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METHOD OF PRODUCING A PECTIC POLYSACCHARIDE ISOLATE ENRICHED IN
RHAMNOGALACTURONAN-I

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a method of producing a pectic polysaccharide isolate that is
enriched in rhamnogalacturonan-l (RG-I) polysaccharide. More particularly, the invention
relates to a method of producing such a polysaccharide isolate by enzymatic hydrolysis of a
pectin-rich substrate that has been obtained from plant material without the use of organic
solvent and that contains a significant amount of RG-I polysaccharide, followed by

ultrafiltration and recovery of the retentate.

BACKGROUND OF THE INVENTION

Pectin is a structural hetero polysaccharide that is present in the primary cell walls of
terrestrial plants. Pectic polysaccharide composition and fine structure vary widely depending
on the plant source and the extraction conditions applied. The biological activity of the pectic

polysaccharide is highly dependent on its fine structure.

Pectic polysaccharides are a heterogeneous group of polysaccharides comprising varying
amounts of the following polysaccharide components:

(i homogalacturonan (HG),

(i) xylogalacturonan (XG),

(iii) apiogalacturonan (AG)

(iv)  rhamnogalacturonan-l (RG-I), and

(v) rhamnogalacturonan-Il (RG-II).

Figure 1 provides a schematic representation of the structure of pectic polysaccharides,
including the aforementioned 4 polysaccharide components. It is noted that the
polysaccharide components AG, XG and RG-I| typically represent only a minor fraction of

pectic polysaccharides.

The polysaccharide components HG, XG and RG-Il each comprise a backbone that consists

of a linear chain of a-(1-4)-linked D-galacturonic acid monosaccharide units.
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Only RG-I comprises a backbone that consists of a linear chain of the repeating disaccharide
units: 4)-a-D-galacturonic acid-(1,2)-a-L-rhamnose-(1. A schematic representation of the

structure of RG-l is shown in Figure 2.

The homogalacturonan domain can have a length of up to about 100 consecutive D-GalA
residues. The RG-I domain containing the side chains is usually called the ‘ramified region’
or ‘hairy region’, while the homogalacturonan domain (between two RG-I domains) is not

typically substituted with oligosaccharides.

The GalA residues in RG-I are linked to the Rha residues via the 1 and 4 positions, while the
Rha residue is linked to the GalA residue via the anomeric and 2-OH positions. In general
about 20-80% of the Rha residues is branched at the 4-OH position (depending on the plant
source and the method of isolation), with neutral and acidic side chains. These side chains
consist mainly of Ara and Gal residues linked in various manners, constituting polymers
known as arabinogalactan | (AG-1) and/or AG-Il. AG | is composed of a beta-(1,4)-linked D-
Gal backbone with substitutions at 3-OH of alpha-L-arabinosyl groups; the Gal backbone can
have interspacing alpha(1,5)-L-Ara units. AG-II consists of highly ramified galactan with
predominantly interior beta(1,3)-linked D-Gal with substitutions of short (1,6)-linked chains
exteriorly. The latter has further attachments of (1,3)- and/or alpha(1,5)-linked L-Ara. The
oligosaccharide side chains may be linear or branched, and some of these side chains may
be terminated with alpha-L-fucosides, beta-D-glucuronides, and 4-O-methyl beta-D-

glucuronyl residues.

Khodaei and Karboune (“Extraction and structural characterisation of rhamnogalacturonan I-
type pectic polysaccharides from potato cell wall’. Food Chemistry, 1:39 (2013), p. 617-623)
described the extraction of galactan-rich rhamnogalacturonan | (RG-I) type pectic
polysaccharides using alkaline (NaOH and KOH) and enzymatic (endopolygalacturonase

from Aspergillus niger) methods.

Khodaei and Karboune (“Enzymatic extraction of galactan-rich rhamnogalacturonan | from
potato cell wall by-product”. LWT — Food Science and Technology, 57 (2014), p. 207-216)
further investigated the effects of varying parameters in the enzymatic extraction of galactan-

rich rhamnogalacturonan | (RG 1) using endo-polygalacturonase from Aspergillus niger.

WO 2015/192247 describes a process of isolating non-digestible oligosaccharides from

potato pulp by extracting rhamnogalacturonan content from the potato pulp, digesting the
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extracted rhamnogalacturonan content with a multi-enzymatic mixture to yield the non-
digestible oligosaccharides from the extracted rhamnogalacturonan content; and isolating the

non-digestible oligosaccharides.

WO 2016/132130 describes a process for the preparation of a fragment of RG-I from potato
pulp and its use to provide immunomodulatory activity to a subject. The process comprises
the steps of:

- providing RG-I obtained from the enzymatic extraction of potato;

- preparing a fragment of said RG-I, the fragment having an average molecular weight in
the range 5kDa to 30kDa, by selective depolymerisation of said RG-I to provide the
fragment wherein the fragment has a monosaccharide composition comprising:

Arabinose 7-13%,

Rhamnose 5-10%,

Xylose 0-1%,

Galacturonic acid 20-40%, and

Galactose 35-60%.

CN 102784193 A describes a method of isolating polysaccharides from Hedysarum
polybotrys.

KR 2017/053144 A describes the extraction of a polysaccharide fraction from barley leaves.

The polysaccharide fraction is described to present immunity function promotion activity.

SUMMARY OF THE INVENTION

The inventors have discovered that a polysaccharide isolate enriched in
rhamnogalacturonan-l (RG-I) polysaccharide with high biological functionality can be
obtained by a method comprising:

e subjecting a pectin-rich substrate that has been obtained from plant material without the
use of organic solvent and that contains a significant amount of RG-I polysaccharide to
enzymatic hydrolysis to partially hydrolyse the RG-| polysaccharide;

¢ subjecting the partially hydrolysed RG-I polysaccharide to ultrafiltration using an
ultrafiltration membrane having a cut-off in the range of 5 to 100 kDa;

¢ and recovering the ultrafiltration retentate.

The enzymatic hydrolysis is carried out with the help of one or more pectinases selected

from pectin lyase (EC4.2.2.10), pectate lyase (EC 4.2.2.2), rhamnogalacturonan
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galacturonohydrolase (EC 3.2.1.173), endo-polygalacturonase (EC 3.2.1.15),
exopolygalacturonase (EC 3.2.1.67 and EC 3.2.1.82).

Thus, a first aspect of the present invention relates to providing a method of producing a
hydrolysed pectic polysaccharide isolate that is enriched in rhamnogalacturonan-I, said
method comprising the steps of:

o providing a pectin-rich substrate that has been obtained from plant material without the
use of organic solvent, said pectin-rich substrate containing at least 3% by weight of dry
matter of pectic polysaccharides having a backbone consisting of galacturonic acid
residues and rhamnose residues, the rhamnose residues being contained in a backbone
consisting of galacturonic acid residues and rhamnose residues, said rhamnose residues
being contained in alpha(1—4)-galacturonic-alpha(1—2)-rhamnose residues;

e subjecting the pectin-rich substrate to enzymatic treatment to partially hydrolyse the
pectic polysaccharides, said treatment enzymatic treatment comprising the use of one or
more pectinases selected from pectin lyase (EC4.2.2.10), pectate lyase (EC 4.2.2.2),
rhamnogalacturonan galacturonohydrolase (EC 3.2.1.173), endo-polygalacturonase (EC
3.2.1.15), exopolygalacturonase (EC 3.2.1.67 and EC 3.2.1.82);

¢ subjecting the partially hydrolysed pectic polysaccharides to ultrafiltration using an
ultrafiltration membrane having a molecular weight cut-off in the range of 5 to 100 kDa;
and

e recovering the ultrafiltration retentate.

