not limited to, between 1 and 24 hours, more preferably
between 2 and 12 hours, for instance between 3 and 9 hours,, of the slurry at
temperatures and pH values as recommended by the commercial developer of the
endoxylanase enzyme preparation used for arabinoxylan hydrolysis, typically at a pH
between 4 and 8, such as between 4 and 6. Preferably, the endoxylanase is an
endoxylanase with high selectivity for WU-AX, with a substrate selectivity factor
(SSFchrowm), as defined in Moers et al. (2005), that is at least 2 or higher, preferably at
least 3 or higher, such as 4 or higher. The endoxylanase is preferably an endoxylanase
of Glycosyl Hydrolase Family 11 (Henrissat 1991). Other enzyme activities present in
the endoxylanase enzyme preparaton may be, but are not limited to,
arabinofuranosidases, beta-glucanases, exoxylanases, beta-xylosidases, and/or

xylobiases.
For steps (d1), (c1’) and (d3) a strong acid, such as for instance but not limited to

phosphoric acid, hydrochloric acid, perchloric acid, nitric acid, or sulfuric acid, is added
to the mash to a final concentration between 0.02 N and 0.4 N, preferably between
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0.02 and 0.2 N, for instance between 0.02 and 0.1N. Preferably, the concentration of
said strong acid is determined with respect to total amount of water in the mash.
Typically, the addition of a strong acid to the mash results in a pH of the mash below 3,
more preferably below 2.5, most preferably below 2. More preferably the strong acid is
sulfuric acid and the concentration is préferably between 0.02 and 0.10 N (0.01 and
0.05 M). The temperature is between 80°C and 180°C, preferably between 90°C and
160°C, such as between 100 and 140°C, and the incubation time is between 5 minutes
and 180 minutes. The pH, temperature and incubation time parameters being selected
such that substantial solubilisation of arabinoxylans occurs, yet that the selected
parameters are at the boundary of conditions that cause excessive formation of furfural
and coloured Maillard products when the stringency is increased (the lower the pH the
higher the stringency, the higher the temperature the higher the stringency, and the
longer the incubation time the higher the stringency). For instance, sulfuric acid is
added to the mash at a concentration of 0.025 M, followed by the incubation of the
mash at 120°C during 45 minutes. By substantial solubilisation of arabinoxylans
through acid treatment is meant that the applied acid concentration results in the
extraction of an amount of water-solubilised arabinoxylan depolymerisation products
(soluble arabinoxylan, arabinoxylan-aligosaccharides, free xylose or free arabinose or
a mixture thereof) from a given arabinoxylan-containing plant material, that is at least
three times more than is obtained under conditions of a pH between 6 and 7 at the

same temperature and incubation conditions..

The water-solubilised fractions isolated in steps (b1), (b2), (e1), (e2) and (e3) are
preferably separated from said water-insoluble fractions using either a gravitational
sieve, a filter press, a rotary filter, a centrifugal sieve, a belt filter, a vacuum filter, a
screw press, a decanter, a centrifuge, or a centrifugal decanter, or a combination of
these separation means, or any other means known to the skilled person. The water-
solubilised fraction of steps (e1), (e2) or (e3) are highly enriched in solubilised
arabinoxylan depolymerisation products and contain on a dry matter basis at least 40%
(w/w), preferably at least 50%, such as at least 60% or at least 70% solubilised
arabinoxylan depolymerisation products, in particular arabinoxylan-oligosaccharides,
xylose and arabinose.

Optionally, the water-insoluble fractions of steps (b1), (b2), (e1), (e2) and (e3) are
washed with water before further treatment. Such washing step may comprise washing
the water-insoluble cake with water in a filter, pressed filter, belt filter, sieve, or
centrifugal decanter, as preferred by the skilled person. Preferably, the washing is

performed in a counter-current flow between water-insoluble and fresh water.
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Optionally, the arabinoxylan-oligosaccharides and the soluble arabinoxylans in the
water-solubilised fraction of step (e1), (e2) or (e3) are further post-hydrolysed to xylose
and arabinose. This is achieved by acidic hydrolysis through addition of a strong acid,
such as for instance but not limited to bhospﬁoric acid, hydrochloric acid, perchloric
acid, nitric acid, or sulfuric acid, to a final concentration between 0.015 N and 0.2 N.
Preferably the strong acid is sulfuric acid. The temperature is between 80°C and
180°C, preferably between 90°C and 160°C, such as between 100 and 140°C, and the
incubation time is between 5 minutes and 120 minutes.

