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(7) ABSTRACT

The invention relates to a process of recovering galactose
from a solution derived from plant-based biomass. In the
process of the invention, the starting solution is subjected to
one or more chromatographic fractionation steps, which
may carried out with a strongly basic anion exchange resin
and optionally with a strongly acid cation exchange resin, in
any desired sequence, followed by recovering at least one
fraction enriched in galactose. The galactose fraction thus
obtained is further purified by crystallization to obtain
crystalline galactose. The invention also relates to non-
animal derived crystalline D-galactose.
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SEPARATION METHOD

FIELD OF THE INVENTION

[0001] The invention relates to a process of recovering
galactose from a solution containing the same, especially
from plant-based biomass-derived solutions containing
galactose as an admixture with other sugars and carbohy-
drates. The invention also relates to non-animal derived
crystalline galactose, especially plant-based crystalline
D-galactose.

BACKGROUND OF THE INVENTION

[0002] Galactose is a monosaccharide, which is mostly
found in the milk sugar or lactose, where galactose is bound
to glucose. In some sour milk products, lactose has been
decomposed into glucose and galactose.

[0003] Galactose has many applications in the pharma-
ceutical field and in food technology. In the pharmaceutical
field, galactose is useful for example as a pharmaceutical
intermediate for several medicines. Furthermore, galactose
is also useful as a stabilizer in intravenous solutions for
medical use. In food technology, galactose has been found
useful for example as a potential energy source in sports
drinks. Galactose is also useful in cell culture media as a
nutrient or as an inducer in the fermentation.

[0004] Galactose is as a rule obtained by hydrolyzing
lactose (a disaccharide consisting of glucose and galactose),
which is found in dairy products, such as milk. Recently, for
example due to the BSE disease, there is an increased
interest to produce galactose of non-dairy and non-animal
origin.

[0005] British Patent 925 380, Joseph Donelly (published
May 8, 1963) discloses a process based on crystallization for
purifying crude anhydrous (D)(+)-galactose, which has been
produced by the degradation of an oligosaccharide, such as
lactose, melibiose and raffinose. The purification process
comprises dissolving the crude galactose in methyl alcohol
or ethyl alcohol or a mixture thereof with water, removing
the undissolved impurities and recovering galactose from
the solution by crystallization, optionally followed by
recrystallization. The purity of the galactose product has not
been reported.

[0006] WO 99/53088, Deva Processing Services Ltd (pub-
lished 21 Oct. 1999) discloses a process for the production
of galactose from glactose-containing disaccharide or
polysaccharide, such as lactose, by hydrolysis and enzy-
matic treatment. The galactose obtained by this process is
not crystallized. It is recited in the reference that it is
extremely difficult to separate contaminants from galactose
so that galactose with a pharmaceutical grade purity would
be obtained.

[0007] Galactose is rather rare in plant-based materials,
but it has been found in not very abundant amounts in
various plants as a multicomponent mixture with other
sugars and carbohydrates. Galactose has been found for
instance in wood resources, where galactose is present as an
admixture with other carbohydrates and lignin components.
Softwood hemicelluloses are especially rich in galactose.
Galactose has also been found in various natural gums and
pectin-based materials.
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[0008] Wood resources, for example, may thus be poten-
tial sources for the recovery of plant-based galactose. Spent
liquors obtained from acid wood-pulping processes, espe-
cially liquors from softwood pulping processes can be
mentioned as examples of potential starting materials for the
recovery of galactose.

[0009] 1t is known in the state of the art to recover
galactose from various plant-based raw materials using
methods selected for example from extraction, hydrolysis
and treatment with adsorbents and cation and anion
exchangers, followed by crystallization. Chromatographic
methods for the recovery of galactose-containing solutions
from plant-based materials are also known in the state of the
art. However, these chromatographic-methods for the recov-
ery of galactose-containing solutions generally provide
galactose as a mixture with other closely-related sugars.
Galactose has not been recovered from said sugar mixtures.

[0010] EP 1 046 719 Al, Cargill B. V. (published 25 Oct.
2000) recites that rare sugars, for example arabinose, rham-
nose, fucose and mannose are unwanted in galactose prepa-
rations, because the presence of these components will limit
for example the scope of food applications in which the
galactose preparations may be used. The EP publication
discloses a process based on hydrolysis for manufacturing
D-galactose from an oligosaccharide-containing legume
composition which contains D-galactose mainly in chemical
combination with D-glucose and/or D-fructose. The oligo-
saccharide-containing material is typically derived from
soybeans, rapeseeds or sunflower seeds or mixtures thereof.
In the examples, a galactose preparation containing D-ga-
lactose in an amount of 3 to 10% on a dry weight basis was
recovered. In accordance with Example 4 of the reference,
the D-galactose content of the preparation may be increased
by chromatography. The galactose preparation obtained by
the process is not crystallized.

[0011] U.S. Pat. No. 6,451,123 B1, Saska, M., Board of
Supervisors of Louisiana State University of Agricultural
and Mechanical College (published 17 Sep. 2002) discloses
a method of separating a carbohydrate selected from xylose,
mannose, galactose, arabinose, glucose, xylitol, arabitol,
galactitol and mannitol from an aqueous phase comprising
said carbohydrate and at least one other non-identical com-
ponent (a sugar or a sugar alcohol). The aqueous phase from
which the carbohydrates are separated may be a softwood
liquor, a hardwood liquor or a hydrolysate thereof, for
example. It is recited that the separation is carried out using
a strong base anion exchange resin in an anion form, which
is other than hydroxyl form. The resin used for the separa-
tion is conditioned with a sufficient concentration of
hydroxyl ion. In a typical application of the method, a resin
in a chloride form is used. In this process. galactose is not
recovered.

[0012] U.S. Pat. No. 6,451,123 Blmentioned above refers
to mannose/galactose separation with a strong acid cation
selected from Ca**and Pb** (page 2, Table I, lines 65 and
66) disclosed by Caruel H. et al.

[0013] Caruel, H. et. al. have studied carbohydrate sepa-
ration in “Carbohydrate separation by ligand-exhange liquid
chromatography: correlation between the formation of
sugar-cation complexes and the elution order”, J. Chroma-
tography 558(1), pp. 89-104 (1991). It is recited that car-
bohydrate separation (hexoses, pentoses and corresponding
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polyols) was studied by liquid chromatography using ligand
exchange on a strong acid cation-exchange resin column
with water as the eluent. Seven cations (Ca®*, Sr**, Ba**,
Pb+, Y>*, La® and Pr**) were tested.

[0014] U.S. Pat. No. 3,471,329, Laevosan-Gesellschaft
Chem, Pharm Industrie Frank & Dr. Freudl (published Oct.
7, 1969) discloses a process for the separation of different
sugars from a mixture thereof, comprising reacting a cation
exchange resin with hydrazine, and then contacting an
aqueous-alcoholic solution of said mixture of sugars with
the hydrazine-containing cation exchange resin, followed by
washing the sugar-containing resin to fractionate the sugars
and obtain the individual sugars present in said sugar
mixture in the different fractions. The cation exchange resin
may contain highly acid active groups, such as sulphate,
carboxyl or phosphite groups. The separation of fructose and
galactose is disclosed in Example 3 of said reference. It is
also recited in Example 3 that the galactose fractions gave
pure crystallized galactose after crystallization. However,
the feed solution is not a hemicellulose hydrolysate.

[0015] U.S. Pat. No. 5,084,104, Cultor Ltd, Heikkili et al.
(published Jan. 28, 1992) discloses a process for the pro-
duction of a high purity xylose fraction from a xylose-rich
solution further containing other monosacchardes, using
chromatographic fractionation with a strong base anion
exchange resin in sulphate form. Galactose is not recovered
in this process.

[0016] U.S. Pat. No. 4,772,334, Kurcha Kagaku Kogyo
Kabushiki Kaisha (published Sep. 20, 1988) discloses a
process for producing highly pure rhamnose from gum
arabic by hydrolyzing gum arabic with a mineral acid to
form a liquid hydrolysate comprising [.-rhamnose, L-arabi-
nose and D-galactose and subjecting the neutralized and
clarified hydrolysate to strongly cationic ion-exchange chro-
matography to separate D-galactose and L-arabinose from
L-rhamnose using a mixture of water and organic solvent as
an eluant. In the examples, a Na* form resin is used.
Galactose is not recovered.

[0017] U.S. Pat. No. 4,857,642, UOP (published 15 Aug.
1989) discloses a process for separating arabinose from an
aqueous feed mixture containing arabinose and at least one
other monosaccharide from the group consisting of aldoses
and ketoses by contacting the feed mixture with an X-zeolite
adsorbent containing ammonium cations. Said other
monosaccharide is typically selected from glucose, xylose,
galactose and mannose. It is recited that arabinose is selec-
tively absorbed by the X-zeolite adsorbent. Galactose is not
recovered.

[0018] Bollini, M & Galli, R (“Separation and determina-
tion of the sugars of bisulfite liquors”, Stn. Sper. Cellul.,
Carta Fibre Tess. Veg. Artif., Milan, Italy. Ind. Carta (1975),
13(10), 3924) have identified and determined mannose,
glucose, galactose, arabinose, xylose, hexoses and pentoses
in a bisulfite liquor after the separation of lignosulphonates.
The liquor was treated with EtOH, the precipitate centri-
fuged, lignosulphonates separated, purified with cation and
anion exchange resins and subjected to gas chromatographic
and colorimetric determinations.

[0019] Sinner, M., Simatupang, M. H. & Dietrichs, H. H.
(“Automated Quantitative Analysis of Wood Carbohydrates
by Borate Complex Ion Exchange Chromatography”. Wood
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Science and Technology, 1975, pp. 307 to 322) describe a
simple automated analytical method for the separation and
quantitative determination of sugars from acidic and enzy-
matic hydrolysates of wood polysaccharides via borate
complex ion exchange chromatography. The sugars sepa-
rated in this way may include mannose, fructose, arabinose,
galactose, xylose, glucose and disaccharides like xylobiose,
cellobiose and sucrose.

