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LOW-LACTOSE AND LACTOSE-FREE MILK PRODUCT AND PROCESS FOR
PRODUCTION THEREOF

FIELD OF THE INVENTION

[0001] The invention relates to a low-lactose and a lactose-free milk
product and to a process for the production thereof, The lactose in the milk raw
material is hydrolyzed completely or partially, and proteins, minerals and sug-
ars are separated into different fractions. The invention relates particularly to
the use of the membrane filiration technique in the separation of proteing, min-
erals and sugars.

BACKGROUND OF THE INVENTION

[0002] Several processes for producing low-lactose and lactose-free
milk by using membrane techniques are known. A conventional enzymatic
process for splitting lactose is also generally known in the field, the process
comprising the step of adding lactase from fungus or yeast to milk in such a
manner that lactose Is split into monosaccharides, i.e. glucose and galactose,
in over 80%.

{0003] Several membrane filtration process solutions have been
presented for removing lactose from milk raw material. Four basic membrane
filtration processes are generally used: reverse osmosis (RO), nanofiliration
(NF), ultrafiltration (UF), and microfiltration (MF). Of these, UF is mainly suit-
able for separating lactose frorn milk. Reverse osmosis is generally applied to
concentration, ultra- and microfiliration to fractionation, and nanofiitration to
both concentration and fractionation. A lactose removal process based on a
membrane technigue is described in WO publication 00/45643, for instance,
wherein lactose is removed by ultrafiltration and diafiltration. When filiration
processes are used, the problem often created is the generation of side frac-
tions, such as a permeate or lactose fractions. Published US application
2007/0166447 discloses the use of a lactose-containing NF retentate fraction
generated as 2 side fraction as the raw material of fermentation in the produc-
tion of yoghurt, for exampie.

[0004] Recent studies have indeed been concentrated on the mem-
brane filtration of milk and to the use of such filtrated, low-carbohydrate milk in
the production of dairy products, such as cheese, ice cream and yoghurt. 1 is
common to the known, multi-step membrane filtration processes comprising
several different processes that the processes include the separate addition of
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water, which does not originate from the milk raw maierial, for diluting milk
components and for oblaining a suitable sweetness in milk products containing
iittle carbohydrate (i.a. lactose). It is particularly problematic in the field that a
product containing liquid that does not completely originate from the original
mitk raw material cannot be called milk. It is also common to known processes
that the residual lactose is not removed until from the membrane-filtrated milk
raw material.

[00035] it is known in the field that a problem with membrane fech-
nigues in general is that during uitrafiliration not only lactose is removed from
the milk, but also some of the minerals that are significant o the taste of milk
and milk products prepared thereof. Controlling the mineral content is particu-
tarly problematic in the field, and extensive loss results from the known proc-
esses, which is why these minerals must often be refurned or added sepa-
rately.

[6006] Often membrane processes also produce, for instance,
sugar-containing and mineral-containing secondary flows, which cannot be
exploited efficiently and which also increase waste water lvad, require further
processing and add {o the costs,

[00071 WO publication 2005/074693 discloses the use of the mem-
brane technology in the production of lactose-free milk. It is typical of the proc-
ess that the ultrafiltration retentate is diluted with water, resulting in a lactose
content of about 3.0%. The residual lactose is hydrolyzed enzymatically.

{0008] WO publication 03/084623 A1 discloses a process in which a
mitk product is ulirafiltered, nanofiltered, and concentrated by reverse osmosis,
after which the minerals removed during ultrafiltration are returned io the UF
retentate. The residual lactose of the thus obtained low-lactose milk product is
hydrolyzed with a lactase enzyme into monosaccharides, whereby an essen-
tially lactose-free milk product is obtained. With this process, lactose is re-
moved from milk without affecting the organoleptic properties of the milk prod-
uct being prepared. In the process for producing a milk product, water not
originating from .any sleps of said process is added. Also, the process pro-
duces minerals containing secondary flows, which cannot be utilized in the
process and which require post-processing.