The inventors have found that enzymatic partial hydrolysis of the pectic polysaccharides
using one or more of the aforementioned pectinases followed by the removal of small
molecular components, including small molecules produced during hydrolysis, yields a
hydrolysed pectic polysaccharide isolate that exhibits exceptionally high biological

functionality.

Although the inventors do not wish to be bound by theory, it is believed that this high
biological functionality is achieved by removing at least part of the homogalacturonan
domains of the pectic polysaccharides contained in the substrate, and by removing inactive
components, such as cellulose and hemicellulose. The removal of the homogalacturonan
domains alters the physicochemical properties of the pectic polysaccharides, resulting in
three-dimensional configurations of the molecule that can interact more effectively with so-
called pattern recognition receptors in the intestinal tract and on human Peripheral Blood
Mononuclear Cells. Removal of homogalacturonan domains from the pectic polysaccharides

increases the content of RG-l domains. It is believed that interaction of RG-I polysaccharide
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domains with pattern recognition receptors expressed on intestinal cells and other
immunologically active cells can modulate their functional responsiveness, which through
production of mediators and recirculation of immunologically active cells can improve
resistance to infections in the intestinal tract as well as at other sites in the body including the

oral cavity, the respiratory tract, the urinary tract, the vagina and the skin.

The present method further offers the advantage that the highly active hydrolysed pectic
polysaccharide is obtained from a pectin-rich substrate that has been produced without the
use of organic solvent. Thus, unlike some prior art methods that utilize organic solvent
precipitation to aid the isolation of pectic polysaccharides, the present method employs a
pectin-rich substrate that has not been contacted with organic solvent and the further
processing of this substrate in accordance with the present method does not require the use

of organic solvent.

The present invention further relates to the hydrolysed pectic polysaccharide isolate obtained
by the present method and to a process of preparing a product selected from a nutritional
formulation, a food product, a dietary supplement, a beverage or a pharmaceutical product,
said process comprising addition of the aforementioned hydrolysed pectic polysaccharide

isolate.

DETAILED DESCRIPTION OF THE INVENTION

Accordingly, a first aspect of the invention relates to a method of producing a hydrolysed
pectic polysaccharide isolate that is enriched in rhamnogalacturonan-I, said method
comprising the steps of:

o providing a pectin-rich substrate that has been obtained from plant material without the
use of organic solvent, said pectin-rich substrate containing at least 3% by weight of dry
matter of pectic polysaccharides having a backbone consisting of galacturonic acid
residues and rhamnose residues, the rhamnose residues being contained in a backbone
consisting of galacturonic acid residues and rhamnose residues, said rhamnose residues
being contained in alpha(1—4)-galacturonic-alpha(1—2)-rhamnose residues;

e subjecting the pectin-rich substrate to enzymatic treatment to partially hydrolyse the
pectic polysaccharides, said treatment enzymatic treatment comprising the use of one or
more pectinases selected from pectin lyase (EC4.2.2.10), pectate lyase (EC 4.2.2.2),
rhamnogalacturonan galacturonohydrolase (EC 3.2.1.173), endo-polygalacturonase (EC
3.2.1.15), exopolygalacturonase (EC 3.2.1.67 and EC 3.2.1.82);
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¢ subjecting the partially hydrolysed pectic polysaccharides to ultrafiltration using an
ultrafiltration membrane having a molecular weight cut-off in the range of 5 to 100 kDa;
and

e recovering the ultrafiltration retentate.

The pectin-rich substrate that is used in the present method has been obtained from plant
material without the use of organic solvent, meaning that this substrate was obtained from
plant material without that plant material having been brought in contact with organic solvent.
Thus, the pectin-rich substrate is not obtained through extraction or precipitation with organic

solvent.

As used herein, the terms “backbone chain” and “backbone” are synonyms.

The term “saccharide” as used herein encompasses mono-, di-, oligo- and polysaccharides.

The term “oligosaccharide” as used herein refers to a saccharide polymer containing 3-10

monosaccharide residues.

The term “polysaccharide” as user herein, unless indicated otherwise, refers to a saccharide

polymer containing at least 11 monosaccharide residues.

The term “pectic polysaccharide” as used herein refers to optionally branched
polysaccharides having a molecular weight of at least 10 kDa and comprising a backbone
that consists of galacturonic acid residues and rhamnose residues, said rhamnose residues
being contained in alpha(1—4)-galacturonic-alpha(1—2)-rhamnose residues. The term
“pectic polysaccharide” as used herein, unless indicated otherwise, also encompasses

hydrolysed pectic polysaccharides having a molecular weight of at least 10 kDa.

The term “branched polysaccharide” as used herein refers to a polysaccharide comprising a
linear backbone chain of monosaccharide units bound together by glycosidic linkages,
wherein at least one of the monosaccharide units within the backbone chain carries a

sidechain of one or more glycosidically linked monosaccharide units.

The term “stretch” as used herein refers to a sequence of two glycosidically linked
monosaccharide units within the backbone of a polysaccharide, excluding any sidechains

that are attached thereto.
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The term “domain” as used herein refers to a stretch plus any sidechains that are attached to

said stretch.

The term “rhamnogalacturonan-I| stretch” or “RG-| stretch” refers to a stretch consisting of
galacturonic acid (GalA) and rhamnose (Rha) pairs, wherein the GalA residues are linked to
the Rha residues via the 1 and 4 positions, while the Rha residues are linked to the GalA
residue via the anomeric and 2-OH positions, i.e. alternating alpha(1—4)-galacturonic-
alpha(1—2)-rhamnose residues. The RG-I domain can comprise side chains such as, for

example galactan, arabinan and arabinogalactan side chains.

The term “rhamnogalacturonan-| polysaccharide” or “RG-I polysaccharide” refers to
optionally branched pectic polysaccharides that comprise a backbone that contains one or

more rhamnogalacturonan-| stretches.

The term “alpha(l,4)-linked galacturonic acid stretch” refers to a stretch consisting of

alpha(1—4)-galacturonic residues.

Besides RG-I domains, the hydrolysed pectic polysaccharide isolate obtained by the method
of the present invention may contain one or more of the following domains:

e homogalacturonan (HG),

e Xxylogalacturonan (XG),

e apiogalacturonan (AG)

e rhamnogalacturonan-Il (RG-II).

The domains XG, AG and RG-Il typically represent only a minor fraction of the RG-I

polysaccharides.

The HG domains, XG domains, AG and RG-Il domains that are optionally present in the RG-I
polysaccharides of the present invention comprise a backbone that consists of a linear chain

of two or more a-(1-4)-linked D-galacturonic acids.
HG domains do not contain any sidechains. The carboxyl groups of galacturonic acid
residues within the backbone of HG domains may be esterified. Esterified galacturonic acid

may occur in the form of the methyl ester or acetyl ester.

The backbone of XG domains contains one or more sidechains in the form of D-xylose.
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The backbone of AG domains contains one or more sidechains that are composed of one or

more D-apiose residues.

The backbone of RG-II contains one or more side chains that are not exclusively composed
of D-xylose or D-apiose. The carboxyl groups of galacturonic acid residues within the
backbone of RG-Il domains may be esterified. Esterified galacturonic acid may occur in the

form of the methyl ester or acetyl ester.