[0020] Guihard, L., Dendene, K. & Bariou, B. (“Sugar
separation by low pressure chromatography”, Lab. GPSA,
ENSCR, Rennes Beaulieu, Fr. Recents Progrés en Genie des
Procédés (1991), 5 (15, Procédés Sep.), 167-72 disclose the
separation of lactose from other milk sugars using AG
50W-X8 cation exchanger. A syrup containing galactose,
lactose and lactulose was first eluted on the resin in Na*
form, eliminating the galactose fraction. The product con-
taining lactose and lactulose was then eluted on the resin in
Ca** form giving lactulose in practically pure form. Galac-
tose is not recovered in this process.

[0021] Indian Patent IN 158940 A, Council of Scientific
and Industrial Research (India), (published 21 Feb. 1987)
discloses a process for the preparation of pure D-galactose
from green Aegle marmelos fruit-gum. In this process, said
fruit material is subjected to two-step hydrolysis with
H,SO,, followed by deionization treatment with Amberlite
IR 120 (H*) and IR-4B (OH"). The product thus obtained is
purified with activated carbon, and the solution is heated to
a temperature of less than 40 ° C. under reduced pressure to
give a syrup. The syrup is treated with 100 ml hot MeOH
and 8-10 ml water, to crystallize D-galactose.

[0022] Ingle, T. R, Kulkarni, V. R, Vaidya. S. H. & Pai, M.
U., Natl. Chem. Lab, Poona, India, Res. Ind. (1976), 21(4).
243-6 disclose a commercial process for the preparation of
D-galactose from cashew nut shells. In this process, the
cashew nutshell material is subjected to aqueous extraction,
hydrolysis with H,SO,, concentration to a syrup, extraction,
decolorization with activated charcoal, concentration and
crystallization, followed by drying and powdering of the
crystalline D-galactose.

[0023] Serdyuk, L. V, Dudkin, M. S., Gerzhov, A. F,
Odess. Tekhnol. Inst. Pishch. Prom. im. Lomonosova,
Odessa, USSR, 1zv. Vyssh. Ucheb. Zaved. Pishch. Tekhnol.
(1974), (2), 28-30 disclose potato as raw material for the
production of concentrated solutions of simple sugars,
induding galactose. It is recited that the hydrolysis of potato
material with 3% H,SO, at 98 to 100 ° C. for 3.5 to 4 hours
yielded a concentrate containing glucose, galactose and
arabinose.

[0024] Kato, Y. et al. disclose an affinity chromatographic
adsorbent for carbohydrate separation in Japanese Patent JP
06201671, Cosmo Sogo Kenkyusho Kk, Cosmo Oil Co Ltd,
(published 22 Jul. 1994). It is recited that the affinity
chromatographic adsorbent is a porous crosslinked copoly-
mer containing alcoholic hydroxyl groups and lectin. It is
also recited that the adsorbent is used in HPLC for the
separation of carbohydrates, especially mannose and galac-
tose.

[0025] Yamane, T. et al. disclose decomposition of raffi-
nose by an enzymatic reaction applied in a factory-process
in Japanese beet sugar factories in Sucr. Belge/Sugar Ind.
Abstr. (1971), 90(7), 345-348. It is recited that raffinose is
decomposed by a-galactosidase into sucrose and galactose.
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[0026] Dugal. H. et al. disclose enzymatic modification of
locust bean and guar gums in IPPTA (1974), 11(1), 29-35.
The effect of time, pH, temperature and enzyme and sub-
strate concentration on the hydrolysis of locust bean gum
and guar gum by a-galactosidase isolated from sprouted guar
seeds was studied and the hydrolyzed gums were charac-
terized by X-ray diffraction and molecular weight determi-
nation. It is recited that the enzymatic hydrolysis of gums
liberated galactose, arabinose and mannose. However, there
is no xylose present in the substances used for the separa-
tion.

[0027] Non-published Finnish Patent Application 2003/
0222021, Danisco Sweeteners Oy discloses a method of
recovering mannose from a solution derived from biomass
by subjecting said solution to a chromatographic separation
process using at least one chromatographic separation resin
which is at least partly in Ba® form and at least one
chromatographic separation resin which is in other than
Ba®* form. The latter resin is a cation exchange resin, where
the cation is preferably Ca®*. The starting biomass-derived
solution typically contains mannose in admixture with other
sugars, such as xylose, galactose, glucose, rharmnose, ara-
binose and fructose. Galactose is not recovered.

[0028] 1t appears from the above description of the prior
art that it is known to prepare galactose-containing solutions
from raw materials based on hemicellulose. However, it has
been found difficult to produce pure crystalline D-galactose,
because it is especially cumbersome to separate galactose
from other sugars, especially from mannose and xylose, but
also from arabinose and rhamnose, when the content of
galactose in the starting solution is low.

[0029] This problem has now been solved in accordance
with the present invention by providing a combination of
chromatographic fractionation and crystallization to obtain
pure crystalline galactose from plant-based hemicellulsose
raw materials.

BRIEF DESCRIPTION OF THE INVENTION

[0030] It is an object of the present invention to provide a
process for recovering galactose from complex plant-based
biomass-derived solutions so as to obtain pure galactose.
The objects of the invention are achieved by a process,
which is characterized by what is stated in the independent
claims. The preferred embodiments of the invention are
disclosed in the dependent claims.

[0031] The invention is based on a combination of chro-
matographic fractionation and crystallization to recover
galactose from plant-based biomass-derived solutions which
include galactose as an admixture with other closely-related
sugars. The chromatographic fractionation provides a frac-
tion enriched in galactose, which is then subjected to crys-
tallization to obtain pure crystalline galactose. In one pre-
ferred embodiment of the invention, the chromatographic
fractionation comprises successive separations using a
strongly basic anion exchange resin in a bisulphite form. In
another preferred embodiment of the invention, the chro-
matographic fractionation comprises separation with a
strongly basic anion exchange resin and separation with a
strongly acid cation exchange resin.

DEFINITIONS RELATING TO THE INVENTION

[0032] In the specification and throughout the examples
and claims, the following definitions have been used:
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[0033] SBA refers to a strongly basic anion exchange
resin.

[0034] SAC refers to a strongly acid cation exchange
resin.

[0035] DVB refers to divinylbenzene.

[0036] ACN refers to acetonitrile.

[0037] DS refers to a dry substance content measured by

Karl Fischer titration, expressed as % by weight.

[0038] RDS refers to a refractometric dry substance con-
tent, expressed as % by weight.

[0039] SMB refers to simulated moving bed process.

[0040] “Galactose fractions” refers to a fraction enriched
in galactose, obtained from chromatographic fractionation.

[0041] “Impurity profile” refers to the impurities and
contents thereof in the final crystalline galactose product.

[0042] “Non-animal derived galactose” refers to non-dairy
galactose and especially galactose, which is not based on a
lactose hydrolyzate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The following drawings are illustrative embodi-
ments of the invention and are not meant to limit the scope
of the invention as defined in the claims in any way.

[0044] FIGS. 1A and 1B are graphical presentations of
the separation profile obtained from Examples 1 and 2
(chromatographic fractionation of a solution based on sul-
phite spent liquor and containing mainly xylose, galactose
and mannose using a strongly basic anion exchange resin in
S0,>~ form).

[0045] FIG. 2 is a graphical presentation of the separation
profile obtained from Example 4 (chromatographic fraction-
ation of a solution containing mainly xylose, mannose,
galactose, glucose and arabinose using a strongly basic
anion exchange resin in SO;>~ form).

[0046] FIG. 3 is a graphical presentation of the separation
profile obtained from Example 5 (chromatographic fraction-
ation of a solution containing mainly xylose, mannose,
galactose and glucose using a strongly basic anion exchange
resin in HSO4™ form).

[0047] FIG. 4 is a graphical presentation of the separation
profile obtained from Example 6 (chromatographic fraction-
ation of a solution containing mainly xylose, mannose,
galactose, glucose and arabinose using a strongly basic
anion exchange resin in CH;COO~ form).

[0048] FIG. 5 is a graphical presentation of the separation
profile obtained from Example 7 (chromatographic-fraction-
ation of a solution containing mainly xylose, galactose and
mannose using a strongly acid cation exchange resin in Ba®*
form).

[0049] FIG. 6 is a graphical presentation of the separation
profile obtained from Example 8 (chromatographic fraction-
ation of a solution containing mainly xylose, galactose and
mannose using a strongly acid cation exchange resin in Pb**
form).

[0050] FIG. 7 is a graphical presentation of the separation
profile obtained from Example 9 (chromatographic fraction-
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ation of a galactose-containing solution based on sulphite
spent liquor obtained from the separation with a strongly
basic anion exchange resin in SO,*~ form, using a strongly
acid cation exchange resin in Ba>* form).

[0051] FIG. 8 is a graphical presentation of the separation
profile obtained from Example 12 (chromatographic frac-
tionation of a gum Arabic hydrolyzate with a weakly acid
cation exchange resin in H* form).

DETAILED DESCRIPTION OF THE
INVENTION

[0052] The invention relates to a process of recovering
galactose from a solution, which is derived from plant-based
biomass. The process of the invention comprises

[0053] subjecting said solution derived from plant-
based biomass to one or more chromatographic
fractionations,

[0054] recovering at least one fraction enriched in
galactose,

[0055] subjecting said at least one fraction enriched
in galactose to crystallization; and

[0056] recovering a plant-based crystalline galactose
product.

[0057] In one embodiment of the invention, said one or
more chromatographic fractionations comprise one or more
chromatographic fractionation steps using a column packing
material selected from strongly basic anion exchange resins.

[0058] Said strongly basic anion exchange resin may be
for instance in SO,* form, SO,*~ form, HSO,~ form or
CH,COO™ form.

[0059] In one preferred embodiment of the invention, said
strongly basic anion exchange resin is in HSO;~ form.

