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(57) ABSTRACT 
The present invention pertains to a method of producing 
caseinomacropeptide (CMP)-containing compositions in 
high yield and having a very low content of phenylalanine 
(Phe ). More specifically, the method involves subjecting a 
whey derived feed to a combination of ultrafiltration and 
subsequent cation exchange. 
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Fig. 1 
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Fig. 2 
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Fig. 3 
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METHOD OF PRODUCING A COMPOSITION 
CONTAINING CASEINOMACROPEPTIDE 

FIELD OF THE INVENTION 

[0001] The present invention pertains to a method of pro­
ducing caseinomacropeptide (CMP)-containing composi­
tions in high yield and having a very low level of phenylala­
nine (Phe). More specifically, the method involves subjecting 
a whey derived feed to a combination of ultrafiltration and 
subsequent cation exchange chromatography. 

BACKGROUND 

[0002] CMP is a highly heterogeneous peptide due to a 
variety of glycosylation patterns and different extents of gly­
cosylations by galactosamine, galactose and o-sialic acid. For 
this reason CMP does not have a single charge but in reality a 
distribution of charges exists. 
[0003] CMP is a unique, naturally occurring peptide that 
contains no Phe. CMP is e.g. formed during cheese-making 
when chymosin specifically cleaves K-casein between the 105 
to 106 amino acid residues. Para-K-casein (residues 1 to 105) 
coagulates, forming cheese curd, while CMP (residues 106 to 
169) remains in the whey. CMP is the 3rd most abundant 
protein in sweet whey, after ~-lactoglobulin (BLG) anda-lac­
talbumin (ALA). 
[0004] The lack of Phe makes CMP an interesting protein 
source for persons suffering from phenylketonuria (PKU). 
[0005] Several attempts to isolate CMP from whey have 
been described in the prior art. 
[0006] U.S. Pat. No. 5,278,288 discloses a method for pro­
ducing CMP, wherein a cheese whey is subjected to cation 
exchange and the non-bound fraction is subsequently sub­
jected to ultrafiltration at low pH, whereby the monomeric 
CMP and other impurities are isolated in the ultrafiltration 
permeate. The pH of the resulting permeate is finally adjusted 
to pH 7, which leads to the formation ofCMP oligomers, and 
the CMP oligomers are concentrated by ultrafiltration. The 
Phe-content of the resulting composition is not mentioned in 
U.S. Pat. No. 5,278,288. 
[0007] WO 99/18808 discloses another method of recover­
ing CMP. More specifically, WO 99/18808 describes a pro­
cess where cheese whey is subjected to two ion exchange 
steps of opposite polarity performed in sequence. The above­
mentioned U.S. Pat. No. 5,278,288 is discussed in the back­
ground section of WO 99/18808, and here it is mentioned that 
the CMP recovery of the method ofU.S. Pat. No. 5,278,288 is 
uneconomically low. 
[0008] WO 98/14071 discloses a method of producing 
CMP-compositions. This method involves subjecting cheese 
whey to an anion exchange process and subsequently to a 
second ion exchange process which may be a cation or anion 
exchange process. The resulting CMP composition is said to 
have a Phe-content of at most 0.5% (w/w) relative to the total 
amount of amino acids determined after protein hydrolysis by 
hydrochloric acid. 

SUMMARY OF THE INVENTION 

[0009] Contrary to the general understanding in the art (see 
e.g. WO 99/18808, page 2), the present inventors have dis­
covered that the combination of ultrafiltration and cation 
exchange can lead to an economical process of separating 
CMP from whey-derived feeds. This, however, requires that 
the ultrafiltration step is performed before the cation 
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exchange step, and not as in U.S. Pat. No. 5,278,288 which 
discloses a cation exchange step followed by an ultrafiltration 
step. 

[0010] By using the present invention, CMP may be eco­
nomically isolated in both very high yield and with a very low 
content of Phe. 

[0011] Thus, an aspect of the invention pertains to a method 
of producing a caseinomacropeptide-containing composition 
having a low content of phenylalanine, the method compris­
ing the steps of 

[0012] a) providing a whey-derived feed comprising 
caseinomacropeptide (CMP) and at least one additional 
protein, said whey-derived feed having a pH ofat most 4, 

[0013] b) subjecting said whey-derived feed to ultrafil­
tration (UF) using an ultrafiltration filter allowing the 
passage of monomeric CMP, thereby providing a UF 
permeate and UF retentate, which UF permeate is 
enriched with respect to CMP, 

[0014] c) contacting a first composition derived from 
said UF permeate with a cation exchange material, and 

[0015] d) collecting the fraction of the first composition 
which is not bound to the cation exchange material, 
thereby obtaining the CMP-containing composition. 

[0016] In the context of the present invention, the term 
"caseinomacropeptide" or "CMP" pertains to the peptide 
which may e.g. be released from K-casein upon exposure to 
chymosin, e.g. during cheese-making. The term CMP encom­
passes both glycosylated and non-glycosylated forms of 
CMP. In the scientific literature CMP is also sometimes 
referred to as caseinoglycomacropeptide ( cGMP) or glyco­
macropeptide (GMP). 

[0017] At low pH, CMP exists as single CMP molecules, 
also referred to a "monomeric CMP".AthigherpH, the single 
CMP molecules start to aggregate, thus forming CMP dimers 
(a complex of two single CMP molecules) or CMP oligomers 
(complexes of more than two single CMP molecules). 

[0018] In the context of the present invention, a composi­
tion having a low content of phenylalanine (Phe) contains at 
most 0.5% (w/w) Phe relative to the total amount of protein of 
the composition. As described herein, even a lower content of 
Phe may be preferred. The Phe content of a composition is 
determined according to ISO 13903:2005 (Animal feeding 
stuffs-Determination of amino acids content). 

BRIEF DESCRIPTION OF THE FIGURES 

[0019] FIG. 1 is a schematic illustration of an embodiment 
of the invention where the UF permeate (3) is used as the first 
composition. 

[0020] FIG. 2 is a schematic illustration of an embodiment 
of the invention where the UF permeate (3) is used as the first 
composition, and wherein the UF retentate (2) is diluted with 
water (5) and recycled as feed (5) to the ultrafiltration system. 

[0021] FIG. 3 is a schematic illustration of an embodiment 
of the invention where three UF units are arranged in 
sequence, filtering first the whey-derived feed (1), then the 
UF retentate (2) from the first UF unit diluted with water (5), 
and finally, the UF retentate (2') from the second UF unit also 
diluted with water ( 5). The UF permeates of the three UF units 
(3, 3', and3") are combined and used as the first composition. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0022] An aspect of the invention pertains to a method of 
producing a caseinomacropeptide-containing composition 
having a low content of phenylalanine, the method compris­
ing the steps of 

[0023] a) providing a whey-derived feed comprising 
caseinomacropeptide (CMP) and at least one additional 
protein, said whey-derived feed having a pH of at most 4, 

[0024] b) subjecting said whey-derived feed to ultrafil­
tration using an ultrafiltration filter which allows for the 
passage of monomeric CMP, thereby providing a UF 
permeate and a UF retentate, which retentate is enriched 
with respect to CMP, 

[0025] c) contacting a first composition derived from 
said UF permeate with a cation exchange material, and 

[0026] d) collecting the fraction of the first composition 
which is not bound to the cation exchange material, 
thereby obtaining the CMP-containing composition. 