The terminology “degree of acetylation” refers to the number of acetyl residues per

galacturonic acid residue, expressed as a percentage.

The terminology “degree of methylation” refers to the number of methyl residues per

galacturonic acid residue, expressed as a percentage.

The concentration of different polysaccharides and their monosaccharide composition can be
determined by analytical techniques known to the skilled person. After methanolysis, the
monosaccharide composition can suitably be determined by High Performance Anion

Exchange Chromatography combined with Pulse Amperometric Detection (HPAEC-PAD).

The molecular size distribution can be determined by High Performance Size-Exclusion
Chromatography using refractive index (RI) detection (concentration), light scattering
detection (molecular mass detection), UV detection (indicative for presence of proteins) and

differential pressure detection (intrinsic viscosity detection).

The above mentioned analytical methods are described in: Analytical Biochemistry Vol. 207,
Issue 1, 1992, pg 176 (for methanolysis and neutral sugar analysis) and in Mol. Nutr. Food
Res., Vol 61, Issue 1, 2017, 1600243 (for the galacturonic acid analysis and the molecular

size distribution).

The term “pomace” or “cake” as used herein refers to the, optionally dried, residue of fruit,
vegetables or seeds that remains after pressing for juice or oil. The term “oil cake” refers to

the cake that is obtained after removal of oil from seeds, fruit or vegetables.

All percentages mentioned herein, unless otherwise stated, refer to the percentage by

weight.



10

15

20

25

30

35

CA 03079794 2020-04-21

WO 2019/081525 PCT/EP2018/079058
9

The present method preferably does not employ any organic solvent. In other words, the
pectin-rich substrate that has been obtained from plant material without the use of organic
solvent is further processed (enzymatic treatment and ultrafiltration) to produce the desired

hydrolysed pectic polysaccharide isolate, without the use of organic solvent.

The pectin-rich substrate used in the present method preferably contains at least 4% by
weight of dry matter, more preferably at least 6% by weight of dry matter, even more

preferably at least 8% by weight of dry matter of pectic polysaccharides.

The pectic polysaccharides in the pectin-rich substrate are preferably characterized by a
mass weighted average molecular weight of at least 100 kDa, more preferably of at least 150

kDa, most preferably of at least 200 kDa,

The pectic polysaccharides in the pectin-rich substrate typically have an average rhamnose
content of at least 0.1 mol.%, more preferably of at least 0.5 mol.%, even more preferably at
least 1 mol.% and most preferably at least 2 mol.%, calculated on the total monosaccharide

composition of the pectic polysaccharides.

The pectin-rich substrate that is employed in the present method may be obtained from
different crops. In a preferred embodiment, the pectin-rich substrate is obtained from one or
more crops selected from fruit (including tomato), carrot, olive, peas, sugar beet, chicory,
soy, sunflower, rapeseed and maize. More preferably, the pectin-rich substrate is obtained
from one or more crops selected from apple, pear, citrus, carrot, sugar beet and chicory. Yet
more preferably, the pectin-rich substrate is obtained from one or more crops selected from
apple, pear, carrot and chicory. According to a particularly preferred embodiment, the pectin-

rich substrate is obtained from carrot and/or apple.

Pectin-rich crop material may be used as such as the pectin-rich substrate in the present
method. Such crop material should be comminuted to produce a pulp or a juice, in order to
allow the pectinases to break down the pectic polysaccharides in the substrate. The

comminuted crop material may be dried or concentrated before use in the present method.

Preferably, the pectin-rich substrate is obtained as a side stream from a production process
that uses crop material as a starting material and wherein no organic solvents or chemical
reactions are employed up to the stage of the process at which the side stream is generated.
According to a particularly preferred embodiment of the present method, the pectin-rich

substrate is selected from pomace, aqueous extract of pomace, oil cake, aqueous extract of
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oil cake, scrapings, skins, peels, pits, seeds and combinations thereof. Most preferably, the
pectin-rich substrate is selected from pomace, aqueous extract of pomace and combinations

thereof.

The pectin-rich substrate that is employed in the present method may suitably be obtained by
a procedure that includes milling, heating, microwaving, drying or alternative techniques that

disrupt the cell wall structures to facilitate enzymatic hydrolysis of the pectic polysaccharides.

The pectin-rich substrate preferably has a water content of not more than 15 wt.%, more

preferably of not more than 10 wt.% and most preferably of not more than 8 wt.%.

The pectin-rich substrate is preferably subjected to the enzymatic treatment in the form of an
aqueous liquid containing the pectin-rich substrate and having a dry matter content of 0.5-40
wt.%, more preferably of 1-30 wt.%, even more preferably of 2-20 wt.%, most preferably 3-15
wt.%. This aqueous liquid may suitably be prepared by combining the pectin-rich substrate

with water.

The pectin-rich substrate preferably constitutes at least 50 wt.%, more preferably at least 75
wt.% and most preferably at least 85 wt.% of the dry matter that is contained in the aqueous

liquid that is subjected to enzymatic treatment.

The enzymatic treatment of the method according to the invention is preferably carried out at
a pH in the range of 3.0 to 7.5, more preferably in the range of 4 to 7.5, even more preferably

in the range of 4.5 to 7, most preferably in the range of 5to 7.

The treatment used to partially hydrolyse the pectic polysaccharides preferably employs one
or more pectinases selected from pectin lyase (EC4.2.2.10), pectate lyase (EC 4.2.2.2),
endopolygalacturonase (EC 3.2.1.15) and exopolygalacturonase (EC 3.2.1.67 and EC
3.2.1.82).

According to one preferred embodiment, the pectic polysaccharides are partially hydrolysed
using one or more pectinases selected from endo-polygalacturonase (EC 3.2.1.15) and
exopolygalacturonase (EC 3.2.1.67 and EC 3.2.1.82).

According to another preferred embodiment, the pectic polysaccharides are partially
hydrolysed using one or more pectinases selected from pectin lyase (EC 4.2.2.10) and

pectate lyase (EC 4.2.2.2). Hydrolysis of pectic polysaccharides by these lyases inevitably
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yields polysaccharide fragments that contain a terminal unsaturated non-reducing

galacturonic acid residue.

The pectic polysaccharides are preferably hydrolysed in the present process using a
combination of the aforementioned one or more pectinases and one or more pectinesterases
(EC 3.1.1.11). The one or more pectinesterases may be employed prior to or simultaneous
with the one or more pectinases. The combined use of pectinases and pectinesterases is
particularly advantageous in case the pectinase employed is selected from endo-
polygalacturonase, exo-polygalacturonase and combinations thereof. The combined use
pecintases and pectinesterases typically yields partially hydrolysed pectic polysaccharides

having a reduced degree of methylation and an increased acetylation/methylation ratio.

According to a particularly preferred embodiment, the pectin-rich substrate is subjected to
enzymatic treatment comprising the use of one or more pectinesterases (EC 3.1.1.11) prior
to or simultaneous with the partial hydrolysis using the one or more pectinases. Most
preferably, the enzymatic treatment with pectinesterases and the enzymatic treatment with

one or more pectinases are carried out simultaneously.

In the present method the pectin-rich substrate may suitably be treated with cellulase and/or
hemicellulase (EC 3.2.1.4, EC 3.2.1.176, EC 3.2.1.203) prior to the enzymatic treatment with
pectinase or as part of said treatment. Treatment with cellulase and/or hemicellulase breaks
down plant cell walls in the substrate and thereby induces release of the pectins that are
contained within these cell walls and thus makes these pectins more accessible for

pectinases.