[00089] Patent publication KR20040103818 describes a process for
the production of low-lactose milk, comprising nanofiitering milk hydrolyzed
with lactase to partially remove galactose and glucose, and adding water to the
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nanofiltration retentate to achieve a suitable sweetness. Choi et al. (Asian-
Aust. J. Anim. Sci 20 (6) (2007) 989 - 993) describe a process for the produc-
tion of lactose-hydrolyzed milk, wherein raw milk is hydrolyzed with B-
galaciosidase (5 000 lactase activity unit/g, Validase, Valley Research) par-
tially (0.03%; 4°C, 24 houwrs) or 'completely’ (0.1%; 40 h), heat-treated to inacti-
vate the enzyme (72°C, 5 min), cooled to 45 o 50°C, and nanofiltered at a
pressure of approximately 9 to 10 bars (130 {o 140 psi; concentration factor
1.8). Water was added to the NF retentate and the heat treatment was per-
formed at 65°C for 30 min. The processes disclosed in said publications and
comprising a hydrolysis step, heat treatment of the enzyme, nanofiltration, and
addition of water, are not suitable as such for the production of a milk product
without separate addition of water. The process also comprises separate heat
treatment for inactivating the enzyme and for eliminating microbiological prob-
lems in the filtration step (i.e. in NF filtration in a warm envirenment). The high
hygiene requirements of milk processing also set limitations on industrial proc-
esses. In the industrial processing of mitk raw material and membraneg proc-
esses, a temperature of a.g. 10°C is generally desirable for eliminating micro-
biological problems.

{0010] It is therefore desirable {o provide processes for controlling
also the secondary flows in the process and for recovering them more effi-
ciently than at present, which also enables new kinds of applications. Thus, the
processes are made still more effective. However, it is exiremely challenging fo
achieve products having a completely flawless taste and structure and mesting
consumers’ expectations of an organoleptically acceptable milk product and
being produced economically and simply without separate addition of water.

[0011} A process for the production of low-lactose and lactose-free
milk products that are completely flawless in their organoleptic propetties with-
out any extra costs has now been unexpectedly invented. The process of the
invention enables a more efficlent and simpler control of milk components as
compared with conventional processes without special additional costs and
with minimized losses. No separate addition of water is required in the produc-
tion of a mitk product. In addition, the process of the invention does not gener-
ate secondary flows requiring post-processing, making the process more effi-
cient.
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BRIEF DESCRIPTION OF THE INVENTION

[0012] The present invention provides a new solution for avoiding
the problematic need arising in the production of both low-lactose, lactose-free,
and low-carbohydrate, and in the production of protein-enriched milk products
and products having a modified protein composition for the separate addition
of water and the problems associated with the organcleplic characteristics,
particularly taste, of such milk products by a process, wherein the lactose in
the milk raw material is hydrolyzed, proteins, sugars and minerals being sepa-
rated from the obfained hydrolyzed milk raw material into different fractions by
the membrane technique. The desired milk product can be prepared from the
separated fractions without any separate addition of water.

[0013] The invention provides a process for the production of low-
lactose and lactose-free milk products, the process being characterized by
what is stated in the independent claim. The invention also provides a low-
lactose and lactose-free milk product produced from the different fractions ab-
tained by the process of the invention. The process of the invention enables
the production of low-lactose and lactose~free milk products in a simgplified and
enhanced manner, resulting in no need for separate supplementation/addition
of water, salts and/or protein, the by-products being particularly suitable for use
in various applications in the same production plant.

[0014] All by-products obtained as a result of the process according
to the invention are common dairy products and the secondary flows produced
in the process can be further exploited in the process of the invention. The
process does not lead to producis or secondary flows, which should be proc-
essed or separated in an exceptional way, which means that the waste water
load is minimized.

[0015] In addition, protein and mineral losses typical of lactose-free
and low-lactose milk products in particular are avoided, and especially the re-
covery of dilute agueous solutions generated in the process is enhanced.

[0616] The invention further provides a process that is simple, eco-
nomic, and industrially applicable on a large scale, and does not cause addi-
tional costs.

