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PROCESS FOR MAKING L-FUCOSE

CROSS-REFERENCE TO RELATED PATENT APPLICATION
1] This specification claims priority to European Patent Application 19152810.8
filed January 21, 2019. The entire text of European Patent Application 19152810.8 is

incorporated by reference into this specification.

FIELD
2] This specification relates to the field of sugar separation technology, and, more
particularly, to a process for preparing fucose from a human milk oligosaccharide (“HMO™)

comprising a fucose moiety, as well as L-fucose compositions prepared by such a process.

BACKGROUND

3] Fucose is found in a wide variety of natural products from many different
sources, both in D- and L-form. Interest in L-fucose has recently increased because of its
potential in the medical field in treating various disease conditions, such as tumours,
inflammatory conditions and disorders relating to the human immune system. L-fucose also has
applications in the cosmetic field, for instance as a skin moisturising agent.

(4] In accordance with Merck Index, Twelfth Edition, 1996, crystalline L-fucose has
a melting point of 140°C and an optical rotation of -75.6°.

[5] L-fucose has been recovered from natural sources and synthesized enzymatically,
chemically or microbiologically. Known synthesis processes include multi-step processes with
undesirably low L-fucose yields.

[6] L-fucose is, for instance, a moiety in several human milk oligosaccharides.

7] Fucose also is associated with various plant polysaccharides, which are often
highly branched structures having L-fucopyranosyl units either at the ends of or within the
polysaccharide chains. In some cases, even methylated fucopyranosyl units occur in plant
polysaccharides. L-fucose or methylated L-fucopyranosyl units occur in, for example, the cell
walls of potato, cassava tuber and kiwi fruit, in the seed polysaccharides of soybean and in
winged bean varieties and canola. Seaweed polysaccharides, found in the intercellular mucilage,
form complex structures and are often composed of sulphated L-fucose polymers, named
fucoidan.

[8] Extracellular polysaccharides from various bacteria, fungi and micro-algae also

contain L-fucose.
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9] Efficient separation of L-fucose with a desirable high purity has been
challenging.

[10] US 9,902,984, Glycom A/S, "Fermentative production of oligosaccharides™
discusses a process of making a mixture of 2°-FL and DFL, which can be subjected to hydrolysis
initiated by an acid or mediated by a fucosidase to produce fucose.

[11] EP 1664352, DuPont Nutrition Biosciences ApS, “Separation of sugars™
discusses a process of separating and recovering deoxy sugars from a biomass-derived solution.
Several chromatographic separation steps are required to obtain an L-fucose fraction in
sufficient purity to enable crystallization of L-fucose. It also discusses a crystallization process
to produce high purity crystalline L-fucose from a solution containing galactose at less than 1%
on DS.

[12] EP 0102535, Hoechst Aktiengesellschaft, “Verfahren zur Herstellung von
Rhamnose oder Fucose™ discusses a process for making rhamnose or fucose from extracellular
polysaccharides.

[13] EP 2825545, Inalco S.R.L., “Process for the recovery of L-fucose from
exopolysaccharides™ discusses isolating L-Fucose from exopolysaccharides obtained by
fermentative process.

[14] WO02012/034996, Inalco S.p.A., “Process for production of L-fucose™ discusses a
process for making L-fucose by hydrolysis of a polysaccharide produced by a fermentation
process effected by an isolated microbial strain.

[15] WO 2018/180727, Yaizu Suisankagaku Industry, “Process for producing fucose-
containing composition, and process for producing food and drink, cosmetic, toiletry goods,
quasi-drug, and pharmaceutical containing fucose-containing composiiion” discusses a multiple
step process for making fucose from polysaccharides. Crystalline fucose is reportedly obtained.

[16] Saari et al. (Journal of Liquid Chromatography & Related Technologies, 32:14,
2050-2064, 2009) discusses a process for making L-fucose from hemicellulose hydrolysates.

[17] The various known processes for producing and purifying L-fucose can, for
example, be undesirably laborious. Consequently, there is an ongoing need for improved L-

fucose manufacturing processes.

SUMMARY
[18] Briefly, this specification generally discloses a process for making fucose. It has
been found that this process can be useful to address various disadvantages of prior known

processes for making L-fucose.
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[19] In particular, this specification discloses, in part, a process for making L-fucose.
The process comprises hydrolyzing a human milk oligosaccharide, which contains one or more
L- fucose moieties in its structure. This hydrolysis forms a hydrolysate comprising fucose,
lactose, galactose and glucose. The hydrolysate, in turn, is subjected to one or more purification
steps comprising chromatographic separation and/or nanofiltration. A fucose-enriched fraction is
recovered from the purification, which, in turn, is subjected to spray-drying and/or
crystallization to form a purified fucose solid.

[20]  This specification also discloses, in part, a crystalline or spray-dried L-fucose
product obtained from the above process.

[21]  The process generally comprises, for example, a combination of selective
hydrolysis, fractionation by chromatography or nanofiltration (or a fractionation by a
combination of chromatography and nanofiltration), and crystallization and/or spray-drying to
make an L-fucose product from an HMO containing one or more L-fucose moieties in its
structure.

[22] The specification provides a versatile process for making fucose from HMOs,
such as 2’-fucosyllactose, 3-fucosyllactose and/or difucosyllactose. In HMOs fucose generally
exist in the L-form. The process of this specification is based on the selective hydrolysis of the
HMO containing an L-fucose moiety, use of chromatographic fractionation and/or
nanofiltration. After the chromatographic separation or nanofiltration, the fraction enriched in L-
fucose may be further crystallized or spray-dried, and particularly crystallized to obtain L-fucose
with high purity. Membrane filtration, like nanofiltration, can, for example, be used at any stage
of the process to increase the purity where needed.

[23] With the chromatographic process of this specification, for example an L-fucose
fraction having a purity of from 60 to 98% (and typically from 80 to 95% or more) can generally
be recovered in one chromatographic fractionation step. With the nanofiltration process of this
specification, for example, an L-fucose permeate having a purity of from 50 to 90% (typically
from 60 to 80% or more) generally can be obtained.

[24] It has been found that crystallization following chromatographic separation
and/or nanofiltration, as disclosed in this specification, can provide an L-fucose product having a
purity of up to 99%, or greater, and a melting point of at least 140°C.

[25] In some embodiments, the crystallization of L-fucose is carried out on a solution
comprising a high galactose content of from 1 to 15%/DS, at high temperature. The

crystallization process disclosed in this specification generally provides an industrially,
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economically and environmentally feasible crystallization process to produce high purity
crystalline L-fucose regardless of excess of galactose.

[26] In some embodiments, the crystallization solvent is water with no organic solvent
being added or required. L-fucose crystallization from an aqueous solution can provide a
solvent-free crystalline L-fucose product. This can be particularly useful for making fucose for
medical applications.

[27] Tt has been found L-fucose can generally be made from high-purity from HMOs,
such as 2’ -fucosyllactose (2°-FL), 3-fucosyllactose (3-FL) and difucosyllactose (LDFT). In
some embodiments, side streams of an HMO downstream purification process can be used as a
raw material to make the L-fucose. In some embodiments, the whole process for the recovery of
L-fucose is carried out in an aqueous solution without the use of an organic solvent. The
process, therefore, may be carried out with fewer process steps than various known processes for
recovering L-fucose. Absence of an organic solvent also means, for example, less chemicals are
generally used to make the high purity L-fucose.

[28] The process of this specification also provides a crystalline L-fucose with high
purity. The crystallization of L-fucose may be carried out from the L-fucose-containing fraction
obtained from the chromatography or membrane filtration. In some embodiments, the
crystallization of L-fucose comprises a crystallization from water (and without any organic
solvent) resulting in crystalline L-fucose with a high purity and with a high yield. Thus, this
process generally can be beneficial as a sustainable and economic L-fucose production process.

[29] Further benefits of the teachings of this specification will be apparent to one

skilled in the art from reading this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[30] Figure 1 is a graphical presentation of the elution profile according to Example
19 (chromatographic fractionation of 2°-FL crystallization mother liquor hydrolysate with a
strong acid cation exchange resin in Na* form).

[31] Figure 2 is a microscopic image of the crystal mass of Example 25 after 38 hr
from seeding from crystallization at high temperature of from 75 to 44°C, 40-fold magnification
representing large crystal size and cubic crystal habit. Typically, the ratio of the largest and the
second largest dimension is between 1 and 2.

[32] Figure 3 is a microscopic image of the crystal mass of Example 26 after 41 hr

from seeding from crystallization at low temperature of from 55 to 25°C, 40-fold magnification
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representing small crystal size and needlelike crystal habit. Typically, the ratio of the largest and

the second largest dimension is between 2 and 5.

DETAILED DESCRIPTION

[33] This detailed description is intended only to acquaint others skilled in the art with
Applicant’s invention, its principles, and its practical application so that others skilled in the art
may adapt and apply the invention in its numerous forms, as they may be best suited to the
requirements of a particular use. This detailed description and its specific examples, while
indicating certain embodiments, are intended for purposes of illustration only. This
specification, therefore, is not limited to the described embodiments, and may be variously
modified.

[34] The process of this specification may comprise, for example, a combination of (i)
selective hydrolysis, (ii) fractionation by chromatography and/or membrane filtration, and (iii)
crystallization and/or spray-drying to make L-fucose from an HMO containing one or more L-
fucose moieties in its structure. Using a process of this specification, it has been found L-fucose
can be manufactured at industrial scale in high yield and high purity from starting material
containing 2’-fucosyllactose (2°-FL), 3-fucosyllactose (3-FL) and/or difucosyllactose (LDFT)
without laborious and costly purification steps of other processes. In some embodiments, the
whole process for making L-fucose is carried out in an aqueous solution without the use of an
organic solvent.

[35] The starting material may be selected from, for example, liquor originating from
fermentation containing 2°-FL, 3-FL and/or LDFT; 2’-FL, 3-FL and/or LDFT crystalline or
spray dried product; purified 2°-FL, 3-FL and/or LDFT syrup; 2°-FL, 3-FL and/or LDFT

crystallization mother liquor; and/or other solutions containing fucosylated lactoses.

Feed materials

[36] A starting material in a process of this specification comprises an HMO, which
comprises one or more L-fucose moieties in its structure. The starting material may be, for
example, a solution derived from a fermentation containing 2°-FL, 3-FL and/or LDFT; 2°-FL, 3-
FL and/or LDFT crystalline or spray-dried product; purified 2°-FL, 3-FL and/or LDFT syrup;
and/or 2°-FL, 3°-FL and/or LDFT crystallization mother liquor. The starting material may also
be, for example, an intermediate product (in the form of, for example, a syrup or spray-dried
product) or side stream from an HMO manufacturing process, such as a side stream from a 2’-

FL, 3-FL and/or LDFT manufacturing process. In addition to the HMO comprising one or more
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L-fucose moieties in its structure, the starting material may comprise, for example, lactose, L-
fucose and one or more other oligosaccharides (each of which may also be, for example, an

HMO comprising one or more L-fucose moieties in its structure).

Purities and yields

[37] In some embodiments, the L-fucose yield from the HMO hydrolysis is more than
50% relative to the theoretical L-fucose yield based on the starting material. In some
embodiments, the L-fucose yield from the hydrolysis is more than 60% relative to the theoretical
L-fucose yield based on the starting material. In some embodiments, the L-fucose yield from the
hydrolysis is more than 70% relative to the theoretical L-fucose yield based on the starting
material. In some embodiments, the L-fucose yield from the hydrolysis is more than 75%
relative to the theoretical L-fucose yield based on the starting material. In some embodiments,
the L-fucose vield from the hydrolysis is more than 80% relative to the theoretical 1-fucose yield
based on the starting material.

[38] In addition to the forming L-fucose, the HMO hydrolysis generally forms lactose,
which, in turn, can further hydrolyze to glucose and galactose. In general, the hydrolysis is
conducted under conditions that selectively minimize the amount of lactose hydrolyzed to
glucose and galactose. In some embodiments, the galactose and glucose yields from the
hydrolysis are less than 20% based on the lactose that could potentially be formed during the
hydrolysis (and, in turn, be hydrolyzed into glucose and galactose). In some embodiments, the
galactose and glucose yields from the hydrolysis are less than 15% based on the lactose that
could potentially be formed during the hydrolysis. In some embodiments, the galactose and
glucose yields from the hydrolysis are less than 12% based on the lactose that could potentially
be formed during the hydrolysis. In some embodiments, the galactose and glucose yields from
the process are less than 10% based on the lactose that could potentially be formed during the
hydrolysis.

[39] In some embodiments wherein chromatographic separation is used, the L-fucose
fraction recovered from the chromatographic separation has a purity of more than 65% on DS.
In some embodiments, the L-fucose fraction recovered from the chromatographic separation has
a purity of more than 70% on DS. In some embodiments, the L-fucose fraction recovered from
the chromatographic separation has a purity of more than 80% on DS. In some embodiments, the
L-fucose fraction recovered from the chromatographic separation has a purity of more than 90%
on DS. In some embodiments, the process provides an L-fucose yield of more than 70%. In

some embodiments, the chromatographic separation provides an L-fucose vield of more than
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80%. In some embodiments, the chromatographic separation provides an L-fucose yield of at
least 90%.

[40] In some embodiments wherein nanofiltration is used, the yield of L-fucose from
the nanofiltration is more than 70% based on L-fucose present in the hydrolysate. In some
embodiments, the yield of L-fucose in the nanofiltration is more than 80% based on the fucose
present in the hydrolysate. In some embodiments, the yield of L-fucose in the nanofiltration is
more than 90% based on the fucose present in the hydrolysate. In some embodiments, L-fucose
content in the purified sugar syrup (permeate) is more than 50% on DS. In some embodiments,
L-fucose content in the purified sugar syrup (permeate) is more than 60% on DS. In some
embodiments, L-fucose content in the purified sugar syrup (permeate) is more than 70% on DS.
In some embodiments, L-fucose content in the purified sugar syrup (permeate) is more than 80%
on DS.

[41] In some embodiments, the crystallization provides crystalline L-fucose having a
purity of more than 90%. In some embodiments, the crystallization provides crystalline L-fucose
having a purity of more than 95%. In some embodiments, the crystallization provides crystalline
L-fucose having a purity of more than 99%. In some embodiments, the crystallization process
provides an L-fucose yield of more than 30%. In some embodiments, the crystallization process
provides an L-fucose yield of more than 40%. In some embodiments, the crystallization process
provides an L-fucose yield of more than 50%. In some embodiments, the crystallization process

provides an L-fucose yield of more than 60%.

Hydrolysis

[42] During the hydrolysis, the starting material is hydrolyzed to release L-fucose in
monomeric form in high yield without substantially hydrolyzing lactose. In some embodiments,
the hydrolysis step is carried out as a selective hydrolysis by adjusting the hydrolysis conditions
(temperature, pH and hydrolysis time) so that an optimal release of L-fucose in relation to
galactose and glucose and other sugars is achieved using an acid, enzyme or strong acid cation
ion exchange resin in H*-ion form. Selective hydrolysis provides a mixture where 2°-FL, 3-FL
and/or LDFT is hydrolyzed mainly to L-fucose and lactose, and the lactose is not substantially
further hydrolyzed. The minimization of lactose hydrolysis generally facilitates, for example, the
subsequent chromatographic separation and nanofiltration steps.

[43] In some embodiments, with selective hydrolysis, the galactose and glucose yields
are less than 20% (based on the potential lactose that could be formed from the starting material,

and, thus, further hydrolyzed to glucose and galactose). In some embodiments, with selective
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hydrolysis, the galactose and glucose yields are less than 15% (based on the potential lactose
that could be formed from the starting material, and, thus, further hydrolyzed to glucose and
galactose). In some embodiments, with selective hydrolysis, the galactose and glucose yields are
less than 12% (based on the potential lactose that could be formed from the starting material,
and, thus, further hydrolyzed to glucose and galactose). In some embodiments, with selective
hydrolysis, the galactose and glucose yields are less than 10% (based on the potential lactose
that could be formed from the starting material, and, thus, further hydrolyzed to glucose and
galactose). Potential lactose refers to lactose that would be formed if the hydrolysis of the HMO
in the starting material would be complete. It should be understood that, for selective hydrolysis,
conditions are generally controlled in such a way that the hydrolysis of the HMO in the starting
material is not complete.

[44] In some embodiments, L-fucose yield from the selective hydrolysis is more than
75% of the theoretical yield based on the starting material. And, in some such embodiments, the
galactose and glucose yields are less than 12% (based on the potential lactose that could be
formed from the starting material and, thus, further hydrolyzed to glucose and galactose). In
some embodiments, L-fucose yield from the selective hydrolysis is more than 80% of the
theoretical yield based on the starting material. And, in some such embodiments, the galactose
and glucose yields are less than 10% (based on the potential lactose that could be formed from
the starting material, and, thus, further hydrolyzed to glucose and galactose).

[45] In some embodiments, the selective hydrolysis is conducted at a pH that favors a
high L-fucose yield, while also minimizing the amount of galactose and glucose formed. In
some embodiments, the hydrolysis is performed (at least partly, or, alternatively, entirely) at a
pH of from 1.0 to 3.0; or, alternatively, at a pH of from 1.0 to 2.0; or, alternatively, at a pH of
from 1.5 to 2.0; or, alternatively, at a pH of from 1.5 to 1.75. pH is generally selected to suit
with the temperature and duration of the acid hydrolysis.