The enzymatic treatment of the pectin-rich substrate with one or more pectinases is
preferably carried out at a temperature in the range of 15 to 70°C, more preferably of 25 to
55 °C. The duration of the enzymatic treatment preferably is at least 10 minutes, more

preferably 20 minutes to 3 hours.

The present method may suitably employ a pectin-rich substrate that contains a relatively
high amount of more or less intact plant cell wall material. Typically, such a pectin-rich

substrate contains at least 40% by weigh of dry matter of cellulose material selected from
cellulose, hemi-cellulose and combinations thereof. Typically, a large fraction of the pectic
polysaccharides in these substrates is water-insoluble, i.e. the pectic polysaccharides that

are trapped in the cellulose/hemicellulose matrix of the plant cell wall (fragments). Preferably,
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at least 50 wt.% of the pectic polysaccharides present in the substrate does not dissolve in

distilled water at 45°C and pH 5.5 at a pectic polysaccharide concentration of 1 g/l.

In accordance with a particularly preferred embodiment of the present method, after
enzymatic treatment and prior to ultrafiltration, water-soluble pectic polysaccharides are
separated from non-water soluble solids by subjecting an agueous liquid containing the
partially hydrolysed pectic polysaccharides to solid-liquid separation. Examples of solid-liquid
separation techniques that may be employed include sedimentation, decanting,
centrifugation, hydrocyclones and/or filtration. This particular embodiment offers the

advantage that a high yield of the desired pectic polysaccharides can be achieved.

In one embodiment of the present method, the pectin-rich substrate contains 10-80% by
weight of dry matter of cell wall polysaccharides selected from pectins, cellulose,
hemicellulose and combinations thereof. More preferably, the substrate contains 20-70% by
weight of dry matter of the cell wall polysaccharides. Most preferably, the substrate contains
30-60% by weight of dry matter of the cell wall polysaccharides. Pomace is an example of a
pectin-rich substrate that may be used in the present method and that contains a relatively

high amount of cell wall polysaccharides.

Pomace typically contains 2-50% by weight of dry matter, preferably 5-40% by weight of dry
matter, more preferably 10-30% by weight of dry matter, of carbohydrates having a molecular

weight of less than 20 kDa.

The protein content of the pomace typical is in the range of 0-20% protein by weight of dry
matter, more preferably 1-18% protein by weight of dry matter, even more preferably 2-16%

protein by weight of dry matter.

In the embodiment of the present method in which the pectin-rich substrate is pomace or oil
cake, preferably non-dissolved material (particle size > 5 um) is removed from the
enzymatically treated pomace or the enzymatically treated oil cake prior to ultrafiltration. The
non-dissolved material is preferably removed by means of solid-liquid separation, more

preferably by decanting, centrifugation and/or filtration.

In another embodiment of the present method, the pectin-rich substrate is a pectin isolate
containing at least 10% by weight of dry matter, preferably at least 20% by weight of dry
matter, more preferably at least 40% by weight of dry matter, of the pectic polysaccharides,

and less than 20% by weight of dry matter of cell wall polysaccharides selected from
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cellulose, hemicellulose and combinations thereof. More preferably, the pectin isolate
contains cell wall polysaccharides in a concentration of less than 10% by weight of dry
matter, even more preferably of less than 5% by weight of dry matter. Aqueous extracts of
pomace and aqueous extracts of oil cake are examples of pectin isolates that may be

employed in the present method as pectin-rich substrate.

Preferably, the aqueous pomace extract is obtained by a sequence of aqueous extraction

steps, more preferably at least two aqueous extraction steps. Accordingly, the first extraction
step preferably comprises mixing pomace with water followed by solid-liquid separation. The
second step preferably comprises mixing the recovered solid fraction with water, followed by
another solid-liquid separation. Suitable solid-liquid separation methods are, e.g., decanting,

centrifugation and filtration.

Preferably, the aqueous extraction is carried out at a pH in the range of 2.0 to 8.5, more
preferably at a pH in the range of 4.5 to 7.5, even more preferably at a pH in the range of 6.0
to 7.0.

In a particularly preferred embodiment of the present method, the partially hydrolysed pectic
polysaccharides are subjected to ultrafiltration using an ultrafiltration membrane having a
molecular weight cut-off in the range of 6-50 kDa, preferably in the range of 7-40 kDa, more

preferably in the range of 8-30 kDa.

The recovered ultrafiltration retentate may suitably be dried using one or more drying
techniques selected from spray drying, freeze drying, air drying, roller drying, flatbed drying,
belt drying and drum drying.

Preferably, the recovered ultrafiltration retentate is dried to a water content of less than 15
wt.%, more preferably less than 13 wt.%, even more preferably less than 11 wt.%, and most

preferably less than 9 wt.%.

The recovered ultrafiltration retentate preferably contains galacturonic acid residues and
rhamnose residues in a molar ratio of not more than 6:1, more preferably of not more than

5:1, even more preferably of not more than 4:1, most preferably of not more than 3.5:1.

The pectic polysaccharides that are present in the recovered ultrafiltration retentate

preferably have an average rhamnose content of at least 4%, more preferably 5-50%, even
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more preferably 6-45%, yet more preferably 6.5-40% and most preferably 7-30%, calculated

on the total monosaccharide composition of the pectic polysaccharides.

The recovered ultrafiltration retentate preferably contains at least 5% by weight of dry matter,
preferably at least 15% by weight of dry matter, more preferably at least 25% by weight of
dry matter, most preferably at least 50% by weight of dry matter of pectic polysaccharides,
said pectic polysaccharides having an average rhamnose content of at least 4 mol.%,

calculated on the total monosaccharide composition of the pectic polysaccharides.

According to a further preferred embodiment, the pectic polysaccharides in the recovered
retentate have a mass weighted average molecular weight of more than 20 kDa, more
preferably of more than 30 kDa, even more preferably of more than 40 kDa, most preferably
of more than 50 kDa.

The method of the present invention preferably yields a hydrolysed pectic polysaccharide

isolate as specified below.

A second aspect of the invention relates to a hydrolysed pectic polysaccharide isolate

obtained by the method according to the invention.

The hydrolysed pectic polysaccharide isolate typically has a dry matter content of at least 85

wt.%, more preferably of at least 90 wt.% and most preferably of at least 95 wt.%.

Preferably, the hydrolysed pectic polysaccharide isolate contains at least 10% by weight of
dry mater, more preferably at least 20% by weight of dry matter, even more preferably at
least 40% by weight of dry matter of pectic polysaccharides, said pectic polysaccharides
having an average rhamnose content of at least 4 mol.%, calculated on the total

monosaccharide composition of the pectic polysaccharides.

According to a particularly preferred embodiment, the hydrolysed pectic polysaccharides
have a mass weighted average molecular weight of more than 20 kDa, more preferably of
more than 30 kDa, even more preferably of more than 40 kDa, most preferably of more than
50 kDa.

In a particular embodiment, the hydrolysed pectic polysaccharide isolate contains less than

15 wt.%, less than 10 wt.%, more preferably less than 5 wt.%, most preferably less than 1
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wt.% saccharides (polysaccharides, oligosaccharides, disaccharides and monosaccharides)

having a molecular weight of less than 2.5 kDa.

Preferably, the hydrolysed pectic polysaccharide isolate contains less than 30 wt.%, more
preferably less than 20 wt.%, even more preferably less than 10 wt.% organic substances

having a molecular weight of less than 20 kDa.