[0027] The whey-derived feed is the liquid feed which is to 
be subjected to ultrafiltration. The whey-derived feed may for 
example be one of the process streams which are typically 
obtained during processing of whey. 
[0028] In the context of the present invention, the term 
"whey" pertains to the liquid fraction which is obtained when 
casein is coagulated by enzymatic cleavage of casein, and 
particularly kappa-casein, as it e.g. occurs during rennet­
based cheese production. 
[0029] In a whey-derived feed at least 50% (w/w) of the 
total protein originates from whey. In some preferred embodi­
ments of the invention at least 90% (w/w), and preferably 
substantially all, of the total protein of the whey-derived feed 
originates from whey. 
[0030] The whey is preferably whey of mammalian milk, 
such as e.g. milk from human, cow, sheep, goat, buffalo, 
camel, llama, horse and/or deer. In some preferred embodi­
ments of the invention the whey-derived feed is derived from 
bovine milk. 
[0031] In some preferred embodiments of the invention the 
whey-derived feed is derived from cheese whey or a concen­
trate thereof. The whey-derived feed may for example consist 
of cheese whey or a protein concentrate thereof. 
[0032] In the context of the present invention, the term 
"protein concentrate" of a liquid pertains to a liquid compo­
sition or powdered composition containing substantially all 
of the proteins of the original liquid but less water and option­
ally also less salt, carbohydrate, and other small molecules. 
Protein concentrates may e.g. be prepared by evaporation or 
by ultrafiltration using a low-molecular cut-off membrane. 
[0033] In some embodiments of the invention, the whey­
derived feed is derived from a beta-lactoglobulin-reduced 
feed or a protein concentrate thereof. 
[0034] In other preferred embodiments of the invention the 
whey-derived feed is derived from whey obtained from ren­
net-coagulated casein or caseinate or a concentrate thereof. 
The whey-derived feed may for example consist of whey 
from rennet-coagulated casein or caseinate or a concentrate 
thereof. Such whey is for example obtained during cheese 
production based on micellar casein isolate instead of milk. 
[0035] The CMP content of the whey-derived feed may 
vary and depends on which specific whey-derived feed is 
used. 
[0036] In some preferred embodiments of the invention the 
whey-derived feed contains an amount ofCMP of at least 1 % 
( w /w) relative to the total amount of protein. For example, the 
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whey-derived feed may contain an amount of CMP of at least 
5% (w/w) relative to the total amount of protein. Preferably, 
the whey-derived feed contains an amount of CMP of at least 
10% (w/w) relative to the total amount of protein. The whey­
derived feed may e.g. contain an amount of CMP of at least 
15% ( w /w) relative to the total amount of protein. 
[0037] The whey-derived feed may for example contain an 
amount ofCMP in the range of 1-60% (w/w) relative to the 
total amount of protein. For example, the whey-derived feed 
may contain an amount ofCMP in the range of5-50% (w/w) 
relative to the total amount of protein. Preferably, the whey­
derived feed contains an amount of CMP in the range of 
10-40% (w/w) relative to the total amount of protein. The 
whey-derived feed may e.g. contain an amount ofCMP in the 
range ofl 5-30% ( w /w) relative to the total amount of protein. 
[0038] The amount ofCMP and the amount of total protein 
of a composition, e.g. a whey-derived feed or a related prod­
uct, is preferably determined as described in Thoma et al 
(Thoma, C., Krause, I. and Kulozik, U. (2006). Precipitation 
behaviour of caseinomacropeptides and their simultaneous 
determination with whey proteins by RP-HPLC. Interna­
tional Dairy Journal, 16, 285-293). 
[0039] As said, the whey-derived feed contains at least one 
additional protein, and typically at least several additional 
proteins. The additional proteins normally comprise proteins 
which inherently are present in whey. 
[0040] In some preferred embodiments of the invention the 
at least one additional protein comprises at least one protein 
selected from the group consisting of immunoglobulin G, 
immunoglobulin M, bovine serum albumin (BSA), beta-lac­
toglobulin, alpha-lactalbumin, beta casein, casein-derived 
peptides, milk fat globule membrane (MFGM) proteins, and 
a combination thereof. 
[0041] It should be noted that in the context of the present 
invention, the term "casein-derived peptides" does not 
encompass CMP even though CMP is also derived from 
casem. 
[0042] For example, the at least one additional protein may 
comprise at least two proteins selected from the group con­
sisting of immunoglobulin G, immunoglobulin M, bovine 
serum albumin (BSA), beta-lactoglobulin, alpha-lactalbu­
min, beta casein, casein-derived peptides, milk fat globule 
membrane (MFGM) proteins, and a combination thereof. 
[0043] The whey-derived feed may further contain other 
components which are normally found in whey, such as salts, 
fat, lactose and other carbohydrates. 
[0044] Generally, it is preferred that the whey-derived feed 
only contains small amounts of casein, and preferably sub­
stantially no casein at all. 
[0045] In some embodiments of the invention the whey­
derived feed contains a total amount of casein of at most 3% 
( w /w) relative to the total amount of protein. 
[0046] For example, the whey-derived feed may contain an 
amount of casein of at most 1 % (w/w) relative to the total 
amount of protein. Preferably, the whey-derived feed con­
tains an amount of casein ofat most O .1 % ( w /w) relative to the 
total amount of protein. The whey-derived feed may e.g. 
contain an amount of casein of at most 0.01 % (w/w) relative 
to the total amount of protein. 
[0047] In some preferred embodiments of the invention the 
whey-derived feed contains a total amount of protein of at 
least 0.2% (w/w) relative to the weight of the whey-derived 
feed. For example, the whey-derived feed may contain a total 
amount of protein of at least 0.8% (w/w) relative to the weight 



US 2016/0058025 Al 

of the whey-derived feed. Preferably, the whey-derived feed 
contains a total amount of protein ofat least 2% ( w /w) relative 
to the weight of the whey-derived feed. The whey-derived 
feed may for example contain a total amount of protein of at 
least 5% (w/w) relative to the weight of the whey-derived 
feed. 

[0048] In some embodiments of the invention the whey­
derived feed contains a total amount of protein in the range of 
0.2-20% (w/w) relative to the weight of the whey-derived 
feed. For example, the whey-derived feed may contain a total 
amount of protein in the range of0.8-15% (w/w) relative to 
the weight of the whey-derived feed. Preferably, the whey­
derived feed contains a total amount of protein in the range of 
2-14% (w/w) relative to the weight of the whey-derived feed. 
The whey-derived feed may for example contain a total 
amount of protein in the range of 4-10% (w/w) relative to the 
weight of the whey-derived feed, such as e.g. in the range of 
4-8% (w/w). 

[0049] It is preferred that the whey-derived feed has a pH 
which favours the dissociation of oligomeric CMP complexes 
into monomeric CMP. The whey-derived feed may for 
example have a pH in the range pH 1-4. 

[0050] In some embodiments of the invention, the whey­
derived feedhas a pH in the range ofl .5-3.8. For example, the 
whey-derived feed may have a pH in the range of2.0-3.6. The 
whey-derived feed may e.g. have a pH in the range of2.5-3.5, 
such as e.g. in the range of 2.8-3.2. 

[0051] Unless it is stated otherwise, the pH values men­
tioned herein are measured at 12 degrees C. 

[0052] As said, step b) involves subjecting the whey-de­
rived feed to ultrafiltration using an ultrafiltration filter allow­
ing for the passage of monomeric CMP, thereby providing a 
UF permeate enriched with respect to CMP, and a UF reten­
tate. 

[0053] The UF permeate is enriched with respect to CMP in 
the sense that the weight percentage of CMP relative to the 
total amount of protein in the UF permeate is higher than that 
of the whey-derived feed. It may happen that the absolute 
concentration of CMP in the UF permeate is lower than the 
absolute concentration ofCMP in the whey-derived feed, but 
this is not a problem as long as the ultrafiltration filter retains 
a larger percentage of the other proteins than it does of the 
CMP. 

[0054] Examples of implementation of the ultrafiltration 
process may for example be found in the European patent EP 
1 03 7 53 7 61, which is incorporated herein by reference for all 
purposes. 

[0055] Step b) may furthermore involve so called diafiltra­
tion of the initial UF retentate, to wash out more of the CMP 
that remains in the retentate. The diafiltration involves dilut­
ing the initial UF retentate with a liquid that contains substan­
tially no protein. Useful examples of such a liquid is e.g. 
water, nano filtration permeate of whey or milk, or CMP-free 
UF permeate of whey or milk. Alternatively, the liquid used 
for dilution may be a reverse osmosis permeate. Reverse 
osmosis permeates may e.g. be obtained from reverse osmo­
sis of milk, whey, milk UF permeates, or whey UF permeates, 
and primarily comprises water and small monovalent ions. 