The demineralisation in steps (f1), (f2) and (f3) can be executed using techniques such
as, but not limited to, nanofiltration, ultrafiliration, ion exchange chromatography,
electrodialysis, size exclusion chromatography, absorption chromatography, or a
combination of these separation means, to remove minerals, proteins and/or other
impurities so as to increase the purity of the AXOS or pentose preparation. Such
separation techniques can also be used to separate AXOS from pentoses, and/or o

further separate xylose from arabinose.

The concentration in steps (g1), (g2) and (g3) is performed to increase the dry solids
content of the preparation containing AXOS and/or pentoses, for instance but not
limited to using a falling film or plate evaporator, reverse osmosis filtration,
nanofiltration, or a combination of these concentration means. Any such concentration
step can also precede the demineralisation steps (f1), (f2) and/or (f3). Optionally, the
condensed water-solubilised fraction can be dried, for instance but not limited to using

spray drying equipment, or crystallised in a crystalliser, in order to obtain a dry product.

Definitions

In the context of the present invention the term “endoxylanase” refers to an enzyme
that is able to hydrolyze internal glycosyl bonds linking xylose residues in Xylose-
containing polysaccharides. Such glycosyl bonds can be for instance the beta-1,4-
glycosyl bond in beta-D-xylopyranosyl-1,4-beta-D-xylopyranosyl units of such
polysaccharides. Endoxylanases can be derived from a variety of organisms, including
plant, fungal (e.g. species of Aspergillus, Penicillium, Disporotrichum, Neurospora,
Fusarium, Humicola, Trichoderma) or bacterial species (e.g. species of Bacillus,
Aeromonas, Streptomyces, Nocardiopsis, Thermomyces, Thermotoga) (see for
example W092/17573, WO092/01793, WO091/19782, W094/21785). Commercially

available purified or partially purified endoxylanase preparations include but are not
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limited to Frimase™ B210 (Puratos), Shearzyme™ (Novozymes), Biofeed Wheat™
(Novozymes), Pentopan™ Mono BG (Novozymes), Pentopan™ 500 BG (Novozymes),
Pulpzyme™ (Novozymes), Ecopulp™ (AB Enzymes), Veron™ 191 (AB Enzymes),
Veron™ Special (AB Enzymes), Multifect™ CX12L (Genencor/Danisco), Spezyme™
CP (Genencor/Danisco), Grindamyl™ H640 (Danisco), and Grindamy!™ Powerbake™

(Danisco).

The term “endoxylanase with high selectivity for WU-AX" refers to an endoxylanase of
which the value for the substrate selectivity factor (SSFcurom), as defined in Moers et
al. (2005), is at least 2 or higher, preferably at least 3 or higher, such as 4 or higher.
The SSFeurom Was defined by Moers et al. (2005) as the ratio of enzyme activity
toward WU-AX over enzyme activity toward WE-AX. Endoxylanase activity toward Wu-
AX was estimated by incubation of a water-insoluble chromogenic substrate with a
range of enzyme concentrations in microtiter plates, followed by colorimetric
measurement of the dye released in the supernatant. A similar approach using water-
soluble substrate and ethanol precipitation of unhydrolysed AX fragments was used to
estimate enzyme activity toward WE-AX (Moers et al. 2005). Endoxylanases of the
Glycosyl Hydrolase Family 11 (Henrissat 1991) have been shown to have a high
affinity and/or selectivity for water-unextractable arabinoxylan. Therefore, family 11
endoxylanases are particularly suitable to be used in any method according to the

present invention.