Typically, the hydrolysed pectic polysaccharide isolate contains less than 15% by weight of
dry matter, preferably less than 10% by weight of dry matter, more preferably less than 5%
most preferably less than 1% by weight of dry matter of insoluble polysaccharides selected

from cellulose, hemicellulose, lignin and starch.

The protein content of hydrolysed pectic polysaccharide isolate preferably does not exceed
15% by weight of dry matter, more preferably it is in the range of 0.5-10% by weight of dry

matter and most preferably in the range of 1-5% by weight of dry matter.

Preferably, the hydrolysed pectic polysaccharide isolate contains at least 10% by weight of
dry matter, preferably at least 20% by weight of dry matter, more preferably at least 30% by
weight of dry matter of pectic polysaccharides, said pectic polysaccharides having an
average rhamnose content of at least 5 mol.%, more preferably at least 6%, calculated on

the total monosaccharide composition of the pectic polysaccharides.

Typically, the combination of galacturonic acid residues, rhamnose residues, arabinose
residues and galactose residues constitutes at least 50 mol.% of the monosaccharide
residues present in the saccharides that are contained in the hydrolysed pectic
polysaccharide isolate. More preferably this combination constitutes at least 60 mol.%, even
more preferably at least 65 mol.%, yet more preferably at least 70 mol.% and most preferably
at least 75 mol.% of the monosaccharide residues in the saccharides that are contained in

the hydrolysed pectic polysaccharide isolate.

In a particularly preferred embodiment of the hydrolysed pectic polysaccharide isolate, the
combination of galacturonic acid residues and rhamnose residues represents at least 15
mol.%, more preferably 17-70 mol.%, most preferably 18-60 mol.% of the monosaccharide
residues present in the saccharides that are contained in the hydrolysed pectic

polysaccharide isolate.
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Galacturonic acid residues and rhamnose residues are preferably present in the hydrolysed
pectic polysaccharide isolate in a molar ratio of not more than 6:1, more preferably of not
more than 5:1, even more preferably of not more than 4:1, most preferably of not more than
3.5:1.

Rhamnose residues typically represent 5-50%, more preferably 6-45% even more preferably
6.5-40% and most preferably 7-30% of all the monosaccharide residues contained in the

pectic polysaccharides that are present in the hydrolysed pectic polysaccharide isolate.

Galacturonic acid residues typically represent 5-80%, more preferably 8-60% and most
preferably 10-50% of all the monosaccharide residues contained in the pectic

polysaccharides that are present in the hydrolysed pectic polysaccharides isolate.

The pectic polysaccharides in the isolate preferably have a mass weighted average
molecular weight of not more than 800 kDa. More preferably, the pectic polysaccharides
have a mass weighted average molecular weight between 22 kDa and 500 kDa, most
preferably between 25 kDa and 250 kDa.

In a particular embodiment, the pectic polysaccharides in the isolate of the present invention
preferably have an average degree of acetylation of at least 10%, more preferably of 20-
110%, even preferably of 25-100% and most preferably of 30-80%.

In a further particular embodiment, the pectic polysaccharides in the isolate preferably have
an average degree of methylation of not more than 60%, more preferably of not more than
50% and most preferably of 5-30%.

The backbone of the pectic polysaccharides in the isolate can comprise one or more side
chains. These sidechains may contain residues of arabinose and/or galactose, and minor
amounts of residues of the monomers fucose, glucose, glucuronic acid, xylose, and/or uronic
acid. The one or more side chains preferably are selected from galactan side chains,

arabinan side chains and arabinogalactan side chains.

The arabinan side chain comprises at least one or more alpha(1,5)-linked arabinose residues
and is substituted at the 4-OH position of a rhamnose residues in the RG-I domain. The
arabinan side chain may be linear or branched. In case the side chain is linear, the side

chain consists of alpha(1,5)-linked arabinose residues. In case the arabinan side chain is a
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branched side chain, one or more alpha-arabinose residues are linked to the 2-OH and/or 3-

OH of alpha(1,5)-linked arabinoses.

The galactan side chain comprises at least one or more beta(1,4)-linked galactose residues

and is substituted at the 4-OH position of a rhamnose residues in the RG-I domain.

The arabinogalactan side chain is substituted at the 4-OH position of a rhamnose residue in
the RG-I domain and can be a type | arabinogalactan (AGI) or a type |l arabinogalactan
(AGII. AGl is composed of a (1—4)-3-D-Galp backbone on which substitutions by
monomeric Galp units at the O-6 or at the O-3 position can occur. AGl is further substituted
with a-L-Araf-p residues and/or with (1—5)-a-L-Araf short side chains. AGIl is composed of
a(1—3)-B-D-Galp backbone decorated with (1—6)-3-D-Galp secondary chains, which are

arabinosylated.

Arabinose residues typically represent 0-50%, more preferably 3-48% and most preferably 5-
46% of all the monosaccharide residues contained in the pectic polysaccharides that are

present in the hydrolysed pectic polysaccharide isolate.

Galactose residues typically represent 0-50%, more preferably 3-35% and most preferably 5-
25% of all the monosaccharide residues contained in the pectic polysaccharides that are

present in the hydrolysed pectic polysaccharide isolate.

Galactose residues and rhamnose residues are preferably present in the pectic
polysaccharides of the isolate in a molar ratio of less than 4:1, more preferably of less than

3:1, most preferably of less than 2:1.

A third aspect of the invention relates to a process of preparing a product selected from a
nutritional formulation, a food product, a dietary supplement, a beverage or a pharmaceutical
product, said process comprising addition of the hydrolysed pectic polysaccharide isolate
according to the invention in a concentration of at least 0.1% by weight of the dry matter that

is contained in the final product.

The hydrolysed pectic polysaccharide isolate is preferably added in a concentration of at
least 0.2%, more preferably 0.3-95%, most preferably 1-80% by weight of the dry matter that

is contained in the final product.



10

15

20

25

30

35

CA 03079794 2020-04-21

WO 2019/081525 PCT/EP2018/079058
18

The product of the present invention may contain traces of one or more of the pectinases
employed in the method of obtaining the hydrolysed pectic polysaccharide isolate. These

pectinases may be present in the product in active and/or inactive form.

In a particularly preferred embodiment, the pectic polysaccharides of the hydrolysed pectic
polysaccharide isolate represent at least 20 wt.%, more preferably at least 30 wt.%, even
more preferably 60 wt.%, and most preferably at least 80 wt.% of the total amount of pectic

polysaccharides present in the final product.

The invention is further illustrated by the following non-limiting examples.

EXAMPLES

Example 1:
500 kg of dried carrot pomace (proteins 14-15%, carbohydrates 73% (sugars 16-18%,

dietary fiber 55%), ash 3-4%, fat 6-7%) obtained from juice pressing were dispersed in 4500
L of 45°C water, under stirring. 5 kg of enzyme preparation (Pectinex™ Ultra Mash, ex
Novozymes, main activity pectin lyase and polygalacturonase) was added to the mixture
(0.1% of the total 5000L), followed by incubation at 45°C for 2 hours. Incubation was
completed by inactivation of the enzyme (90°C for 30 s), followed by liquid-solid separation in

a decanter.

The liquid so obtained was filtered using a 1 pm filter, to remove aggregates/solids.
Subsequently, the liquid was concentrated to 1/3 of the original volume by ultrafiltration using
a 10 kDa PolyEtherSulfone membrane (Microdyn Nadir; UP010). Next, the retentate was

diluted to the original volume with water and again concentrated to 1/3 of the original volume.