[0056] The diluted liquid is then subjected to ultrafiltration 
under the same or similar conditions as required for the initial 
UF step using the same or a similar UF filter. If necessary, the 
pH of the diluted retentate should be adjusted to a pH of at 
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most pH 4. The first UF-diafiltration step results in the for­
mation of a first UF-diafiltration permeate and a first UF­
diafiltration retentate. 
[0057] This process may be repeated one or more times, 
each time diluting the previous retentate, making a pH-ad­
justment if necessary, and then subjecting the new feed to 
ultrafiltration, which results in the formation of further CMP 
enriched UF-diafiltration permeates and further CMP-re­
duced UF-diafiltration retentates. 
[0058] The first and further UF-diafiltration permeate are 
preferably combined with the initial UF permeate to form part 
of the first composition. 
[0059] The ultrafiltration filter is the component which is 
capable ofretaining larger molecules on the feed side of the 
filter and allow for the passage of smaller molecules. The 
ultrafiltration filter may for example be a thin membrane 
containing pores having a specific pore size distribution. 
[0060] The ultrafiltration filter is preferably chosen so that 
it, during operation, is able to allow for the passage of mono­
meric CMP through the filter, and so that it is capable of 
retaining beta-lactoglobulin and preferably also similar whey 
proteins. As will be known to the person skilled in the art, the 
separation characteristics of an ultrafiltration filter depend 
both on its physical and chemical structure, the characteristics 
of the feed material, and the process parameters by which the 
ultrafiltration is performed. 
[0061] In some preferred embodiments of the invention the 
ultrafiltration filter has a nominal molecular weight cut-off in 
the range of 5-300 kDa. For example, the ultrafiltration filter 
may have a nominal molecular weight cut-off in the range of 
10-150 kDa. Preferably, the ultrafiltration filter may have a 
nominal molecular weight cut-off in the range of20- l 00 kDa. 
The ultrafiltration filter may e.g. have a nominal molecular 
weight cut-off in the range of 30-80 kDa, such as e.g. in the 
range of35-60 kDa. 
[0062] For example, the ultrafiltration filter may have a 
nominal molecular weight cut-off in the range of 5-100 kDa. 
Preferably, the ultrafiltration filter may have a nominal 
molecular weight cut-off in the range of 10-70 kDa. The 
ultrafiltration filter may e.g. have a nominal molecular weight 
cut-off in the range of 15-50 kDa, such as e.g. in the range of 
20-40 kDa. Alternatively, the ultrafiltration filter may have a 
nominal molecular weight cut-off in the range of 10-50 kDa. 
[0063] The nominal molecular weight cut-off of an ultra­
filtration filter is typically provided by the filter manufacturer. 
The "nominal molecular weight cut-off' is defined as the 
lowest molecular weight solute (in Daltons) in which 90% of 
the solute is retained by the filter. The "nominal molecular 
weight cut-off' is determined according to ASTM standard E 
1343-90. 
[0064] The ultrafiltration may e.g. be performed using an 
ultrafiltration system including a filter arranged for cross flow 
filtration. Non-limiting examples of useful filter arrange­
ments are spiral-wound ultrafiltration systems, hollow fiber 
membrane systems, and tubular membrane systems. 
[0065] In some preferred embodiments the ultrafiltration 
filter is an ultrafiltration membrane, and preferably a poly­
meric membrane. Alternatively, the membrane may be a 
metal membrane or ceramic membrane. 
[0066] More examples on useful ultrafiltration filters may 
be found in "Membrane filtration and related molecular sepa­
ration technologies", APV Systems, Nielsen W. K. (Ed.), 
Silkeborg Bogtrykkeri A/S (2003), ISBN 8788016757-
9788788016758. 
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[0067] The temperature of the whey-derived feed during 
the ultrafiltration may vary within a broad range, but typically 
it is preferred that the temperature is within the range of 5-60 
degrees C. For example, the temperature of the whey-derived 
feed during the ultrafiltration may be in the range of 6-40 
degrees C., preferably in the range of7-30 degrees C., an even 
more preferred in the range of8-20 degrees C. 
[0068] It is presently preferred to keep the temperature of 
the whey-derived feed in the lower end of the above-men­
tioned intervals. Thus, in some preferred embodiments of the 
invention the temperature of the whey-derived feed during the 
ultrafiltration is in the range of 5-20 degrees C., preferably in 
the range of 7-16 degrees C., an even more preferred in the 
range of8-12. 
[0069] The pressure used during the ultrafiltration may 
vary depending on the specific type and design of the UF filter 
which is used. Typically, a transfilter pressure of 0.2-10 bar is 
used. The transfilter pressure may for example be in the range 
of 1-8 bar. Alternatively, the transfilter pressure may for 
example be in the range of2-6 bar. For example, the transfilter 
pressure pressure may be in the range of3-5 bar, such as e.g. 
about 4 bar. 
[0070] More details regarding the practical implementation 
and operation of ultrafiltration can be found in the book 
"Membrane filtration and related molecular separation tech­
nologies", APV Systems, Nielsen W. K. (Ed.), Silkeborg 
Bogtrykkeri A/S (2003), ISBN 8788016757-
9788788016758. 
[0071] In some preferred embodiments of the invention the 
UF permeate contains a total amount of CMP of at least 55% 
( w /w) relative to the total amount of protein. For example, the 
UF permeate may contain a total amount of CMP of at least 
60% (w/w) relative to the total amount of protein. The UF 
permeate may e.g. contain a total amount of CMP of at least 
65% (w/w) relative to the total amount of protein. 
[0072] The UF permeate preferably has a low content of 
protein aggregates. Protein aggregates have a higher molecu­
lar weight and thus a lower diffusion coefficient than single 
protein molecules, and are therefore difficult to remove in the 
subsequent cation exchange step which is used to bind non­
CMP protein. 
[0073] In the context of the present invention, the term 
"protein aggregates" relates to particles of aggregated protein 
molecules, which particles have a typical average hydrody­
namic diameter of at least 10 nm. 
[0074] The content of protein aggregates in the UF perme­
ate may be quantified by measuring the level of scattering of 
the protein aggregates cause in light having a wavelength of 
500 nm. The level of scattering is determined using a normal 
absorbance measurement setup including a standard 1 cm 
cuvette. 
[0075] In some preferred embodiments of the invention the 
UF permeate has an absorbance at 500 nm ofat most 0.1 AU 
(1 cm path length). For example, the UF permeate may have 
an absorbance at 500 nm of at most 0.05 AU. Preferably, the 
UF permeate has an absorbance at 500 nm of at most 0.01 AU. 
Even more preferably, the UF permeate has an absorbance at 
500 nm of at most 0.001 AU. 
[0076] Ideally, the UF permeate has no detectable absor­
bance at 500 nm at all. 
[0077] In some preferred embodiments of the invention the 
UF permeate contains at most 1 % (w/w) protein aggregates 
relative to the total amount of protein in the UF permeate. For 
example, the UF permeate may contain at most 0.1 % (w/w) 
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protein aggregates relative to the total amount of protein. 
Preferably, the UF permeate contains at most 0.01 % (w/w) 
protein aggregates relative to the total amount of protein. 
Even more preferably, the UF permeate contains at most 
0.001 % (w/w) protein aggregates relative to the total amount 
of protein of the UF permeate. 
[0078] As said, step c) involves contacting a first composi­
tion derived from said UF permeate with a cation exchange 
material. 
[0079] In the context of the present invention the term "first 
composition" relates to the CMP-containing feed that is sub­
jected to the cation exchange during step c ). The first compo­
sition is preferably a liquid aqueous composition. The first 
composition is derived from the UF permeate in the sense that 
at least 50% (w/w) of the CMP of the first composition origi­
nates from the UF permeate. If step b) furthermore involves 
UF diafiltration of the initial UF retentate, the first composi­
tion is derived from the UF permeate in the sense that at least 
50% (w/w) of the CMP of the first composition originates 
from the initial UF permeate and one or more subsequent 
UF -diafiltration permeates. 
[0080] For example, at least 75% (w/w) of the CMP of the 
first composition may originate from the UF permeate and 
any additional UF-diafiltration permeates. Preferably, at least 
90% (w/w) of the CMP of the first composition originates 
from the UF permeate and any additional UF-diafiltration 
permeates. Even more preferably, at least 90% (w/w) of the 
CMP of the first composition originates from the UF perme­
ate and any additional UF-diafiltration permeates, such as e.g. 
all the CMP. 
[0081] In some preferred embodiments of the invention the 
first composition is the UF permeate. 
[0082] However, in other embodiments of the invention, the 
UF permeate may be subjected to additional process steps 
which leads to the formation of the first composition. Such 
additional process steps may e.g. involve temperature adjust­
ments, concentration, pH adjustments, and/or further frac­
tionation. 
[0083] In some embodiments of the invention the provision 
of the first composition involves pH adjusting and concen­
trating the UF permeate and any additional UF-diafiltration 
permeates. 
[0084] In other embodiments of the invention the provision 
of the first composition involves concentrating the UF per­
meate, e.g. mixed with any additional UF-diafiltration per­
meates, and adjusting the combined permeates with respect to 
pH, and conductivity. 
[0085] In some preferred embodiments of the invention the 
first composition contains a total amount of CMP of at least 
55% (w/w) relative to the total amount of protein. For 
example, the first composition may contain a total amount of 
CMP of at least 60% (w/w) relative to the total amount of 
protein. The first composition may e.g. contain a total amount 
of CMP of at least 65% (w/w) relative to the total amount of 
protein. 
[0086] The first composition may for example contain a 
total amount ofCMP in the range of 55-95% (w/w) relative to 
the total amount of protein. For example, the first composition 
may contain a total amount of CMP in the range of 60-90% 
(w/w) relative to the total amount of protein. The first com­
position may e.g. contain a total amount of CMP in the range 
of 65-80% (w/w) relative to the total amount of protein. 
[0087] As said, the first composition contains at least one 
additional protein, and typically at least several additional 
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proteins. The additional proteins normally comprise proteins 
which inherently are present in whey. 
[0088] In some preferred embodiments of the invention the 
at least one addition protein comprises at least one protein 
selected from the group consisting of immunoglobulin G, 
immunoglobulin M, bovine serum albumin (BSA), beta-lac­
toglobulin, alpha-lactalbumin, beta casein, casein derived 
peptides, milk fat globule membrane (MFGM) proteins, and 
a combination thereof. 
[0089] For example, the at least one addition protein may 
comprise at least two proteins selected from the group con­
sisting of immunoglobulin G, immunoglobulin M, bovine 
serum albumin (BSA), beta-lactoglobulin, alpha-lactalbu­
min, beta casein, casein derived peptides, milk fat globule 
membrane (MFGM) proteins, and a combination thereof. 
[0090] In some embodiments of the invention, at least 50% 
( w /w) of the total amount of the additional proteins of the first 
composition originates from the UF permeate and any addi­
tional UF-diafiltration permeates. For example, at least 75% 