The term “arabinoxylan-oligosaccharides”, abbreviated as AXOS, in the context of the
present invention, refers to either xylo-oligosaccharides or arabino-xylo-
oligosaccharides, or mixtures of xylo-oligosaccharides and arabino-xylo-
oligosaccharides. Xylo-oligosaccharides refers to poly- or oligosaccharides consisting
solely of unsubstituted beta-(1-4)-linked D-xylopyranosyl residues (xylose) with a
degree of polymerisation between 2 and 100. Arabino-xylo-oligosaccharides refers to
poly- or oligosaccharides consisting of a backbone of beta-(1-4)-linked D-xylopyranosyl
residues (xylose) with a degree of polymerisation of the backbone between 1 and 100,
with at least one alpha-L-arabinofuranosyl (arabinose) residue linked to one of the
xylose residues of the backbone per molecule. Other substituents such as acetyl, alfa-
glucuronyl, alfa-4-O-methylglucuronyl, galacturonyl, xylosyl, rhamnosyl, galactosyl, or
glucosyl side chains, or short oligosaccharide side chains, can be attached to one or
more of the xylose residues and hydroxycinnamic acids, such as ferulic acid,
dehydrodiferulic acid, p-coumaric acid, caffeic acid or sinapic acid, can be linked to

one or more of the arabinose units.
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Soluble arabinoxylans refers to refers to polysaccharides consisting of a backbone of
beta-(1-4)-linked D-xylopyranosyl residues (xylose) with a degree of polymerisation of
the backbone exceeding 100, with at least one alpha-L-arabinofuranosyl! (arabinose)
residue linked to one of the xylose reéidues of the backbone per molecule. Other
substituents such as acetyl, alfa-glucuronyl, alfa-4-O-methylglucuronyl, galacturonyl,
xylosyl, rhamnosyl, galactosyl, or glucosyl side chains, or short oligosaccharide side
chains, can be attached to one or more of the xylose residues and hydroxycinnamic
acids, such as ferulic acid, dehydrodiferulic acid, p-coumaric acid, caiffeic acid or

sinapic acid, can be linked to one or more of the arabinose units.

The term “cereal”’, in the context of the present invention, refers to plants of the
botanical family of the Poaceae, including but not limited to species such as (durum)
wheat, friticale, barley, oats, rye, sorghum, maize, and rice.

The term “bran’, in the context of the present invention, means a grain-derived mill
stream fraction, whether derived from wet or dry milling, that is enriched in any or all of
the tissues to be selected from aleurone, pericarp, and seed coat, as compared to the
corresponding intact grain and/or has a lower starch concentration than the

corresponding intact grain.

The term “inflorescence by-products”, in the context of the present invention, means
fractions enriched in any or all of the tissues to be selected from husks, chaff, sepals,
pericarp, petals, pods, cobs, peduncles, rachis and pedicels, that are produced during
the processes of ear threshing, fruit threshing or grain dehusking to generate clean

grains or seeds.

The term “stem by-products’ in the context of the present invention, means fractions
enriched in stems and leaves, such as but not limited to straw and stalks, that are
produced as by product from plants harvested for their seeds or fruits as main

products.

The term “spent grains’, in the context of the present invention, means the mainly
water-insoluble fraction obtained after separating the water-soluble and water-insoluble
fraction of an aqueous mash prepared from milled grains, such as is produced during

for instance but not limited to the process of brewing or ethanol production from grains.

17



10

15

20

25

30

35

WO 2010/088744 PCT/BE2010/000008

The terms “soluble” or “solubilised”, in the context of the present invention, refer to

soluble in water as the solvent or solubilised in water as the solvent, respectively.

Hlustrative embodiment

EXAMPLES

EXAMPLE 1: synerqy between acid-bases and enzyme-based solubilisation of
AX

Materials and methods

Materials. Ecopulp® TX200A (ECX) is a commercial technical grade endoxylanase
preparation from AB Enzymes (Darmstadt, Germany) produced through recombinant
expression of a thermophilic mutant of a Hypocrea jecorina (anamorph Trichoderma
longibrachiatum, formerly T. reesei) Gilycosyl Hydrolase Family (GHF) 11
endoxylanase gene. Multifect® CX 12 L (MFX) is a commercial food grade
endoxylanase preparation from Genencor/Danisco (Palo Alto, USA) produced through
recombinant expression of a Hypocrea jecorina (anamorph  Trichoderma

Jongibrachiatum, formerly T. reesei) GHF11 endoxylanase gene.