[0060] In one especially preferred embodiment of the
invention, said one or more chromatographic fractionations
comprise two successive chromatographic fractionation
steps using a column filling material selected from strongly
basic anion exchange resins in HSO;~ form.

[0061] In another embodiment of the invention, said one
or more chromatographic fractionations comprise one or
more chromatographic fractionation steps using a column
filling material selected from strongly acid cation exchange
resins.

[0062] Said strongly acid cation exchange resin may be in
a monovalent metal form or in a divalent metal form. In a
preferred embodiment of the invention, the resin is in Ba**,
Pb>*, Ca®** or Sr** form.

[0063] However, even other chromatographic separation
resins, for example weakly acid cation exchange resins are
useful in the present invention used in acidic, neutral or
slightly alkaline conditions for example for the separation of
deoxysugars from galactose.

[0064] In one embodiment of the invention, said one or
more chromatographic fractionations comprises one or more
chromatographic fractionation steps using a column filling
material selected from strongly basic anion exchange resins
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and one or more chromatographic fractionation steps using
a column filling material selected from strongly acid cation
exchange resins.

[0065] Said strongly basic anion exchange resin may be
for instance in SO,*~ form, SO,>~ form, HSO,>~ form or
CH*COO>! form.

[0066] Said strongly acid cation exchange resin may be in
a monovalent metal form or in a divalent metal form. In a
preferred embodiment of the invention, the resin is in Ba**,
Pb?*, Ca®* or Sr** form.

[0067] Said strongly basic anion exchange resins and said
strongly acid cation exchange resins may have a styrene or
acrylic skeleton. In a preferred embodiment of the invention,
the resin is a polystyrene-co-divinylbenzene resin. Other
alkenylaromatic polymer resins like those based on mono-
mers like alkyl-substituted styrene or mixtures thereof can
also be applied. The resin may also be crosslinked with other
suitable aromatic crosslinking monomers, such as divinyl-
toluene, divinylxylene, divinylnaphtalene, divinylbenzene,
or with aliphatic crosslinking monomers, such as isoprene,
ethylene glycol diacrylate, ethylene glycol dimethacrylate,
N,N'-methylene bisacrylamide or mixtures thereof. The
cross-linking degree of the resins is typically from about 1
to about 20%, preferably from about 3 to about 8% of the
cross-linking agent, such as divinyl benzene. The average
particle size of the resin is normally 10 to 2000 um,
preferably 100 to 400 um.

[0068] Said strongly acid cation exchange resin is prefer-
ably a sulphonated polystyrene-co-divinylbenzene resin.

[0069] In a preferred embodiment of the invention, the
resins are gel-type resins.

[0070] Manufacturers of the resins are for example Finex,
Dow, Bayer and Rohm & Haas.

[0071] In the chromatographic fractionation operation, the
cations/anions of the resin are preferably in substantial
equilibrium with the cations/anions of the mobile phase of
the system.

[0072] The eluent used in the chromatographic fraction-
ation is preferably water, but even solutions of salts and
water are useful. Furthermore, alcohols, such as ethanol, and
mixtures of water and alcohol, such as a mixture of water
and ethanol are useful eluents.

[0073] The temperature of the chromatographic fraction-
ation is typically in the range of 20 to 90° C., preferably 40
to 65° C. The pH of the solution to be fractionated is
typically in the range of 2 to 9.

[0074] The chromatographic fractionation may be carried
out as a batch process or a simulated moving bed process
(SMB process). The SMB process is preferably carried out
as a sequential or continuous process.

[0075] In the simulated moving bed process, the chro-
matographic fractionation is typically carried out using 3 to
14 columns connected in series. The columns are connected
with pipelines. Flow rate in the columns is typically 0.5 to
10 m*/(hm?) of the cross-sectional area of the column.
Columns are filled with a column packing material selected
from the resins described above. The columns are provided
with feed lines and product lines so that the feed solution and
the eluent can be fed into the columns and the product
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fractions collected from the columns. The product lines are
provided with on-line instruments so that the quality/quan-
tity of the production flows can be monitored during opera-
tion.

[0076] During the chromatographic SMB separation, the
feed solution is circulated through the columns by means of
purmps. Eluent is added, and the galactose fraction, other
optional product fractions and residual fractions are col-
lected from the columns.

[0077] Before the chromatographic fractionation, the feed
solution may be subjected to one or more pretreatment steps
selected from softening by ion-exchange treatment or car-
bonation, dilution, concentration e.g. by evaporation, pH
adjustment and filtration, for example. Before feeding into
the columns, the feed solution and the eluent are heated to
the fractionation temperature described above (for instance
in the range of 50 to 85° C.).

[0078] The chromatographic fractionation provides a
galactose fraction where galactose is in a solution form. The
galactose fraction obtained from the chromatographic frac-
tionation has a typical purity of more than 38% galactose on
RDS. In one typical embodiment of the invention, the
chromatographic fractionation provides a galactose fraction
having a purity of 38% to 95% galactose on RDS. The yield
of galactose in the chromatographic fractionation is typically
35to 95%.

[0079] The galactose fraction obtained from the chromato-
graphic fractionation typically includes further sugars
selected from xylose, arabinose, rhamnose and mannose as
impurities. The amount of xylose is typically in the range of
1 to 20% and the amount of mannose is typically in the range
of 2 to 40% on RDS.

[0080] To improve the yield of the chromatographic frac-
tionation, recycle fractions of the chromatographic fraction-
ation can also be used.

[0081] The chromatographic fractionation method of the
invention may further comprise one or more purification
steps selected from membrane filtration (microfiltration,
ultrafiltration or nanofiltration), ion exchange, evaporation,
post hydrolysis and filtration. These purification steps may
be carried out before, after or between said chromatographic
fractionation steps.

[0082] The galactose fraction obtained from the chromato-
graphic fractionation is further subjected to crystallization to
obtain a crystalline galactose product. The crystallization is
typically carried out using a solvent selected from water,
alcohol, such as ethanol, and a mixture of water and alcohol,
such as ethanol. In a preferred embodiment of the invention,
the crystallization is carried out with water.

[0083] The crystallization is carried out by evaporating the
galactose solution obtained from the chromatographic frac-
tionation to an appropriate dry substance content (e.g. to an
RDS of about 70 to 80%). The galactose solution may be
seeded with galactose seed crystals. The seeds, if used, are
suspended in a crystallization solvent, which may be water,
an alcohol, such as ethanol, or a mixture thereof. A typical
crystallization solvent is water. After cooling the crystalli-
zation mass, a crystallization solvent, like ethanol may
beadded. The crystallization mass may then be allowed to
stand for a period of time, preferably from 1 to 6 days,
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typically at room temperature, whereafter the crystals are
filtered off. The filtration cake is washed with the crystalli-
zation solvent. Galactose crystals with a high purity are
obtained.

[0084] The crystallization provides crystalline galactose
having a purity of over 90%, preferably over 95% and more
preferably over 98% and most preferably more than 99.5%
on DS. The crystalline galactose product can be further
purified using recrystallization steps even to the purity up to
99.9%.

[0085] The crystallization may be carried out from a
galactose solution having a purity of more than 38% galac-
tose on RDS. In one typical embodiment of the invention,
the crystallization is carried out from a solution having a
purity of 38 to 95% galactose on RDS. The galactose
solution used for the crystallization typically refers to the
galactose fraction obtained from the chromatographic frac-
tionation.

[0086] Inoneembodiment of the invention, galactose may
be crystallized with one crystallization step from a purity of
at least 50% on RDS to obtain crystalline galactose having
a purity of more than 98% on DS.

[0087] The crystallization typically provides crystalline
galactose having a maximum content of glucose of 0.50% on
DS, preferably a maximum content of glucose of 0.30% on
DS.

[0088] The crystallization also provides crystalline galac-
tose having an impurity profile comprising at least one sugar
selected from xylose, arabinose, rhamnose and mannose. In
one embodiment of the invention, the crystallization pro-
vides crystalline galactose, wherein the impurity profile
comprises at least one of said sugars in an amount of 0.03%
on DS or more. In another embodiment of the invention, the
crystallization provides crystalline galactose, where the
impurity profile comprises arabinose and/or mannose in an
amount of 0.03% on DS or more, In a further embodiment
of the invention, the crystallization provides crystalline
galactose having an impurity profile comprising at least one
of said sugars selected from xylose, arabinose, rhamnose
and mannose in an amount of 0.10% on DS or more.

[0089] Said galactose typically refers to D-galactose. Fur-
thermore, glucose refers to D-glucose, xylose refers to
D-xylose, arabinose refers to L-arabinose, mannose refers to
D-mannose and rhamnose refers to L-rhamnose.

[0090] The process of the invention may also comprise
one or more purification steps selected from membrane
filtration, ion exchange, evaporation and filtration carried
out before, after or between said chromatographic fraction-
ation steps.

[0091] The process of the invention may also comprise
partial recovery of other sugars, such as xylose, mannose
and optionally rhamnose. The partial recovery of the other
sugars are typically carried out before the separation of
galactose.

[0092] The process of the invention may further comprise
one or more crystallization steps between said chromato-
graphic fractionation steps. Said one or more crystallization
steps may comprise for example the precipitation crystalli-
zation of xylose. Said precipitation crystallization of xylose
is typically carried out between said chromatographic frac-



US 2005/0033045 Al

tionation with a strongly basic anion exchange resin and said
chromatographic fractionation with a strongly acid cation
exchange resin.

[0093] The starting material for the recovery of galactose
is typically a plant-based mixture containing carbohydrates,
such as monosaccharides. In a typical embodiment of the
invention, said monosaccharides mainly comprise xylose,
galactose, mannose, arabinose, rthamnose and optionally
glucose. The mixture may also contain mono- and disac-
charides and higher saccharides. Especially, the present
invention may be applied to the production of galactose
from solutions containing considerable amounts of xylose
and/or mannose together with galactose.