[46] In some embodiments, a pH of about 2.0 is used during the hydrolysis, and the
resulting L-fucose yield from L-fucose moieties in the starting solution is more than 50% of the
theoretical yield and the resulting glucose and galactose yields from the lactose is less than 5%
of the theoretical yield. In some embodiments, a pH of about 1.75 is used during the hydrolysis,
and resulting the L-fucose yield from L-fucose moieties present in the starting solution is more
than 70% of theoretical yield and the resulting glucose and galactose yields are less than 5% out
of theoretical yield. In some embodiments, a pH of about 1.5 is used during the hydrolysis, and
the resulting L-fucose yield from L-fucose moieties in the starting solution is more than 80% of

theoretical yield and the resulting glucose and galactose yields from the lactose are less than
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15% of the theoretical yield. In some embodiments, a pH of about 1.0 is used during the
hydrolysis, and the resulting L-fucose yield from L-fucose moieties present in the starting
solution is more than 80% out of theoretical yield and the resulting glucose and galactose yields
from lactose are less than 40% of the theoretical yield.

[47] Selective hydrolysis with an enzyme may be effected with a suitable enzyme that
hydrolyzes a target linkage. Fucosidase can release L-fucose from 2°-FL, 3-FL and/or LDFT
very selectively to a mixture of L-fucose and lactose. Enzymes having 1,2-a-L-fucosidase
activity and 1,3/4-a-L-fucosidase activity are examples of generally suitable enzymes to produce
monomeric L-fucose. In some embodiments, the enzyme dose used is from 5 to 10 [U/g of
HMO. The enzymatic hydrolysis is performed at a temperature selected based on enzyme
stability, typically at temperatures of from 40 to 70°C. In some embodiments, the enzymatic
hydrolysis is continued for from 3 to 48 hr; or, alternatively, from 3 to 16 hr. In some
embodiments, the enzymatic hydrolysis is performed at a temperature of from 35 to 45°C for 24
hr. The temperature and duration of the enzymatic hydrolysis is selected according to, for
example, the enzyme dose used and enzyme stability.

[48] Hydrolysis of 2°-FL, 3-FL and/or LDFT may also be performed by treating the
solution with strong acid cation (SAC) ion exchange resin in H*-ion form. Ion exchange resin
treatment can be done in a column. In some embodiments, the hydrolysis using ion exchange
resin is carried out at a dry solids content of about 30% /DS. In some embodiments, the
hydrolysis using ion exchange resin is carried out at a dry solids content of about 40% /DS. In
some embodiments, the hydrolysis using ion exchange resin is carried out at a dry solids content
of about 45% /DS. In some embodiments, the hydrolysis using SAC resin in H*-ion form is
performed at a feed pH of from 2.5 to 7.0. In some embodiments, the hydrolysis using SAC H*
resin is performed at a temperature of 60°C; or, alternatively, 70°C; or, alternatively, 75°C; or,
alternatively, 80°C. In some embodiments, the flow rate in the hydrolysis using SAC H+ resin is
from 0.1 to 10 BV/h; or, alternatively, from 0.1 to 5 BV/h; or, alternatively, from 0.2 to 2.0
BV/h. In some embodiments, the flow rate is 0.1 BV/h; or, alternatively, 0.2 BV/h; or,
alternatively, 0.25 BV/h; or, alternatively, 0.5 BV/h; or, alternatively, 1.0 BV/h; or,
alternatively, 2.0 BV/h. Hydrolysis degree using SAC (H+) column depends on, for example,
the feed solution contact time with the SAC (H+) resin, temperature, feed solution cation type
and concentration, and feed solution pH.

[49] In some embodiments, the hydrolysis using SAC H" ion exchange resin is
performed at a temperature of from 60 to 100°C (or, alternatively, from 70 to 80°C); a pH of
from 2.5 to 7.0; and a flow rate of from 0.1 to 2.0 BV/h (or, alternatively, from 0.2 to 1.0 BV/h).
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[S0] The hydrolysis is typically carried out as acid hydrolysis with an inorganic acid,
such as, for example, sulphuric acid, sulphurous acid or hydrochloric acid; or with an organic
acid, such as, for example, acetic acid, formic acid or oxalic acid.

[S1] In some embodiments, the acid hydrolysis temperature is from 70 to 140°C (or,
alternatively, from 80 to 110°C), and the hydrolysis time is from 0.5 to 6 hr. In some
embodiments, the acid hydrolysis is typically carried out at a pH of from 0.5 to 2.5; or,
alternatively, from 1.0 to 2.0; or, alternatively, from 1.5 to 1.75. In some embodiments, the acid
hydrolysis is carried out at a temperature of from 90 to 100°C and pH of from 1.1 to 2.0, and the
hydrolysis is continued for from 1 to 3 hr. In some embodiments, the amount of acid used for the
hydrolysis is from 0.2 to 0.6%/DS of 100% acid.

[S2] The amount of the acid used in the selective hydrolysis generally depends on the
hydrolysis temperature: a lower temperature tends to require a greater amount of acid and/or a
longer reaction time, and a greater temperature tends to require a lower amount of acid and/or a
shorter reaction time. When pure solutions are used, there is practically no buffer in the solution
and only a small amount of acid is generally needed. In some embodiments, acid hydrolysis is
carried out at a pH of from 1.0 to 2.0 at temperature of from 85 to 96°C for from 2 to 4 hr. In
some embodiments, acid hydrolysis is carried out at a pH of from 1.5 to 1.75 and temperature of
from 85 to 95°C for from 2 to 4 hr. In some embodiments, acid hydrolysis is carried out at a pH
of from 1.4 to 1.5 and a temperature of from 88 to 96°C for 100 min. In some embodiments, the
acid hydrolysis is carried out at a pH 1.5 to 1.75 and a temperature of from 85 to 96°C for from
about 2 to 4 hr.

[S3] In some embodiments, the dry substance content of the hydrolysate is from 10 to
70% by weight; or, alternatively, from 20 to 65% by weight; or, alternatively, from 40 to 60%
by weight.

[S4] In some embodiments, the hydrolysis conditions are typically selected so that
more than 50% (or, alternatively, more than 60%; or, alternatively, more than 70%; or,
alternatively, more than 80%) out of theoretical L-fucose yield of the 2°-FL, 3-FL. and/or LDFT
present in the starting material is hydrolysed into monomeric L-fucose.

[S5] In some embodiments, the hydrolysis conditions are selected so as to obtain a
hydrolysate in which the content of L-fucose is at least 10% on DS; or, alternatively, more than
15% on DS; or, alternatively, more than 20% on DS; or, alternatively, more than 25% on DS.

[S6] In some embodiments, the hydrolysis conditions are selected to obtain a
hydrolysate where the content of galactose and glucose is less than 20% on DS; or, alternatively,

less than 15%; or, alternatively, less than 10% on DS; or, alternatively, less than 5% on DS.
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[S7] The selective hydrolysis may be carried out as a batch process or as a continuous
process. The hydrolysis vessel may be, for example, a mixed reactor or a tubular reactor,
optionally provided with a continuous flow.

[S8] When the selective hydrolysis is carried out as an acid hydrolysis, the hydrolysis
step is typically followed by neutralization. Neutralization may be carried out with any useful
alkali, such as, for example, CaO, MgO, NaOH, KOH, NaxCOs or CaCOs3. In some
embodiments, neutralization is carried out with NaOH or KOH. In some embodiments, the pH is
adjusted to at least about pH 2.0 at neutralization.

[S9] The reagents used for the hydrolysis and neutralization typically introduce
various salts into the hydrolysate. The salts may be essentially (or completely) removed from the
hydrolysate in subsequent fractionation steps of the process.

[60]  After the hydrolysis, the undissolved solids may be separated from the aqueous
hydrolysate in a known manner, such as filtration, to obtain a clarified hydrolysate.

[61] Hydrolysate from an acid hydrolysis of this specification may comprise, for
example, L-fucose at from 15 to 35%; lactose at from 15 to 65%; galactose and glucose at from
1 to 10%; and, depending on the starting material, 2°-FL and/or 3-FL at from 0 to 10% and
LDFT at from 0 to 5%. When the hydrolysis of LDFT is conducted with an enzyme, the
hydrolysate may comprise, for example, LDFT at from 0 to 10% in addition to the components
mentioned above, with essentially no galactose and glucose present. When hydrolysis of LDFT
is conducted with H+ -ion form strong acid cation ion exchange resin, the hydrolysate may

comprise, for example, 0 to 10% LDFT in addition to the components mentioned above.

Chromatographic Separation

[62] The hydrolysis product generally comprises L-fucose and at least one other
monosaccharide (e.g., galactose and/or glucose); poly-, oligo- and/or disaccharides (e.g., lactose,
2’-FL, 3-FL and LDFT); and salts from the acid hydrolysis and neutralization. In some
embodiments, this product is subjected to chromatographic separation (also referred to as
chromatographic fractionation). A fractionation generally provides a fraction enriched in L-
fucose, and at least one other fraction selected from the group consisting of (i) a fraction
enriched in lactose and other low molecular weight components of the feed solution (e.g.,
galactose and/or glucose); and (ii) one or more fractions enriched in poly-, oligo- and/or
disaccharides and soluble polymers. The fractionation is followed by the recovery of the fraction

enriched in L-fucose, and, optionally, one or more of the other fractions.
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[63] Surprisingly, one chromatographic separation is generally sufficient to recover L-
fucose fraction in high purity and yield. The fraction enriched in L-fucose typically contains at
least 50% L-fucose on DS, less than 25% on DS of one or more monosaccharides selected from
galactose and glucose, and less than 20% lactose on DS. In some embodiments, the fraction
enriched in L-fucose contains at least 75% L-fucose on DS, less than 15% on DS of one or more
monosaccharides selected from galactose and glucose, and less than 10% lactose on DS. In some
embodiments, the fraction enriched in L-fucose contains at least 90% L-fucose on DS, less than
10% on DS of one or more monosaccharides selected from galactose and glucose, and less than
1% lactose on DS.

[64] In some embodiments, the L-fucose content in the purified sugar syrup (L-fucose
enriched fraction) is more than 60% on DS; or, alternatively, more than 70% on DS; or,
alternatively, more than 80% on DS; or, alternatively, more than 90% on DS. In some
embodiments, the L-fucose yield in the chromatographic separation is more than 70% on DS; or,
alternatively, more than 80% on DS; or, alternatively, from more than 90% on DS.

[65] In some embodiments, the chromatographic fractionation is carried out using a
column packing material selected from cation exchange resins and anion exchange resins. The
resins may, for example, be in a macroporous form or a gel form. In some embodiments, the
resin is in a gel form.

[66] In some embodiments, the chromatographic fractionation is carried out with
cation exchange resins. The cation exchange resins may be selected from strong acid cation

exchange resins and weak acid cation exchange resins.

Strong acid cation exchange resins (SAC resins)

[67] The SAC resins generally may have, for example, a styrene or acrylic skeleton. In
some embodiments, the resin is a sulphonated polystyrene-co-divinylbenzene resin. Other
alkenyl aromatic polymer resins, like those based on monomers like alkyl-substituted styrene or
mixtures thereof, can also typically be applied. The resin may also be crosslinked with other
suitable aromatic crosslinking monomers, such as, for example, divinyltoluene, divinylxylene,
divinylnaphtalene or divinylbenzene (DVB); or with aliphatic crosslinking monomers, such as
isoprene, ethylene glycol diacrylate, ethylene glycol dimethacrylate, N,N’-methylene bis-
acrylamide or mixtures thereof. The cross-linking degree of the resin is typically from about 1 to
about 20% (or, alternatively, from about 3 to about 8%) of the cross-linking agent, such as

divinyl benzene.
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[68] The SAC resins used for the chromatographic separation may be in a multivalent,
divalent or monovalent cation form.

[69] The monovalent cation forms may be selected from, for example, H*, Na" and K*.
Examples of divalent cation forms are Ca**, Mg>*, Zn?*, Sr>* and Ba’>*. And an example of a
trivalent cation form is AI**,

[70] In some embodiments, the SAC resin used for the chromatographic separation is
in a monovalent or divalent cation form. In some embodiments, the SAC resin is in aNa' or
Ca?" form. In some embodiments, the SAC resin is in a H'-ion form.

[71] A typical mean average particle size of the resin is from 10 to 2000 pm. In some

embodiments, the mean average particle size of the resin is from 100 to 400 pm.

Weak acid cation exchange resins (WAC resins)

[72] A WAC resin is generally an acrylic cation exchange resin having carboxylic
functional groups.

[73] The acrylic WAC resin is typically derived from the group consisting of an
acrylate ester, acrylonitrile, acrylic acids and mixtures thereof. Typically suitable acrylate esters
include those selected from the group consisting of methyl methacrylate, methyl acrylate, ethyl
acrylate and butyl acrylate.

[74] The matrix of the WAC resins may also be other than acrylic.

[75] The active functional groups of the WAC resins may also be other than
carboxylic groups. They may be selected from, for example, other weak acids.

[76] A WAC resin may be in a H*, Na*, K*, Ca>* or Mg?" form. In some
embodiments, the WAC resin is in a H" or Na* form. In other embodiments, other ion forms are
used.

[77] A WAC resin is generally crosslinked with an aromatic crosslinker. In some
embodiments, the crosslinker comprises divinylbenzene (DVB). It may also be crosslinked with
an aliphatic crosslinker, such as, for example, isoprene, 1,7-octadiene, trivinylcyclohexane,
diethylene glycol divinylether. In some embodiments, the crosslinking degree is from 1 to 20%
DVB; or, alternatively, from 3 to about 8% DVB.

[78] In some embodiments, the average particle size of the WAC resin is from 10 to

2000 wm; or, alternatively, from 100 to 400 um.
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Separation conditions

[79] The eluent for the chromatographic separation may, for example, be selected
from water, an aqueous solution, an alcohol, an evaporation condensate and mixtures thereof. In
some embodiments, the eluent is water.

[80] In some embodiments, the separation is performed at a temperature of from 20 to
95°C; or, alternatively, from 60 to 80°C.

[81] In some embodiments, the solution used as the feed has an acidic pH, such as
from2 to 7.

[82] In some embodiments, the separation is performed by a process selected from a
simulated moving bed process and a batch process.

[83] The simulated moving bed process may generally be performed by a sequential
process or a continuous process or a combination thereof.

[84] In some embodiments, other purification steps are performed in addition to the
chromatographic separation. Such steps may occur before and/or after the chromatographic
separation, In some embodiments, the recovered L-fucose fraction from the chromatographic
separation is subjected to one or more further steps, such as, for example, evaporation,
concentration, filtration, ion exchange, active carbon treatment, sterile filtration, crystallization,
intermediate crystallization and nanofiltration. The recovered L-fucose fraction(s) from the
chromatographic separation may be treated in different ways, depending on the purity of the

fraction(s) and the desired purity of the final product.

Nanofiltration

[85] Fractionation of the hydrolysate may additionally or alternatively be carried out
by membrane filtration, selected from, for example, ultrafiltration and nanofiltration. In some
embodiments, the membrane filtration comprises nanofiltration. Nanofiltration is a pressure-
driven membrane filtration-based process. The nanofiltration provides two fractions: (i) a
retentate enriched in di-, poly- and/or oligosaccharides; and (ii) a permeate enriched in L-fucose.

[86] In some embodiments, a hydrolysate produced by enzymatic hydrolysis is used as
a feed for nanofiltration to obtain a permeate with a high L-fucose content and only small
amount of other monomeric sugars (e.g., galactose and/or glucose).

[87] In some embodiments, the nanofiltration permeate is collected in one or in
several fractions, while the nanofiltration retentate is collected in one fraction.

[88] In some embodiments, the nanofiltration is carried out as a batch process or a

continuous process.
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[89] The nanofiltration is typically carried out at a temperature of from 5 to 80°C; or,
alternatively, from 30 to 75°C; or, alternatively, from 50 to 70°C. In some embodiments, the
nanofiltration is carried out at a pressure of from 5 to 60 bar; or, alternatively, from 10 to 50 bar;
or, alternatively, from 20 to 45 bar. In some embodiments, the pH of the solution being
subjected to nanofiltration is from 1 to 10; or, alternatively, from 2 to 8; or, alternatively, from 3
to 6. The desired pH generally depends on, for example, the composition of the starting solution,
the membrane used for the nanofiltration, and the stability of the components to be recovered. If
necessary, the pH of the starting solution may be adjusted to a desired value before
nanofiltration.

[90] In some embodiments, the nanofiltration is carried out with a flux of from 1 to
100 I/m?h (or, alternatively, with a flux of from 2 to 50 I/m’h; or, alternatively, with a flux of
from 3 to 12 I/m’h). The flux at which the nanofiltration is carried out generally depends on, for
example, the concentration and viscosity of the nanofiltration feed.

[91] In some embodiments, the nanofiltration membrane is selected from polymeric
and inorganic membranes having MgSOs retention of from 50 to 99% (at 25°C, 2g/1
concentration, 8 bar, and a pH of 6); or, alternatively, from 70 to 99% (at 25°C, 2g/l
concentration, 8 bar, and a pH of 6); or, alternatively, from 96 to 99% (at 25°C, 2g/l
concentration, 8 bar, and a pH of 6); or, alternatively, from 98 to 99% (at 25°C, 2g/l
concentration, 8 bar, and a pH of 6).

[92] In some embodiments, the membrane has a molecular weight cut-off (MWCO) of
from about 100 to about 500 Daltons. In some embodiments, the membrane has an MWCO of
from about 150 to about 400 Daltons. In some embodiments, the membrane has an MWCO of
from about 150 to about 300 Daltons.