The retentate so obtained was concentrated by evaporation to increase the solid content,

and then spray dried.

Table 1 shows the basic composition of the hydrolysed pectic polysaccharide isolate so

obtained.

Table 1
Carbohydrates | Protein Lipids Moisture Ash Raw fiber
81 6 0.5 6.0 6.0 1.0
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The monosaccharide composition of the isolate was determined using the analytical methods
described in: Analytical Biochemistry Vol. 207, Issue 1, 1992, pg 176 (neutral sugar analysis)
and in Mol. Nutr. Food Res., Vol 61, Issue 1, 2017, 1600243 (uronic acid analysis and

molecular size distribution). Table 2 shows the results.

Table 2
Rha GalA Ara Gal Glc Man Xyl
17 23 33 20 4 0 1
Example 2

2 kg of dried apple pomace (protein 6.5-8%, carbohydrates 71% (sugars 11%, dietary fiber
60%), ash 1.0-1.5%, fat 3.0-4.0%.) was dissolved in 18 kg of water in a 25 L stainless steel
container and placed in a water bath of 45°C. The mixture was stirred continuously in order to
keep insoluble components in dispersion. 20 g of Pectinex™ Ultra Mash was added after the
apple pomace dispersion had reached 45°C. Incubation was continued for 2 hours. After these
2 hours the container was placed in an ice bath. Next, the dispersion was filled in centrifuge
buckets and centrifuged for 5 min at 6000 g. The supernatants were collected in a 25 L
stainless steel container after filtration over a 10 um filter. The container was placed in a water
bath of 98°C. After the dispersion had reached a temperature of 90°C, the mixture was heated
for another 10 min in order to inactivate the enzyme. Next. the mixture was cooled down to

50°C by placing the container in an ice bath.

The pH of the mixture was set to pH 5.0 by adding a 33 % (m/m) NaOH solution. Next, the
mixture was concentrated by a factor 5 and washed with 200% of water over an ultra-
filtration membrane using a LAB20 set-up equipped with 10 kDa PolyEtherSulfone
membrane (Microdyn Nadir; UP010) at 50°C. After ultra-filtration/diafiltration the isolate was

freeze-dried using a lab-scale freeze dryer.

The monosaccharide composition of the isolate is shown in Table 3.

Table 3
Rha GalA Ara Gal Glc Man Xyl
8 18 48 9 10 0 6
Example 3

The dried carrot pomace of Example 1 was dispersed in demineralised water (100 g/l) and
subjected to enzymatic hydrolysis on labscale using 3 different enzymolysis conditions:
1. Pectinex® Yield Mash ex Novozymes (0.2% w/w of total dispersion)

2. Pectinex® Ultra Mash ex Novozymes (0.2% w/w of total dispersion)
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3. Pectinex® Ultra Mash ex Novozymes (0.05% w/w of total dispersion)

Enzymolysis (45°C, 120 minutes) was terminated by heating at 90°C for 10 min, followed by
centrifugation and extensive dialysis of the supernatant using a 10 kDa PolyEtherSulfone
membrane (Microdyn Nadir; UP010).

A reference isolate was produced by introducing the dried carrot pomace in water (100 g/l),
keeping the solution for 120 minutes at a temperature of 90°C, centrifugation, and dialysis of

the supernantant by means of dialysis in the same way as the enzymolysed dispersions.

Example 4
The monosaccharide composition of the non-hydrolysed carrot RG-I polysaccharide of

Example 3 (Reference) and of the enzymatically hydrolysed carrot RG-I polysaccharide of

Example 3 (Samples 1 to 3) was determined in the same way as in Example 1

The results of the monosaccharide analysis are shown in Table 4 (Rha = rhamnose; GalA =

galacturonic acid; Ara = arabinose; Gal = galactose.

Table 4
Sample | Mol.% | Mol.% | Mol.% | Mol.% | [GalA]:[Rha] | [Gal]:[Rha] | [Ara]:[Rha]
Rha GalA Ara Gal
Reference 6 62 14 16 10.3 2.7 2.3
1 10 45 19 23 4.6 2.3 2.0
2 17 35 28 16 2.1 1.0 1.6
3 13 47 23 15 3.7 1.2 1.8
Example 5

The immunomodulating activity of the non-hydrolysed carrot RG-I polysaccharides of

Example 3 (Reference) and of the enzymatically hydrolysed carrot RG-I polysaccharides of

Example 3 (Samples 1 to 3) was determined using a human peripheral blood mononuclear
cells (PBMC) assay.

Immuno modulation assay.

To assess the effect of the polysaccharide materials on immune function they were
incubated with freshly isolated Peripheral Blood Mononuclear Cells (PBMC). In brief, PBMC
were isolated from buffy coats of blood using Ficoll-plaque (Amersham). PBMC (2*10E6
cells/mL) were incubated in RPMI medium (Gibco™ RPMI 1640 Medium) with 300 ug RG-I

polysaccharides for 20 hr (5% CO-, 37°C). Subsequently, supernatants were harvested and

cytokines were measured using a bead array (CBA human inflammation kit, BD-Bioscience)
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measured on a flowcytometer (BD FACSCANTO Il) according to the manufacturer’s
instructions. RPMI was used as negative control and LPS (from E. coli — Sigma L3012-5mG)
as reference to which the results were normalized with LPS as 100%. Data are expressed as
% normalized to the response induced by LPS, averaged over 3 different donors for 4

different cytokines and their sum.

Table 5 shows the results of the immunomodulation assay

Table 5
Sample TNF IL10 IL6 IL1B Sum
Reference 23 6 22 17 69
1 200 68 91 81 441
2 367 106 142 214 828
3 435 124 124 150 832
Example 6

Hydrolysed pectic polysaccharide isolates were prepared from different sources, with and
without pectinase treatment. Powders obtained by grinding and drying of bell pepper, carrot
pomace, apple pomace, citrus pulp, sugar beet pulp, bilberry pomace, red grape pomace,
white grape pomace, chicory pulp, olive pits and olive cake were dispersed in demineralised
water (100 g/L) and subjected to enzymatic hydrolysis on labscale using Rapidase C600 (an
enzyme mix containing pectin lyase, polygalacturonase, pectin esterase, cellulase and
hemicellulase activity, Militz, H. Wood Sci.Technol. (1993) 28: 9) with enzyme

concentration at 1g/100mL of total dispersion, at 45°C, for 120 minutes.

Enzymolysis was terminated by heating at 100°C for 10 min, followed by
centrifugation (18.000 g, 10 min) and extensive dialysis of the supernatant using a
membrane with a 12-14 kDa (Visking, London, UK) cut off.

Reference isolates were produced by introducing the dry powders in water (100 g/L), keeping
the solution for 120 minutes at a temperature of 90°C, centrifugation, and dialysis of the

supernantant by means of dialysis in the same way as the enzymolysed dispersions.

The immunomodulating activity of the isolates produced with and without pectinase treatment
was determined using human peripheral blood mononuclear cells (PBMC) assay at a

concentration of 300 microg/mL as described for Example 3.