[0094] The starting material for the recovery of galactose
in accordance with the present invention is derived from
plant-based biomass, typically from hemicellulose-contain-
ing plant-based material, such as wood material selected
softwood or hardwood, grain straw or hulls, corn husks, corn
cops, corn fibers, bagasse and sugar beet. Softwood material
is especially rich in galactose. Hemicellulose-containing
biomass derived from softwood, such as spruce or pine, is
thus especially preferred for use as starting material in the
present invention.

[0095] As other suitable starting materials can be men-
tioned exudate gums, such as gum arabic, gurm tragacanth
and gum ghatti, for example.

[0096] The starting material for the recovery of galactose
is typically a hydrolysate of the above-described hemicel-
lulose-containing biomass. The hydrolysate has been typi-
cally obtained from mild acid hydrolysis or enzymatic
hydrolysis of the biomass. Hexoses, such as glucose may
optionally be removed by fermentation. In a preferred
embodiment of the invention, the starting material is a
plant-based hemicellulose hydrolysate. In another preferred
embodiment of the invention, the starting material is a
plant-based hemicellulsoe hydrolysate containing galactose
and further sugars selected from xylose. In another preferred
embodiment of the invention, the starting material is a
plant-based hemicellulose hydrolysate containing galactose
and further sugars selected from xylose, arabinose and
mannose. Also hemicellulose concentrates and extracts,
such as alkaline extracts are useful starting materials in the
process of the invention.

[0097] The biomass hydrolysate for the recovery of galac-
tose in accordance with the present invention is typically a
spent liquor obtained from a pulping process. The spent
liquor is especially a spent sulphite pulping liquor, which
may be obtained by acid, basic or neutral sulphite pulping,
preferably acid sulphite pulping.

[0098] A typical spent liquor useful in the present inven-
tion is a spent liquor, which is preferably obtained from acid
sulphite pulping. The spent liquor may be obtained directly
from sulphite pulping. It may also a concentrated sulphite
pulping liquor or a side-relief obtained from sulphite cook-
ing. It may also be a galactose-containing fraction chro-
matographically obtained from a sulphite pulping liquor.

[0099] The starting solution containing galactose may be
e.g. a spent sulphite pulping liquor recovered after the
separation of the main part of xylose.

[0100] In one embodiment of the invention, the starting
material may be a side stream obtained after the separation
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of the main part of mannose, said side stream containing
galactose and rests of mannose and xylose. The mannose
separation refers to a process of recovering mannose from
sulphite spent liquor after the recovery of the main part of
xylose and rhamnose.

[0101] Said solution derived from plant-based biomass
typically contains galactose and one or more further sugars
selected from xylose, arabinose, mannose and rhamnose. In
one embodiment of the invention, said solution derived from
plant-based biomass contains galactose and one or more
further sugars selected from arabinose and mannose.

[0102] Said solution used for the recovery of galactose is
typically a plant-based hemicellulose hydrolysate, which
typically contains xylose, galactose and mannose in approxi-
mately equal amounts. However, hardwood hemicellulose
hydrolysate typically contains more xylose than galactose or
mannose. In plant-based hemicellulose hydrolysate, the
galactose content is typically at minimum 5%, preferably
20% and most preferably 40%. The mannose content is
typically 40% or more, preferably 20% and most preferably
5% or more. The xylose content is typically 40% or more,
preferably 20% or more and most preferably 5% or more.

[0103] The invention also relates to plant-based crystalline
D-galactose obtained by the process of the invention. Spe-
cifically, the invention relates to non-animal derived crys-
talline D-galactose. Non-animal derived D-galactose refers
to non-airy D-galactose and especially D-galactose which is
not based on a lactose hydrolyzate.

[0104] Furthermore, the invention relates to plant-based
crystalline D-galactose having a melting point in the range
of 163 to 169° C. and a purity of more than 90%. In one
preferred embodiment of the invention, the invention relates
to crystalline D-galactose derived from plant-based hemi-
cellulose-containing material, which may be wood selected
from softwood or hardwood. The invention also relates to
plant-based crystalline galactose having a purity of more
than 90% on DS, more preferably more than 95% on DS,
even more preferably more than 98% on DS and most
preferably more than 99.5% on DS.

[0105] The invention also relates to plant-based crystalline
D-galactose having a maximum content of D-glucose of
0.50% on DS, preferably a maximum content of D-glucose
of 0.30% DS.

[0106] Furthermore, the invention relates to non-animal
derived crystalline D-galactose having an impurity profile
comprising at least one sugar selected from D-xylose, L-ara-
binose, D-mannose and L-rhamnose. In one embodiment of
this aspect of the invention, the impurity profile comprises
at least one of said sugars in an amount of 0.03% on DS or
more (at least 0.03% on DS). In another embodiment of this
aspect of the invention, the impurity profile comprises
L-arabinose and/or D-mannose in an amount of 0.03% on
DS or more. In a further embodiment of this aspect of the
invention, the impurity profile comprises at least one of said
sugars selected from D-xylose, L-arabinose, D-mannose and
L-rhamnose in an amount of 0.10% on DS or more (at least
0.10% on DS).

[0107] The invention also relates to crystalline non-animal
derived D-galactose, which has an impurity profile compris-
ing D-glucose in an amount of less than 0.50%, preferably
less than 0.30% on DS.
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[0108] The invention also relates to crystalline non-animal
derived D-galactose, which has an impurity profile compris-
ing lactose in an amount of less than 0.10%, preferably less
than 0.03% on DS.

[0109] Furthermore, the invention relates to non-animal
derived D-galactose, which has an impurity profile compris-
ing D-glucose in an amount of less than 0.50% on DS,
lactose in an amount of less than 0.10% on DS and at least
one further sugar selected from D-xylose, L-arabinose,
D-mannose and L-rhamnose. In one embodiment of this
aspect of the invention, the impurity profile comprises at
least one of said sugars selected from D-xylose, L-arabinose,
D-mannose, L-rhamnose and D-lyxose in an amount of
0.03% on DS or more, typically L-arabinose in an amount of
0.03% or more and/or D-mannose in an amount of 0.03% on
DS or more. In another embodiment of the invention, the
impurity profile comprises at least one of said sugars in an
amount of 0.10% on DS or more. In a further embodiment
of the invention, the impurity profile comprises D-glucose in
an amount of less than 0.30% and lactose in an amount of
less than 0.03% on DS.

[0110] In the crystalline D-galactose of the invention, the
sum of individual sugar impurities selected from D-xylose,
L-arabinose, D-mannose and L-rhamnose may be up to 10%
on DS, depending on the purity of the galactose product, The
upper limit for each individual sugar impurity selected from
D-xylose, L-arabinose, D-mannose and L-rhamnose may be
up to 5% on DS, preferably up to 2% on DS, more preferably
up to 1% on DS and even more preferably up to 0.5% on DS,
depending on the purity of the galactose product. The lower
limit for said sugar impurities is that defined in the claims,
i.e. typically 0.03% on DS. However, the lower limit for
example for D-xylose may be even as low as zero, depend-
ing on the purity level of the galactose product.

[0111] The invention also relates to a crystalline galactose
intermediate product having a purity of more than 70%
galactose on DS and including further sugars selected from
xylose,arabinose, rhamnose and mannose in an amount of 2
to 10% on DS.

[0112] The crystalline D-galactose of the invention is
preferably plant-based D-galactose, which is derived from
plant-based biomass, such as a plant-based hemicellulose
hydrolysate or a plant-based hemicellulose extract. In one
preferred embodiment of the invention, the crystalline D-ga-
lactose of the invention is derived from wood.

[0113] The crystalline D-galactose of the invention is
further characterized by a melting point in the range of 163
to 169° C.

[0114] The crystalline D-galactose of the invention which
has the impurity profile described above is preferably
obtained from plant-based biomass by a combination of
chromatographic separation and crystallization described
above.

[0115] The invention also relates to the use of the crys-
talline D-galactose of the invention in pharmaceuticals and
foodstuffs. Especially, the invention relates to the use of the
plant-based crystalline D-galactose as pharmaceutical inter-
mediates and as ingredients in pharmaceuticals, for example
as a stabilizer in intravenous solutions for medical use.

[0116] The invention also relates to the use of the crys-
talline galactose of the invention as an intermediate for the
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preparation of pharmaceutically active ingredients, for
example 2-deoxy-2-ribose, L-deoxythymidine, D-tagatose,
D-fucose and potassium D-lyxonate.

[0117] The invention also relates to the use of the plant-
based crystalline D-galactose of the invention as food ingre-
dients in foodstuffs, for example in sports drinks as a
potential energy source.

[0118] Furthermore, the invention relates to the use of the
plant-based crystalline D-galactose of the invention as an
ingredient in cell culture media, where D-galactose is useful
as a nutrient or an inducer in the fermentation.

[0119] The invention also encompasses pharmaceuticals,
foodstuffs and cell culture media comprising the crystalline
D-galactose of the invention.

[0120] The following examples represent illustrative
embodiments of the invention without limiting the invention
in any way.

EXAMPLE 1

[0121] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Basic Anion Exchange
Resin (SBA resin) in SO,* Form.

[0122] The starting liquor used for the separation of galac-
tose was a galactose-containing side stream separated from
calcium sulphite spent liquor used for the recovery of
xylose. Birch had been used as the raw material for the,
sulphite pulping.

[0123] The solution containing galactose was subjected to
chromatographic separation. The separation was performed
in a pilot scale chromatographic separation column as a
batch process. The column with a diameter of 0.225 m was
filled with a strongly basic anion exchange resin (Finex As
532 GC, 3.5% DVB). The height of the resin bed was 5.3 m.
The average particle size of the resin was 0.35 mm. The resin
was regenerated into sulphate (SO,*7) -form. The tempera-
ture of the column and feed solution and eluent water was
65° C. The flow rate in the column was adjusted to 25 1/h.
The pH of the feed solution was 2.6.

[0124] The feed solution had the following composition
on DS:

[0125]
[0126]

Galactose: 23%
Xylose: 40%
[0127] Mannose: 20%
[0128] Others: 17%.