{00177 It was unexpectedly found that complete or partial hydrolysis
of lactose in a milkk raw material by means of the membrane filtration technique
resulted in efficient controt of the process waters, and the ratio of minerals and
protein. Accordingly, the invention provides a process for treating the compo-
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nents of the milk raw material of hydrolyzed skim milk in a manner enabling the
efficient utilization of flows generated in the process, i.a. dilute aqueous solu-
tions, without any need for the separate addition of water ir the process.

[06181 The milk product produced by the process of the invention
has the desired organoleptic characteristics, containg a minor number of car-
bohydrates, and contains nutritional components at least in an amount compa-
rable to normal milk.

DETAILED DESCRIPTION OF THE INVENTION

{00191 As an aspect, the invention relates {o a process for produc-
ing a low-lactose or a lactose-free milk product, the process comprising

a) hydrolyzing the lactose in a milk raw material and subjecting a
mitk raw material o a8 membrane filtration,

b) further processing at least a portion of one or more fractions ob-
fained in step a) by membrane technigue,

¢} if desired, subjecting at least a portion of one or more fractions
oblained in step a) and/or b) to evaporation and/or to chromatographic separa-
tion, to separate proteins, sugars and minerals into different fractions,

d) composing a milk product having the desired composition and
sweetness from one or more fractions obtained in step a) and/or from one or
more fractions obtained in step b) and possibly from one or more fractions ob-
fained in step ¢) and other ingredients, substantially without adding water and
without adding a lactase enzyme to the composed milk product to hydrolyze
any residual lactose in the product,

e) if desired, concentrating the product obtained in step d) into a
concentrate or a powder.

[0020] In the context of the present invention, a milk raw material re-
fers to milk, whey, and combinations of milk and whey as such or as a concen-
frate. The milk raw material may be supplemented with ingredients generally
used in the preparation of milk products, such as fat, protein or sugar fractions,
or the like. The milk raw material may thus be, for instance, full-fat milk, cream,
low-fat milk or skim milk, ultrafiltered milk, diafitered milk, microfitered mitk,
protease treated milk, milk recombined from milk powder, organic milk or a
combination of these or a dilution of any of these. Preferably, the milk raw ma-
terial is skim milk.
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[0021] In step a) of the process of the invention, lactose in the milk
raw material is hydrolyzed into monosaccharides, as is well known in the field.
In an embodiment of the invention, the lactose hydrolysis step and membrane
filtration step to separate the milk componenis are initiated simultaneously with
each other. in another embodiment of the invention, the lactose hydrolysis is
initiated prior fo membrane filtration step. In a further embodiment of the inven-
tion, the hydrolysis is carried out completely (complete hydrolysis) prior to the
membrane filtration step. In another embgdiment of the process of the inven-
tion, the hydrolysis is carried out partially prior to the filiration step and lactose
hydrolysis in the partially hydrolyzed milk raw material is then continued simul-
taneously with the filtration of the partially hydrolyzed milk raw material, i.e.
separation of the milk components. The lactose hydrolysis can continue as
fong as the lactase enzyme is inactivated, for example by a heat treatment of a
milk product composed at a later stage or various fractions received in the in-
vention. According to an embodiment of the invention, the membrane filiration
in step a) is ultrafiltration (UF).

[0022] Complete hydrolysis means that the hydrolyzed mitk raw ma-
terial is lactose-free, the lactose content being not more than 0.5%. Partial hy-
drolysis means that the lactose content in the hydrolyzed milk raw material is
>0.5%.

{0023] in step b) of the process of the invention, the milk raw mate-
rial containing lactase from step a) is further subjected to membrane filtration
for separating proteins, sugars and minerals into different fractions, Step b)
can comprise several successive membrane filtration steps. In an embodiment
of the invention, step b) is carried out by changing the membrane filiration
technique, process conditions and/or different types of membranes. The condi-
tion to be changed may be e.g. filtration temperature, filtration pressure, addi-
tion of a diafiliration step, and/or the concentration factor of the filtration. The
conditions of ong or more variables may be changed. Suitable membrane
techniques for further processing are for instance nanofiltration (NF) and re-
verse osmosis (RQO), particularly nanofilfration. If desired, two or more retentate
and permeate fractions obtained from the membrane filtration can be com-
hined for the subsequent membrane filtration step.