Table 6 shows the results of the immunomodulation assay
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Table 6

Source Enzyme TNF IL10 IL6 IL1B Sum
Bell pepper No 53 19 67 80 219
Yes 90 21 75 89 275

Carrot No 23 6 22 38 89
Yes 480 58 85 132 755

Apple pomace No 15 8 21 13 57
Yes 70 26 64 42 202

Citrus pulp No 0 1 4 17 22
Yes 181 37 87 123 428

Sugar beet pulp No 0 0 0 3 3
Yes 4 2 7 20 33

Bilbery pomace No 0 0 2 10 12
Yes 2 1 6 14 23
Red grape No 43 17 47 22 129
Yes 167 54 106 88 415
White grape No 100 20 61 34 215
Yes 108 49 79 51 287
Olive pit No 83 55 86 50 274
Yes 162 87 108 91 448
Olive cake No 51 9 49 19 128
Yes 87 29 77 34 227

Chicory pulp No 24 8 38 12 82
Yes 128 62 94 73 357

The results of the monosaccharide analysis are shown in Table 7 (Rha = rhamnose; GalA =

galacturonic acid; Ara = arabinose; Gal = galactose.
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Table 7

Source Enzyme | Mol% | Mol% | Mol% | Mol% | [GalA]: | [Gal]: | [Ara]:
Rha | GalA | ArA Gal [Rha] [Rha] | [Rha]

Bell pepper No 6 71 8 7 12.1 1.3 1.3

Yes 11 46 8 13 4.3 1.2 0.7

Carrot No 6 62 14 16 10.6 2.8 2.4

Yes 14 47 13 18 3.4 1.3 1.0

Apple pomace No 2 31 33 11 19.9 6.7 21.1

Yes 8 14 46 10 1.8 1.3 6.0

Citrus pulp No 4 39 32 13 9.9 3.3 8.2

Yes 8 30 37 10 3.9 1.3 4.9

Sugar beet pulp No 4 54 32 7 13.1 1.8 7.8

Yes 8 39 36 11 4.7 1.3 4.4

Bilbery pomace No 3 75 8 6 26.8 2.3 2.7

Yes 15 35 20 11 2.4 0.8 1.3

Red grape No 7 32 24 15 4.8 2.3 3.6

Yes 8 19 15 19 2.2 2.2 1.7

White grape No 7 48 15 14 6.8 1.9 2.1

Yes 8 39 11 16 4.7 1.9 1.4

Olive pit No 3 30 14 5 8.9 1.6 4.2

Yes 8 31 8 9 4.1 1.1 1.1

Olive cake No 8 25 29 9 3.2 1.1 3.7

Yes 11 29 24 12 2.7 1.1 2.2

Chicory pulp No 1 68 19 5 68.0 5.0 19.0

Yes 8 35 48 8 4.4 1.1 6.0

Example 7

Example 3 was repeated on different scales, i.e. at 20 liters (sample 1), 5,000 liters (sample

2) and 10,000 litres (sample 3), using the enzyme Pectinex® Ultra Mash ex Novozymes

(conditions: 0.1% w/w of total dispersion, 45°C, 2 hrs, enzyme inactivation: 90°C for 10 min).

In samples 2 and 3, instead of centrifugation, decanting was used to separate the solids from

the liguid. The supernatant was subjected to ultrafiltration, using a 10 kDa membrane, to

remove small molecular components.

The monosaccharide composition of the hydrolysed polysaccharide materials was analysed

in the same way as in Example 1.

The results of the analyses are shown in Table 8.

Table 8
Sample | Mol.% | Mol.% | Mol.% | Mol.% | [GalA]:[Rha] | [Gal]:[Rha] | [Ara]:[Rha]
Rha | GalA Ara Gal
1 17 28 30 22 1.6 1.3 1.7
17 23 33 20 1.4 1.2 2.0
3 15 28 29 19 1.8 1.2 1.9
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The degree of acetylation and methylation was determined as follows: Polysaccharide
samples (2-5mg) were treated with sodium hydroxide (0.1 M, overnight, 20°C). Released
methanol was measured using head-space GC equipped with a DB-WAX ETR column, Cryo
Focus-4 cold trap and FID detection (adapted from Huisman et al., Food Hydrocolloids, 18,
4, 2004, 665-668)

The samples were neutralized (1M HCI) and then the released acetyl was quantified using
HPLC equipped with an Aminex HPX 87H column with guard column and RI detection
(adapted from Voragen et al.Food Hydrocolloids,1, 1, 1986, 65-70). Degree of esterification
is expressed as molar amount of methanol and acetic acid released as percentage of the

amount of uronic acid.

The results of the degree of esterification analyses are shown in Table 9.

Table 9
DM% * DA% * DA:DM
2 16 42 2.6
3 21 36 1.7

! degree of methylation

2 degree of acetylation

Example 8
The immunomodulating activity of the enzymatically hydrolysed carrot RG-I polysaccharides

of Example 7 (Samples 1 to 3) was determined using a human peripheral blood mononuclear

cells (PBMC) assay as described for Example 5. The results are shown in table 10.

Table 10
TNF IL10 IL6 IL1B Sum
1 131 61 105 72 368
2 181 70 124 136 511
3 107 35 97 72 311
Example 9

The hydrolysed polysaccharide material of sample 2 of Example 7 was further hydrolysed,
followed by isolation of a high molecular weight fraction. The polysaccharide material was
dissolved in demineralised water (100 g/l) and subjected to further enzymatic hydrolysis
(Pectinex® Ultra Mash ex Novozymes, 45°C, 14 hours). Enzymolysis was terminated by
heating to 90°C for 10 min.
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A portion of the enzymolysed polysaccharide solutions was subjected to fractionation using
semi-preparative size-exclusion chromatography to produce a fraction containing

polysaccharides having a molecular weight of more than 70 kDa.

The monosaccharide composition of the non-fractionated hydrolysed polysaccharide and of

the isolated high molecular fraction was analysed in the same way as in Example 1.

The results of the analyses are shown in Table 11.

Table 11
Mol.% | Mol.% | Mol.% | Mol.% | [GalA]: | Ara:Rha | Gal:Rha
Rha GalA Ara Gal [Rha]
Non fractionated 23 31 14 19 1.3 0.6 0.8
>70 kDa 15 23 17 38 1.5 1.1 2.5

The immunomodulating activity of the enzymolysed polysaccharide and the high molecular

fraction thereof was determined using the methodology described in Example 5. The results

are shown in Table 12.

Table 12
14 hrs TNF IL10 IL6 IL1B Sum of
enzymolysis All
Non-fractionated 295 95 130 158 678
>70 kDa fraction 302 112 139 174 726

Example 10
Dried and milled pea hulls powder (ex Cosucra, Warcoing, Belgium) was dispersed in

demineralised water (100 g/L) and subjected to enzymatic pre-hydrolysis with a thermostable
alpha-amylase (Megazyme) at 90°C for 30 min and further hydrolysis using pectinase (2 hr
45 °C, 0,2 v/Iv% Pectinex® Ultra Mash, Novozymes). Enzymolysis was terminated by heating
at 100°C for 10 min, followed by centrifugation (18.000 g, 10 min) and extensive dialysis of
the supernatant using a membrane with a 12-14 kDa (Visking, London, UK) cut off. The

material was then lyophilized.

Milled sugar beet pulp powder (ex Suiker Unie, Dinteloord, NL) was processed in the same

way as the pea powder, except that this the a-amylase pre-incubation step was omitted.
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The monosaccharide composition of the isolates was determined using the same method as

in Example 1. The results are shown in Table 13.