[0129] The chromatographic separation was carried out as
follows:

[0130] Step 1: The dry substance of the feed solution
was adjusted to 30 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

tep 2: . of preheated teed solution was
0131] Step 2: 12.5 1 of preheated feed soluti
pumped to the top of the resin bed,

[0132] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-xchanged water
to the top of the column.

[0133] Step 4: 50 ml samples of the out-coming solution
were collected at 5 min intervals. The composition of
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the samples was analyzed with HPLC (amino column),
and a mixture of water and ACN was used as the eluent.

[0134] The separation profile is presented in FIG. 1A and
fraction data in Table 1. It can be seen that xylose starts
eluting later than other sugars. Thus with a sulphate-form
strongly basic anion exchange resin galactose can be sepa-
rated from xylose. The pH of the effluent (e.g. the out-
coming solution) was between 3.3-3.6.

TABLE 1

Fraction data from a chromatographic separation test with
an SBA resin in SO,>~ form

Galactose fraction  Xylose fraction

Volume, [ 22 16

Concentration, g/100 ml 8.8 8.2
Galactose, % on DS 40.6 6.8
Mannose, % on DS 29.5 8.5
Xylose, % on DS 9.8 77.8
Galactose yield, % 78.3 8.9
Mannose yield, % 70.1 13.8
Xylose yield, % 12.5 67.8

[0135] The yield is calculated from all the components
eluted from the column.

EXAMPLE 2

[0136] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Basic Anion Exchange
Resin (SBA resin) in SO,>~ Form in an Industrial Scale.

[0137] The starting liquor used for the separation was a
galactose-containing side stream separated from calcium
sulphite spent liquor used for the recovery of xylose. Birch
had been used as the raw material for the sulphite pulping.

[0138] The solution containing galactose was subjected to
chromatographic separation. The separation was performed
in a pilot scale chromatographic separation column as a
batch process. The column with a diameter of 1.0 m was
filled with a strongly basic anion exchange resin (Finex AS
510 GC, 4.0% DVB). The height of the resin bed was
approximately 5.8 m. The average particle size of the resin
was 0.27 mm. The resin was regenerated into sulphate
(SO,*)-form. The temperature of the column and feed
solution and eluent water was 57° C. The flow rate in the
column was adjusted to 495 1/h. The pH of the feed solution
was 2.6.

[0139] The feed solution had the following composition
on DS:

[0140] Galactose: 24%
[0141] Xylose: 44%
[0142] Mannose: 10%
[0143] Arabinose: 1.5%
[0144] Others: 20.5%.

[0145] The chromatographic separation was carried out as
follows:

[0146] Step 1: The dry substance of the feed solution
was adjusted to 30 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.
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[0147] Step 2: 270 1 of preheated feed solution was
pumped to the top of the resin bed.

[0148] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0149] Step 4: Samples of the out-coming solution were
collected at 5 min intervals. The composition of the
samples was analyzed with HPLC (amino column), and
a mixture of water and ACN was used as the eluent.

[0150] The separation profile is presented in FIG. 1B and
fraction data in Table 2. It can be seen that xylose starts
eluting later than other sugars. Thus with a sulphate-form
strongly basic anion exchange resin galactose can be sepa-
rated from xylose. The pH of the effluent (e.g. the out-
coming solution) was between 3.3-3.6.

TABLE 2

Fraction data from a chromatographic separation test with an
SBA resin in SO, form in an industrial scale

Galactose fraction — Xylose fraction

Volume, [ 247 594

Concentration, g/100 ml 8.3 8.4
Galactose, % on RDS 582 6.5
Mannose, % on RDS 17.8 4.7
Xylose, % on RDS 0.2 782
Glucose, % on RDS 7.1 52
Galactose yield, % 53.5 14.6
Mannose yield, % 38.1 24.7
Xylose yield, % 0.1 94.4
Glucose yield, % 22.2 39.9

[0151] The yield is calculated from all the components
eluted from the column.

EXAMPLE 3

[0152] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Basic Anion Exchange
Resin (SBA resin) in SO, Form.

[0153] The starting liquor used for the separation was a
galactose-containing side stream separated from calcium
sulphite spent liquor used for the recovery of xylose. Birch
had been used as the raw material for the sulphite pulping.

[0154] The solution containing galactose was subjected to
chromatographic separation. The separation was performed
in a plant scale chromatographic separation column as a
batch process. The column with a diameter of 2.74 m was
filled with a strongly basic anion exchange resin (Finex AS
510 GC, 4.0% DVB). The height of the resin bed was
approximately 6.4 m, The average particle size of the resin
was 0.27 mm. The resin was regenerated into (SO,>")-form.
The temperature of the column and feed solution and eluent
water was 60° C. The flow rate in the column was adjusted
to 770 1/h. The pH of the feed solution was 2.5-2.8.

[0155] The feed solution had the following composition
on DS:

[0156] Galactose: 23%
[0157] Xylose: 42%
[0158] Mannose: 8.5%
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[0159] Glucose: 7%
[0160] Others: 19.5%.

[0161] The chromatographic separation was carried out as
follows:

[0162] Step 1: The dry substance of the feed solution
was adjusted to 39 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

[0163]

[0164] Step 2: 1890 1 of preheated feed solution was
pumped to the top of the resin bed,

[0165] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0166] Step 4: Samples of the out-coming solution were
collected at 5 min intervals. The composition of the
samples was analyzed with HPLC (amino column), and
a mixture of water and ACN was used as the eluent.

[0167] The fraction data is presented in Table 3. It can be
seen that xylose starts eluting later than other sugars. Thus
with a sulphate-form strongly basic anion exchange resin
galactose can be separated from xylose. The pH of the
effluent (e.g. the outcoming solution) was between 3.3-3.6.

TABLE 3

Fraction data from a chromatographic separation test with
an SBA resin in (SO,%) form

Xylose fraction  Galactose fraction

Volume, [ 4895 2082

Concentration, g/100 ml 8.53 10.0
Galactose, % on RDS 8.4 572
Mannose, % on RDS 5.4 17.5
Xylose, % on RDS 65.8 0.7
Glucose, % on RDS 4.7 11.2
Galactose yield, % 16.2 54.9
Mannose yield, % 24.9 40.3
Xylose yield, % 81.4 0.4
Glucose yield, % 29.3 34.8

EXAMPLE 4

[0168] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Basic Anion Exchange
Resin in SO,>~ Form.

[0169] A solution containing xylose, mannose, galactose,
glucose and arabinose was subjected to chromatographic
separation. The separation was performed in a preparative
scale chromatographic separation column as a batch process.
The column with a diameter of 0.044 m was filled with a
strongly basic anion exchange resin (Zerolite FF, 7-9%
DVB). The height of the resin bed was approximately 84 cm.
The average particle size of the resin was 0.13 mm. The resin
was regenerated into sulphite (SO5>7) -form. The tempera-
ture of the column and feed solution and eluent water was
55° C. The flow rate in the column was adjusted to 3 ml/min.

[0170] The feed solution was a synthetic mixture having
the following composition on DS (corresponding approxi-
mately to the composition of the main sugar components in
hardwood hemicellulose hydrolyzate):
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[0171]
[0172]
[0173]
[0174]
[0175]

Galactose: 10%
Xylose: 60%
Mannose: 10%
Glucose: 10%
Arabinose: 10%.

[0176] The chromatographic separation was carried out as
follows:

[0177] Step 1: The dry substance of the feed solution
was adjusted to 40 g dry substance in 100 ml solution.

[0178] Step 2: 50 ml of feed solution was fed to the top
of the resin bed.

[0179] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0180] Step 4: The out-coming solution was collected as
15 ml samples. The composition of the samples was
analyzed as alditol acetate derivatives with GC equip-
ment; using a packed column and FID-detection.

[0181] The separation profile is presented in FIG. 2.
Mannose, galactose and glucose are eluting from the column
before xylose. Arabinose is eluting after mannose, galactose
and glucose, but before xylose. Thus with a sulphite-form
strongly basic anion exchange resin galactose can be sepa-
rated well from xylose.

EXAMPLE 5

[0182] Chromatographic Separation of a Galactose-con-
talning Solution with a Strongly Basic Anion Exchange
Resin in HSO;~ Form.

[0183] A solution containing xylose, mannose, galactose
and glucose was subjected to chromatographic separation.
The separation was performed in a preparative scale chro-
matographic separation column as a batch process. The
column with a diameter of 0.044 m was filled with a strongly
basic anion exchange resin (Zerolite IP, 3-4% DVB). The
height of the resin bed was approximately 20 cm. The
average particle size of the resin was 0.13 mm. The resin was
regenerated into bisulphite (HSO5™) -form. The temperature
of the column and feed solution and eluent water was 50° C.
The flow rate in the column was adjusted to 1.4-1.6 ml/min.

[0184] The feed solution was a synthetic mixture contain-
ing 68% xylose, 8% mannose, 8% galactose, 8% glucose as
well as other sugars (corresponding approximately to the
composition of hardwood hemicellulose hydrolyzate).

[0185] The chromatographic separation was carried out as
follows:

[0186] Step 1: The dry substance of the feed solution
was adjusted to 35 g dry substance in 100 g solution.

[0187] Step 2: 65 ml of feed solution was fed to the top
of the resin bed.

[0188] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0189] Step 4: The out-coming solution was collected as
10.5 ml samples. The composition of the samples was
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analyzed as silylation derivatives with GC equipment;
using a packed column and FID-detection.

[0190] The separation profile is presented in FIG. 3.
Glucose elutes first and then mannose and galactose are
eluting from the column before xylose. Thus with a bisul-
phite strongly basic anion exchange resin galactose can be
separated well from xylose and glucose.

EXAMPLE 6

[0191] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Basic Anion Exchange
Resin in CH;COO™ Form.