(w/w) of the additional proteins of the first composition may 
originate from the UF permeate and any additional UF-dia­
filtration permeates. Preferably, at least 90% (w/w) of the 
additional proteins of the first composition originates from 
the UF permeate and any additional UF-diafiltration perme­
ates. Even more preferably, at least 90% (w/w) of the addi­
tional proteins of the first composition originates from the UF 
permeate and any additional UF-diafiltration permeates, such 
as e.g. all the additional proteins. 
[0091] In some preferred embodiments of the invention the 
first composition contains a total amount of additional pro­
teins of at most 45% (w/w) relative to the total amount of 
protein. For example, the first composition may contain a 
total amount of additional proteins of at most 40% (w/w) 
relative to the total amount of protein. The first composition 
may e.g. contain a total amount of additional proteins of at 
most 35% (w/w) relative to the total amount of protein. 
[0092] The first composition may for example contain a 
total amount of additional proteins in the range of 5-45% 
( w /w) relative to the total amount of protein. For example, the 
first composition may contain a total amount of additional 
proteins in the range of 10-40% (w/w) relative to the total 
amount of protein. The first composition may e.g. contain a 
total amount of additional proteins in the range of 20-35% 
(w/w) relative to the total amount of protein. 
[0093] The first composition may further contain other 
components which are normally found in whey, such as salts, 
fat, lactose and other carbohydrates. 
[0094] Generally, it is preferred that the first composition 
only contains small amounts of casein, and preferably sub­
stantially no casein at all. 
[0095] In some embodiments of the invention the first com­
position contains a total amount of casein of at most 0.5% 
(w/w) relative to the total amount of protein. 
[0096] For example, the first composition may contain an 
amount of casein of at most 0.1 % (w/w) relative to the total 
amount of protein. Preferably, the first composition contains 
an amount of casein of at most 0.01 % (w/w) relative to the 
total amount of protein. The first composition may e.g. con­
tain an amount of casein of at most 0.001 % (w/w) relative to 
the total amount of protein. 
[0097] In some preferred embodiments of the invention the 
first composition contains a total amount of protein of at least 
0 .1 % ( w /w) relative to the weight of the first composition. For 
example, the first composition may contain a total amount of 
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protein of at least 0.2% (w/w) relative to the weight of the first 
composition. Preferably, the first composition contains a total 
amount of protein of at least 0.5% (w/w) relative to the weight 
of the first composition. The first composition may for 
example contain a total amount of protein ofat least 1 % (w/w) 
relative to the weight of the first composition. 
[0098] In some embodiments of the invention the first com­
position contains a total amount of protein in the range of 
0.1-20% (w/w) relative to the weight of the first composition. 
For example, the first composition may contain a total amount 
of protein in the range of0.2-15% (w/w)relativeto the weight 
of the first composition. Preferably, the first composition 
contains a total amount of protein in the range of0.5-10% 
(w/w) relative to the weight of the first composition. The first 
composition may for example contain a total amount of pro­
tein in the range of 1-5% (w/w) relative to the weight of the 
first composition, such as e.g. in the range of 1-2% (w/w). 
[0099] Similar to the UF permeate, the first composition 
preferably has a low content of protein aggregates. 
[0100] In some preferred embodiments of the invention the 
first composition has an absorbance at 500 nm of at most 0.1 
AU (1 cm path length). For example, the first composition 
may have an absorbance at 500 nm of at most 0.05 AU. 
Preferably, the first composition has an absorbance at 500 nm 
of at most 0.01 AU. Even more preferably, the first composi­
tion has an absorbance at 500 nm of at most 0.001 AU. 
[0101] Ideally, the first composition has no detectable 
absorbance at 500 nm at all. 
[0102] In some preferred embodiments of the invention the 
first composition contains at most 1% (w/w) protein aggre­
gates relative to the total amount of protein in the first com­
position. For example, the first composition may contain at 
most 0.1 % (w/w) protein aggregates relative to the total 
amount of protein. Preferably, the first composition contains 
at most 0.01% (w/w) protein aggregates relative to the total 
amount of protein. Even more preferably, the first composi­
tion contains at most 0.001 % (w/w) protein aggregates rela­
tive to the total amount of protein of the first composition. 
[0103] The first composition typically has a pH in the range 
pH 2-5. 
[0104] In some embodiments of the invention, the first 
composition has a pH in the range of2.3-4.6. For example, the 
first composition may have a pH in the range of 2.6-4.2. The 
first composition may e.g. have a pH in the range of 2.8-4.0, 
such as e.g. in the range of3.0-3.7. 
[0105] The first composition may e.g. have a pH in the 
range of2.5-4.8. For example, the first composition may have 
a pH in the range of 3.0-4.6. The first composition may e.g. 
have a pH in the range of3.4-4.4, such as e.g. in the range of 
3.6-4.2. 
[0106] In some preferred embodiments of the invention the 
first composition has a conductivity in the range of 1-8 mS/cm 
at 12 degrees C. 
[0107] The "conductivity" (sometimes referred to as the 
"specific conductance") of an aqueous solution is a measure 
of the ability of the solution to conduct electricity. The con­
ductivity may e.g. be determined by measuring the AC resis­
tance of the solution between two electrodes and the result is 
typically given in the unit milliSiemens per cm (mS/cm). The 
conductivity may for example be measured according to the 
EPA (the US Environmental Protection Agency) Method No. 
120.1. 
[0108] For example, the conductivity of the first composi­
tion may be in the range of 1.5-7 mS/cm at 12 degrees C. In 
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some preferred embodiments of the invention it may be even 
more preferable that the conductivity of the first composition 
is in the range of 2-5 mS/cm at 12 degrees C. 
[0109] The first composition may e.g. have a conductivity 
in therangeof0.5-5 mS/cmat 12 degrees C. For example, the 
first composition may e.g. have a conductivity in the range of 
0.6-4 mS/cm at 12 degrees C. Alternatively, the first compo­
sition may e.g. have a conductivity in the range of 0.8-2 
mS/cm at 12 degrees C. 
[0110] In some preferred embodiments of the invention the 
first composition has a conductivity in the range of 1-8 mS/cm 
at 12 degrees C. and a pH in the range of pH 2-5 at 12 degrees 
C. 
[0111] In other preferred embodiments of the invention the 
first composition has a conductivity in the range of 1.5-6 
mS/cm at 12 degrees C. and a pH in the range of pH 2.5-3.9 at 
12 degrees C. 
[0112] In further preferred embodiments of the invention 
the first composition has a conductivity in the range of 2-5 
mS/cmat 12 degrees C. and a pH in the range ofpH3.0-3.8 at 
12 degrees C. 
[0113] For example, the first composition may have a con­
ductivity in the range of0.5-5 mS/cm at 12 degrees C. and a 
pH in the range of pH 3.0-4.8 at 12 degrees C. 
[0114] Alternatively, the first composition may have a con­
ductivity in the range of0.7-3 mS/cm at 12 degrees C. and a 
pH in the range of pH 3.5-4.5 at 12 degrees C. 
[0115] In some embodiments of the invention the cation 
exchange material is packed in a colunm when contacted with 
the first composition. 
[0116] The cation exchange material may for example be 
suspended in the first composition as free flowing particles 
when contacted with the first composition. 
[0117] In some embodiments of the invention the cation 
exchange material comprises a solid phase and one or more 
anionic groups, which are capable of binding cations. 
[0118] Preferably, at least some of the anionic groups are 
attached to the solid phase. 
[0119] In some embodiments of the invention the solid 
phase of the cation exchange material comprises one or more 
components selected from the group consisting of a plurality 
of particles, a filter, and a membrane. 
[0120] The solid phase may for example comprise, or even 
consist essentially of polysaccharide. Cross-linked polysac­
charides are particularly preferred. Examples of useful 
polysaccharides are cellulose, agarose, and/or dextran. 
[0121] Alternatively, the solid phase may comprise, or even 
consist essentially of, a non-carbohydrate polymer. Examples 
of useful non-carbohydrate polymers are methacrylate, poly­
styrene, and/or styrene-divinylbenzene. 
[0122] In some preferred embodiments of the invention the 
anionic groups may e.g. comprise, or even consist of, strong 
cation exchange groups such as e.g. sulfonic acid groups. 
Alternatively, or additionally, the anionic groups may e.g. 
comprise, or even consist of, weak cation exchange groups 
such as e.g. carboxylic acid groups. 
[0123] The optimal protein load per cycle depends on the 
design of the cation exchange chromatography process and 
the characteristics of the cation exchange material. 
[0124] The process conditions during the cation exchange 
chromatography, including pressure, etc., depend on the 
actual process implementation, the equipment used and the 
cation exchange material used. 
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[0125] The temperature of the first composition during step 
c) is typically sufficiently low to minimize microbial growth 
and to avoid heat damaging the protein and the cation 
exchange material, but sufficiently high to provide an accept­
able viscosity of the first composition. 
[0126] In some embodiments of the invention the tempera­
ture of the first composition during step c) is in the range of 
2-40 degrees C. Preferably, the temperature of the first com­
position during step c) is in the range of 4-20 degrees C., and 
even more preferably in the range of 6-15 degrees C. 
[0127] More details regarding cation exchange chromatog­
raphy and its industrial implementation can be found in 
Scopes, which is incorporated herein by reference for all 
purposes. 
[0128] Step d) involves collecting the fraction of the first 
composition which is not bound to the cation exchange mate­
rial, thereby obtaining the CMP-containing composition. 
[0129] The collected fraction may be used as the CMP­
containing composition as such, or alternatively, it may be 
subjected to additional process steps, e.g. demineralising and 
concentrating the composition, and subsequently transform­
ing it into a powder. 
[0130] Thus, in some preferred embodiments of the inven­
tion, the collected fraction is furthermore subjected to one or 
more of the process step( s) selected from the group consisting 
of heat treatment, concentration, demineralisation, evapora­
tion of solvent, spray-drying, and substitution of protein­
bound cations. 
[0131] For example, the collected fraction may be sub­
jected to a concentration step. 
[0132] Alternatively, or additionally, the collected fraction 
may be subjected to demineralisation, e.g. by diafiltration 
using an ultrafiltration filter that retains monomeric CMP. 
[0133] The pH of the collected fraction may be adjusted to 
a pH above pH 4, e.g. a pH of at least pH 5, prior to concen­
tration or diafiltration. The elevated pH results in the associa­
tion of monomeric CMP into oligomers, which allows for 
concentration and/or diafiltration using membranes having a 
larger pore size. 
[0134] Alternatively, or additionally, the collected fraction 
may be subjected to an evaporation step. 
[0135] Alternatively, or additionally, the collected fraction 
may be subjected to a spray-drying step. 
[0136] In some preferred embodiments of the invention the 
collected fraction is subjected to the following steps: 