Analytical methods. The total saccharide content was determined by gas-liquid
chromatographic analysis of the alditol acetates after acid hydrolysis of the samples in
2 N trifluoroacetic acid, followed by reduction with sodium borohydride and acetylation
with acetic anhydride, as described by Courtin et al. (2000). B-D-Allose was used as
internal standard and calibration samples, containing the monosaccharides D-glucose,
D-galactose, D-mannose, D-xylose and L-arabinose, were included with each set of
samples. The reducing end saccharide content was determined by gas-liquid
chromatographic analysis of the alditol acetates after reduction with sodium
borohydride, followed by acid hydrolysis and acetylation with acetic anhydride, as
described by Courtin et al. (2000). The analysis of free monosaccharide content was
very similar to that of total saccharides (Courtin et al. 2000), with the only difference
that samples were not hydrolysed prior to reduction and acetylation to alditol acetates.
Using gas chromatography results, the sum of polymeric water-soluble AX and AXOS
contents (AX/AXOS) were estimated by formula (a). The average degree of
polymerisation of the AX/AXQOS (avDP) was calculated as indicated in formula (b). The
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sum of AX/AXOS, free arabinose and free xylose (AX/AXOS+A+X) was calculated as
indicated in formula (c).

(a) AX/AXOS = 0.88 x [arabinoseror - arabinoserree] + [Xyloserep — Xyloserree] +
0.88 x [xyloseror — Xylosegep]

(b) avDP = {[arabinosergr - arabinosergeg] + [Xyloseror — xyloserree]} / [Xyloseren
— Xyloserree]

(¢) AX/AXOS+A+X = AX/AXOS* + arabinoserree+ Xyl0Serres
*according to formula (a)

In the above formulae the subscripts TOT, RED and FREE refer to total, reducing end
and free monosaccharide contents, respectively, and the factor 0.88 corrects for the
incorporation of water during hydrolysis of pentose sugars (Courtin et al. 2009).

Determination of the activity of the enzymes. Endoxylanase activity was determined
using water-insoluble azurine cross-linked arabinoxylan (Xylazyme AX tablets,
Megazyme, Bray, Ireland) as described in Megazyme Data Sheet 9/95. The enzymes
were assayed in appropriate dilutions in 25 mM sodium acetate buffer, pH 5.6, at 35°C
during 10 minutes. The absorbance at 590 nm was measured with an Ultraspec |l
UV/Visible spectrophotometer (Pharmacia Biotech, Uppsala, Sweden). One Unit (U) of
enzyme activity was the amount of enzyme required to yield an absorbance of 1.0 after
10 minutes at 590 nm under the assay conditions.

Resulis and discussion

Wheat bran was suspended in water (10% w/w dry matter) in a stirred tank and the
mash was heated to 90°C. An a-amylase preparation (Termamyl 120LS, Novozymes,
Bagsvaerd, Denmark; 1 mi/kg bran) was added and allowed to react under continuous
stirring for 90 min at 90°C to hydrolyse the starch. The slurry was filtered and the filter
cake washed with demineralised water. The washed residue was called destarched
wheat bran. The yield of destarched wheat bran over starting material was 64.6% (w/w

dry matter).

Destarched wheat bran was subjected to different acid treatments, endoxylanase

treatments and combinations of acid treatments and endoxylanase treatments, in some
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cases with pH adjustments by calcium hydroxide addition. The treatment conditions are
specified in Table 1. After the treatments specified in Table 1, the slurry was filtered on
a 100 pm filter. Samples of the filtrates were boiled during 10 minutes to inactivate the
enzymes, cooled to room temperature, and centrifuged at 10000 g for 15 minutes to
obtain a clarified supernatant. The supernatant fractions were lyophilised and analysed
for total saccharides, reducing end saccharides and free monosaccharides. The

results of these analyses are shown in Table 2.