[0192] A solution containing xylose, mannose, galactose,
glucose and arabinose was subjected to a chromatographic
separation. The separation was performed in a preparative
scale chromatographic separation column as a batch process.
The column with a diameter of 0.044 m was filled with a
strongly basic anion exchange resin (Zerolite FF, 3-5%
DVB). The height of the resin bed was approximately 84 cm.
The average particle size of the resin was 0.13 mm. The resin
was regenerated into acetate (CH;COO™) -form. The tem-
perature of the column and feed solution and eluent water
was 55° C. The flow rate in the column was adjusted to 4.1
ml/min.

[0193] The feed solution was a synthetic mixture having
the following composition on DS (corresponding approxi-
mately to the composition of hardwood hemicellulose
hydrolysate):

[0194]
[0195]
[0196]
[0197]
[0198]

[0199] The chromatographic separation was carried out as
follows:

[0200] Step 1: The dry substance of the feed solution
was adjusted to 38.8 g dry substance in 100 ml solution.

[0201] Step 2: 51.5 ml of feed solution was fed to the
top of the resin bed.

Galactose: 10%
Xylose: 60%
Mannose: 10%
Glucose: 10%
Arabinose: 10%.

[0202] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0203] Step 4: The out-coming solution was collected as
20.5 ml samples. The composition of the samples was
analyzed as alditol acetate derivatives with GC equip-
ment; using a packed column and FID-detection.

[0204] The separation profile is presented in FIG. 4.
Galactose elutes first and then mannose, glucose and arabi-
nose are eluting from the column before xylose. Thus with
an acetate-form strongly basic anion exchange resin galac-
tose can be separated well from xylose.

EXAMPLE 7

[0205] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Acid Cation Exchange
Resin in Ba** Form.
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[0206] A solution containing galactose was subjected to
chromatographic separation. The separation was performed
in a plant scale chromatographic separation column as a
batch process. The column with a diameter of 2.74 m was
filled with a strongly acid cation exchange resin (Finex CS
08 GC, 4.0% DVB) that was in Ba®* form. The height of the
resin bed was approximately 6.8 m. The average particle size
of the resin was 0.3 mm. The temperature of the column and
feed solution and eluent water was 68 to 70° C. The flow rate
in the column was adjusted to 0.69 m/h. The pH of the feed
solution was approximately 3.0.

[0207] The feed solution had the following composition

on DS:
[0208] Galactose: 17%
[0209] Xylose: 29%
[0210] Mannose: 22%
[0211] Others: 32%.

[0212] The chromatographic separation was carried out as
follows:

[0213] Step 1: The dry substance of the feed solution
was adjusted to 35 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

[0214] Step 2: 1890 1 of preheated feed solution was
pumped to the top of the resin bed.

[0215] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0216] Step 4: Samples of the out-coming solution were
collected at 5 min intervals. The composition of the
samples was analyzed with HPLC (amino column), and
a mixture of water and ACN was used as the eluent.

[0217] The separation profile is presented in FIG. 5.
Mannose starts eluting later than other sugars. Thus with a
barium-form strongly acidic cation exchange resin galactose
and xylose can be separated from mannose.

EXAMPLE 8

[0218] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Acid Cation Exchange
Resin in Pb** Form.

[0219] A solution containing galactose was subjected to
chromatographic separation. The separation was performed
in a pilot scale chromatographic separation column as a
batch process. The column with a diameter of 0.1 m was
filled with a strongly acidic cation exchange resin (Finex CA
16.GC, 8.0% DVB) that was in Pb>* form. The height of the
resin bed was approximately 1.2 m. The average particle size
of the resin was 0.35 mm. The temperature of the column
and feed solution and eluent water was 65° C. The flow rate
in the column was adjusted to 50 ml/min. The pH of the feed
solution was 2.6.

[0220] The feed solution had the following composition
on DS:

[0221] Galactose: 23%
[0222] Xylose: 40%
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[0223] Mannose: 20%
[0224] Others: 17%.

[0225] The chromatographic separation was carried out as
follows:

[0226] Step 1: The dry substance of the feed921 solu-
tion was adjusted to 30 g dry substance in 100 g
solution according to the refractive index (RI) of the
solution.

[0227] Step 2: 800 ml of preheated feed solution was
pumped to the top of the resin bed.

[0228] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0229] Step 4: 50 mlsamples of the out-coming solution
were collected at 3 min intervals. The composition of
the samples was analyzed with HPLC (amino column),
and a mixture of water and ACN was used as the eluent.

[0230] The separation profile is presented in FIG. 6.
Mannose starts eluting later than other sugars. Thus with a
lead-form strongly acid cation exchange resin galactose and
xylose can be separated from mannose. The pH of the
effluent (e.g. the out-coming solution) was between 3 and 4.

EXAMPLE 9

[0231] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Acid Cation Exchange
Resin in Ba** Form.

[0232] The starting liquor used for the separation of galac-
tose was a galactose-containing side stream separated from
a sulphate-form SBA separation made in accordance with.
Example 1. The solution-containing galactose was subjected
to chromatographic separation. The separation was per-
formed in a pilot scale chromatographic separation column
as a batch process. A column with a diameter of 0.01 m was
filled with a strongly acid cation exchange resin (Korela
V06, 4% DVB) in Ba®* form. The height of the resin bed
was approximately 1.6 m. The average particle size of the
resin was 0.25 mm. The temperature of the column and the
feed solution and eluent water was 65° C. The flow rate in
the column was adjusted to 50 ml/min. The pH of the feed
solution as approximately 2.7.

[0233] The feed solution (from the separation with a SBA
resin in SO,>~ form) had the following composition (based
on DS):

[0234] Galactose: 58%
[0235] Xylose: 1%
[0236] Mannose: 18%.

[0237] The chromatographic separation was carried out as
follows:

[0238] Step 1: The dry substance of the feed solution
was adjusted to 25 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

[0239] Step 2: 600 ml preheated solution was pumped
to the top of the resin bed.
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[0240] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0241] Step 4: Samples of the out-coming solution were
collected at 5 min intervals. The composition of the
samples was analyzed with HPLC (amino column), and
a mixture of water and ACN was used as the eluent.

[0242] The separation profile is presented in FIG. 7.
Mannose starts eluting later than other sugars. Thus with a
strongly acid cation exchange resin in Ba** form, galactose
and xylose can be separated from mannose.

EXAMPLE 10

[0243] Chromatographic Separation of a Galactose-con-
taining Solution with a Strongly Acid Cation Exchange
Resin in Ba** Form.

[0244] The starting liquor used for the separation was a
galactose-containing side stream separated from Ca®* based
sulphite spent liquor used for the recovery of xylose. Birch
had been used as the raw material for the sulphite pulping.

[0245] The solution containing galactose was subjected to
chromatographic separation The separation was performed
in a plant scale chromatographic separation column as a
batch process. The column with a diameter of 2.74 m was
filled with a strongly basic anion exchange resin (Finex CS
08 GC, 40% DVB). The height of the resin bed was
approximately 6.8 m. The average particle size of the resin
was 0.3 mm. The resin was regenerated into barium (Ba**)
-form. The temperature of the column and feed solution and
eluent water was 68° C. The flow rate in the column was
adjusted to 690 1/h. The pH of the feed solution was 2.5-2.8.

[0246] The feed solution had the following composition
on DS:

[0247]
[0248]
[0249]

Galactose: 47%
Xylose: 3%
Mannose: 17%
[0250] Glucose, 11%
[0251] Others: 22%.

[0252] The chromatographic separation was carried out as
follows:

[0253] Step 1: The dry substance of the feed solution
was adjusted to 35 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

[0254] Step 2: 1740 1 of preheated feed solution was
pumped to the top of the resin bed.

[0255] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0256] Step 4: Samples of the out-coming solution were
collected based on the fraction cuts. The composition of
the samples was analyzed with HPLC (amino column),
a mixture of water and ACN was used as the eluent.

[0257] Fraction data is shown in Table 4. Mannose starts
eluting later than other sugars. Thus with a barium-form
strongly acidic cation exchange resin galactose and xylose
can be separated from mannose, The pH of the effluent (e.g.
the out-coming solution) was between 3.3-3.6.
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TABLE 4

Fraction data from a chromatographic separation
test with a SAC resin in Ba®* form

Galactose fraction

Volume, [ 3013

Concentration, g/100 ml 13.2
Galactose, % on RDS 66.9
Mannose, % on RDS 11.0
Xylose, % on RDS 4.3
Glucose, % on RDS 9.0
Galactose yield, % 69.6
Mannose yield, % 30.6
Xylose yield, % 76.5
Glucose yield, % 47.7

[0258] The yield is calculated from all the components
eluted from the column.

EXAMPLE 11

[0259] Crystallization of Galactose
[0260] (1) Crystallization of the First Crystal Crop

[0261] 32.0 kg of a galactose syrup obtained from one
chromatographic separation with a SAC (Ba®*)-form resin
and two chromatographic separations with an SBA (SO,
)-form resin and having DS of 35% and a galactose content
0f 53% on DS, based on the refractometric dry solids content
(RDS) of pure galactose, was concentrated by evaporation to
RDS of 72% and moved to a 10-liter cooling crystallizer at
a temperature of 65° C. Seeding was made to the galactose
syrup with 0.05% galactose seed crystals on DS.

[0262] The mass was cooled down from a temperature of
60° C. to a temperature of 20° C. The crystallization cake
was recovered after 40 hours from seeding by centrifuging,
whereby a cake purity of 92.1% on DS was obtained. The
centrifuging result corresponds to a 29% dry substance
yield. The crystal size was 200 . . . 300 um.

[0263] (2) Purification Crystallization

[0264] 1873 g of galactose crystals from the first crop
crystallization were dissolved to water. Galactose syrup
having a DS of 18% was evaporated to as RDS of 64% and
moved to a 2-liter reaction vessel at a temperature of 60° C.
Seeding was made to the galactose syrup with 0.02% seeds
on DS.