[93] In some embodiments, the membrane has an MWCO of from about 100 to about
900 Daltons and a MgSOs4 retention of from about 50 to 99% at 25°C. In some embodiments, the
membrane has an MWCO of from about 150 to about 500 Daltons and a MgSO4 retention of
about 80-99% at 25°C. In some embodiments, the membrane has an MWCO of from about 150
to about 300 Daltons and a MgSOs retention of from about 98 to 99% at 25°C.

[94] The nanofiltration membrane may have a negative or positive charge. In some
embodiments, the membrane is an ionic membrane (i.e., it may contain cationic or anionic
groups). In some embodiments, the membrane is a neutral membrane. The nanofiltration
membrane may be selected from hydrophobic and hydrophilic membranes.

[95] In some embodiments, the nanofiltration membrane comprises a spiral wound

membrane. Alternatively, the membrane configuration may be, for example, a flat sheet, tube or
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hollow fiber. "High shear" membranes, such as vibrating membranes and rotating membranes
also can generally be used. The membrane can be tubular, spiral or flat in shape.

[96] Before the nanofiltration begins, the nanofiltration membrane may be pretreated,
such as with, for example, an alkaline detergent or ethanol. The membrane also may be washed
with, for example, an alkaline detergent or ethanol during the nanofiltration process, if
necessary.

[97] In some embodiments, the nanofiltration equipment comprises at least one
nanofiltration membrane element dividing the feed into a retentate and permeate section.
Nanofiltration equipment typically also includes a means for controlling the pressure and flow,
such as pumps and valves and flow and pressure meters and controllers. The equipment may
also include several nanofiltration membrane elements in one pressure vessel in different
combinations, arranged in parallel or in series.

[98] In some embodiments, the yield of L-fucose from the nanofiltration is more than
70% (or, alternatively, more than 80%; or, alternatively, more than 90%) based on the L-fucose
present in the hydrolysate. In some embodiments, the L-fucose content in the purified sugar
syrup (permeate) from the nanofiltration is more than 50% on DS; or, alternatively, more than
60% on DS; or, alternatively, more than 70% on DS; and or, alternatively, more than 80% on
DS.

[99] The nanofiltration permeate may be subjected to further enzymatic hydrolysis to
hydrolyse lactose to galactose and glucose. This may, for example, be helpful to facilitate a
subsequent crystallization step.

[100] A fractionation by membrane filtration may be used with one or more other
purification steps, such as ion exchange, chromatographic separation, evaporation and filtration.
These further purification steps may be carried out before or after the membrane filtration.

[101] Furthermore, the recovered L-fucose fractions may be subjected to one or more
further steps, such as evaporation, concentration, filtration, ion exchange, active carbon
treatment, sterile filtration, crystallization, intermediate crystallization, nanofiltration and
chromatographic fractionation. The recovered L-fucose fraction(s) may be treated in different
ways, depending on the purity of the fractions.

[102] In some embodiments, the permeate collected from the nanofiltration is subjected
to subsequent enzymatic hydrolysis. In some embodiments, the permeate collected from the
nanofiltration is subjected to hydrolysis by a lactase enzyme to hydrolyse lactose in the permeate

to facilitate subsequent crystallization.
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Crystallization

[103] In some embodiments, the L-fucose fraction obtained from chromatographic
fractionation and/or membrane filtration is subjected to crystallization to obtain crystalline L-
fucose.

[104] The crystallization of L-fucose may be carried out by a traditional process, such
as cooling crystallization or precipitation crystallization at a temperature of from 10 to 80°C.
The crystallization of L-fucose may also advantageously be carried out by a boiling
crystallization process or a boiling-and-cooling crystallization process.

[105] In some embodiments, the fucose crystallization is carried out from a solution
having an L-fucose purity of more than 60% on DS; or, alternatively, more than 70% on DS; or,
alternatively, more than 80% on DS; or, alternatively, more than 90% on DS; or, alternatively,
more than 95% on DS. In some such embodiments, the crystallization provides a crystalline L-
fucose product having a purity of more than 90% on DS; or, alternatively, more than 95% on
DS; or, alternatively, more than 99% on DS.

[106] A combination of two or more of the crystallizations may be used.

[107] In some embodiments, the crystallization is carried out using a solvent selected
from water, alcohol (e.g., ethanol), or a mixture thereof. In some embodiments, the
crystallization is carried out from water.

[108] In some embodiments, the L-fucose crystallization is carried out by cooling
crystallization. In some such embodiments, the solution containing L-fucose is first evaporated
to an appropriate dry substance content (e.g., to an RDS of from about 60 to 90%) depending on
the L-fucose content of the solution. The supersaturated solution may be seeded with seed
crystals of L-fucose. The seeds, if used, are generally pulverized crystals in a dry form, or they
are suspended in a crystallization solvent, which may be water, an alcohol (e.g., ethanol), or a
mixture thereof. In some embodiments crystallization solvent is water. The crystallization mass
is subjected to cooling (after seeding, if seeding is used) with simultaneous mixing until the
crystallization yield and viscosity is optimal for the separation of crystals. In some
embodiments, the cooling time is from 10 to 60 hr. In some embodiments, the temperature drop
during cooling is from 5 to 40°C. Some additional crystallization solvent may be added during
cooling to improve the crystallization yield or the crystal separation performance. The
crystallization mass may then be mixed at the final temperature for a period of time (in some
embodiments, from 0.5 to 24 hr) to reach the maximum crystallization yield. The crystals may

then separated from the mother liquor by, for example, by filtration or centrifugation. The
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crystal cake may be washed with a liquid (in some embodiments, the liquid being the
crystallization solvent), and, optionally, dried to obtain a high-purity product.

[109] In some embodiments, the L-fucose crystallization is carried out by boiling
crystallization combined with cooling crystallization. In some such embodiments, the solution
containing L-fucose is first evaporated to supersaturation at the boiling point of the solution. The
solution is then seeded (if seeding is used), and the evaporation is continued at the boiling point
of the crystallization mass (i.¢., the mixture of the supersaturated solution and crystals) to obtain
improved crystal size distribution and yield, until a crystallization mass is obtained in which the
crystal yield is from 1 to 60% on L-fucose, and the dry solids content of the mass is greater than
60% by weight. In some embodiments, the evaporation is carried out at a temperature of from 50
to 70°C. After boiling crystallization, the crystallization mass is subjected to cooling with
simultaneous mixing until the crystallization yield and viscosity is optimal for the separation of
crystals. In some embodiments, the cooling time is from 10 to 60 hr. In some embodiments, the
temperature drop during cooling is from 5 to 40°C, depending on the boiling crystallization yield
and the crystal size distribution. Additional crystallization solvent may be added during cooling
to further improve the crystallization yield and the crystal separation performance. The
crystallization mass may then be mixed at the final temperature for a period of time (in some
embodiments, the period of time being from 0.5 to 24 hr) to reach maximum crystallization
yield. The crystals may be separated from the mother liquor for example by filtration or
centrifugation. The crystal cake may be washed with a liquid (in some embodiments, the liquid
being the crystallization solvent), and, optionally, dried to obtain crystals with high purity.

[110] When using boiling crystallization, the temperature and the supersaturation
gradient between the heat carrier surface and the crystallization mass can be useful in that it
fosters the growth of small crystals and can be used to avoid the formation of new crystal nuclei.
The rate of crystallization tends to be high because the temperature is suitable, and the viscosity
of the mother liquor is low, i.e., mass and heat transport are efficient because of boiling. Boiling
crystallization tends to be advantageous for controlling crystal size, as well as achieving yield
and crystal quality. The crystals can be separated by, for example, centrifugation.

[111] In some embodiments, the L-fucose crystallization is carried out from a solution
having an L-fucose purity of more than 60% on DS. In some embodiments, the crystallization is
carried out using cooling crystallization or precipitation crystallization.

[112] In some embodiments, the L-fucose crystallization is carried out from a solution

having an L-fucose purity of more than 70% on DS. This embodiment may be carried out by
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cooling crystallization, by boiling crystallization or by combined boiling-and-cooling
crystallization.

[113] In some embodiments, L-fucose crystals having an L-fucose content of greater
than 98% on DS (or, alternatively, greater than 99% on DS; or, alternatively, greater than 99.5%
on DS) and a low galactose content are obtained by one crystallization step (i.e., single-stage
crystallization) from a solution having L-fucose content greater than 65% on DS without using
dissolving and recrystallization steps. Single-stage crystallization may comprise boiling and
cooling steps, but with no recrystallization step.

[114] In some embodiments, the L-fucose crystals are washed. In some embodiments,
the washing is done in connection with the crystal separation from the mother liquor. Additional
washing can be done by mixing washing solvent and the crystal cake and then separating
crystals. The washing solvent can be, for example, water or alcohol. In some embodiments, this
provides L-fucose crystals with a purity of more than 99%.

[115] In some embodiments, the crystallization of L-fucose comprises a single-stage
crystallization. In some embodiments, the crystallization of L-fucose comprises boiling
crystallization, optionally combined with cooling crystallization. In some embodiments, the
crystallization is carried out on a solution having an L-fucose purity of more than 70% on DS. In
some embodiments, the crystallization provides crystalline L-fucose having a purity of more
than 99.5% on DS and an L-fucose yield of more than 50%. In some embodiments, the
crystallization comprises washing the crystals obtained from the crystallization.

[116] In some embodiments, the crystallization is carried out by evaporating the a
solution enriched in L-fucose obtained from a chromatographic fractionation or nanofiltration to
an appropriate dry substance content (e.g., to an RDS of from about 60 to 90%), depending on
the solubility and composition of the liquid. The solution may be seeded with seed crystals of L-
fucose. The seeds, if used, may, for example, be pulverized crystals in a dry form or suspended
in a crystallization solvent, which may be water, an alcohol (e.g., ethanol), or a mixture thereof.
In some embodiments, the crystallization solvent is water. Seed crystals can be made by various
processes, including, for example, those discussed in this specification. In some embodiments,
the dry seeds are milled to get smaller particle size. The desired amount of seed crystals may
depend on, for example, the size of the seed crystals. In some embodiments, crystallization is
initiated without adding L-fucose seed crystals to the supersaturated solution. In some such
embodiment, for example, seeding is effected using spontaneous seeding. L-fucose seed crystals
used herein can be prepared according to, for example, a process discussed in European Patent

EP1664352 (incorporated by reference into this specification) or other known processes.
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[117] In general, initiation of crystallization (e.g., addition of seed crystals) is carried
out when a suitable supersaturation has been achieved. In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the L-fucose supersaturation is
greater than about 1.0. In some embodiments, initiation of crystallization (e.g., addition of seed
crystals) is carried out when the L-fucose supersaturation is from about 1.1 to about 1.8. In some
embodiments, initiation of crystallization (e.g., addition of seed crystals) is carried out when the
L-fucose supersaturation is from about 1.1 to about 1.5. In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the L-fucose supersaturation is
from about 1.2 to about 1.4.

[118] In some embodiments, initiation of crystallization (e.g., addition of seed crystals)
is carried out when the dry solids content of the syrup is at least about 60% (by weight). In some
embodiments, initiation of crystallization (e.g., addition of seed crystals) is carried out when the
dry solids content of the syrup is at least about 70% (by weight). In some embodiments,
initiation of crystallization (e.g., addition of seed crystals) is carried out when the dry solids
content of the syrup is at least about 80% (by weight). In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the dry solids content of the
syrup is from about 60 to about 90% (by weight). In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the dry solids content of the
syrup is from about 70 to about 90% (by weight). In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the dry solids content of the
syrup is from about 80 to about 90% (by weight). In some embodiments, initiation of
crystallization (e.g., addition of seed crystals) is carried out when the dry solids content of the
syrup is from about 80 to about 88% (by weight).

[119] In some embodiments, the evaporation is continued after seeding, if the crystal
growth potential and viscosity allows. After evaporation, the crystallization mass may be
subjected to cooling with simultaneous mixing, until the crystal content and viscosity is optimal
for separation of crystals. The crystallization mass is typically cooled to a temperature of from
10 to 50°C. The crystallization mass may then be mixed at the final temperature for a period of
time (in some embodiments, the time being from 0.5 hr to 24 hr) to reach the maximum
crystallization yield, followed by crystal separation by, for example, filtering or centrifuging. In
some embodiments, the crystals are washed. This washing is may be done in connection with the
crystal separation from the mother liquor. Additional washing may be done by mixing washing
solvent and crystal cake and separating crystals thereafter. In some embodiments, the washing

solvent 1s water or alcohol.
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[120] In some embodiments, recrystallization is performed one or more times to
increase L-fucose purity. Recrystallization may be carried out by, for example, dissolving the L-
fucose crystals in water (typically deionized water), bringing the resulting solution to a
supersaturated state with respect to L-fucose (via, for example, evaporation), seeding and
crystallizing using, for example, the crystallization-by-cooling process described above.

[121] In some embodiments, vield is increased by performing crystallization of the
mother liquor produced by the initial crystallization. Such a crystallization may be carried out
by, for example, bringing the mother liquor to a supersaturated state with respect to L-fucose
(via, for example, evaporation), seeding and crystallizing using, for example, the crystallization-
by-cooling process described above.

[122] The crystallization described in this specification does not require an organic
solvent to be present in the solution. The absence of an organic solvent can be advantageous. In
particular, crystalline L-fucose, which has been produced without adding any organic solvent in
crystallization step(s), will be essentially (or completely) free of any organic solvent.

[123] In some embodiments, no alcohol (e.g., methanol, ethanol, etc.) is added to the
solution from which the L-fucose is crystallized. In some embodiments, no alcohol is added
while the solution is being brought to supersaturation with respect to L-fucose. In some
embodiments, no alcohol is added while evaporation is being used to bring the solution to
supersaturation with respect to L-fucose. In some embodiments, no alcohol is added while L-
fucose crystallization is occurring.

[124] It has been found that L-fucose crystals having essentially cubic crystal habit can
be produced using a process of this specification. Essentially cubic crystal habit is crystalline L-
fucose where the ratio of the largest and second largest dimension is from 1 to 2. The essentially
cubic crystal habit is illustrated in Figure 2.

[125] The crystalline L-fucose may generally be used as an ingredient to make, for

example, dietary supplements, infant nutritional compositions, pharmaceuticals and cosmetics.

Tlustrative embodiments
[126] In some embodiments, the selective hydrolysis is performed by adjusting the pH
of the starting solution with sulphuric acid to a pH of from 1.0 to 2.0, and keeping the solution at
a temperature of from 85 to 96°C for from 2 to 4 hr. The hydrolysate is cooled and the pH is
increased to greater than 2.0 with sodium hydroxide. The neutralized hydrolysate is subjected to

a chromatographic separation, which is conducted using strong acid cation resin in Na+-ion
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form. The recovered L-fucose fraction is crystallized using cooling crystallization at a high
temperature of from 75 to 40°C with water as a solvent.

[127] In some embodiments, the selective hydrolysis is performed by adjusting the pH
of the starting solution with sulfuric acid to a pH of from 1.0 to 2.0, and keeping the solution at a
temperature of from 85 to 96°C for from 2 to 4 hr. The hydrolysate is cooled and the pH is
increased to a pH of greater than 2.0 with sodium hydroxide. The neutralized hydrolysate is
subjected to a chromatographic separation, which is conducted using strong acid cation resin in
Na+t-ion form. The recovered L-fucose fraction is crystallized using combination of boiling and
cooling crystallization at high temperature of from 75 to 40°C using water as a solvent.

[128] In some embodiments, the selective hydrolysis is performed by adjusting the pH
of the starting solution with sulfuric acid to a pH of from 1.0 to 2.0 and keeping the solution at
temperature of from 85 to 96°C for from 2 to 4 hr. The hydrolysate is cooled, and the pH is
increased to a pH of greater than 2.0 with sodium hydroxide. The neutralized hydrolysate is
subjected to a nanofiltration, and the permeate is further subjected to a chromatographic
separation, which is conducted using strong acid cation resin in Na+-ion form. The recovered L-
fucose fraction is crystallized using cooling crystallization at a high temperature of from 75 to
40°C using water as a solvent.

[129] In some embodiments, the selective hydrolysis is performed by adjusting the pH
of the starting solution with sulfuric acid to a pH of from 1.0 to 2.0, and keeping the solution at a
temperature of from 85 to 96°C for from 2 to 4 hr. The hydrolysate is cooled, and the pH is
increased to a pH of greater than 2.0 with sodium hydroxide. The neutralized hydrolysate is
subjected to a nanofiltration, and the permeate is further subjected to chromatographic
separation, which is conducted using strong acid cation resin in Na+-ion form. The recovered L-
fucose fraction is crystallized using combination of boiling and cooling crystallization at a high
temperature of from 75 to 40°C using water as a solvent.

[130] In some embodiments, the selective hydrolysis is effected with an enzyme at a
temperature 40°C for 24 hr. The hydrolysate is subjected to a chromatographic separation, which
is conducted using strong acid cation resin in Na+-ion form. The recovered L-fucose fraction is
crystallized using cooling crystallization at a high temperature of from 75 to 40°C using water as
a solvent.

[131] In some embodiments, the selective hydrolysis is effected with an enzyme at a
temperature 40°C for 24 hr. The hydrolysate is subjected to a chromatographic separation, which

is conducted using strong acid cation resin in Na+-ion form. The recovered L-fucose fraction is
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crystallized using a combination of boiling and cooling crystallization at a high temperature of
from 75 to 40°C using water as a solvent.