As can be seen in Table 2, the recovery of water-soluble AX and AXOS, free arabinose
and free xylose (AX/AXOS+A+X) is markedly higher when applying a combination of
both the enzyme-based and acid-based AX solubilisation steps. The increase due to
the combination of the acid-based and enzyme-based AX solubilisation steps is seen
for both the less stringent acid treatment conditions (25 mM H2SO,, 92°C, 150 min) as
well as for the more stringent acid treatment conditions (25 mM HzS04, 120°C, 45 min),
but it is more pronounced in the latter conditions. For instance the recovery of
AX/AXOS+A+X was 49.2% for the acid itreatment at 120°C alone, 38.7% for the
enzyme-based treatment with MFX alone, 65.3% for the combination of enzyme-based
treatment with MFX and acid-based treatment at 120°C, and 70.6% for the reverse
order combination (Table 2). Thus, the increase due to the combination of the enzyme-
based and acid-based AX solubilisation steps is observed in case the enzyme-based
AX solubilisation step is followed by the acid-based AX solubilisation step, as well as in
the reverse order. In case more hydrolysis of the solubilised AX or AXOS to xylose and
arabinose is desired, the stringency of the acid concentration, temperature or

incubation time can be further increased.
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TABLES

Table 1: Specification of the treatment conditions
of the first and second treatments were 7% (W/w).

of destarched wheat bran for the experiment in example 1. The dry matter of the slurries was
MFX refers to endoxylanase Multifect CX 12 L, DM is dry matter of the substrate.

Treatment First treatment pH adaptation Second treatment pH adaptation after
number after first second treatment
treatment
1 25 mM H,S0,4, 150 min at 92°C 25 mM Ca(OH). none none
2 25 mM H,S0,, 45 min at 120°C 25 mM Ca(OH). none none
3 MFX (3 mi/kg DM), 6hour at 50°C none none none
4 MFX (3 mi/kg DM), 6hour at 50°C none 25 mM H,S0,, 150 min at 92°C 25 mM Ca(OH).
5 MFX (3 mi/kg DM), 6hour at 50°C none 25 mM H,S0,, 45 min at 120°C 25 mM Ca(OH).
6 25 mM H»S0,, 150 min at 92°C 25 mM Ca(OH), MFX (3 mi/kg DM), 3 hour at 50°C none
7 25 mM H,S0,, 45 min at 120°C 25 mM Ca(OH): MFX (3 mi/kg DM), 3 hour at 50°C none
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Table 2: Analysis of water-solubilised fraction after treatment of destarched wheat bran as specified in Table 1.

Treatment number AXIAXOS+A+X®  AXIAXOS® A+X° avDP? Dry mass AX/AXOS+A+X
(see Table 1) (%, wiw) (%, wiw) (%, wiw) recovery recovery (%)
(%)

1 42.2 23.5 18.7 25 15.0% 27.5%

2 52.0 31.2 20.8 14 21.8% 49.2%

3 64.8 64.3 0.5 6 13.7% 38.7%

4 56.1 41.6 14.5 6 21.3% 51.9%

5 56.5 37.4 19.1 5 26.6% 65.3%

6 55.3 38.8 16.5 4 20.5% 49.4%

7 58.5 40.7 17.8 4 27.7% 70.6%

EAX/AXOS+A+X = sum of content of water-soluble AX and AXOS, free arabinose and free xylose

BAX/AXOS = content of water-soluble AX and AXOS

°A+X = free arabinose and xylose

davDP = average degree of polymerisation of water-soluble AX and AXOS

°Expressed as %(w/w) dry mass of water-solubilised fraction over dry mass of the bran used as starting material in the process

fcalculated as (% dry mass recovery) x (% AX/AXOS+A+X of water-solubilised fraction) / (% AX/AXOS+A+X of bran used as starting material)
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CLAIMS

1.

A method for the exiraction and isolation of solubilised arabinoxylan
depolymerisation products wherein arabinoxylan-containing plant material is
mashed in water and treated with an appropriate concentration of an
endoxylanase enzyme preparation in order to enzymatically depolymerise a first
fraction of the arabinoxylans comprised in said plant material and wherein said
enzymatic treatment is followed by an acid treatment comprising the incubation
of said plant material in an acidified aqueous mash in order to obtain a
depolymerisation and solubilisation of a second fraction of the arabinoxylans
comprised in said plant material; said method further comprising separating
from said mashed plant material a water-solubilised fraction, which comprises at

least part of said solubilised arabinoxylan depolymerisation products.