[0137] i) concentrating, e.g. by ultrafiltration, nanofiltra­
tion, or reverse osmosis, 

[0138] ii) diafiltration, e.g. against water, 
[0139] iii) optionally, another concentration step, e.g. by 

evaporation, 
[0140] iv) pasteurisation, and 
[0141] v) spray-drying to convert the pasteurised com-

position into a powder. 
[0142] The present method may both be implemented as a 
batch process or a semi-batch-process. 
[0143] The CMP-containing composition of the present 
invention has both a very high CMP purity of and a very low 
content of Phe. 
[0144] In preferred embodiments of the invention the 
method is for producing CMP-containing compositions hav­
ing a CMP purity of at least 92% (w/w) relative to the total 
amount of protein of the composition. For example, the 
method may be for producing CMP-containing compositions 
having a CMP purity ofat least 95% (w/w) relative to the total 



US 2016/0058025 Al 

amount of protein of the composition. Preferably, the method 
is for producing CMP-containing compositions having a 
CMP purity of at least 97% (w/w) relative to the total amount 
of protein of the composition, such as e.g. at least 98% (w/w) 
or even about 100% (w/w). 

[0145] An exemplary embodiment of the method of the 
invention is schematically illustrated in FIG. 1. The whey­
derived feed (1) is led to the UF unit and thus subjected to 
ultrafiltration. The UF step leads to the formation of an UF 
retentate (2), i.e. the fraction which is retained by the UF filter, 
and an UF permeate, which is the fraction that has permeated 
through the UF filter. In this embodiment the UF permeate (3) 
is used as the first composition which is subjected to cation 
exchange chromatography. Non-CMP protein impurities of 
the first composition bind to the cation exchange material (not 
depicted) and the purified CMP-containing composition ( 4) is 
collected. 

[0146] Another exemplary embodiment of the method of 
the invention is schematically depicted in FIG. 2. Similar to 
the process of FIG. 1, the whey-derived feed is subjected to 
ultrafiltration. The resulting CMP-enriched UF permeate (3) 
is used as the first composition and subjected to cation 
exchange chromatography. The protein fraction which does 
not bind to the cation exchange material is collected as the 
CMP-containing composition. However, in the method of 
FIG. 2 the UF retentate is furthermore diluted with water (5) 
and recycled as feed to the UF process, thereby washing out a 
larger part of the CMP of the original whey-derived feed and 
recovering this in the UF permeate. 

[0147] Yet another exemplary embodiment of the invention 
is illustrated schematically in FIG. 3. Here, a series of three 
ultrafiltration units is used in step b ). The whey-derived feed 
(1) is fed to the first UF unit, resulting in a first UF retentate 
(2) and a first UF permeate (3). The first UF retentate (2) is 
mixed with water (5) and fed to the second UF unit, resulting 
in a second UF retentate (2') and a second UF permeate (3'). 
The second UF retentate (2') is mixed with water (5) and fed 
to the third UF unit, resulting in a third UF retentate (2") and 
a third UF permeate (3"). The first second, and third permeate 
(3, 3', and 3 ") are combined and used as the first composition, 
which is subjected to cation exchange chromatography. 

[0148] Another aspect of the invention pertains to a CMP­
containing composition obtainable by the method described 
wherein. 