[132] In some embodiments, the selective hydrolysis is effected with an enzyme at
temperature 40°C for 24 hr. The hydrolysate is subjected to a nanofiltration, which is conducted
at a temperature of from 50 to 60°C. The recovered permeate rich in L-fucose is crystallized
using cooling crystallization at high temperature of from 75 to 40°C with water as a solvent.

[133] In some embodiments, the selective hydrolysis is effected with an enzyme at a
temperature of from 40°C for 24 hr. The hydrolysate is subjected to a nanofiltration which is
conducted at a temperature of from 50 to 60°C. The recovered permeate rich in L-fucose is
crystallized using combination of boiling and cooling crystallization at high temperature of from
75 to 40°C with water as a solvent.

[134] In some embodiments, the selective hydrolysis is effected with an enzyme at a
temperature of 40°C for 24 hr. The hydrolysate is subjected to a nanofiltration, which is
conducted at a temperature of from 50 to 60°C. The nanofiltration permeate is further
hydrolyzed with an enzyme to hydrolyze lactose to galactose and glucose. The hydrolysate rich
in L-fucose is crystallized using cooling crystallization at high temperature of from 75 to 40°C
with water as a solvent.

[135] In some embodiments, the selective hydrolysis is effected with an enzyme at a
temperature of 40°C for 24 hr. The hydrolysate is subjected to nanofiltration, which is conducted
at a temperature of from 50 to 60°C. The nanofiltration permeate is further hydrolyzed with an
enzyme to hydrolyze lactose to galactose and glucose. The hydrolysate rich in L-fucose is
crystallized using combination of boiling and cooling crystallization at a high temperature of
from 75 to 40°C with water as a solvent.

[136] In some embodiments, the selective hydrolysis is performed using a column filled
with strong acid cation ion exchange resin in H'-ion form at a temperature of 70°C with a flow
rate of from 0.2 to 2.0 BV/h. The hydrolysate is subjected to a chromatographic separation,
which is conducted using strong acid cation resin in Na+-ion form. The recovered L-fucose
fraction is crystallized using cooling crystallization at high temperature of from 75 to 40°C with
water as a solvent.

[137] In some embodiments, the selective hydrolysis is performed using column filled
with strong acid cation ion exchange resin in H'-ion form at a temperature of 70°C with a flow
rate of from 0.2 to 2.0 BV/h. The hydrolysate is subjected to a chromatographic separation,

which is conducted using strong acid cation resin in Na+-ion form. The recovered L-fucose
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fraction is crystallized using combination of boiling and cooling crystallization at high
temperature of from 75 to 40°C with water as a solvent.

[138] The following provides further illustration of various embodiments:

[139] Embodiment I: A process for producing substantially pure L-fucose, comprising:

1. selective hydrolysis of an HMO, which contains one or more L- fucose moieties
in its structure, to yield a mixture comprising principally fucose, lactose,
galactose and glucose;

ii.  subjecting the mixture to chromatographic separation and/or nanofiltration, and
recovering a fraction enriched in L-fucose; and

iii.  crystallization of fucose from the recovered fraction to produce substantially pure
fucose.

[140] Embodiment 2: A process according to Embodiment 1, wherein the HMO
containing one or more L-fucose moieties in its structure is selected from 2’ -fucosyllactose (2°-
FL), 3-fucosyllactose (3-FL) and/or difucosyllactose (LDFT).

[141] Embodiment 3: A process according to any one preceding embodiment, wherein
the starting material is selected from a liquor derived from a fermentation containing 2°-
fucosyllactose, crystalline or spray dried 2’-fucosyllactose, purified 2’-fucosyllactose syrup and
2’-fucosyllactose crystallization mother liquor.

[142] Embodiment 4: A process according to any one preceding embodiment, wherein
the starting material is a liquor derived from a fermentation containing 3-fucosyllactose,
crystalline or spray dried 3-fucosyllactose product, purified 3-fucosyllactose syrup and 3-
fucosyllactose crystallization mother liquor.

[143] Embodiment 5: A process according to any one preceding embodiment, wherein
the starting material is selected from a liquor derived from a fermentation containing
difucosyllactose, crystalline or spray dried difucosyllactose product, purified difucosyllactose
syrup and difucosyllactose crystallization mother liquor.

[144] Embodiment 6: A process according to any one preceding embodiment, wherein
selective hydrolysis is initiated by an acid or enzyme or is performed using an ion exchange
column with a strong acid cation (SAC) ion exchange resin in H*-ion form.

[145] Embodiment 7: A process according to any one preceding embodiment, wherein
the selective hydrolysis is initiated by an acid selected from mineral acids, organic acids and
inorganic acids.

[146] Embodiment 8: A process according to any one preceding embodiment, wherein

the inorganic acid is sulfuric acid.
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[147] Embodiment 9: A process according to any one preceding embodiment, wherein
the selective hydrolysis is initiated by an acid and is performed at a pH of from 1.00 to 2.00; or,
alternatively, at a pH of from 1.5 to 1.75.

[148] Embodiment 10: A process according to any one preceding embodiment, wherein
the selective hydrolysis initiated by an acid and is performed at a temperature of from 70 to
140°C; or, alternatively, from 80 to 110°C; or, alternatively, from 90 to 100°C; or, alternatively,
from 85 to 96°C.

[149] Embodiment 11: A process according to any one preceding embodiment, wherein
the selective hydrolysis initiated by an acid, and is carried out with a residence time of from 1 to
24 hr; or, alternatively, from 0.5 to 6 hr; or, alternatively, from 1 to 4 hr; or, alternatively, from 2
to 4 hr.

[150] Embodiment 12: A process according to any one preceding embodiment, wherein
the hydrolysate is neutralized by addition of an alkali selected from CaO, MgO, NaOH, KOH,
Na2COs3 and CaCO:s. In some embodiments, the alkali is NaOH or KOH.

[151] Embodiment 13: A process according to any one preceding embodiment, wherein
the selective hydrolysis is initiated by an enzyme.

[152] Embodiment 14: A process according to any one preceding embodiment, wherein
the enzyme has a 1,2-a-L-fucosidase activity or 1,3/4-a-L-fucosidase activity.

[153] Embodiment 15: A process according to any one preceding embodiment, wherein
the selective hydrolysis is performed using strong acid cation ion exchange resin in H™-ion form.

[154] Embodiment 16: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate having a fucose yield of
more than 50% of the theoretical fucose vield from the 2°-FL, 3-FL and/or LDFT.

[155] Embodiment 17: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate having a fucose yield of
more than 60% of the theoretical fucose vield from the 2°-FL, 3-FL and/or LDFT.

[156] Embodiment 18: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate having a fucose yield of
more than 70% of the theoretical fucose vield from the 2°-FL, 3-FL and/or LDFT.

[157] Embodiment 19: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate having a fucose yield of
more than 80% of the theoretical fucose yield from the 2°-FL, 3-FL and/or LDFT .

[158] Embodiment 20: A process according to any one preceding embodiment, wherein

the selective hydrolysis of step (i) provides an aqueous hydrolysate where the yields of galactose

25



10

15

20

25

30

WO 2020/154217 PCT/US2020/014261

and glucose are less than 20% based on the lactose that could potentially be formed by the
hydrolysis (and, in turn, hydrolyzed into galactose and glucose).

[159] Embodiment 21: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate where the yields of galactose
and glucose are less than 15% based on the lactose that could potentially be formed by the
hydrolysis.

[160] Embodiment 22: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate where the yields of galactose
and glucose are less than 12% based on the lactose that could potentially be formed by the
hydrolysis.

[161] Embodiment 23: A process according to any one preceding embodiment, wherein
the selective hydrolysis of step (i) provides an aqueous hydrolysate where the yields of galactose
and glucose are less than 10% based on the lactose that could potentially be formed by the
hydrolysis.

[162] Embodiment 24: A process according to any one preceding embodiment, wherein
the hydrolysis results in a L-fucose yield of more than 75% of the theoretical yield based on the
starting material, and the galactose and glucose yields are less than 12% based on the lactose
that could potentially be formed by the hydrolysis.

[163] Embodiment 25: A process according to any one preceding embodiment, wherein
the hydrolysis results in a L-fucose yield of more than 80% of the theoretical yield based on the
starting material, and the galactose and glucose yields are less than 10% based on the lactose
that could potentially be formed by the hydrolysis.

[164] Embodiment 26: A process according to any one preceding embodiment, wherein
the hydrolysis of step (i) provides an aqueous hydrolysate where the content of fucose is more
than 10% on DS; or, alternatively, more than 15% on DS; or, altematively, more than 20% on
DS; or, alternatively, more than 25% on DS.

[165] Embodiment 27: A process according to any one preceding embodiment, wherein
the chromatographic separation is performed using a resin selected from strong acid cation
(SAC) resins and weak acid cation (WAC) resins.

[166] Embodiment 28: A process according to any one preceding embodiment, wherein
the chromatographic separation is performed using strong acid cation resin in Na*-ion form.

[167] Embodiment 29: A process according to any one preceding embodiment, wherein

chromatographic separation is performed using weak acid cation resin in H™-ion form.
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[168] Embodiment 30: A process according to any one preceding embodiment, wherein
the chromatographic separation comprises simulated moving bed separation or batch separation.

[169] Embodiment 31: A process according to any one preceding embodiment, wherein
the purity of the fucose fraction recovered from the chromatographic separation is more than
60% on DS; or, alternatively, more than 70% on DS; or, alternatively, more than 80% on DS; or,
alternatively, more than 90% on DS.

[170] Embodiment 32: A process according to any one preceding embodiment, wherein
the chromatographic separation results in a fucose yield of more than 70% (or, alternatively,
more than 80%; or, alternatively, at least 90%) obtained, based on the fucose present in the
hydrolysate feed.

[171] Embodiment 33: A process according to any one preceding embodiment, wherein
fractionation of hydrolysate is carried out by nanofiltration.

[172] Embodiment 34: A process according to any one preceding embodiment, wherein
the purity of the permeate containing fucose recovered from the nanofiltration is more than 50%
on DS; or, alternatively, more than 60% on DS; or, alternatively, more than 70% on DS.

[173] Embodiment 35: A process according to any one preceding embodiment, wherein
the fucose yield from the nanofiltration is more than 50% (or, alternatively, more than 70%; or,
alternatively, at least 90%) based on the fucose present in the hydrolysate feed.

[174] Embodiment 36: A process according to any one preceding embodiment, wherein
the permeate collected from the nanofiltration is subjected to a subsequent enzymatic hydrolysis
initiated by lactase.

[175] Embodiment 37: A process according to any one preceding embodiment, wherein
nanofiltration is performed before chromatographic separation.

[176] Embodiment 38: A process according to any one preceding embodiment, wherein
one or more fractions enriched in fucose is/are subjected to crystallization.

[177] Embodiment 39: A process according to any one preceding embodiment, wherein
crystallization is carried out using boiling and/or cooling crystallization.

[178] Embodiment 40: A process according to any one preceding embodiment, wherein
the fucose content in the crystallization feed is more than 70% on DS; or, alternatively, more
than 80% on DS; or, alternatively, more than 90% on DS; or, altematively, more than 95% on
DS

[179] Embodiment 41: A process according to any one preceding embodiment, wherein
fucose is crystallized from a solvent selected from water, an alcohol (in some embodiments,

ethanol), and a mixture of water and an alcohol.
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[180] Embodiment 42: A process according to any one preceding embodiment, wherein
the crystallization solvent is water.

[181] Embodiment 43: A process according to any one preceding embodiment, wherein
no organic solvent is added to the crystallization feed before concentration of the solution to a
supersaturated state.

[182] Embodiment 44: A process according to any one preceding embodiment, wherein
no organic solvent is added to the crystallization feed during concentration of the solution to a
supersaturated state.

[183] Embodiment 45: A process according to any one preceding embodiment, wherein
the crystallization is carried out at a temperature of from 10 to 80°C.

[184] Embodiment 46: A process according to any one preceding embodiment, wherein
the process provides crystalline fucose with a purity of more than 90% on DS; or, alternatively,
more than 95% on DS; or, alternatively, more than 99% on DS.

[185] Embodiment 47: A process according to any one preceding embodiment, wherein
the process comprises washing the crystals obtained from the crystallization.

[186] Embodiment 48: A process according to any one preceding embodiment, wherein
the process comprises recrystallization of fucose.

[187] Embodiment 49: Crystalline L-fucose product obtained from a process of any one
of the preceding embodiments.

[188] Embodiment 50: Crystalline L-fucose according to Embodiment 49, having a
purity of at least 99.0% on DS, and is essentially free from organic solvents.

[189] Embodiment 51: Crystalline L-fucose according to any one of Embodiments 49
or 50 having melting point of at least 140°C.

[190] Embodiment 52: Crystalline L-fucose according to any one of Embodiments 49
to 51 having essentially cubic crystal habit.

[191] Embodiment 53: Use of L-fucose of any one of the preceding embodiments in a
pharmaceutical.

[192] Embodiment 54: Use of L-fucose of any one of the preceding embodiments in
infant nutrition.

[193] Embodiment 55: Use of L-fucose of any one of the preceding embodiments in
food.

[194] Embodiment 56: Use of L-fucose of any one of the preceding embodiments in a
feed.
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EXAMPLES

[195] The following examples are merely illustrative, and not limiting to the remainder
of this specification in any way.

[196] In the examples, unless otherwise mentioned, fucose refers to L-fucose, and
references to other sugars (such as galactose) refer to the sugar in D-form.

[197] HPLC analysis process has been used to determine the compositions of the feed
liquors, hydrolysates, L-fucose fractions and crystallization products. Peak area purity or
concentration obtained using HPLC has been used.

[198] Dry solids (DS) were measured by Karl Fischer titration or refractive index
process.

[199] Colour was determined under the International Commission for Uniform Process
of Sugar Analysis (“ICUMSA”) sugar colour grading system

[200] Melting point was measured with a 1°C/min heating rate using the European
Pharmacopoeia capillary melting point process.

[201] HPLC refers to high performance liquid chromatography.

Example 1
Selective hydrolysis of 2’-FL crystallization mother liquor
with thermal degradation and mild acid condition

[202] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2°-FL syrup. Selective hydrolysis using thermal degradation was done in 50 ml Schott flask with
4 g liquid. Mild acid hydrolysis was carried out in a 2-liter Schott flask with close to 1700 g
liquid. Concentration for hydrolysis was adjusted to 45% brix in both tests. For thermal the
degradation test, the pH of the feed was 5.1, and in the mild acid test, the pH was adjusted to 3
with 0.5M H2SOs. Both tests were carried out in an oven for 14 days at 85°C. Crystallization
mother liquors were composed as set forth below in Table 1-1, whereby the HPLC analyses are

given on peak area-% basis.
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Table 1-1
Composition of 2°-FL Thermal . )
Crystallization mother liquors degradation Mild acid
L-fucose, % 0.3 0.1
Galactose+Glucose, % 1.6 0.1
Lactose, % 03 1.7
2’fucosyllactose, % 80.2 70.6
Difucosyllactose, % 13.2 26.2
Others, % 4.4 1.3

[203] During the 14-day thermal degradation, the pH decreased to 3.4. The mild acid
hydrolysate pH was 2.9 after 14 days. The fucose yield out of theoretical value was 89% and
5 95% in thermal degradation and mild acid hydrolysis, respectively. Glucose and galactose yield
from potential lactose were 17% and 19% in thermal degradation and mild acid hydrolysis,
respectively. Hydrolysates were composed as set forth below in Table 1-2, whereby the HPLC

analyses are given on peak area-% basis.

Table 1-2
Composition of hydrolysates Thermal degradation Mild acid
(%o) (%)
L-fucose 30.1 28.6
Galactose + Glucose 11.6 8.9
Lactose 442 43.7
2’fucosyllactose 7.9 4.4
Difucosyllactose 0.3 0.0
Others 59 14.4
10
Example 2

Acid hydrolysis of 2°-FL crystallization mother liquor in different conditions
[204] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2’-FL syrup. Acid hydrolysis was carried out in 100 ml Schott flasks in 94°C water bath with 50
15  gliquid. Concentration for hydrolysis was adjusted to 44-45% brix and the pH was adjusted to
1, 1.5, 1.75 or 2.0 with 0.5M H2S804. The duration of hydrolysis was 2 or 4 hr. Crystallization
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mother liquor was composed as set forth in Table 2-1, whereby the HPLC analyses are given on

peak area-% basis.

Table 2-1
Composition of 2’-FL Crystallization mother liquor %
L-fucose 0,0
Galactose + Glucose 0,0
Lactose 21.2
2’fucosyllactose 65.0
Difucosyllactose 11.3
Others 2.5

[205] The fucose yield out of theoretical value was from 39 to 85%, depending on the
conditions. Glucose and galactose yield from potential lactose were 1% and 58% depending on
the concentration. Hydrolysates were composed as set forth below in Table 2-2, whereby the

HPLC analyses are given on peak area-% basis.

Table 2-2

Duration, hr 2h 4h
pH 1 1.5 1.75 2 1 1.5 175 2
L-fucose, % 229 223 159 99 234 229 21.1 155
Galactoset+Glucose, % 299 84 1.1 18 {470 163 29 33
Lactose, % 352 546 476 37.1;187 499 544 46.5
2’fucosyllactose, % 00 60 260 41.1y 00 08 83 250
Difucosyllactose, % 00 00 16 39100 00 00 15
Others, % 119 85 78 62 {109 101 133 82
% of Galactose and glucose

384 11.0 14 25 {580 207 38 45
formed on potential lactose
% fucose yield out of theoretical 844 837 564 3871829 836 753 599

[206] Selective hydrolysis at a moderately acidic pH of from 1.5 to 2 results in

reasonable fucose yield, while minimizing the hydrolysis of lactose to galactose and glucose.