The method according to claim 1 wherein following the endoxylanase treatment
the endoxylanase-containing mash of said arabinoxylan-containing plant
material is subjected to the acid treatment and wherein said acid treatment is
followed by the separation of said mash into i) a water-solubilised fraction
comprising both the enzymatic and acid solubilised arabinoxylan

depolymerisation products and ii) the water-insoluble plant material residue.

The method according to claim 1 wherein the endoxylanase treatment is
followed by a separation of said mash into i) a first water-solubilised fraction
comprising enzymatic solubilised arabinoxylan depolymerisation products and
ii) a first water-insoluble plant material residue, and wherein said first water-
insoluble plant residue is resuspended in water in order to obtain a second
mash, which is subjected to the acid treatment followed by separation of said
second mash into ii) a second water-solubilised fraction comprising acid
solubilised arabinoxylan depolymerisation products and iv) a second water-

insoluble plant material residue.

The method according to any of the claims 1 to 3 wherein said endoxylanase
treatment comprises the use of an endoxylanase with high selectivity for water-

unextractable arabinoxylan.

!

The method according to claim 1 to 4 wherein the endoxylanase enzyme

preparation comprises an endoxylanase of the glycosyl hydrolase family 11.

The method according to any of the claims 1 to 5 wherein the endoxylanase
treatment involves the incubation of the mash with an endoxylanase enzyme

preparation for a period of 2 to 12 hours.
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10.

11.

12.

13.

14.

15.

16.

The method according to any of the claims 1 to 6 wherein the acid treatment
involves the addition to said mashed arabinoxylan-containing plant material of a

strong acid at a concentration between 0.02 and 0.4 N.

The method according to claim 7 wherein said acid treatment involves the
treatment of said mashed arabinoxylan-containing plant material during 5 to 180

minutes.

The method according to claims 7 or 8 wherein said acid treatment involves the
treatment of said mashed arabinoxylan-containing plant material at a
temperature between 80 and 180°C.

The method according to claims 8 to 10 wherein said strong acid is selected out
of the group consisting of phosphoric acid, hydrochloric acid, perchloric acid,

nitric acid, or sulfuric acid.
The method according to claims 8 to 11 wherein said strong acid is sulfuric acid.

The method according any of the claims 1 to 12 wherein said separated water-
solubilised fractions are further purified using filtration or chromatography

techniques or combinations thereof to remove minerals and other impurities.

The method according to any of the claims 1 to 12 wherein the solubilised
arabinoxylan depolymerisation products are either soluble arabinoxylan,
arabinoxylan-oligosaccharides, xylose or arabinose or mixtures of two or more

of these compounds.

The method according any of the claims 1 to 13 wherein said separated water-
solubilised fractions are further separated using filtration or chromatography
techniques or combinations thereof to obtain preparations comprising an
increased  concentration of a particular solubilised arabinoxylan
depolymerisation product as compared to the concentration of this product in

said water-solubilised fraction..

The method according any of the claims 1 to 14 wherein the said separated

water-solubilised fractions are concentrated using means for water removal.

The method according any of the claims 1 to 15 wherein the said separated

water-solubilised fractions are dried or crystailised.

17. The method according to claims 1 to 16 wherein said arabinoxylan-containing

plant material is destarched plant material.
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18.

19.

20.

21.

The method according to claim 17 wherein said destarched arabinoxylan-
containing plant material is obtained by mashing arabinoxylan-containing plant
material in water in the presence of an appropriate concentration of an a-
amylase and subsequently separating the insoluble destarched plant material

from the liquid fraction containing the solubilised starch derived material.

The method according any of the claims 1 to 18 wherein said arabinoxylan-
containing plant material is selected out of the group consisting of bran,
inflorescence by-products, stem by-products, or spent grains, or combinations

thereof.

The method according any of the claims 1 to 19 wherein said arabinoxylan-

containing plant material is bran from cereals.

The method according to any of the claims 1 to 20 wherein said water-
solubilised fractions comprise on a dry weight basis at least 40% of one or more
of the arabinoxylan depolymerisation products soluble arabinoxylan,

arabinoxylan-oligosaccharides, xylose and arabinose.
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