[0024] In accordance with step ¢) of the process of the invention, if
desired, at least a portion of one or more retentate and permeate fractions ob-
tained in step a) and/or b) is/are further processed by evaporation andfor
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chromatographicaily to further enhance the separation of proteins, sugars and
minerals. It is essential to the invention that the further processing may be car-
ried out without the addition of water.

[0025] Different separation processes may also be combined in the
desired manner in one or more steps.

[0026] in an embodiment of the invention, the NF permeate ob-
tained in the nanofiliration of the hydrolyzed milk raw material is utilized as
diawater in diafiltration (DF) in the process of the invention. The NF psrmeate
obtained in accordance with the invention can be utilized not only in the proc-
ess of the invention but also in other membrane filtration processes. In a par-
ticular embodiment of the invention, the NF permeate originates from the nano-
filtration of the UF permeate of the hydrolyzed milk raw material.

[0027] In an embodiment of the process of the invention, an ultrafil-
tration retentate obtained in step a) and a nandcfiltration permeate vielded from
nanofiliration of the ulirafiltration permeate are recycled to the mik raw mate-
rial to be processed in step a).

[0028] The protein, sugars and minerals in the hydrolyzed milk raw
material are separated by membrane techniques, prefarably by ultrafiltration in
the first step under conditions wherein the retention of sugars in the retentate
is low.

[06029] Suitable ultrafiltration membranes include HFK-131 (Koch
membrane systems, inc., USA), for example. Suitable nanofiltration mem-
branes include Desal 5 DL {GE Osmanics, USA), Desal 5 DK (GE Osmonics,
USA), TFC® SR3 (Koch membrane systems, inc., USA), FILMTEC™ NF
{Dow, USA), for example. Suitable reverse osmosis membranes include TFC®
HR {Koch membrane systems, inc., USA) and FILMTEC FT30 (Dow, USA), for
example.

[0030] The concentration factor (K) refers to the weight ratio be-
tween the liquid to be fed into the filtration and the retentate, and it is deter-
rrined in the following manner:

K = feed (kg)retentate (kq)

[0031] In the process of the invention, ultrafiltration is preferably car-
ried out with conceniration factor K = 1 to 10, more preferably 2 to 6, and
nanofiltration is preferably carried out with concentration factor K = 1 to 10,
more preferably K = 2 to 6. If diafiltration is used, the concentration factor may
be considerably bigger.
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[0032] In accordance with step d) of the process of the invention, a
lactose-iree or low-actose milk product having the desired composition and
sweetness is composed from one or more fractions obtained from the mem-
brane filtration(s) of the hydrolyzed milk raw material and, i desired, also from
one or more fractions obtained from the further processing by evaporation
and/or chromatographic separation, Said fractions may also be composed info
low-carbohydrate and protein-enriched milk products and mitk products having
modified protein compositions. Other ingredients may also be added to the
product. The milk product is composed substantially without adding water, in
which case a fraction or fractions of the hydrolyzed milk raw material obtained
from the process of the invention are used as the liquid required in composing
the product. As such liquid to be added, particularly the RO permeate, the NF
permeate or condensation water generated in the concentration or evaporation
of the hydrolyzed milk raw material may be mentioned. In an embodiment of
the invention, the NF permeate originates from the nancfiltration of the UF
permeate of the hydrolyzed milk raw material.

[0033] As the liquid, also tap water may be partially used. In the
context of the present invention, the term ‘substantially without adding water’
means that at least 50% of the tap water is replaced with a fraction obtained
with the process of the invention.

[0034] if desired, the low-lactose or lactose-free milk product pro-
duced with the process of the invention may be concentrated into a milk con-
centrate or into mitk powder.

[0835] The milk product according fo the present invention is low-
lactose or laciose-free. In the present invention, the term low-lagtose means
that the lactose content of the milk product is not more than 1%. The term lac-
tose-free means that the laciose content of the mitk product is 0.5g/serving
(e.g. for liquid milks 0.5 g/244 g, the lactose content being at most 0.21%),
however not more than 0.5%. In accordance with the invention, mitk drinks
containing little carbohydrate and having flawless organolepiic characteristics
may also be produced. Furthermore, the loss of the protein contained in the
mitk raw material is minimized and no separate supplementation/addition of
minerals andfor protein is required.