[0149] The CMP-containing composition preferably con­
tains at most 0.5% (w/w) phenylalanine relative to the total 
amount of protein. For example, the CMP-containing com­
position may contain at most 0 .4 % ( w /w) pheny !alanine rela­
tive to the total amount of protein. Preferably, the CMP­
containing composition preferably contains at most 0.3% 
(w/w) phenylalanine relative to the total amount of protein. 
Even more preferably, the CMP-containing composition 
preferably contains at most 0.2% (w/w) phenylalanine rela­
tive to the total amount of protein, such as at most 0.1 % (w/w) 
phenylalanine relative to the total amount of protein. 

[0150] In preferred embodiments of the invention the 
CMP-containing compositions has a CMP purity of at least 
92% (w/w) relative to the total amount of protein of the 
composition. For example, the CMP-containing composi­
tions may have a CMPpurity of at least 95% (w/w) relative to 
the total amount of protein of the composition. Preferably, the 
CMP-containing compositions has a CMP purity of at least 
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97% (w/w) relative to the total amount of protein of the 
composition, such as e.g. at least 98% (w/w) or even about 
100% (w/w). 

[0151] The present invention has been described above 
with reference to specific embodiments. However, other 
embodiments than the above described are equally possible 
within the scope of the invention. The different features and 
steps of various embodiments and aspects of the invention 
may be combined in other ways than those described herein 
unless it is stated otherwise. 

EXAMPLES 

Example 1 

Process Variant of the Invention 

Ultrafiltration I-Separation: 

[0152] 12000 litres of whey protein concentrate (WPC) 
containing 30% dry matter and 24% protein was diluted with 
demineralized cold water to a dry matter content of 10% and 
a protein content of 8%. 12 M hydrochloric acid was added 
until the pH was 2.8. The solution was filtered using 6" spiral 
wound membranes of the type BN6338 from Synder Filtra­
tion, Vacaville, Calif., US, with 31 mil spacer and a nominal 
cut-off value of 50,000 Dal tons. The total membrane area was 
3072 m2

. The filtration was carried out under the following 
conditions: The temperature was maintained at 10° C. and the 
mean pressure was maintained at 4.5 bar with a feeding pres­
sure of3.5 bar. The pH was maintained at 2.8 by using 12 M 
hydrochloric acid, and permeate from Ultrafiltration II (see 
below) was added with the same flow as permeate was 
removed. The recirculation flow in the loop was 180 m3/h, 
and the recirculation over the feeding tank was approximately 
10 m3 /h. After a 10 hour filtration the addition of permeate 
from Ultrafiltration II was stopped. The mean flux was mea­
sured as 8 L/m2 h. 

Ultrafiltration II-Diafiltration of the Retentate and 
Concentration of the Permeate: 

[0153] The permeate from Ultrafiltration I was collected in 
a feeding tank to Ultrafiltration II and continuously the pH 
was adjusted to 6.0 by using 6% sodium hydroxide. Simulta­
neously with Ultrafiltration I, Ultrafiltration II was carried out 
using 6" spiral wound membranes of the type HFK-328 6338 
from Koch Membrane Systems, Wilmington, Mass., US, with 
31 mil spacer and a nominal cut-off value of 5,000 Daltons. 
The total membrane area was 2304 m2

. The filtration was 
carried out under the following conditions: The temperature 
was maintained at 10° C. and the mean pressure was main­
tained at 1.0 to 5.0 bar in order to supply permeate to Ultra­
filtration I with the same flow as permeate was removed from 
Ultrafiltration I. After a 10 hour filtration, i.e. after the stop of 
Ultrafiltration I, the retentate was collected. The retentate was 
subsequently subjected to diafiltration in which 70,000 litres 
of tap water was added with the same flow as filtrate was 
removed. After the diafiltration, the retentate was concen­
trated until the protein content in the retentate was 12%. The 
final volume of the retentate was 3450 litres. The filtration 
conditions were the same as above. The purity of CMP in the 
retentate was determined as 79% (79 g CMP per 100 g pro­
tein) based on HPLC analysis. 
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Cation Exchange Chromatography: 

[0154] For one day of production, 650 litres of the final 
retentate from Ultrafiltration II was diluted with demineral­
ized cold water to a protein content of 1.24% (1.24 g protein 
per 100 g solution). The pH in the solution was adjusted to 
3.50 using 42% w/w citric acid and the conductivity was 
adjusted to 2.0 mS/cm using a solution of 2 M NaCl and 2 M 
KC!. 725 litres of the adjusted protein solution was subjected 
to cation exchange chromatography using a colunm packed 
with 116 litres of SP Sepharose Big Beads Food Grade from 
GE Healthcare, Uppsala, Sweden. 

The Fallowing Conditions were Used for Each Cycle of Cat­
ion Exchange Chromatography: 

[0155] The colunm was flushed with 290 litres of deminer­
alized cold water at a flow rate of 1300 L/h. The 725 litres of 
feed solution (the adjusted protein solution) from above was 
pumped through the colunm at a flow rate of 1050 L/h and the 
flow through (non-binding material) was collected in a prod­
uct tank also denoted as CMP solution. The colunm was 
flushed with 232 litres and 58 litres respectively of deminer­
alized water at a flow rate of 1050 L/h and 1300 L/h respec­
tively. A simultaneous elution and Cleaning-in-Place step 
was carried out by pumping 580 litres of 0.5 M sodium 
hydroxide through the colunm at a flow rate of 943 L/h. The 
colunm was flushed with 290 litres and 580 litres respectively 
of demineralized water at a flow rate of943 L/h and 1300 L/h 
respectively. The time for one cycle of cation exchange chro­
matography was 2.6 hours. The relative yield of CMP for the 
cation exchange chromatography step was 92% (92 g CMP in 
flow through per 100 g CMP in feed). 

[0156] Eight cycles of cation exchange chromatography 
was carried out each day followed by standard ultrafiltration 
(HFK-328 membranes from Koch Membrane Systems, 
Wilmington, Mass., US) in order to concentrate the CMP 
solution in the product tank. Before ultrafiltration the pH in 
the product tank was adjusted to 6.5 by a mixed solution of 
potassium hydroxide and sodium hydroxide. A total of 32 
cycles of cation exchange chromatography was carried out 
after which the CMP solution was further concentrated by 
standard ultrafiltration (HFK-328 membranes from Koch 
Membrane Systems, Wilmington, Mass., US). The concen­
trated CMP solution was spray dried using a standard spray 
dryer and 196 kg of powder was obtained. The composition of 
the powder with the selected parameters is given in Table 1. 

Example 2 

Process Variant of the Invention 

[0157] Ultrafiltration I and II were carried out in a manner 
similar to that described in Example 1. The CMP purity in the 
final Ultrafiltration II retentate was determined as 80% (80 g 
CMP per 100 g protein) based on HPLC analysis. 

[0158] Cation exchange chromatography was carried out in 
a manner similar to that described in Example 1, except for 
the following: the pH of the diluted solution was adjusted to 
3.37 and a total of 47 cycles of cation exchange chromatog­
raphy was carried out. The relative yield of CMP for the 
cation exchange chromatography step was 90% ( 90 g CMP in 
flow through per 100 g CMP in feed). The concentrated CMP 
solution was spray dried using a standard spray dryer and 357 
kg of powder was obtained. The composition of the powder 
with selected parameters is given in Table 1. 
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Example 3 

Process Variant of the Invention 

[0159] Ultrafiltration I and II were carried out in a manner 
similar to that described in Example 1. The CMP purity in the 
final Ultrafiltration II retentate was determined as 83% (83 g 
CMP per 100 g protein) based on HPLC analysis. 

Cation Exchange Chromatography: 

[0160] For one day of production, 450 litres of the final 
retentate from Ultrafiltration II was diluted with demineral­
ized cold water to a protein content of 0.66% (0.66 g protein 
per 100 g solution). The pH in the solution was adjusted to 
3.25 using 30% w/w hydrochloric acid and the conductivity 
was adjusted to 2.0 mS/cm using a solution of2 M NaCl and 
2 M KC!. 1000 litres of the adjusted protein solution was 
subjected to cation exchange chromatography using a colunm 
packed with 80 litres of SP Sepharose Big Beads Food Grade 
from GE Healthcare, Uppsala, Sweden. 