31



10

15

WO 2020/154217 PCT/US2020/014261

Example 3
Acid hydrolysis of 2’-FL crystallization mother liquor

[207] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2’-FL syrup. Acid hydrolysis was carried out in 8-liter jacketed steel vessel with mixing. 8.2 kg
of crystallization mother liquor was fed into the vessel, corresponding to 3.6 kg dry substance
(DS). The material was first heated with steam to 85°C. Then 14.4 g of 2.5M H2S04 was added
to adjust the pH to 1.5. Heating was continued to reach 94 °C and then kept at a temperature of
from 93 to 95°C for 2 hr. The hydrolysate was then cooled to 37°C, and the pH was increased to
2.2 with 1 M and 30% NaOH.

[208] Crystallization mother liquor was composed as set forth in Table 3-1, whereby

the HPLC analyses are given on peak area-% basis.

Table 3-1

Composition of 2°-FL Crystallization mother liquor %

L-fucose 0.0
Galactose + Glucose 0.0
Lactose 21.2
2’fucosyllactose 65.0
Difucosyllactose 11.3
Others 2.5

[209] Hydrolysate was composed as set forth in Table 3-2, whereby the HPLC analyses

are given on peak area-% basis.
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TABLE 3-2
Composition of hydrolysate %
L-fucose 224
Galactose + Glucose 8.7
Lactose 54.8
2’fucosyllactose 59
Difucosyllactose 0.0
Others 8.3

[210] The fucose yield out of theoretical value was 80.0% and galactose and glucose

yield out of potential lactose was 11.4%.

Example 4
Acid hydrolysis of high purity 2°-FI. product

[211] Acid hydrolysis was carried out in 8-liter jacketed steel vessel with mixing. Wet
2’-FL crystals, corresponding to 1.9 kg of dry substance (DS), were dissolved in 2.3 kg ion
exchanged water. The material was first heated with steam to 85-90°C. Then the pH was
adjusted to 1.4-1.5 with 2.5M H2S04. Heating was continued to reach 95°C and then kept at a
temperature of from 88 to 96°C for 100 min. The hydrolysate was then cooled to 47°C and the
pH was increased to 2.3 with 30% NaOH.

[212] Feed crystals was composed as set forth in Table 4-1, whereby the HPLC

analyses are given on peak area-% basis.

Table 4-1
Composition of 2’-FL feed
%

crystals

L-fucose 0.0
Galactose + Glucose 0.0
Lactose 0.4
2’fucosyllactose 99.2
Difucosyllactose 0.0
Others 0.4
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[213] Hydrolysate was composed as set forth in Table 4-2, whereby the HPLC analyses

are given on peak area-% basis.

Table 4-2

Composition of hydrolysate %

L-fucose, % 25.6
Galactoset+Glucose, % 6.2
Lactose, % 53.0
2’fucosyllactose, % 10.8
Difucosyllactose, % 0.0
Others, % 4.4

[214] The fucose yield out of theoretical value was 80.2% and galactose and glucose

yield out of potential lactose was 8.4%.

Example 5
Enzymatic hydrolysis of 2’-FL crystallization mother liqguor
[215] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2’-FL syrup. Hydrolysis was carried out in 100 ml Schott flask in 40°C water bath with 50 g
liquid. Concentration for hydrolysis was adjusted to 44-45% brix and the pH was measured to be
5.5. 100 pl of Enzyme (1,2-alpha-L-fucosidase, EC 3.2.1.63) corresponding about 100 IU (6.4
1U/g HMO) was added. Duration of hydrolysis was 24 hr. Crystallization mother liquor was

composed as set forth in Table 5-1, whereby the HPLC analyses are given on peak area-% basis.
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Table 5-1
Composition of 2’-FL Crystallization mother liquor %
L-fucose 0.0
Galactose + Glucose 0.0
Lactose 21.2
2’fucosyllactose 65.0
Difucosyllactose 11.3
Others 2.5

[216] The fucose yield out of theoretical value was about 91% after 24 hr. There was
no hydrolysis of lactose to galactose and glucose. Hydrolysates were composed as set forth in

5  Table 5-2, whereby the HPLC analyses are given on peak area-% basis.

Table 5-2
Duration, hr 2 4 24
L-fucose, % 8.8 134 222
Galactose+Glucose, % 0.0 0.0 0.0
Lactose, % 374 457 61.0
2’fucosyllactose, % 39.9 26.0 1.2
Difucosyllactose, % 9.8 9.4 6.2
Others, % 4.0 5.5 94
Example 6
10 Enzymatic hydrolysis of 2’-FL crystallization mother liqguor

[217] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2’-FL syrup. Hydrolysis was carried out for 4 kg of feed liquor in concentration 45 g/100g in an
8-liter vessel with mixing. The pH was adjusted with dilute NaOH to be 5.5, and 8 ml of
Enzyme (1,2-alpha-L-fucosidase, EC 3.2.1.63) was added. Hydrolysis was continued for 24 hr
15  in constant temperature of 40°C. Crystallization mother liquor was composed as set forth in

Table 6-1, whereby the HPLC analyses are given on peak area-% basis.
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Table 6-1
Composition of hydrolyzation feed %
L-fucose 0.0
Galactose + Glucose 0.0
Lactose 15.0
2’fucosyllactose 66.0
Difucosyllactose 19.0
Others 0.0

[218] The fucose yield out of theoretical value was about 91% after 24 hr. There was

no hydrolysis of lactose to galactose and glucose. The hydrolysate was composed as set forth in

Table 6-2, whereby the HPLC analyses are given on peak area-% basis.

Table 6-2
Composition of hydrolysate %
L-fucose 26.4
Galactose + Glucose 0.0
Lactose 57.0
2’fucosyllactose 1.2
Difucosyllactose 9.5
Others 59

Example 7

Acid hydrolysis of purified 3-FL syrup

[219] Purified 3-FL syrup was used as feed. Acid hydrolysis was carried out in 100 ml

Schott flasks in 94 °C water bath with 50 g liquid. Concentration for hydrolysis was adjusted to

49.3 g/100g and the pH was adjusted to 1.5, 1.75 or 2.0 with 0.5M H2SOs. Duration of

hydrolysis was 2 or 4 hr. 3-FL syrup was composed as set forth in Table 7-1, whereby the

HPLC analyses are given on peak area-% basis.
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Table 7-1
Composition of purified 3-FL syrup %
L-fucose 2.5
Galactose + Glucose 3.0
Lactose 3.5
3-fucosyllactose 88.2
Difucosyllactose 0.0
Others 2.8

[220] The fucose yield out of theoretical value was from 55 to 90%, depending on the
conditions and duration. Glucose and galactose vield from potential lactose were 4% and 9%
5  depending on the concentration. Hydrolysates were composed as set forth in Table 7-2, whereby

the HPLC analyses are given on peak area-% basis.

Table 7-2
Duration, h 2h 4h
pH 1.5 175 2 1.5 175 2
L-fucose, % 262 245 17.1:253 257 221
Galactose+Glucose, % 43 37 29163 42 34
Lactose, % 556 53.0 368:486 548 48.1
3-fucosyllactose, % 22 95 366100 19 178
Difucosyllactose, % 00 00 00300 00 00
Others, % 109 87 66 {186 124 8.0
% of Galactose and glucose formed on
56 51 40484 58 47
potential lactose
% fucose yield out of theoretical 80.8 779 5541927 826 709
10 Example 8

Purified 3-FL syrup hydrolysis with H+ form strong acid cation (SAC) ion exchange resin
[221] Purified 3-FL syrup was used as feed. 200 ml of Dowex 88 strong acid cation
(SAC) ion exchange resin was regenerated with 800 ml of 5% sulphuric acid solution to get
resin into H+ form. Purified 3-FL syrup was diluted with deionized water to 39.8% Brix feed

15 solution into SAC (H+) column. SAC (H+) column temperature was adjusted to 70°C and feed
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into column was fed with 50 ml/h (0.25 BV/h) flow rate. Product from SAC (H+) column was
collected in 60 min fractions, 50 ml each, and analyzed. Purified 3-FL syrup was composed as

set forth in Table 8-1, whereby the HPLC analyses are given on peak area-% basis.

5 Table 8-1

Composition of purified 3-FL syrup

pH 6.53
L-fucose, % 2.3
Galactose+Glucose, % 2.5
Lactose, % 33
3-fucosyllactose, % 90.3
Difucosyllactose, % 0.0
Others, % 1.6

[222] Hydrolysates out from SAC (H+) column were composed as set forth in Table 8-
2, whereby the HPLC analyses are given on peak area-% basis. 73.5% L-fucose yield of

theoretical maximum with this feed solution was achieved in 4-35 hour fraction.

10
Table 8-2
SAC (H+) product 0-1 1-2 2-3 3-4 4-5
fraction collected, h
pH 330 319 3.17 3.15 3.14
L-fucose, % 16.5 19.6 21.6 23.1 24.1
Galactoset+Glucose, % | 4.0 5.4 6.7 8.5 9.1
Lactose, % 354 408 44.9 47.0 48.0
3-fucosyllactose, % 41.5 31.2 23.7 18.7 16.0
Difucosyllactose, % 0.0 0.0 0.0 0.0 0.0
Others, % 2.6 3.0 3.1 2.7 2.8
Example 9
2'FL crystallization mother liquor hydrolysis
15 with H+ form strong acid cation (SAC) ion exchange resin

[223] 2°-FL crystallization mother liquor was obtained from crystallization of 2°-FL

mother liquor. 200 ml of Dowex 88 strong acid cation (SAC) ion exchange resin was
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regenerated with 800 ml of 5% sulphuric acid solution to get resin into H+ form. 2°-FL

crystallization mother liquor was diluted with deionized water to 40.8% Brix feed solution into
SAC (H+) column. SAC (H+) column temperature was adjusted to 80°C and feed into column
was fed with 40 ml/h (0.2 BV/h) flow rate. Product from SAC (H+) column was collected in 60

min fractions, 40 ml each, and analyzed. Crystallization mother liquor was composed as set forth

in Table 9-1, whereby the HPLC analyses are given on peak area-% basis.

Table 9-1

Composition of 2’-FL Crystallization mother liquor

pH

L-fucose, %
Galactose+Glucose, %
Lactose, %
2’fucosyllactose, %
Difucosyllactose, %

Others, %

4.20
0.5
0.4

18.0

555

19.5
6.1

[224] Hydrolysates out from SAC (H+) column were composed as set forth in Table 9-

2, whereby the HPLC analyses are given on peak area-% basis. 85.7% L-fucose yield of

theoretical maximum with this feed solution was achieved in 3-10 hour fractions average.

Table 9-2

SAC (H+) product 0-1 1-2 3-4 5-6 7-8 9-10
fraction collected, hr

pH 2.84 2.82 2.80 2.73 2.65 2.58
L-fucose, % 20.4 22.8 24.5 25.0 25.4 259
Galactoset+Glucose, % | 8.5 13.6 229 29.4 33.7 42.8
Lactose, % 42.6 42 .4 37.0 31.9 28.4 199
2’fucosyllactose, % 14.5 9.1 4.0 1.9 1.0 0.6
Difucosyllactose, % 44 2.7 1.3 0.8 0.5 0.2
Others, % 9.6 94 10.3 11.0 11.0 10.6
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Example 10
2°-FL crystallization mother liquor hydrolysis
with H+ form strong acid cation (SAC) ion exchange resin

[225] 2’-FL crystallization mother liquor was obtained from crystallization of purified
2’-FL syrup. 200 ml of Dowex 88 strong acid cation (SAC) ion exchange resin was regenerated
with 800 ml of 5% sulphuric acid solution to get resin into H+ form. 2°-FL crystallization
mother liquor was diluted with deionized water to 40.7% dry substance feed solution into SAC
(H+) column. SAC (H+) column temperature was adjusted to 75°C and feed into column was
fed with 50 ml/h (0.25 BV/h) flow rate. Product from SAC (H+) column was collected in 4 hour
fractions for 84 hr (21 bed volumes), 200 ml in each fraction, and analyzed. Crystallization
mother liquor was composed as set forth in Table 10-1, whereby the HPLC analyses are given

on peak area-% basis.

Table 10-1

Composition of 2’-FL Crystallization mother liquor

pH 4.16
L-fucose, % 0.5
Galactoset+Glucose, % 0.5
Lactose, % 17.5
2’fucosyllactose, % 524
Difucosyllactose, % 242
Others, % 4.9

[226] Hydrolysates out from SAC (H+) column were composed as set forth in Table
10-2, whereby the HPLC analyses are given on peak area-% basis. 76.0% fucose yield of
theoretical maximum with this feed solution was achieved in this test. Galactose and glucose
formation was more moderate in this test compared to Example 9. This was achieved by

lowering temperature and shortening residence time in the SAC (H+) column.
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Table 10-2
SAC (H+) product fraction 0-4 16-20 36-40 48-52 64-68 80-84
collected, hr
pH 2.81 2.63 2.55 2.58 2.54 2.60
L-fucose, % 13.8 231 225 22.6 22.6 225
Galactoset+Glucose, % 4.1 10.0 9.9 9.9 9.8 10.0
Lactose, % 332 42.4 41.9 41.8 41.8 41.8
2’fucosyllactose, % 28.3 10.3 10.9 10.8 11.1 11.0
Difucosyllactose, % 12.1 3.8 42 4.1 42 4.1
Others, % 8.5 10.4 10.6 10.8 10.5 10.6
Example 11

Nanofiltration of 2°-FL crystallization mother liquor mild acid hydrolysate

[227] The process equipment included a plate and frame filtration unit (Alfa Laval
Labstak M20), feed and diafiltration pump, heat exchanger, heating water bath, 8-liter feed tank
as well as inlet and outlet pressure gauges and pressure control valve. The total membrane area
was 0.54 m?. The membrane installed was Desal 5 DK series (Suez) with an approximate
molecular weight cut-off of 150-300 Dalton and 98-99% MgSOs retention at 25°C.

[228] As afeed, HMO hydrolysate from a mild acid hydrolysis at a pH of 3 for 14 days
was used, and the aim was to separate L-fucose contained therein to the NF permeate while
retaining lactose.

[229] 5.66 kg of feed was fed to an 8-liter feed tank. The liquor concentration was 14,7
g/100g and the pH was 3.5. The hydrolysate was composed as set forth in Table 11-1, whereby

the HPLC analyses are given on peak area-% basis.

Table 11-1

Composition of Feed %

L-fucose 28.7
Galactose + Glucose 9.0
Lactose 435
2’fucosyllactose 4.6
Difucosyllactose 0.0
Others 14.2
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[230] The feed was heated to 60°C and water was used for diafiltration. The filtration
pressure was set at 20-30 Bar and concentrate DS concentration controlled to keep flux at
greater than 6 kg/m?/h. After batch filtration, a permeate fraction and final concentrate fraction
were collected. The result including HPLC analyses on peak area-% basis for the permeate

fractions, final concentrate and combined evaporated permeate are set forth in Table 11-2.

Table 11-2
Permeate Final concentrate
mass, kg 10.5 3.0
Dry substance, g/100 g 3.0 16.7
L-fucose, % 60.1 8.7
Galactoset+Glucose. % 17.1 4.0
Lactose, % 16.2 62.2
2’fucosyllactose 0.9 6.5
Difucosyllactose, % 0.0 0.0
Others, % 5.8 18.5

[231] The overall L-fucose yield calculated from the permeate fractions was 81.7%.

Example 12
Nanofiltration of 2’-FL crystallization mother liquor acid hydrolysate

[232] The process equipment included a plate and frame filtration unit (Alfa Laval
Labstak M20), feed and diafiltration pump, heat exchanger, heating water bath, 8-liter feed tank
as well as inlet and outlet pressure gauges and pressure control valve. The total membrane area
was 0.72 m?. The membrane installed was Desal 5 DK series (Suez) with an approximate
molecular weight cut-off of 150-300 Dalton and 98-99% MgSOs retention at 25°C.

[233] As a feed, neutralized HMO hydrolysate from 1.5 pH acid hydrolysis of
crystallization mother liquor was used, and the aim was to separate L-fucose contained therein to
the NF permeate while retaining lactose.

[234] 3.6 kg of feed was fed to an 8-liter feed tank. The liquor concentration was 44,2
g/100g and the pH was adjusted to 5.5 with 1 M NaOH. The hydrolysate was composed as set
forth in Table 12-1, whereby the HPLC analyses are given on peak area-% basis.
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Table 12-1
Composition of Feed %
L-fucose 22.5
Galactose + Glucose 8.5
Lactose 555
2’fucosyllactose 5.8
Difucosyllactose 0.0
Others 7.8

[235] The feed was heated to 56°C and water was used for diafiltration. The filtration
pressure was set at 30 Bar and concentrate DS concentration controlled to keep flux at greater
5  than 6 kg/m*/.
After batch filtration two permeate fractions and final concentrate fraction were collected. The
result including HPLC analyses on peak area-% basis for the permeate fractions, final

concentrate and combined evaporated permeate are set forth in Table 12-2.

10 Table 12-2
Permeate 1  Permeate 2 Final
concentrate

mass, kg 15.2 16.5 6.9
Dry substance, g/100 g 2.4 0.9 16.1
L-fucose, % 64.0 52.1 2.8
Galactose+Glucose, % 22.0 222 1.6
Lactose, % 13.2 245 75.7
2’fucosyllactose, % 0.0 0.0 8.3
Difucosyllactose, % 0.0 0.0 0.0
Others, % 0.9 1.1 11.7

[236] The overall L-fucose yield calculated from the permeate fractions was 91.2%.