[0036] The process of the invention is simple and suitable for large-
scale production.
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[6037] The process of the present invention may be applied to both
batch and continuous production. Preferably, the process of the invention is
implemented as a baich process.

[0038] In a second aspect, the invention provides & lactose-free and
low-lactose milk product containing one or more fractions of a hydrolyzed milk
raw material obtained from one or more membrane filirations of the hydrolyzed
milk raw material. In an embodiment of the invention, the lactose-free or low-
lactose milk product comprises at least one of the fractions UF retentate, UF
permeate, NF retentate, NF permeate, DF retentate, DF permeate, RO reten-
tate and RO permeate. In a particular embodiment of the invention, the milk
product of the invention is obtained prolein-enriched in the form of a DF reten-
tate.

[0038] As an aspect, the invention also relates o a lactose-free or
low-lactose milk product produced with a process comprising the steps of:

a) hydrolyzing the lactose in a milk raw material and subjecting a
milk raw material to a membrane filfration,

b} further processing at least a portion of one or more fractions ob-
tained in step a) by membrane technique,

¢) if desired, subjecting at least a portion of one or more fractions
obtained in step a) and/or b) fo evaporation and/or to chromatographic separa-
tion, to separate proteins, sugars and minerals into different fractions,

d) composing a milk product having the desired composition and
swestness from one or more fractions obtained in step a) and/or from one or
more fractions obtained in step b) and possibly from one or more fractions ob-
tained in step ¢) and other ingredients, substantially without adding water and
without adding a lactase enzyme o the composed milk product {o hydrolyze
any residual lactose in the product,

e) if desired, concentrating the product obtained in step d) into a
congenirate or a powder.

[0040] As staied above, an NF permeate obiained in the nanofiltra-
tion of a hydrolyzed milk raw material can be utilized as diawaier in membrane
filtration processes. Said NF permeate can be used particularly in the diafiltra-
tion or the diafiltrations of the process of the invention. In an embodiment of
the invention, the NF permeate originates from the nandfiliration of the UF
permeate of the hydrolyzed milk raw material.
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[06041] A sugar fraction containing glucose and galactose and ob-
tained in the membrane filtration of the hydrolyzed milk raw material can be
utiized as a sweetener or in fermentation processes in the production of sour
milk products, for example. The sugar fraction can be obtained as a UF per-
meate obtained in the ultrafiltration of the hydrolyzed milk raw material or as a
NF retentate obtained in the nanofiftration. The sugar fraction can be obtained
particularly as a NF retentate obtained from the nanofiltration of an ultrafiltra-
fion permeate of the hydrolyzed milk raw material. Comparad with lactose-
containing fractions, said glucose and galactose containing fractions obtained
as a result of the hydrolysis are in a more easily and directly usable form for
starters in the production of sour milk products, for example. Accordingly, the
glucose and galactose containing fractions obtained by the process of the in-
vention can be used as a fermentative sugar or fermentative sugars in fermen-
tafion processes.

[0042] The following exampiles illustrate the invention, but do not re-
strict the invention only to the embodiments illustrated.

Example 1. Ultrafiltration of hydrolyzed skim milk in cold conditions (K =
1.9)

[0043] Skim milk (40 1) was hydrolyzed (6°C, 18 h) with Godo ¥YNL2
lactase (Godo Shusei Company, Japan), the dosage being 0.15%. The com-
pletely hydrolyzed skim milk was uitrafiltered with an HFK-131 membrane
(Koch Membrane Systems Inc., USA) al a temperature of 9 to 18°C and a
pressure of 4.5 to 5.0 bar. The permeate flow was 3.8 to 8.5 im*h. Ultrafiltra-
fion was continued to a contcentration factor of 1.9, i.e. when the volume of the
UF retentate was 21 | and that of the UF permeale 19 1.