Table 13
Sample Mol.% Mol.% Mol.% Mol.% [GalA]: [Gal]: [Ara]:
Rha GalA Ara Gal [Rha] [Rha] [Rha]
Pea 8 57 14 6 71 1.8 0.8
Sugar beet 7 40 45 7 5.7 6.4 1.0
Example 11

Hydrolysed pectic polysaccharide isolates were prepared by dispersing carrot pomace in
water (100 g/L).

Sample 1 was extracted at 90°C for 120 minutes without added enzyme (extract yield:
4.8%)

Sample 2 was extracted by adding Rapidase C600 (an enzyme mix containing pectin lyase,
polygalacturonase, pectin esterase, cellulase and hemicellulase activity, Militz, H.
Wood Sci.Technol. (1993) 28: 9) with enzyme concentration at 1g/100mL of total
dispersion, at 45°C, for 120 minutes. Enzymolysis was terminated by heating
at 100°C for 10 min (extract yield: 5.6%)

Both samples were subsequently centrifugated (18.000 g, 10 min) and the supernatant was
extensively dialysed using a membrane with a 12-14 kDa (Visking, London, UK) cut off. After

ultra-filtration/diafiltration the isolate was freeze-dried using a lab-scale freeze dryer.

The molecular size distribution of Sample 1 and Sample 2, as determined by HPSEC with

refractive index detection, is shown in Figure 3.

The monosaccharide composition of the two samples was analysed using the methodology

described for Example 1. The results of the analyses are shown in Table 14.

Table 14
Mol.% | Mol.% | Mol.% | Mol.% | [GalA]: [Ara]: [Gal]:
Rha GalA Ara Gal [Rha] [Rha] [Rha]
Sample 1 3.7 47.5 8.0 11.5 12.8 3.1 2.2
Sample 2 8.4 34.7 7.3 12.2 4.1 1.5 0.9
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CLAIMS

1. A method of producing a hydrolysed pectic polysaccharide isolate that is enriched in

rhamnogalacturonan-l, said method comprising the steps of:

providing a pectin-rich substrate that has been obtained from plant material without
the use of organic solvent, said pectin-rich substrate containing at least 3% by weight
of dry matter of pectic polysaccharides having a backbone consisting of galacturonic
acid residues and rhamnose residues, the rhamnose residues being contained in a
backbone consisting of galacturonic acid residues and rhamnose residues, said
rhamnose residues being contained in alpha(1—4)-galacturonic-alpha(1—2)-
rhamnose residues;

subjecting the pectin-rich substrate to enzymatic treatment to partially hydrolyse the
pectic polysaccharides, said treatment enzymatic treatment comprising the use of
one or more pectinases selected from pectin lyase (EC4.2.2.10), pectate lyase (EC
4.2.2.2), rhamnogalacturonan galacturonohydrolase (EC 3.2.1.173), endo-
polygalacturonase (EC 3.2.1.15), exopolygalacturonase (EC 3.2.1.67 and EC
3.2.1.82);

subjecting the partially hydrolysed pectic polysaccharides to ultrafiltration using an
ultrafiltration membrane having a molecular weight cut-off in the range of 5 to 100
kDa; and

recovering the ultrafiltration retentate.

2. Method according claim 1, wherein the pectin-rich substrate is selected from pomace,

aqueous extract of pomace, oil cake, aqueous extract of oil cake and combinations

thereof.

3. Method according to claim 1 or 2, wherein the pectin-rich substrate is obtained from one

or more crops selected from fruit, carrot, olive, peas, sugar beet, chicory, soy, sunflower,

rapeseed, maize.

4. Method according to claim 3, wherein the pectin isolate is obtained from citrus, apple,

pear, sugar beet, chicory, carrot.

5. Method according to any one of the preceding claims, wherein the pectin-rich substrate

contains at least 10-80% by weight of dry matter of cellulose material selected from

cellulose, hemi-cellulose and combinations thereof.
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Method according to claim 5, wherein at least 50 wt.% of the pectic polysaccharides
present in the substrate does not dissolve in distilled water at 45°C and pH 5.5 at a pectic

polysaccharide concentration of 1 g/l.

Method according to any one of the preceding claims, wherein after enzymatic treatment
and prior to ultrafiltration an aqueous liquid containing the partially hydrolysed pectic

polysaccharides is subjected to solid-liquid separation.

Method according to any one of claims 1-3, wherein the pectin-rich substrate is a pectin

isolate containing at least 10% by weight of dry matter of pectic polysaccharides.

Method according to any one of the preceding claims, wherein galacturonic acid residues
and rhamnose residues are present in the recovered ultrafiltration retentate in a molar

ratio of not more than 6:1.

Method according to any one of the preceding claims, wherein the pectin-rich substrate is
subjected to enzymatic treatment in the form of an aqueous liquid containing the pectin-

rich substrate and having a dry matter content of 0.5-40 wt.%.

Method according to any one of the preceding claims, wherein the enzymatic treatment is

carried out at a pH in the range of 3.0 to 7.5.

Method according to any one of the preceding claims, wherein the one or more
pectinases are selected from pectin lyase (EC4.2.2.10), pectate lyase (EC 4.2.2.2),
endopolygalacturonase (EC 3.2.1.15) and exopolygalacturonase (EC 3.2.1.67 and EC
3.2.1.82).

Method according to any one of the preceding claims, wherein the pectin-rich substrate is
subjected to enzymatic treatment, said treatment comprising the use of one or more
pectinesterases (EC 3.1.1.11) prior to or simultaneous with the partial hydrolysis using

the one or more pectinases.

Method according to any one of the preceding claims, wherein the partially hydrolysed
pectic polysaccharides are subjected to ultrafiltration using an ultrafiltration membrane

having a molecular weight cut-off in the range of 6-50 kDa.

Method according to any one of the preceding claims, wherein the recovered

ultrafiltration retentate is dried to a water content of less than 15 wt.%.
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16. Method according to any one of the preceding claims, wherein the recovered
ultrafiltration retentate contains at least 20% by weight of dry matter of pectic
polysaccharides, said pectic polysaccharides containing on average at least 4 mol.%
rhamnose residues, calculated on the total monosaccharide composition of the pectic

polysaccharides.

17. A hydrolysed pectic polysaccharide isolate obtained by the method according to any one

of the preceding claims.

18. Hydrolysed pectic polysaccharide isolate according to claim 17, wherein galacturonic acid
residues and rhamnose residues are present in the hydrolysed pectic polysaccharide

isolate in a molar ratio of not more than 6:1.

19. Hydrolysed pectic polysaccharide isolate according to claim 17 or 18, wherein the isolate

contains less than 5 wt.% saccharides having a molecular weight of less than 20 kDa.

20. Hydrolysed pectic polysaccharide isolate according to any one of claims 17-19, wherein
the combination of galacturonic acid residues, rhamnose residues, arabinose residues
and galactose residues constitutes at least 50 mol.% of the monosaccharide residues
present in the saccharides that are contained in the hydrolysed pectic polysaccharide

isolate.

21. A process of preparing a product selected from a nutritional formulation, a food product, a
dietary supplement, a beverage or a pharmaceutical product, said process comprising
addition of the hydrolysed pectic polysaccharide isolate according to any one of claims
17-20 in a concentration of at least 0.1% by weight of the dry matter that is contained in

the final product.
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Fig. 2

Rhamnogalacturonan |

Galactan Arabinogalactan

> D-Galacturonic acid O L-Arabinose ¥ O-Methyl
B -Rhamnose [ D-Galactose ? O-Acetyl
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