Example 13
15 Nanofiltration of 2°-FL acid hydrolysate
[237] The process equipment included a plate and frame filtration unit (Alfa Laval

Labstak M20), feed and diafiltration pump, heat exchanger, heating water bath, 8-liter feed tank
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as well as inlet and outlet pressure gauges and pressure control valve. The total membrane area
was 0.72 m?. The membrane installed was Desal 5 DK series (Suez) with an approximate
molecular weight cut-off of 150-300 Dalton and 98-99% MgSOs retention at 25°C.

[238] As afeed, neutralized HMO hydrolysate from 1.5 pH acid hydrolysis of high
purity 2°-FL syrup was used, and the aim was to separate L-fucose contained therein to the NF
permeate while retaining lactose.

[239] 2.26 kg of feed was fed to an 8-liter feed tank. The liquor concentration was 45,2
g/100g and the pH was adjusted to 7.8 with 1 M NaOH. The hydrolysate was composed as set
forth in Table 13-1, whereby the HPLC analyses are given on peak area-% basis.

Table 13-1

Composition of Feed %

L-fucose 25.6
Galactose + Glucose 6.2
Lactose 53.0
2’fucosyllactose 10.8
Difucosyllactose 0.0
Others 44

[240] The feed was heated to 55°C and water was used for diafiltration. The filtration
pressure was set at 30 Bar and concentrate DS concentration controlled to keep flux at greater
than 6 kg/m*/h.

After batch filtration, a permeate fraction and final concentrate fraction were collected. The
result including HPLC analyses on peak area-% basis for the permeate fraction, evaporated

permeate and final concentrate are set forth in Table 13-2.
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Table 13-2

Permeate Evaporated permeate  Final concentrate

mass, kg 18.2 0.7 38
Dry substance, g/100 g 1.7 445 19.4
L-fucose, % 70.7 70.7 4.6
Galactoset+Glucose, % 16.2 16.1 1.6
Lactose, % 11.7 11.8 703
2’fucosyllactose, % 1.4 1.5 15.1
Difucosyllactose, % 0.0 0.0 0.0
Others, % 0.0 0.0 8.4

[241] The overall L-fucose vield calculated from the permeate fraction was 86.9%.

Example 14
Nanofiltration of 2°-FL crystallization mother liquor enzymatic hydrolysate

[242] The process equipment included a plate and frame filtration unit (Alfa Laval
Labstak M20), feed and diafiltration pump, heat exchanger, heating water bath, 8-liter feed tank
as well as inlet and outlet pressure gauges and pressure control valve. The total membrane area
was 0.72 m?. The membrane installed was DK series (Suez) with an approximate molecular
weight cut-off of 150-300 Dalton and 98-99% MgSOs retention at 25°C.

[243] Hydrolysate prepared according to Example 6 was used as feed for nanofiltration
and the aim was to separate L-fucose contained therein to the NF permeate while retaining
lactose.

[244] The feed was heated to about 50-60°C and water was used for diafiltration. The
filtration pressure was set at 30 Bar and concentrate DS concentration controlled to keep flux at
greater than 6 kg/m?/h.

[245] After batch filtration permeate fraction and final concentrate fraction were
collected. The result including HPLC analyses on peak area-% basis for the permeate fractions,

final concentrate and combined evaporated permeate are set forth in Table 14-1.
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Table 14-1
Permeate Final concentrate
mass, kg 37.1 7.2
Dry substance, g/100 g 1.5 20.0
L-fucose, % 89.6 1.8
Galactose+Glucose, % 0.0 0.0
Lactose, % 10.2 75.2
2’fucosyllactose, % 0.0 1.6
Difucosyllactose, % 0.0 13.1
Others, % 0.2 8.2

[246] L-fucose yield of nanofiltration calculated from the permeate fraction was 95.0%.

Example 15
Enzymatic hydrolysis of nanofiltration permeate
[247] Nanofiltration permeate was evaporated to 45 g/100g concentration. Hydrolysis
was carried out for 1.2 kg of feed liquor in a 2-liter vessel with mixing. The pH was adjusted
with dilute NaOH to be about 6.0 and 2.7 grams of Enzyme (250 NLU/glactose of GODO-YNL2
beta-galactosidase, EC 3.2.1.23) was added. Hydrolysis was continued for 4 hr in constant
temperature of 40°C. Nanofiltration permeate was composed as set forth in Table 15-1, whereby

the HPLC analyses are given on peak area-% basis.

Table 15-1

Composition of hydrolyzation feed %

L-fucose 89.6
Galactose + Glucose 0.0
Lactose 10.2
2’fucosyllactose 0.0
Difucosyllactose 0.0
Others 0.2

[248] Hydrolysate was composed as set forth in Table 15-2, whereby the HPLC

analyses are given on peak area-% basis.
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Table 15-2
Composition of hydrolysate %
L-fucose 89.1
Galactose + Glucose 10.1
Lactose 0.5
2’fucosyllactose 0.0
Difucosyllactose 0.0
Others 0.3

Example 16

Chromatographic separation of
2°-FL crystallization mother liquor hydrolysate using SAC Na* resin

[249] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the column was 1.25 m and column had a diameter of 3.1 cm.
The column was packed with a strong acid gel type cation exchange resin in Na*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[250] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein.

[251] The liquor concentration was 27.9 g/100ml and the pH was 3.5. The hydrolysate

was composed as set forth in Table 16-1, whereby the HPLC analyses are given on peak area-%

basis.
Table 16-1
Composition of Feed %
L-fucose 23.3
Galactose + Glucose 5.4
Lactose 422
2’fucosyllactose 17.6
Difucosyllactose 0.6
Others 10.9
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[252] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 70 ml and the flow rate for the feed and elution was 7
ml/min.

[253] After equilibration of the system with three following feeds fractions were drawn
from the separation column: residual fraction, two recycle fractions (both sides of the L-fucose
peak) and L-fucose product fraction. The result including HPLC analyses on peak area-% basis

for the residual fraction, recycle fractions and the L-fucose fraction are set forth in Table 16-2.

Table 16-2
Residual Recycle 1 L-fucose Recycle 2

Volume, ml 285 39 100 15

Dry substance, g/100ml 5.0 44 31 0.4
L-fucose, % 3.0 64.1 90.1 72.6
Galactose+Glucose, % 3.0 227 7.7 0.8
Lactose, % 54.0 8.8 0.4 0.1

2’fucosyllactose, % 23.8 1.7 1.1 0.4
Difucosyllactose, % 1.7 0.6 0.5 0.2
Others, % 14.5 2.1 0.2 259

[254] The overall L-fucose yield calculated from these fractions was 86.7% with 9.3%

recycle ratio.

Example 17
Chromatographic separation of
2°-FL crystallization mother liquor hydrolysate using SAC Ca’" resin

[255] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the column was 1.25 m and column had a diameter of 3.1 cm.
The column was packed with a strong acid gel type cation exchange resin in Ca>*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[256] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-

fucose contained therein.
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[257] The liquor concentration was 27.7 g/100ml and the pH was 3.5. The hydrolysate
was composed as set forth in Table 17-1, whereby the HPLC analyses are given on peak area-%

basis.

Table 17-1

Composition of Feed %

L-fucose 23.3
Galactose + Glucose 5.6
Lactose 42.0
2’fucosyllactose 17.8
Difucosyllactose 1.2
Others 10.1

[258] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 70 ml and the flow rate for the feed and elution was 7
ml/min.

[259] After equilibration of the system with three following feeds fractions were drawn
from the separation column: residual fraction, two recycle fractions (both sides of the L-fucose
peak) and L-fucose product fraction. The result including HPLC analyses on peak area-% basis

for the residual fraction, recycle fractions and the L-fucose fraction are set forth in Table 17-2.

Table 17-2

Residual Recycle1 L-fucose Recycle2

Volume, ml 277 39 139 15

Dry substance, g/100ml 4.8 48 2.5 0.5
L-fucose, % 3.6 50.7 78.6 393
Galactoset+Glucose, % 4.3 12.9 5.0 0.7
Lactose, % 53.8 22.7 6.9 34
2’fucosyllactose, % 23.7 53 2.1 0.5

Difucosyllactose, % 1.1 0.0 0.0 0.0
Others, % 13.5 8.4 7.4 56.1

[260] The overall L-fucose yield calculated from these fractions was 85.1% with 10.4%

recycle ratio.
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Example 18
Chromatographic separation of nanofiltration permeate using SAC Na" resin

[261] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the resin bed was 1.57 m and column had a diameter of 9.3
cm. The column was packed with a strong acid gel type cation exchange resin in Na*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[262] As afeed, neutralized HMO hydrolysate, which was nanofiltered, was used and
the aim was to separate L-fucose contained therein.

[263] The liquor concentration was 27.7 g/100ml and the pH was 3.5. The hydrolysate
was composed as set forth in Table 18-1, whereby the HPLC analyses are given on peak area-%

basis.

Table 18-1
Composition of Feed %
L-fucose 61.8
Galactose + Glucose 17.7
Lactose 16.2
2’fucosyllactose 0.9
Difucosyllactose 0.0
Others 34

[264] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 800 ml and the flow rate for the feed and elution was 50
ml/min.

[265] After equilibration of the system with three following feeds fractions were drawn
from the separation column: residual fraction, two recycle fractions (both sides of the L-fucose
peak) and L-fucose product fraction. The result including HPLC analyses on peak area-% basis

for the residual fraction, recycle fractions and the L-fucose fraction are set forth in Table 18-2.
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Table 18-2

Residual  Recycle 1 L-fucose Recycle 2

Volume, ml 34 0.35 1.05 0.08
Dry substance, g/100ml 2.4 10.1 10.4 0.6
L-fucose, % 11.1 63.4 90.1 75.9
Galactoset+Glucose, % 223 325 7.7 0.4
Lactose, % 49.7 0.7 0.5 0.2
2’fucosyllactose, % 4.5 0.6 0.4 0.2
Difucosyllactose, % 0.0 0.0 0.0 0.0
Others, % 12.4 2.8 1.3 233

[266] The overall L-fucose yield calculated from these fractions was 91.6% with 15.8%

recycle ratio.

Example 19
Chromatographic separation of
2°-FL crystallization mother liquor hydrolysate using SAC Na* resin

[267] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the resin bed was 1.57 m and column had a diameter of 9.3
cm. The column was packed with a strong acid gel type cation exchange resin in Na*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[268] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein.

[269] The liquor concentration was 27.7 g/100ml and the pH was 3.5. The hydrolysate
was composed as set forth in Table 19-1, whereby the HPLC analyses are given on peak area-%

basis.
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Table 19-1

Composition of Feed %

L-fucose 22.3
Galactose + Glucose 8.6
Lactose 559
2’fucosyllactose 5.8
Difucosyllactose 0.0
Others 7.4

[270] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 800 ml and the flow rate for the feed and elution was 50
ml/min.

[271] After equilibration of the system with three following feeds fractions were drawn
from the separation column: residual fraction, two recycle fractions (both sides of the L-fucose
peak) and L-fucose product fraction. The result including HPLC analyses on peak area-% basis

for the residual fraction, recycle fractions and the L-fucose fraction are set forth in Table 19-2

Table 19-2

Residual Recycle1  L-fucose Recycle 2

Volume, | 34 0.3 0.9 0.2
Dry substance, g/100ml 53 52 3.8 0.4
L-fucose, % 2.3 659 913 48.4
Galactose+Glucose, % 6.2 314 7.9 0.4
Lactose, % 68.4 12 0.7 0.2
2’fucosyllactose, % 10.0 0.3 0.1 0.1
Difucosyllactose, % 0.0 0.0 0.0 0.0
Others, % 13.1 1.2 0.0 50.9

[272] The overall L-fucose yield calculated from these fractions was 88.3% with 7.1%

recycle ratio. Figure 1 is a graphical presentation of the elution profile.
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Example 20
Chromatographic separation of hydrolyzed 2’-FL crystal cake using SAC Na* resin

[273] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the resin bed was 1.57 m and column had a diameter of 9.3
cm. The column was packed with a strong acid gel type cation exchange resin in Na*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[274] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein.

[275] The liquor concentration was 27.6 g/100ml and the pH was 3.5. The hydrolysate
was composed as set forth in Table 20-1, whereby the HPLC analyses are given on peak area-%

basis.

Table 20-1
Composition of Feed %
L-fucose 24.9
Galactose + Glucose 6.1
Lactose 52.6
2’fucosyllactose 10.7
Difucosyllactose 0.0
Others 5.7

[276] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 800 ml and the flow rate for the feed and elution was 50
ml/min.

[277] After equilibration of the system with three following feeds fractions were drawn
from the separation column: residual fraction, two recycle fractions (both sides of the L-fucose
peak) and L-fucose product fraction. The result including HPLC analyses on peak area-% basis

for the residual fraction, recycle fractions and the L-fucose fraction are set forth in Table 20-2.
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Table 20-2
Residual Recycle 1 L-fucose Recycle 2
Volume. | 32 0.4 1.0 0.1
Dry substance, g/100ml 51 3.7 4.9 0.8
L-fucose, % 1.4 58.8 92.0 66.5
Galactoset+Glucose, % 3.0 38.4 7.9 0.2
Lactose, % 70.4 2.6 0.1 0.1
2’fucosyllactose, % 17.2 0.2 0.0 0.0
Difucosyllactose, % 0.0 0.0 0.0 0.0
Others, % 8.0 0.0 0.0 332

[278] The overall L-fucose yield calculated from these fractions was 94.9% with 6.2%

recycle ratio.

Example 21
SMB separation of 2'-FL crystallization mother liquor hydrolysate using SAC Na* resin

[279] The test equipment included four columns connected in series, feed pump,
recycling pumps, eluent water pump as well as inlet and product valves for the various process
streams. The height of each column was 4 m and each column had a diameter of 0.111 m. The
columns were packed with a strong acid gel type cation exchange resin in Na+ -form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[280] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein. The liquor concentration was 45.5 g/100ml and the pH was 3.3. The
hydrolysate was composed as set forth in Table 21-1, whereby the HPLC analyses are given on

peak area-% basis.
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Table 21-1

Composition of Feed %

L-fucose 23.1
Galactose+Glucose 34
Lactose 43.6
2’fucosyllactose 5.9
Difucosyllactose 0.3
Others 23.7

[281] The fractionation was performed by way of a 7-step SMB sequence as set forth
below. The feed and the eluent were used at a temperature of 65°C and water was used as an
eluent.

[282] Stepl: 6.0 liters of feed solution was pumped into the first column at a flow rate
of 21 I/h and Residual fraction was collected from the fourth column.

[283] Step 2: 7.0 1 of feed solution was pumped into the first column at a flow rate of
21 1/h and first 4.0 1 of Fucosel fraction and then 3.0 1 of Fucose2 fraction were collected from
the fourth column.

[284] Step 3: 6.0 1 of water was pumped into the first column at a flow rate of 21 1/h
and a Fucose2 fraction was collected from the fourth column.

[285] Step 4: 2.0 1 of water was pumped into the first column at a flow rate of 21 1/h
and a Recycle fraction was collected from the fourth column.

[286] Step 5: 4.0 1 were circulated in the column set loop, formed with all columns, at a
flow rate of 21 1/h.

[287] Step 6: 25.0 1 of water was pumped into the first column at a flow rate of 21 I'h
and a Residual fraction was collected from the second column. Simultaneously 16.5 1 of water
was pumped into the third column at a flow rate of 13.9 I/h and a Residual fraction was collected
from the fourth column.

[288] Step 7: 8.0 1 of water was pumped into the first column at a flow rate of 21 1/h
and a Residual fraction was collected from the fourth column.

[289] After equilibration of the system, the following fractions were drawn from the
system: Residual fractions from columns two and four, L-fucose containing fractions and
recycle fraction from the fourth column. The results including HPLC analyses for combined

residual fraction and other collected fractions are set forth in Table 21-2.
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Table 21-2

Residual Recycle L-fucose 1 L-fucose 2

Volume, | 55.5 2.0 4.0 9.0
Dry substance, g/100ml 8.6 0.2 14.1 7.7
L-fucose, % 5.5 91.2 84.9 96.4
Galactoset+Glucose, % 3.0 0.0 11.6 2.2
Lactose, % 56.4 6.0 0.1 0.1
2’fucosyllactose, % 7.1 0.0 0.0 0.0
Difucosyllactose, % 0.3 0.0 0.0 0.0
Others, % 27.7 2.8 3.4 1.3

[290] The overall L-fucose vield calculated from these fractions was 81.3% and purity

for the combined L-fucose fraction was 91.3%.

Example 22
Chromatographic separation of
2°-FL crystallization mother liquor hydrolysate using WAC H" resin

[291] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the resin bed was 1.57 m and column had a diameter of 9.3
cm. The column was packed with a weak acid gel type cation exchange resin in H*-form. The
divinylbenzene content of the resin was 8.0% and the mean bead size of the resin was 0.39 mm.

[292] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein.

[293] The liquor concentration was 26.1 g/100ml and the pH was 3.5. The hydrolysate
was composed as set forth in Table 22-1, whereby the HPLC analyses are given on peak area-%

basis.
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Table 22-1
Composition of Feed %
L-fucose 24.0
Galactose + Glucose 34
Lactose 43.0
2’fucosyllactose 5.0
Difucosyllactose 0.2
Others 24.4

[294] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 800 ml and the flow rate for the feed and elution was 50
ml/min.