The Following Conditions were Used for One Cycle of Cat­
ion Exchange Chromatography: 

[0161] The column was flushed with 300 litres of deminer­
alized cold water, 300 litres of0.50% w/w acetic acid and 200 
litres of demineralized cold water at a flow rate of 1300 L/h. 
The 1000 litres of feed solution from above was pumped 
through the colunm at a flow rate of 1300 L/h and the flow 
through (non-binding material) was collected in a product 
tank also denoted as CMP solution. 

[0162] The column was flushed with 200 litres of deminer­
alized cold water at a flow rate of 1300 L/h. A simultaneous 
elution and Cleaning-in-Place step was carried out by pump­
ing 400 litres of 1.0 M sodium hydroxide through the colunm 
at a flow rate of 700 L/h. The colunm was flushed with 200 
litres and 400 litres respectively of demineralized cold water 
at a flow rate of 700 L/h and 1300 L/h respectively. The time 
for one cycle of cation exchange chromatography was 2.7 
hours. The relative yield of CMP for the cation exchange 
chromatography step was 77% (77 g CMP in flow through per 
100 g CMP in feed). Eight cycles of cation exchange chro­
matography was carried out each day followed by standard 
ultrafiltration (HFK-328 membranes from Koch Membrane 
Systems, Wilmington, Mass., US) in order to concentrate the 
CMP solution in the product tank. Before ultrafiltration the 
pH in the product tank was adjusted to 6.5 using a mixed 
solution of potassium hydroxide and sodium hydroxide. A 
total of 20 cycles of cation exchange chromatography was 
carried out after which the CMP solution was further concen­
trated by standard ultrafiltration (HFK-328 membranes from 
Koch Membrane Systems, Wilmington, Mass., US). The con­
centrated CMP solution was spray dried using a standard 
spray dryer and 78 kg of powder was obtained. The compo­
sition of the powder with selected parameters is given in Table 
1. 

Example 4 

Process Variant of the Invention 

[0163] Ultrafiltration I and II were carried out in a manner 
similar to that described in Example 1. The CMP purity in the 
final Ultrafiltration II retentate was determined as 79% (79 g 
CMP per 100 g protein) based on HPLC analysis. 
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Cation Exchange Chromatography: 

[0164] For one day of production, 278 litres of the final 
retentate from Ultrafiltration II was diluted with demineral­
ized cold water to a protein content of 0.68% (0.68 g protein 
per 100 g solution). The pH in the solution was adjust~d_to 
3.75 using 30% w/w hydrochloric acid and the conductivity 
was adjusted to 4.0 mS/cm using a solution of 5 MN a Cl. 1000 
litres of the adjusted protein solution was subjected to cation 
exchange chromatography using a colunm packed with 80 
litres of SP Sepharose Big Beads Food Grade from GE 
Healthcare, Uppsala, Sweden. 
The Following Conditions were Used for One Cycle of Cat­
ion Exchange Chromatography: 
[0165] The colunm was flushed with 300 litres of 1 M 
NaCl 300 litres of demineralized cold water, 300 litres of 
0.25% w/w acetic acid and 200 litres of demineralized cold 
water at a flow rate of 1300 L/h. The 1000 litres of feed 
solution (the adjusted protein solution) from above was 
pumped through the colunm at a flow rate of 1300 L'.11 and the 
flow through (non-binding material) was collected ma prod­
uct tank also denoted as CMP solution. The colunm was 
flushed with 200 litres of demineralized cold water, 300 litres 
of 1 M NaCl (elution) and 200 litres of demineralized cold 
water at a flow rate of1300 L/h. A Cleaning-in-Place step was 
carried out by pumping 400 litres of 1.0 M sodium hydroxide 
through the colunm at a flow rate of700 L/h. The colunm was 
flushed with 200 litres and 400 litres respectively of deminer­
alized water at a flow rate of 700 L/h and 1300 L/h respec­
tively. The time for one cycle of cation exchange chromat?g­
raphy was 3 .3 hours. The relative yield of CMP for the cat10n 
exchange chromatography step was 90% (90 g CMP in flow 
through per 100 g CMP in feed). Five cycles of cation 
exchange chromatography was carried out each day followed 
by standard ultrafiltration (HFK-328 membranes from Koch 
Membrane Systems, Wilmington, Mass., US) in order to con­
centrate the CMP solution in the product tank. Before ultra­
filtration the pH in the product tank was adjusted to 6.5 by a 
mixed solution of potassium hydroxide and sodum hydrox­
ide. A total of 10 cycles of cation exchange chromatography 
was carried out after which the CMP solution was further 
concentrated by standard ultrafiltration (HFK-328 mem­
branes from Koch Membrane Systems, Wilmington, Mass., 
US). Approximately half of the concentrated CMP solution 
was spray dried using a standard spray dryer and 24 kg _of 
powder was obtained. The composition of the powder with 
selected parameters is given in Table 1. 

Example 5 

Process Variant of the Invention 

[0166] Ultrafiltration I-Separation: 
[0167] 600 litres of Beta-lactoglobulin reduced WPC con­
centrate containing 23% dry matter, 20% protein and with a 
CMP purity of approximately 24% (24 g CMP per 100 g 
protein) was diluted with demineralized cold water to a dry 
matter content of 11 % and a protein content of 8.9%. 30% 
w/w hydrochloric acid was added until the pH was 2.2. The 
solution was filtered using 6" spiral wound membranes of the 
type BN6338 from Synder Filtration, Vacaville, Calif., US, 
with 31 mil spacer and a nominal cut-off value of 50,000 
Daltons. The total membrane area was 64 m2

. The filtration 
was carried out under the following conditions: The tempera­
ture was maintained at 10° C. and the mean pressure was 
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maintained at 2.0 bar (across two filter elements) with a 
feeding pressure of3.0 bar. The pH was maintained at 2.2 by 
using 30% w/w hydrochloric acid and permeate from Ultra­
filtration II was added with the same flow as permeate was 
removed. The recirculation flow in the loop was 30 m3 /h, and 
the recirculation over the feeding tank was approximately 5 
m3/h. After an 8.5 hour filtration the addition of permeate 
from Ultrafiltration II was stopped. The mean flux was mea­
sured as 22 L/m2 h. 

Ultrafiltration II-Diafiltration of the Retentate and 
Concentration of the Permeate: 

[0168] The permeate from Ultrafiltration I was collected in 
a feeding tank to Ultrafiltration II. Simultaneously with Ultra­
filtration I Ultrafiltration II was carried out using 6" spiral 
wound m~mbranes of the type VT6338 from Synder Filtra­
tion, Vacaville, Calif., US, with 31 mil spacer and a nominal 
cut-off value of3,000 Daltons. The total membrane area was 
64 m2

. The filtration was carried out under the following 
conditions: The temperature was maintained at 10° C. and the 
mean pressure was maintained at 1.0-1.5 bar ( across two filter 
elements) with a feeding pressure of0.5-1.0 bar. The press~re 
conditions were adjusted in order to generate permeate with 
the same flow as permeate from Ultrafiltration I was removed. 
After a 8.5 hour filtration, i.e. after the stop ofU!trafiltration 
I the retentate was concentrated using the same conditions as 
;bove and 600 litres of retentate was obtained. The retentate 
was subsequently adjusted to pH 6.3 using 4% sodium 
hydroxide and subjected to diafiltration in which 3,300 litres 
of tap water was added with the same flow as filtrate was 
removed. The filtration conditions were the same as above. 
820 litres of retentate was obtained with a dry matter content 
of3.4% and a protein content of 2.9%. The purity of CMP in 
the retentate was determined as 72% (72 g CMP per 100 g 
protein) based on HPLC analysis. 

Cation Exchange Chromatography: 

[0169] Cation exchange chromatography was carried out 
similar to the description given in Example 1, except for the 
following: The final retentate from Ultrafiltration II was 
diluted with demineralized cold water to a protein content of 
1.14% (1.14 g protein per 100 g solution), pH in the diluted 
solution was adjusted to 3.47, the conductivity was adjusted 
to 2.3 mS/cm. 805 litres of feed solution was pumped through 
the column during each cycle and a total of two cycles of 
cation exchange chromatography was carried out. The rela­
tive yield of CMP for the cation exchange chromatograp~y 
step was 80% (80 g CMP in flow through per 100 g CMf'. m 
feed). Approximately half of the concentrated CMP solut10n 
was spray dried using a standard spray dryer and 6 kg _of 
powder was obtained. The composition of the powder with 
selected parameters is given in Table 1. 