[0265] The mass was cooled down from a temperature of
60° C. to a temperature of 20° C. The crystallization cake
was recovered after 40 hours from seeding by centrifuging,
whereby a cake purity over 99.5% on DS was obtained. The
centrifuging result corresponds to a 66% dry substance
yield. The crystal size was 300 . . . 500 um. Crystals were
dried in an oven at a temperature of 60° C. for 12 hours. The
crystal water content was analyzed to be 0.1%.

[0266] (3) Product Crystallization of Galactose

[0267] 5200 kg of a galactose syrup obtained from chro-
matographic separation with a SAC (Ba®*)form resin, an
SBA (SO,*")-form resin and a SAC (Ba*")-form resin and
having DS of 30% and a galactose content of 64% on DS,
was evaporated to DS of 72% and moved to 2000 liter
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cooling crystallizer at 68° C. Seeding (at 68° C., a DS of
73%) was made to the boiling syrup with 0.05% galactose
seed crystals on DS.

[0268] The mass was cooled down from a temperature of
68° C. to a temperature of 28° C. After 60 hours from
seeding, the centrifuging gave a crystal cake purity of 98.3%
on DS. The centrifuging result corresponds to a 31% dry
substance yield. The crystal size was 100 . . . 200 um.
Crystals were dried in a rotary vacuum dryer at a tempera-
ture of 70° C. for 12 hours. The moisture content of the
crystals was analyzed to be 0.13%.

EXAMPLE 12

[0269] Chromatographic Fractionation of a Gum Arabic
Hydrolyzate with a Weakly Acid Cation Exchange Resin
(WAC resin) in H* Form and Crystallization of Galactose
From the Galactose Fraction

[0270] The feed solution for the separation was a gum
arabic hydrolyzate prepared from Gum Arabic Seyal. The
hydrolyzate, which mainly contained arabinose, galactose
and rhamnose, had been neutralized with Ca(OH), and
NaOH and filtered with diatomaceous earth.

The feed solution had the following composition (% on RDS):

Arabinose 37.8
Galactose 16.9
Rhamnose 2.4
Others 42.9

[0271] The solution having the composition presented
above was subjected to chromatographic separation. The
separation was performed in a pilot scale chromatographic
separation column as a batch process. The column with a
diameter of 0.2 m was filled with a weakly acid caton
exchange resin (Finex CA 16 GC, 8% DVB). The height of
the resin bed was approximately 15.8 m. The average
particle size of the resin was 0.308 mm. The resin was
regenerated into hydrogen (H*) form with 5% HCI. The
temperature of the column, the feed solution and the eluent
water was 60° C. The flow rate in the column was adjusted
to 60 I/h. The pH of the feed solution was 4.

[0272] The chromatographic separation was carried out as
follows:

[0273] Step 1: The dry substance of the feed solution
was adjusted to 45 g dry substance in 100 g solution
according to the refractive index (RI) of the solution.

[0274] Step 2: 28 1 of preheated feed solution was
pumped to the top of the resin bed.

[0275] Step 3: The feed solution was eluted downwards
in the column by feeding preheated ion-exchanged
water to the top of the column.

[0276] Step 4.5 ml samples of the out-coming solution
were collected at 5 min intervals. The composition of
the samples was analyzed with HPLC equipment pro-
vided with a refractive index detector and an Na* SAC
column (water was used as the eluent).

[0277] The separation profile is presented in FIG. 8 and
fraction data in Table 5, Elubon begins with salts and poly-,
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oligo- and disaccharides, followed by the elution of
monosaccharides in the order galactose, arabinose and
rhamnose. Since galactose elutes earlier than the others,
galactose and arabinose can thus be separated from gum
arabic matrix with a weakly acid cation exchange resin in
acidic conditions. For example, galactose and arabinose
fractions presented in the following table may be collected
in addition to residual fractions. The yield of a component in
a fraction is presented in relation to the total amount of that
component in all out-coming fractions, calculated from the
analysis of the elution profile samples.

TABLE 5

Fraction data from a chromatographic separation test with
a WAC resin in H* form

Galactose fraction Arabinose fraction

Volume, [ 22 65
Concentration, g/100 ml 4.7 11.1
Composition, % on RDS

Arabinose 5 70
Galactose 66 24
Rhamnose 0 4
Others 29 2
Yield, %

Arabinose 1 99
Galactose 28 71

[0278] The pH of the effluent (i.e. the out-coming solu-
tion) was 2.7 to 4.6.

[0279] Galactose is crystallized from the galactose frac-
tion having a galactose content of ;% on DS as follows:

[0280] The galactose fraction obtained above is evapo-
rated to RDS of 72% and moved to a 10-liter cooling
crystallizer at a temperature of 70° C. Seeding (at 70° C., an
RDS of 72%) is made to a boiling syrup with 0.05%
galactose seed crystals on DS.

[0281] The mass is cooled down from the temperature of
70° C. to a temperature of 20° C. The galactose crystals are
separated after 50 hours from seeding by centrifugation. The
yield of galactose is about 65%.

[0282] The crystals of the first crystal crop thus obtained
are dissolved in water to obtain a galactose syrup having a
DS of 18%. The syrup is evaporated to an RDS of 63% and
moved to a 2-liter reaction vessel at a temperature of 70° C.
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Seeding (at 70° C., an RDS of 63%) is made to a boiling
syrup with 0.02% seeds on DS.

[0283] The mass is cooled down from the temperature of
70° C. to a temperature of 20° C. The galactose crystals are
separated after 40 hours from seeding by centrifugation. The
galactose crystals thus obtained are dried in an oven at a
temperature of 60° C. for 12 hours. The galactose yield is
about 65%.

EXAMPLE 13

[0284] Comparative Analysis of the Monosaccharide
(sugar) Impurities of the Crystalline D-galactose of the
Invention and Commercial Galactose Samples

[0285] Samples of crystalline D-galactose of the invention
(based on calcium sulphite spent liquor) as well as samples
of comparative commercial mannose crystals were sub-
jected to monosaccharide assay. The monosaccharides
(D-galactose as well the impurities D-xylose, L-arabinose,
L-rhamnose and D-mannose) were determined by HPLC
(Dionex), anion exchange column (PA1) and electrochemi-
cal detector (PED). D-glucose was determined by HPLC,
Pb-column and refractometric detector. The analysis results
are presented in Table 6.

[0286] In Table 6, samples 1, 2, 3 and 4 represent crys-
talline D-galactose of the invention. Sample 1 was obtained
by chromatographic fractionation in accordance with
Example 2 (SBA resin in SO,*~ form) followed by crystal-
lization in accordance with Example 11(3). Sample 2 was
obtained by chromatographic fractionation in accordance
with Example 2 (SBA resin in SO,>~ form) followed by
crystallization in accordance with Example 11(2). Samples
3 and 4 were obtained by chromatographic fractionation in
accordance with Examples 3 and 10 (separation with an
SBA resin in SO,*~ form and separation with a SAC resin
in Ba** form) followed by similar crystallization in accor-
dance with example 11(2).

[0287] Comparison galactose samples were samples of
commercial D-galactose manufactured by Sigma and BDH.

[0288] Furthermore, an additional sample of the invention
(sample 5) was subjected to monosaccharide assay with
HPLC, amino column and refractometric detector. Sample 5
was obtained by chromatographic fractionation in accor-
dance with Examples 3 and 10 (separation with an SBA resin
in SO,>~ form and separation with a SAC resin in Ba®*
form) followed by similar crystallization in accordance with
Example 11(1). The results are presented in Table 7.

TABLE 6

Content of monosaccharide impurities of galactose crystal samples (% on DS)

Galactose samples D-Galactose L-Fucose L-Rhamnose L-Arabinose D-Mannose D-Glucose D-Xylose
Sample 1 98.3 <0.01 0.03 0.40 0.22 0.35 —
Sample 2 99.5 <0.01 <0.01 0.29 0.05 0.25 —
Sample 3 98.5 — 0.08 0.18 0.23 0.23 0.17
Sample 4 975 — 0.10 0.18 0.32 0.22 0.19
Sigma G-0625, lot 042K0130 953 <0.01 — — <0.01 0.62 —
BDH, lot 1353890 82.3 0.04 — <0.01 — 1.46 —
Sigma G-6404, lot 73H02713 94.6 <0.01 <0.01 — — 0.60 —
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[0289]

TABLE 7
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Content of monosaccharide impurities of galactose crystal samples (% on DS)

Galactose sample ~ D-Galactose L-Rhamnose L-Fucose D-Xylose L-Arabinose D-Fructose D-Mannose
Sample 5 94.3 0.37 0.06 0.33 0.28 0.03 0.95
[0290] 1t will be obvious to a person skilled in the art that, 12. A process as claimed in claim 1, wherein the crystal-

as the technology advances, the inventive concept can be
implemented in various ways. The invention and its embodi-
ments are not limited to the examples described above but
may vary within the scope of the claims.

1. A process of recovering galactose from a solution,
which is derived from plant-based biomass, comprising

subjecting said solution to one or more chromatographic
fractionations,

recovering at least one fraction enriched in galactose,

subjecting said at least one fraction enriched in galactose
to crystallization, and

recovering a plant-based crystalline galactose product.

2. A process as claimed in claim 1, wherein said one or
more chromatographic fractionations comprise one or more
chromatographic fractionation steps using a column filling
material selected from strongly basic anion exchange resins.

3. Aprocess as claimed in claim 2, wherein the ion form
of said strongly basic anion exchange resin is selected from
S0,*, S0,*7, HSO,~ and Ch,COO".

4. A process as claimed in claim 2, wherein said one or
more chromatographic fractionations comprise one or more
chromatographic fractionation steps using a column filling
material selected from strongly basic anion exchange resins
in HSO;~ form.

5. A process as claimed in claim 4, wherein said one or
more chromatographic fractionations comprise two chro-
matographic fractionation steps with a resin in HSO;~ form.

6. A process as claimed in claim 1, wherein said one or
more chromatographic fractionations comprise one or more
chromatographic fractionation steps using a column filling
material selected from strongly acid cation exchange resins.