[295] After equilibration of the system with five following feeds fractions were drawn
from the separation column: residual fraction, recycle fraction (before the L-fucose peak) and L-
fucose product fraction. The result including HPLC analyses on peak area-% basis for the

residual fraction, recycle fraction and the L-fucose fraction are set forth in Table 22-2.

Table 22-2
Residual Recycle L-fucose
Volume, | 33 0.3 1.5
Dry substance, g/100ml 4.5 43 29
L-fucose, % 1.6 471 91.1
Galactoset+Glucose, % 32 11.3 1.7
Lactose, % 60.0 114 0.8
2’fucosyllactose, % 8.2 1.0 0.4
Difucosyllactose, % 0.7 0.5 0.4
Others, % 26.3 28.7 5.6

[296] The overall L-fucose yield calculated from these fractions was 94.4% with 6.3%

recycle ratio.

57



10

15

20

WO 2020/154217 PCT/US2020/014261

Example 23
Chromatographic separation of hydrolyzed 3-FL syrup using SAC Na" resin

[297] The process equipment included a separation column, feed and eluent pump, heat
exchanger, flow control means for the out-coming liquid as well as inlet and product valves for
the process streams. The height of the resin bed was 1.57 m and column had a diameter of 9.3
cm. The column was packed with a weak acid gel type cation exchange resin in H*-form. The
divinylbenzene content of the resin was 5.5% and the mean bead size of the resin was 0.35 mm.

[298] As afeed, neutralized HMO hydrolysate was used and the aim was to separate L-
fucose contained therein.

[299] The liquor concentration was 26.3 g/100ml and the pH was 3.2. The hydrolysate
was composed as set forth in Table 23-1, whereby the HPLC analyses are given on peak area-%

basis.

Table 23-1
Composition of Feed %
L-fucose 24 .4
Galactose + Glucose 53
Lactose 527
3-fucosyllactose 6.7
Difucosyllactose 0.0
Others 10.9

[300] The feed and the eluent were used at a temperature of 60°C and water was used
as the eluent. The feed volume was 800 ml and the flow rate for the feed and elution was 50
ml/min.

[301] After equilibration of the system with five following feeds fractions were drawn
from the separation column: residual fraction, recycle fraction (before the L-fucose peak) and L-
fucose product fraction. The result including HPLC analyses on peak area-% basis for the

residual fraction, recycle fraction and the L-fucose fraction are set forth in Table 23-2.
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Table 23-2

Residual Recycle  L-fucose

Volume, | 34 0.5 1.1
Dry substance, g/100ml 4.5 3.6 38
L-fucose, % 1.9 61.4 90.8
Galactoset+Glucose, % 0.6 26.1 8.0
Lactose, % 70.1 35 1.0
3-fucosyllactose, % 10.8 0.3 0.2
Difucosyllactose, % 0.0 0.0 0.0
Others, % 16.6 8.7 0.0

[302] The overall L-fucose yield calculated from these fractions was 92.9% with 8.5%

recycle ratio.

Example 24
Crystallization of L-fucose from
chromatographically enriched syrup at a temperature of 40-69 °C

[303] The crystallization feed material was chromatographically enriched fucose syrup
prepared in accordance with Example 19. The RDS, the pH, the color, and the sugar
composition of the syrup are given in Table 24-1.

[304] The feed syrup was evaporated to a RDS of 83.3% (Rotavapor R-151
evaporator). The resulting syrup (0.30 kg) was moved to a 1 liter cooling crystallizer, and seeded
with 0.035 g of fucose seed crystals at a temperature of 69°C (seed crystals prepared in
accordance with EP 1664352, supersaturation of 1.17). The seeded syrup was cooled to 40°C in
66 hr under stirring, and then kept stirring at constant temperature for 3 hr.

[305] After 69 hr from seeding, the crystal mass (198 g) was centrifuged with a batch-
wise centrifuge having 22.5 cm basket diameter. The amount of wash water was 6 g, the rotating
speed was 2150 rpm, and the centrifugation time was 7 min. The centrifugation L-fucose yield
was 69.8%.

[306] The centrifuge feed mass RDS was 86.3% due to slow evaporation during
cooling. The mother liquor RDS was 74.4% after 67 hr from seeding at 40°C. This correspond
to crystal contents of 54% on DS.

[307] A sample of the wet centrifugation cake (70 g) was dried in a heating chamber at

41°C for 5 hr. The moisture content of the non-dried centrifugation cake was 1.4%. A sample of
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the non-dried centrifugation cake (21 g) was washed with ethanol and dried. The compositions
of the dried crystal sample, the dried ethanol-washed crystal sample, and the centrifugation run-

off are given in Table 24-1.

5 Table 24-1
Crystals
analysis Process Feed Centrifugation Dried washed
syrup run-off crystals with
ethanol
RDS, % refractometer 64.0 80.9 n/a n/a
moisture, % coulometric n/a n/a 0.1 0.1
Karl Fischer
pH, — (10 wt% pH meter 43 4.1 51 n/a
solution)
color, ICUMSA ICUMSA 148 382 22 n/a
Spectrophotometric
L-Fucose, area-% HPLC, NH2-column  90.1 78.7 99.0 100.0
L-Fucose, % on RDS HPLC, NHz-column  89.8 78.8 99.0 999
Galactose, % on RDS HPLC, NH2-column 6.9 14.8 04 00
Glucose, % on RDS  HPLC, NH2-column 1.2 22 0.0 0.0
Others, % on RDS HPLC, NH2-column 0.9 2.7 03 0.0

[308] The melting point (m.p.) was measured by using European Pharmacopoeia
process same way as in the EP 1664352. The melting point of the crystals was 139.0 — 141.0°C
and ethanol washed crystals 139.8-141.7 °C. Specific optical rotation of the dried crystals was -

10 74.5° (water, c=2, 20°C). The optical rotation was measured from 2 g/100ml water solution at

20°C by using Anton Paar MCP 300 Sucromet, cuvette 100 mm, Na 589 light.

Example 25
Crystallization of L-fucose from
15 chromatographically enriched syrup at a temperature of 44-75°C
[309] The crystallization feed material was chromatographically enriched fucose syrup
prepared in accordance with Example 21. The RDS, the pH, the color, and the sugar

composition of the syrup are given in Table 25-1.
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Table 25-1

analysis Process Feed syrup
RDS, % refractometer 59.1
pH, — (10 wt% solution) pH meter 5.6
color, ICUMSA ICUMSA 16

Spectrophotometric
L-Fucose, area-% HPLC, HILIC 91.2
L-Fucose, % on RDS HPLC, HILIC 90.4
Galactose and glucose, %  HPLC, HILIC 6.5
on RDS
Lactose, % on RDS HPLC, HILIC 0.0
Others, % on RDS HPLC, HILIC 22
L-Fucose, area-% HPLC, NH2-column 90.9
L-Fucose, % on RDS HPLC, NH2-column 90.1
Galactose, % on RDS HPLC, NH»-column 5.8
Glucose, % on RDS HPLC, NH2-column 0.9
Others, % on RDS HPLC, NH2-column 22

[310] The feed syrup was evaporated to a RDS of 87.1% (Rotavapor R-151
evaporator). The resulting syrup (12.4 kg) was moved to a 9 liters cooling crystallizer, and
seeded with 1.2 g of fucose seed crystals at a temperature of 75°C (seed crystals prepared in
accordance with Example 24, supersaturation of 1.41). The seeded syrup was cooled to 44°C
within 38 hr under stirring, and then kept stirring at constant temperature for 4 hr. After 22 hr
and 39 hr from seeding, small samples of the crystal mass were centrifuged without washing
(Hettich Rotanta 460R centrifuge, 1640 rpm, 10 min) to monitor progression of crystallization.
The mother liquor DS was 80.4% after 22 hr from seeding and 75.7% after 39 hr from seeding.
These values correspond to crystal contents of 39% on DS and 54% on DS, respectively. A
microscopic image of the crystal mass after 38 hr from seeding representing large crystal size
and cubic crystal habit is shown in Figure 2.

[311] The crystal mass (10.4 kg) was centrifuged with a batch-wise centrifuge having
40.5 cm basket diameter. The amount of wash water was 350 g, the rotating speed was

1600 rpm, and the centrifugation time was 7 min. The centrifugation L-fucose yield was 59%.
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[312] A sample of the wet centrifugation cake (27 g) was dried in a heating chamber at
40°C for 21 hr. The moisture content of the non-dried centrifugation cake was 2.3%. A sample
of the non-dried centrifugation cake (25 g) was washed with ethanol and dried. The
compositions of the dried crystal sample, the dried ethanol-washed crystal sample, and the

5  centrifugation run-off are given in Table 25-2.

Table 25-2
Crystals
analysis Process Centrifugation Dried washed
run-off crystals with
ethanol
RDS, % refractometer 73.5 100.0 99.7
moisture, % coulometric n/a 0.2 n/a
Karl Fischer
pH, — (10 wt% solution) pH meter 43 55 n/a
color, ICUMSA ICUMSA 239 8 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 80.6 99.7 100.0
L-Fucose, % on RDS HPLC, HILIC 80.6 99.7 101.4
Galactose and glucose, % on ~ HPLC, HILIC 14.1 0.1 0.0
RDS
Lactose, % on RDS HPLC, HILIC 0.2 0.0 0.0
Others, % on RDS HPLC, HILIC 4.3 0.2 0.0
L-Fucose, area-% HPLC, NH»-column 80.7 999 99.9
L-Fucose, % on RDS HPLC, NH>-column 793 98.9 99.8
Galactose, % on RDS HPLC, NH»-column 12.6 0.0 0.0
Glucose, % on RDS HPLC, NH»-column 1.4 0.0 0.0
Others, % on RDS HPLC, NH2-column 3.9 0.1 0.2

[313] The melting point (m.p.) was measured by using European Pharmacopoeia

10 process same way as in the EP 1664352, The melting point of the crystals was 139.3 — 140.0°C.

62



10

15

20

25

WO 2020/154217 PCT/US2020/014261

Example 26
Crystallization of L-fucose from
chromatographically enriched syrup at a temperature of 25-55°C

[314] The crystallization feed material was chromatographically enriched fucose syrup
prepared in accordance with Example 21. The RDS, the pH, the color, and the sugar
composition of the syrup are given in Table 25-1.

[315] The feed syrup was evaporated to a RDS of 80.8% (Rotavapor R-151
evaporator). The syrup (12.6 kg) was seeded with 1.7 g of fucose seed crystals at a temperature
of 55°C (seed crystals prepared in accordance with patent EP1664352, supersaturation of 1.30).
The seeded syrup was boiled at a temperature of 51-54 °C and at pressure of 70 mbar for
40 min. The RDS of the resulting crystal mass was 83.0%.

[316] The crystal mass was moved to a 9 liters cooling crystallizer, and cooled to 25°C
within 40 hr under stirring. After cooling, the crystal mass was kept stirring at constant
temperature for 5 hr. The mother liquor DS was 73.0% after 20 hr from seeding and 69.1% after
41 hr from seeding, which correspond to crystal contents of 45% on DS and 54% on DS,
respectively. A microscopic image of the crystal mass after 41 hr from seeding representing
small crystal size and needlelike crystal habit is shown in Figure 3.

[317] The crystal mass was divided into three parts. The first part (1.15 kg) was
centrifuged with a batch-wise centrifuge having 22.5 cm basket diameter, the second part
(7.78 kg) was centrifuged with a batch-wise centrifuge having 40.5 cm basket diameter, and the
third part (1.25 kg) was moved to a 2 liters crystallizer to continue crystallization with a mixture
of water and ethanol as solvent (Example 27).

[318] In the first centrifugation experiment (basket diameter 22.5 cm, wash water
50 mL, 3350 rpm, 7 min), the centrifugation L-fucose yield was 59%, and the moisture content
of the non-dried centrifugation cake was 5.1%. The compositions of the dried crystal sample, the

ethanol-washed crystal sample, and the centrifugation run-off are given in Table 26-1.
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Table 26-1
Crystals
analysis Process Centrifugation  Dried washed with
run-off crystals
ethanol
RDS, % refractometer 67.9 100.0 99.9
moisture, % coulometric n/a 0.3 n/a
Karl Fischer
pH, — (10 wt% solution) pH meter 4.7 55 n/a
color, ICUMSA ICUMSA 70 7 n/a
Spectrophotometric
L-fucose, area-% HPLC, HILIC 81.5 99.0 100.0
L-Fucose, % on RDS HPLC, HILIC 80.7 99.1 100.6
Galactose and glucose, % on HPLC, HILIC 13.8 1.2 0.0
RDS
Lactose, % on RDS HPLC, HILIC 0.5 0.0 0.0
Others, % on RDS HPLC, HILIC 5.7 1.2 0.0
L-Fucose, area-% HPLC, NH2-column 81.7 98.8 99.8
L-Fucose, % on RDS HPLC, NH2-column 79.9 97.7 98.7
Galactose, % on RDS HPLC, NH2-column 11.4 0.8 0.0
Glucose, % on RDS HPLC, NH2-column 14 0.2 0.0
Others, % on RDS HPLC, NH2-column 3.7 0.6 0.1

[319] The melting point (m.p.) was measured by using European Pharmacopoeia
process same way as in the EP 1664352, The melting point of the crystals was 140.3 — 141.5°C.
[320] In the second centrifugation (basket diameter 40.5 ¢cm, wash water 260 mL,
1600 rpm, 7 min), the centrifugation L-fucose yield was 56%, and the moisture content of the
non-dried centrifugation cake was 6.9%. The compositions of the dried crystal sample, the dried

ethanol-washed crystal sample, and the centrifugation run-off are given in Table 26-2.

64



10

WO 2020/154217 PCT/US2020/014261
Table 26-2
. . . Crystals
analysis Process Centrifugation  Dried washed with
run-off crystals
ethanol
RDS, % refractometer 66.9 99.8 99.9
moisture, % coulometric n/a 0.4 n/a
Karl Fischer
pH, — (10 wt% solution) pH meter 4.8 52 n/a
color, ICUMSA ICUMSA 67 8 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 82.5 98.7 100.0
L-Fucose, % on RDS HPLC, HILIC 81.5 98.9 100.1
Galactose and glucose, %  HPLC, HILIC 13.1 1.4 0.0
on RDS
Lactose, % on RDS HPLC, HILIC 0.5 0.0 0.0
Others, % on RDS HPLC, HILIC 5.5 1.2 0.0
L-Fucose, area-% HPLC, NH»-column 81.8 98.9 100.0
L-Fucose, % on RDS HPLC, NH»-column 80.0 97.5 98.8
Galactose, % on RDS HPLC, NH»-column 10.7 0.9 0.0
Glucose, % on RDS HPLC, NH»-column 1.2 0.1 0.0
Others, % on RDS HPLC, NHz2-column 5.6 0.9 0.0

[321] The melting point (m.p.) was measured by using European Pharmacopoeia

process same way as in the EP 1664352, The melting point of the crystals was 139.6 — 140.4°C.

Example 27

Crystallization of L-fucose from chromatographically

enriched syrup with a mixture of water and ethanol as solvent

[322] The crystal mass sample (1.25 kg) from Example 26 was kept stirring in a

2 liters crystallizer at 25°C, and 92 g of ethanol was mixed into the mass to reduce the viscosity.

The resulting mass was cooled to 16°C within 12 hr under stirring, and kept stirring at constant

temperature for 14 hr.
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[323] The crystal mass (1.13 kg) was centrifuged with 42 mL wash water (batch-wise
centrifuge, basket diameter 22.5 cm, 2830 rpm, 7 min). The centrifugation L-fucose yield was
60%.

[324] The compositions of the dried crystal sample, the dried ethanol-washed crystal

5  sample, and the centrifugation run-off are given in Table 27-1.

Table 27-1
Crystals
analysis Process Centrifugation  Dried washed with
run-off crystals
ethanol
RDS, % refractometer n/a 99.9 100.0
moisture, % coulometric n/a 0.3 n/a
Karl Fischer
pH, — (10 wt% solution)  pH meter 5.0 55 n/a
color, ICUMSA ICUMSA 71 6 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 81.2 993 100.0
L-Fucose, % on RDS HPLC, HILIC 80.3 98.1 100.2
Galactose and glucose, % HPLC, HILIC 14.0 0.9 0.0
on RDS
Lactose, % on RDS HPLC, HILIC 03 0.0 0.0
Others, % on RDS HPLC, HILIC 6.0 0.5 0.0
L-Fucose, area-% HPLC, NH2-column 80.2 99.2 100.0
L-Fucose, % on RDS HPLC, NH2-column 79.1 98.6 98.5
Galactose, % on RDS HPLC, NHz2-column 11.9 0.4 0.0
Glucose, % on RDS HPLC, NH2-column 1.5 0.0 0.0
Others, % on RDS HPLC, NH2-column 47 0.5 0.0

[325] The melting point (m.p.) was measured by using European Pharmacopoeia
10 process same way as in the EP 1664352, The melting point of the dried crystals was 140.2—
141.0°C.

66



WO 2020/154217 PCT/US2020/014261

Example 28
Crystallization of L-fucose from centrifugation
mother liguors and equipment wash from Examples 25 and 26
[326] The feed material for the crystallization was obtained by combining the
5  centrifugation mother liquors and diluted crystal masses recovered from washing the equipment
from Examples 25 and 26. The RDS, the pH, the color, and the sugar composition of the syrup

are given in Table 28-1.