TABLE 1 

Composition of the CMP-containing products of Examples 1-5. 

Product of: 

Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 

Dry matter(% w/w of 
product) 

96.0 95.5 95.8 93.5 95.3 
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TABLE I-continued 

Com12osition of the CMP-containing 12roducts ofExam12les 1-5. 

Product of: 

Ex. 1 Ex.2 Ex. 3 Ex. 4 Ex. 5 

Protein(% of product) 76.8 76.9 77.5 75.5 82.2 
Protein (% of dry 80.0 80.6 80.9 80.7 86.3 
matter) 
CMP purity (% of ~98 ~98 ~98 ~98 ~98 
protein) 
Phenylalanine (% of 0.15 0.19 0.09 0.23 0.26 
protein) 
Fat(% of product) 0.11 0.23 <0.1 0.22 <0.1 
Lactose(% of product) <0.1 <0.1 <0.1 <0.1 <0.1 
Ash (% of product) 7.4 7.3 6.9 6.8 6.5 

Example 6 

Comparison with the Prior Art 

[0170] U.S. Pat. No. 5,278,288A discloses a method which 
combines cation exchange chromatography and ultrafiltra­
tion, in the order stated, for producing CMP. For example in 
the first cation exchange step, cheese whey is contacted with 
a cation exchange resin and the non-adsorbed material is 
collected. Subsequently the non-adsorbed material is subject 
to ultrafiltration at a pH below 4 using a membrane with a 
cut-off value of 10,000 to 50,000 Daltons, whereby CMP is 
obtained in the filtrate. Finally the filtrate is pH adjusted and 
standard ultrafiltration is carried out for concentrating the 
CMP solution before spray drying. Hence the two critical 
separation steps are cation exchange chromatography and 
ultrafiltration at pH<4, in the order stated. In the present 
invention the order of the two separation steps is reversed. 
Here ultrafiltration at a pH of at most 4 is carried out first 
("Ultrafiltration I" in the examples) followed by cation 
exchange chromatography in which CMP is obtained in the 
non-adsorbed material ( also denoted "flow through" or "non­
binding material"). The order of the separation steps in the 
present invention has several advantages when compared to 
the order of the separation steps given in U.S. Pat. No. 5,278, 
288A. 
[0171] A first advantage of the present invention is that the 
purity ofCMP (% CMP of total protein) in the final product 
using the process of the present invention is much higher 
compared to the CMP purity obtained in U.S. Pat. No. 5,278, 
288A. Purity numbers from 80% to 88% are given in U.S. Pat. 
No. 5,278,288A. By the process of the present invention a 
purity of approximately 98% or above can be achieved. Due 
to the very high purity in the CMP product obtained by the 
present invention, the product is suitable as a nutritional 
ingredient for patients suffering from phenylketonuria, also 
indicated by the very low levels of phenylalanine present in 
the product. A CMP purity of 80% to 88%, as in the product 
obtained by the process from U.S. Pat. No. 5,278,288A, cor­
relates with a content of phenylalanine which is too high for 
phenylketonuria patients. 
[0172] A second advantage of the present invention is that 
it uses less ion exchange material per kg isolated CMP than 
the method ofU.S. Pat. No. 5,278,288A or any other method 
of the prior art which provides a comparable high purity of 
CMP. Following the present invention, the first ultrafiltration 
step removes a large proportion of the non-CMP whey pro­
teins. Thereby, the weight ratio between non-CMP whey pro-
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teins and CMP in the feed solution to the cation exchange 
chromatography step is much lower than in U.S. Pat. No. 
5,278,288A, and hence a much lower volume of cation 
exchange resin per mass unit of CMP is needed to bind of all 
non-CMP whey proteins. 
[0173] A third advantage of the present invention is that the 
overall yield of CMP (% mass of CMP in final product com­
pared to mass of CMP in the starting material) using the 
process of the present invention is much higher compared to 
the overall yield of CMP obtained in U.S. Pat. No. 5,278, 
288A. Using Example 2 in U.S. Pat. No. 5,278,288A and 
assuming a protein content in the Gouda whey of 6.2 g/L and 
a CMP content of 18% relative to the total protein content, an 
overall CMP yield of 0.73% can be calculated, based on the 
obtained 81 mg ofCMP in the final product. Using Example 
2 for the present invention and assuming a CMP content of 
18% relative to the total protein content in the starting mate­
rial, an overall CMP yield of 50% can be calculated, obtained 
by combining a yield of 63% from the ultrafiltration step and 
a yield of80% covering the cation exchange chromatography 
step to the final powder product. 
[017 4] A fourth advantage of the present invention is that it 
increases the number of ion exchange cycles that a batch of 
ion exchange resin can endure before it is worn out-relative 
to U.S. Pat. No. 5,278,288A. Ion exchange chromatography 
is a relatively expensive unit operation and the cost of the ion 
exchange resin is a significant part of the overall processing 
costs. Extending the life-time of the ion exchange material is 
therefore an interesting approach to improving the overall 
process-economy of the production of high purity CMP-con­
taining products. 

1. A method of producing a caseinomacropeptide-contain­
ing composition having a low content of phenylalanine (Phe ), 
said composition containing at most 0.5% (w/w) Phe relative 
to the total amount of protein of the composition, the method 
comprising the steps of 

a) providing a whey-derived feed comprising caseinomac­
ropeptide (CMP) and at least one additional protein, said 
whey-derived feed having a pH of at most 4, 

b) subjecting said whey-derived feed to ultrafiltration using 
an ultrafiltration filter allowing the passage of mono­
meric CMP, thereby providing a UF permeate and a UF 
retentate, which UF permeate is enriched with respect to 
CMP, 

c) contacting a first composition derived from said UF 
permeate with a cation exchange material, and 

d) collecting the fraction of the first composition which is 
not bound to the cation exchange material, thereby 
obtaining the CMP-containing composition. 

2. The method according to claim 1, wherein the whey­
derived fee derived from cheese whey or a concentrate 
thereof. 

3. The method according to claim 1, wherein the whey­
derived feed is derived from whey obtained from rennet 
coagulated casein or caseinate or a concentrate thereof. 

4. The method according to claim 1, wherein the whey­
derived feed contains a total amount of CMP of at least 1 % 
( w /w) relative to the total amount of protein. 

5. (canceled) 
6. The method according to claim 1, wherein the at least 

one addition protein comprises at least one protein selected 
from the group consisting of immunoglobulin G, immuno­
globulin M, bovine serum albumin (BSA), beta-lactoglobu-
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!in, alpha-lactalbumin, beta casein, casein derived peptides, 
milk fat globule membrane (MFGM) proteins, and a combi­
nation thereof. 

7. (canceled) 
8. ( canceled) 
9. The method according to claim 1, wherein the whey­

derived feed contains a total amount of protein of at least 
0.2% (w w) relative to the weight of the whey-derived feed. 

10. (canceled) 
11. The method according to claim 1, wherein the whey­

derived feed has a pH in the range pH 1-4. 
12. The method according to claim 1, wherein the ultrafil­

tration filter has a nominal molecular weight cut-off in the 
range of 5-300 kDa. 

13. (canceled) 
14. (canceled) 
15. The method according to claim 1, wherein the first 

composition contains a total amount of CMP of at least 55% 
(w/w) relative to the total amount of protein. 
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16. (canceled) 
17. (canceled) 
18. The method according to claim 1, wherein the first 

composition contains a total amount of protein of at least 
0.1% (w/w). 

19. (canceled) 
20. The method according to claim 1, wherein the first 

composition has a pH in the range of pH 2-5. 
21. The method according to claim 1, wherein the first 

composition has a conductivity in the range of 1-8 mS/cm. 
22. (canceled) 
23. (canceled) 
24. The method according to claim 1, furthermore com­

prising concentrating the collected fraction. 
25. The method according to claim 1, furthermore com­

prising spray-drying the collected fraction. 
26. (canceled) 
27. (canceled) 

* * * * * 