7. A process as claimed in claim 6, wherein the ion form
of said strongly acid cation exchange resin is selected from
Ba?*, Pb?*, Ca* and Sr>*.

8. A process as claimed in claim 1, wherein said one or
more chromatographic fractionations comprise one or more
chromatographic fractionation steps using a column filling
material selected from strongly basic anion exchange resins
and one or more chromatographic fractionation steps using
a column filling material selected from strongly acid cation
exchange resins, in any desired sequence.

9. A process as claimed in claim 1, wherein the chromato-
graphic fractionation provides a galactose fraction having a
purity of more than 38% galactose on RDS.

10. A process as claimed in claim 1, wherein the chro-
matographic fractionation provides a galactose fraction hav-
ing a purity of 38 to 95% galactose on RDS.

11. A process as claimed in claim 1, wherein the chro-
matographic fractionation provides a yield of galactose of 35
to 95%.

lization is carried out using a solvent selected from water
and a mixture of water and alcohol as the crystallization
solvent.

13. A process as claimed in claim 12, wherein the crys-
tallization solvent is a mixture of ethanol and water.

14. A process as claimed in claim 12, wherein the crys-
tallization solvent is water.

15. A process as claimed in claim 1, wherein said crys-
tallization is carried out from a galactose solution having a
purity of more than 38% galactose on RDS.

16. A process as claimed in claim 1, wherein said crys-
tallization of galactose is carried out from a galactose
solution having a purity of 38 to 95% galactose on RDS.

17. A process as claimed in claim 1, wherein the crystal-
lization provides a crystalline galactose product having a
purity of more than 90% galactose on DS.

18. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having a purity of
more than 95% on DS.

19. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having a purity of
more than 98% on DS.

20. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having a purity of
more than 99.5% on DS.

21. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having a maximum
content of D-glucose of 0.50% on DS.

22. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having a maximum
content of D-glucose of 0.30%.

23. A process as claimed in claim 1, wherein the crystal-
lization provides crystalline galactose having an impurity
profile comprising at least one sugar selected from xylose,
arabinose, rhamnose and mannose.

24. A process as claimed in claim 23, wherein the crys-
tallization provides crystalline galactose, where the impurity
profile comprises at least one of said sugars in an amount of
0.03% on DS or more.

25. A process as claimed in claim 24, wherein the crys-
tallization provides crystalline galactose, where the impurity
profile comprises arabinose in an amount of 0.03% on DS or
more.

26. A process as claimed in claim 24, wherein the crys-
tallization provides crystalline galactose, where the impurity
profile comprises mannose in an amount of 0.03% on DS or
more.

27. A process as claimed in claim 23, wherein the crys-
tallization provides crystalline galactose, where the impurity
profile comprises at least one of said sugars in an amount of
0.10% or more.

28. A process as claimed in claim 1, wherein the process
further comprises one or more purification steps selected
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from membrane filtration, ion exchange, evaporation and
filtration carried out before, after or between said chromato-
graphic fractionation step/steps.

29. A process as claimed in claim 1, wherein the process
further comprises crystallization between said chromato-
graphic fractionation steps.

30. A process as claimed in claim 29, wherein said
crystallization comprises precipitation crystallization of
xylose.

31. A process as claimed in claim 1, wherein said solution
derived from plant-based biomass is selected from a plant-
based hemicellulose hydrolysate and a plant-based hemicel-
lulose extract.

32. A process as claimed in claim 31, wherein said
plant-based hemicellulose hydrolysate is hydrolysate
derived from wood material.

33. A process as claimed in claim 31, wherein said
plant-based hemicellulose hydrolysate is a hydrolysate
derived from softwood or hardwood.

34. A process as claimed in claim 1, wherein said soluton
derived from plant-based biomass is a spent liquor obtained
from a pulping process.

35. A process as claimed in claim 34, wherein said spent
liquor obtained from a pulping process is a spent sulphite
pulping liquor.

36. A process as claimed in claim 35, wherein said spent
sulphite pulping liquor is a spent sulphite pulping liquor
recovered after the separation of the main part of xylose.

37. A process as claimed in claim 1, wherein said solution
derived from plant-based biomass contains galactose and
one or more further sugars selected from xylose, arabinose,
mannose and rhamnose.

38. A process as claimed in claim 1, wherein said solution
derived from plant-based biomass contains galactose and
one or more further sugars selected from arabinose and
mannose.

39. A process as claimed in claim 1, wherein said galac-
tose is D-galactose.

40. A process as claimed in claim 23 or 37, wherein said
xylose is D-xylose, said arabinose is L-arabinose, said
mannose is D-mannose and said rhamnose is L-rhamnose.

41. Crystalline plant-based D-galactose product obtained
in accordance with claim 1.

42. Crystalline plant-based. non-animal derived D-galac-
tose having a melting point in the range of 163 to 169° C.
and a purity of more than 90% on DS.

43. Crystalline D-galactose as claimed in claim 42, which
is derived from plant-based biomass containing galactose
and one or more further sugars selected from xylose, ara-
binose, mannose and rhamnose.

44. Crystalline D-galactose as claimed in claim 43, which
is derived from plant-based biomass containing galactose
and one or more further sugars selected from arabinose and
mannose.

45. Crystalline D-galactose as claimed in claim 42
derived from hemicellulose-containing material.

46. Crystalline D-galactose as claimed in claim 45
derived from wood.

47. Crystalline D-galactose as claimed in claim 46
derived from softwood or hardwood.

48. Crystalline D-galactose as claimed in claim 42 having
a purity of more than 95% on DS.

49. Crystalline D-galactose as claimed in claim 48 having
a purity of more than 98% on DS.
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50. Crystalline D-galactose as claimed in claim 49 having
a purity of more than 99.5% on DS.

51. Crystalline non-animal derived D-galactose, which
has an impurity profile comprising at least one sugar
selected from D-xylose, L-arabinose, D-mannose and
L-rhamnose.

52. Crystalline D-galactose as claimed in claim 51,
wherein the impurity profile comprises at least one of said
sugars in an amount of 0.03% on DS or more.

53. Crystalline D-galactose as claimed in claim 52,
wherein the impurity profile comprises L-arabinose in an
amount of 0.03% on DS or more.

54. Crystalline D-galactose as claimed in claim 52,
wherein the impurity profile comprises at D-mannose in an
amount of 0.03% on DS or more.

55. Crystalline D-galactose as claimed in claim 51,
wherein the impurity profile comprises at least one of said
sugars selected from D-xylose, L-arabinose, D-mannose and
L-rhamnose in an amount of 0.10% on DS or more.

56. Crystalline non-animal derived D-galactose, which
has an impurity profile comprising D-glucose in an amount
of less than 0.50% on DS.

57. Crystalline D-galactose as claimed in claim 56,
wherein the impurity profile comprises D-glucose in an
amount of less than 0.30% on DS.

58. Crystalline non-animal derived D-galactose, which
has an impurity profile comprising lactose in an amount of
less than 0.10% on DS.

59. Crystalline D-galactose as claimed in claim 58,
wherein the impurity profile comprises lactose in an amount
of less than 0.03% on DS.

60. Crystalline non-animal derived D-galactose, which
has an impurity profile comprising D-glucose in an amount
of less than 0.50% on DS, lactose in an amount of less than
0.10% on DS and at least one further sugar selected from
D-xylose, L-arabinose, D-mannose and L-rhamnose.

61. Crystalline D-galactose as claimed in claim 60,
wherein the impurity profile comprises at least one of said
sugars selected from D-xylose, L-arabinose, D-mannose and
L-rhamnose in an amount of 0.03% on DS or more.

62. Crystalline D-galactose as claimed in claim 60,
wherein the impurity profile comprises L-arabinose in an
amount of 0.03% on DS or more.

63. Crystalline D-galactose as claimed in claim 60,
wherein the impurity profile comprises D-mannose in an
amount of 0.03% on DS or more.

64. Crystalline D-galactose as claimed in claim 60,
wherein the impurity profile comprises glucose in an amount
of less than 0.30%.

65. Crystalline D-galactose as claimed in claim 60,
wherein the impurity profile comprises lactose in an amount
of less than 0.03%.

66. Crystalline D-galactose as claimed in any one of
claims 51, 56, 58 and 60, which is plant-based D-galactose.

67. Crystalline D-galactose as claimed in claim 66, which
is derived from plant-based biomass.

68. Crystalline D-galactose as claimed in claim 66, which
is derived from a plant-based hemicellulose hydrolysate.

69. Crystalline D-galactose as claimed in claim 66, which
is derived from a plant-based hemicellulose extract.

70. Crystalline D-galactose as claimed in claim 66, which
is derived from wood.

71. Crystalline D-galactose as claimed in claim 65,
wherein the wood is selected from softwood and hardwood.
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72. Crystalline D-galactose as claimed in any one of
claims 51, 56, 58 and 60, which has a melting point in the
range of 163 to 169° C.

73. Pharmaceutical intermediate comprising crystalline
D-galactose as claimed in any one of claims 41, 42, 51, 56,
58 and 60 for the preparation of pharmaceutically active
ingredients.

74. Pharmaceutical comprising crystalline D-galactose as
claimed in any one of claims 41, 42, 51, 56, 58 and 60.

75. Pharmaceutical for intravenous solutions, comprising

crystalline D-galactose as claimed in any one of claims 41,
42, 51, 56, 58 and 60.
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76. Foodstuff comprising crystalline D-galactose as
claimed in any one of claims 41, 42, 51, 56, 58 and 60.

77. Foodstuff as claimed in claim 76, which is selected
from sports drinks.

78. Cell culture medium comprising crystalline D-galac-
tose as claimed in any one of claims 41, 42, 51, 56, 58 and
60.

79. Crystalline galactose intermediate product having a
purity of more than 70% galactose on DS and including
further sugars selected from xylose, arabinose, rhamnose
and mannose in an amount of 2 to 10% on DS.
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