Table 28-1
analysis Process Crystallization feed
RDS, % refractometer 60.3
pH., — (10 wt% solution) pH meter 4.6
color, ICUMSA ICUMSA 161
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 83.4
L-Fucose, % on RDS HPLC, HILIC 83.1
Galactose and glucose, % on RDS HPLC, HILIC 12.2
Lactose, % on RDS HPLC, HILIC 0.7
Others, % on RDS HPLC, HILIC 5.5
L-Fucose, area-% HPLC, NH2-column 84.0
L-Fucose, % on RDS HPLC, NH2-column 83.2
Galactose, % on RDS HPLC, NH2-column 10.6
Glucose, % on RDS HPLC, NH2-column 13
Others, % on RDS HPLC, NH2-column 38

10
[327] The feed syrup was evaporated to a RDS of 87.8% (Rotavapor R-151
evaporator). The resulting syrup (8.4 kg) was moved to a 6 liters cooling crystallizer, and seeded
with 2.0 g of fucose seed crystals at a temperature of 75°C (seed crystals prepared in accordance
with Example 24, supersaturation of 1.37). The seeded syrup was cooled to 40°C within 42 hr
15 under stirring, and then kept stirring at constant temperature for 2 hr. The mother liquor DS was
82.4% after 24 hr from seeding and 78.7% after 40 hr from seeding, which correspond to crystal
contents of 35% on DS and 49% on DS, respectively.
[328] The crystal mass (7.1 kg in total) was centrifuged in five batches with wash water
at an amount equaling 70-75 mL/kg mass DS (batch-wise centrifuge, basket diameter 22.5 cm,
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2690 rpm, 7 min). The average centrifugation L-fucose yield was 56%, and the moisture content

of the combined, non-dried cake was 2.9%. The compositions of the dried crystal sample (40°C,

23 hr), the dried ethanol-washed crystal sample, and the centrifugation run-off are given in

Table 28-2.
Table 28-2
Crystals
analysis Process Centrifugation  Dried washed with
run-off crystals
ethanol
RDS, % refractometer 73.4 99.9 100.0
moisture, % coulometric n/a 0.3 n/a
Karl Fischer
pH, — (10 wt% solution)  pH meter 44 5.5 n/a
color, ICUMSA ICUMSA 572 23 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 69.5 99.2 100.0
L-Fucose, % on RDS HPLC, HILIC 68.4 993 100.5
Galactose and glucose, % HPLC, HILIC 21.7 0.9 0.0
on RDS
Lactose, % on RDS HPLC, HILIC 0.6 0.0 0.0
Others, % on RDS HPLC, HILIC 8.1 04 0.0
L-Fucose, area-% HPLC, NH»-column 70.1 99.7 100.0
L-Fucose, % on RDS HPLC, NH2-column 68.5 98.9 99.8
Galactose, % on RDS HPLC, NHz2-column 194 0.0 0.0
Glucose, % on RDS HPLC, NH2-column 23 0.0 0.0
Others, % on RDS HPLC, NH2-column 6.0 0.4 0.0

[329] The melting point (m.p.) was measured by using European Pharmacopoeia

process same way as in the EP 1664352. The melting point of the dried crystals was 140.6 —

142.1°C.
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Example 29
Recrystallization of L-fucose from centrifugation crystal cakes of Examples 25, 26, and 28
[330] L-fucose crystals (10.6 kg in total) from Examples 25, 26 and 28 were combined
and dissolved in deionized water. The resulting solution was filtrated though a 0.2 um sterile
filter and evaporated to a RDS of 85.1% (Rotavapor R-153 evaporator). The composition of the
syrup is given in Table 29-1.

Table 29-1

analysis Process Crystallization feed
RDS, % refractometer 85.1
pH, — (10 wt% solution) pH meter 51
color, ICUMSA ICUMSA Spectrophotometric 7
L-Fucose, area-% HPLC, HILIC 992
L-Fucose, % on RDS HPLC, HILIC 99.7
Galactose and glucose, % on RDS HPLC, HILIC 0.9
Lactose, % on RDS HPLC, HILIC 0.0
Others, % on RDS HPLC, HILIC 0.8
L-Fucose, area-% HPLC, NH2-column 99.8
L-Fucose, % on RDS HPLC, NH2-column 98.7
Galactose, % on RDS HPLC, NH2-column 0.0
Glucose, % on RDS HPLC, NH2-column 0.0
Others, % on RDS HPLC, NH2-column 02

[331] The syrup (12.3 kg) was moved to a 9 liters cooling crystallizer, and seeded with
1.3 g of fucose seed crystals at a temperature of 75°C (seed crystals prepared in accordance with
Example 24, supersaturation of 1.31). The seeded syrup was cooled to 42°C within 42 hr under
stirring, and then kept stirring at constant temperature for 4 hr. The mother liquor DS was 77.3%
after 24 hr from seeding and 70.6% after 43 hr from seeding. These correspond to crystal
contents of 40% on DS and 58% on DS, respectively.

[332] The crystal mass (10.6 kg) was centrifuged with 350 mL wash water (batch-wise
centrifuge, basket diameter 40.5 cm, 1600 rpm, 7 min). The centrifugation L-fucose yield was
57%, and the moisture content of the non-dried cake was 2.8%. The compositions of the dried
crystal sample (40°C, 41 hr), the dried ethanol-washed crystal sample, and the centrifugation

run-off are given in Table 29-2.
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Table 29-2
Crystals
analysis Process Centrifugation Dried washed with
run-off crystals
ethanol
RDS, % refractometer 68.1 100.1 100.0
moisture, % coulometric n/a 0.1 n/a
Karl Fischer
pH, — (10 wt% solution) pH meter 43 5.7 n/a
color, ICUMSA ICUMSA 25 2 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 98.1 100.0 100.0
L-Fucose, % on RDS HPLC, HILIC 98.6 99.8 100.2
Galactose and glucose, %  HPLC, HILIC 1.5 0.0 0.0
on RDS
Lactose, % on RDS HPLC, HILIC 0.0 0.0 0.0
Others, % on RDS HPLC, HILIC 0.9 0.0 0.0
L-Fucose, area-% HPLC, NH»-column 993 100.0 100.0
L-Fucose, % on RDS HPLC, NH»-column 96.8 98.8 993
Galactose, % on RDS HPLC, NH»-column 0.3 0.0 0.0
Glucose, % on RDS HPLC, NHz-column 0.0 0.0 0.0
Others, % on RDS HPLC, NH»-column 0.3 0.0 0.0

[333] The melting point (m.p.) was measured by using European Pharmacopoeia

5  process same way as in the EP 1664352, The melting point of the crystals was 140.0 — 140.1°C.

Example 30
Crystallization of L-fucose from nanofiltration permeate
treated with beta-galactosidase at a temperature of 44-75°C
10 [334] The crystallization feed material was nanofiltration permeate treated with beta-
galactosidase prepared in accordance with Examples 14 and 15. The RDS, the pH, the color,

and the sugar composition of the syrup are given in Table 30-1.
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Table 30-1
analysis Process Feed syrup
RDS, % refractometer 451
pH, — (10 wt% solution) pH meter 5.5
color, ICUMSA ICUMSA 21

Spectrophotometric
L-fucose, area-% HPLC, HILIC 89.1
L-Fucose, % on RDS HPLC, HILIC 88.7
Galactose and glucose, % on RDS HPLC, HILIC 9.9
Lactose, % on RDS HPLC, HILIC 0.4
Others, % on RDS HPLC, HILIC 0.3
L-fucose, area-% HPLC, NH2-column 88.7
L-Fucose, % on RDS HPLC, NH2-column 88.5
Galactose, % on RDS HPLC, NH2-column 5.0
Glucose, % on RDS HPLC, NH2-column 5.0
Others, % on RDS HPLC, NH2-column 0.6

[335] The feed syrup was evaporated to a RDS of 87.3% (Rotavapor R-151
evaporator). The resulting syrup (0.56 kg) was moved to a 1-liter cooling crystallizer and seeded
with 0.06 g of fucose seed crystals at a temperature of 75°C (seed crystals prepared in
accordance with patent EP1664352, supersaturation of 1.39). The seeded syrup was cooled to
44°C within 40 hr under stirring, and then kept stirring at constant temperature for 4 hr. The
mother liquor DS was 80.7% after 24 hr from seeding and 76.4% after 40 hr from seeding,
which correspond to crystal contents of 39% on DS and 53% on DS, respectively.

[336] The crystal mass (0.48 kg) was centrifuged with 16 mL wash water (batch-wise
centrifuge, basket diameter 22.5 cm, 2150 rpm, 7 min). The centrifugation L-fucose yield was
58%, and the moisture content of the combined, non-dried cake was 2.4%. The compositions of
the dried crystal sample (40°C, 24 hr), the dried ethanol-washed crystal sample, and the

centrifugation run-off are given in Table 30-2.
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Table 30-2
Crystals
analysis Process Centrifugation Dried washed with
run-off crystals
ethanol
RDS, % refractometer 73.7 99.9 99.8
moisture, % coulometric n/a 0.3 n/a
Karl Fischer
pH, — (10 wt% solution)  pH meter 4.5 5.4 n/a
color, ICUMSA ICUMSA 284 10 n/a
Spectrophotometric
L-Fucose, area-% HPLC, HILIC 77.9 99.8 100.0
L-Fucose, % on RDS HPLC, HILIC 77.5 99.8 100.2
Galactose and glucose, % HPLC, HILIC 20.6 0.1 0.0
on RDS
Lactose, % on RDS HPLC, HILIC 0.8 0.0 0.0
Others, % on RDS HPLC, HILIC 0.6 0.0 0.0
L-Fucose, area-% HPLC, NH2-column 78.0 999 999
L-Fucose, % on RDS HPLC, NH2-column 76.8 9.1 99.6
Galactose, % on RDS HPLC, NH2-column 10.4 0.0 0.0
Glucose, % on RDS HPLC, NH2-column 10.2 0.0 0.0
Others, % on RDS HPLC, NH2-column 1.3 0.1 0.1

[337] The melting point (m.p.) was measured by using European Pharmacopoeia

[338]
[339]
[340]
[341]
[342]
[343]

* ok ok ok ok ok ok ok ok

2’-FL refers to 2 -fucosyllactose.
3-FL refers to 3-fucosyllactose.

DFL, DiFL and LDFT refer to difucosyllactose.

HMO refers to human milk oligosaccharide.

process same way as in the EP 1664352, The melting point of the crystals was 139.6 — 140.8°C.

In this specification, the following definitions have been used:

Fucose refers to monomeric fucose, which is typically L-fucose.

[344] HMO hydrolysate refers to a hydrolysed HMO, such as 2°-FL, 3-FL or LDFT or

mixtures thereof.
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[345] Galactose and glucose refer to D-galactose and D-glucose.

[346] 11U refers to International Unit, which is the amount of enzyme consuming 1 umol
substrate per minute under standard conditions

[347] SAC refers to a strong acid cation exchange resin.

[348] WAC refers to a weak acid cation exchange resin.

[349] DVB refers to divinylbenzene.

[350] ACN refers to acetonitrile.

[351] DS refers to a dry substance content expressed as% by weight.

[352] RDS refers to DS content according to the correlation between refractometric
index and DS.

[353] SMB refers to chromatographic simulated moving bed process.

[354] IX or IEX refer to ion exchange process

[355] BV/h refers to the volume flow rate through an ion exchange material contained
in a column or operating unit. BV refers to bed volume which is volume of ion exchange
material of specified ionic form contained in a column or operating unit.

[356] A fraction enriched in L-fucose™ or “an L-fucose fraction™ refers to a fraction
recovered from a chromatographic separation system or membrane filtration and having a
greater content of fucose on DS than the solution used as the feed.

[357] RDS refers to a refractometric dry substance content, expressed as percent by
weight.

[358] Purity refers to the content of a component (such as L-fucose) on DS or RDS.
The Area% calculation procedure reports the area of each peak in the chromatogram as a
percentage of the total area of all peaks.

[359] Theoretical yield refers to the maximum amount of L-fucose that could be
formed from the given amounts of hydrolyzed HMO.

[360] The words "comprise", "comprises" and “‘comprising" are to be interpreted
inclusively rather than exclusively. This interpretation is intended to be the same as the
interpretation that these words are given under United States patent law at the time of this filing.

[361] The singular forms "a" and "an" are intended to include plural referents unless the
context dictates otherwise. Thus, for example, a reference to the presence of "a microorganism"
does not exclude the presence of multiple microorganisms unless the context dictates otherwise.

[362] Any reference cited in this specification is incorporated by reference into this

specification.
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We claim:

1. A process for making L-fucose, wherein the process comprises:

hydrolyzing a human milk oligosaccharide, which contains one or more L-fucose
moieties in its structure, to form a hydrolysate comprising L-fucose, lactose, galactose and
glucose;

subjecting the hydrolysate to one or more purification steps comprising chromatographic
separation and/or nanofiltration;

recovering a fraction enriched in L-fucose from the purification; and

subjecting the fucose-enriched fraction to spray-drying and/or crystallization to form a

purified L-fucose solid.

2. The process according to claim 1, wherein the human milk oligosaccharide is

selected from 2’-fucosyllactose (2°-FL), 3-fucosyllactose (3-FL) and difucosyllactose (LDFT).

3. The process according to any one of the preceding claims, wherein the hydrolysis

comprises contacting the human milk oligosaccharide with an acid.

4, The process according to any one of the preceding claims, wherein the hydrolysis
comprises contacting the human milk oligosaccharide with an ion exchange column comprising

a strong acid cation (SAC) ion exchange resin in H*-ion form.

5. The process according to any one of the preceding claims, wherein the hydrolysis
comprises hydrolyzing the human milk oligosaccharide at a pH of from 1.00 to 2.00; or,

alternatively, from 1.5 to 1.75.

6. The process according to any one of the preceding claims, wherein the hydrolysis
comprises hydrolyzing the human milk oligosaccharide at a temperature of from 70 to 140°C;
or, alternatively, from 80 to 110°C; or, alternatively, from 90 to 100°C; or, alternatively, from

85 to 96°C.
7. The process according to any one of the preceding claims, wherein the hydrolysis

is carried out with a residence time of from 1 to 24 hr; or, alteratively, from 0.5 to 6 hr; or,

alternatively, from 1 to 4 hr; or, alternatively, from 2 to 4 hr.
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8. The process according to any one of the preceding claims, wherein the hydrolysis

comprises contacting the human milk oligosaccharide with an enzyme.

9. The process according to any one of the preceding claims, wherein the hydrolysis
produces an aqueous hydrolysate with an L-fucose yield equaling more than 50% (or,
alternatively, more than 60%; or, alternatively, more than 70%; or, alternatively, more than

80%) based on the human milk oligosaccharide that is hydrolyzed.

10. The process according to any one of the preceding claims, wherein the hydrolysis
produces an aqueous hydrolysate with galactose and glucose yields equalling less than 20% (or,
alternatively, less than 15%; or, alternatively, less than 12%; or, alternatively, less than 10%)

based on potential lactose that could be obtained during the hydrolysis.

11. The process according to any one of the preceding claims, wherein the hydrolysis
produces an aqueous hydrolysate having an L-fucose content of greater than 10% on DS; or,
alternatively, greater than 15% on DS; or, alternatively, greater than 20% on DS; or,

alternatively, greater than 25% on DS.

12. The process according to any one of the preceding claims, wherein:
the purification comprises chromatographic separation, and
the chromatographic separation comprises use of a resin selected from a strong acid

cation resin (SAC) and a weak acid cation resin (WAC).

13. The process according to any one of the preceding claims, wherein:

the purification comprises chromatographic separation, and

the chromatographic separation forms a chromatographic separation product comprising
an L-fucose content that is greater than 60% on DS; or, alternatively, greater than 70% on DS;

or, alternatively, greater than 80% on DS; or, alternatively, greater than 90% on DS.

14. The process according to any one of the preceding claims, wherein:

the purification comprises chromatographic separation, and
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the chromatographic separation forms a chromatographic separation product having an
L-fucose yield of greater than 70% (or, alternatively, greater than 80%; or, alternatively, at least

90%) based on the L-fucose in the hydrolysate.

15. The process according to any one of the preceding claims, wherein:

the purification comprises nanofiltration, and

the nanofiltration forms a nanofiltration product having an L-fucose yield of greater than
50% (or, alternatively, more than 70%; or, alternatively, at least 90%) based on the L-fucose in

the hydrolysate.

16. The process according to any one of the preceding claims, wherein the fucose-

enriched fraction is subjected to crystallization to form a crystalline L-fucose product.

17. The process according to any one of the preceding claims, wherein:

the fucose-enriched fraction is subjected to crystallization; and

the crystallization comprises crystallization in a solvent selected from water, an alcohol
(such as, ethanol), and a mixture of water and an alcohol (such as a mixture of water and

ethanol).

18. The process according to any one of the preceding claims, wherein:
the fucose-enriched fraction is subjected to crystallization; and
the crystallization forms a crystalline L-fucose product having a purity of greater than

90% on DS; or, alteratively, greater than 95% on DS; or, alternatively, greater than 99% on DS.

19. An L-fucose product obtained from a process of any one claims 1-18.

20. The L-fucose product of claim 19, wherein the product comprises crystalline L-

fucose.
21. The crystalline L-fucose product of claim 20, wherein the product has a purity of

at least 99.0% on DS and crystalline L-fucose is essentially free from organic solvents, and is

having essentially cubic crystal habit.

76



WO 2020/154217 PCT/US2020/014261

22. The crystalline L-fucose product of any one of claims 20 and 21, wherein the

product contains essentially no (or, alternatively, no) organic solvents.
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