[0044] Samples were taken fraom the feed (hydrolyzed skim milk),
the UF retentate and the UF permeate, and protein, dry matter, glucose, galac-
tose and ash were determined therefrom (Table 1).

[0045] The UF reteniate was used in composing a milk drink (Ex-
ample 9; Tables 10 and 11).
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Table 1. Compositions of feed, retentate and permeate of ultrafiltration of
hydrolyzed skim milk

Composition (Hydralyzzze:kim il UF retentate UF permeate
Protein (%) 3.61 6.34 .

Ash (%) 0.78 0.99 0.45
Glucose (%) 240 2.50 2.62
Galactose (%) 2.24 2.34 2.40

Dry matter (%) ~8.07 11.8 5.59

Example 2. Ultrafiltration of hydrolyzed skim milk in warm conditions (K = 4)

[0046] Skim milk {40 |} was hydrolyzed {6°C, 22 h) with Godo YNL2
lactase (Godo Shusei Company, Japan), the dosage being 0.15%. The com-
pletely hydrolyzed skim milk was ulirafiltered with an HFK-131 membrane
(Koch Membrane Systems Inc., USA) at a temperature of 45 to 50°C and a
pressure of 1 to 3.5 bar. The permeate flow was 7.8 to 10.3 ¥m*h. Ultrafiltration
was continued fo a concentration factor of 4, i.e. when the volume of the UF
retentate was 10 | and that of the UF permeats 30 |,

[0047] Samples were taken from the feed (hydrolyzed skim milk),
the UF retentate and the UF permeate, and protein, dry matter, glucose, galac-
tose and ash were determined therefrom (Table 2).

[0048] The UF retentate was used in composing a milk drink (Ex-
ample 9; Table 12}, in composing a flavored milk drink (Example 10; Table 13),
and in composing a whey protein containing milk drink (Example 11; Table 15).

[0049] The UF permeaie was further processed by nanofiliration (Ex-
ample 3).

Table 2. Compositions of feed, retentate and permeate of ultrafiltration of
hydrolyzed skim milk

. Feed
Composition (Hydrolyzed skim milk) UF retentate | UF permeate
Protein (%) 3.64 12.5 -
Ash (%) ; 0.78 1.50 0.44
Glucose (%) 2.50 217 2.63
Galactose (%) 2.20 2.08 2.46
Dry matter (%) | 9.05 18.4 5.88
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Example 3. Nanofiltration of ultrafiltration permeate of hydrolyzed skim
milk (K= 2)

[0050] The expsriment of Example 2 was continued by nanofiliration
the ulirafiltration permeate to a concentration factor of 2 with a Filmtec NF
membrane (Dow, USA) at a filtration temperature of 10 to 16°C. The permeate
flow was 10 I/m*h and the pressure 11 fo 17 bar. The feed was 29.5 liters, the
NF retentate 14.5 liters, and the NF permeate 15 liters.

{0051] Dry matier, glucose, galactose and ash were determined
from the feed, the NF retentale, and the NF permeate. The resulis are shown in
Table 3.

[0052] The NF permeate was used in Example 5 in the diafiltration
step.

[0053] The NF permeate was also used in composing milk drinks
{(Example 9; Tables 10 and 12).

Table 3. Nanofiltration of UF-permeate of hydrolyzed skim milk. Composi-
tion of feed, retentate and permeate.

Feed
Composition (Hydrolyzed UF permeate) | NF retentate | NF permeate
- (Example 2)
Ash (%) ‘ 0.47 0.70 0.20
Glucose (%) 2.55 4.87 0.21
Galactose (%) 2.36 4.29 0.15
Dry matter (%) 5.7 10.8 0.62

Example 4. Two-step nanofiltration of ultrafiliration permeate of hydro-
lyzed mitk (K= 4, K = 4)

[0054] The ultrafiliration permeate of hydrolyzed milk was nanofil-
tered with a Desal 5 DL membrane to a concentration factor of 4. The filtration
temperature was 44 o 47°C, the pemmeate flow 10 I/m?h and the pressure 30 6
bar. The feed was 40 liters, NF retentate 1 10 liters, and NF permeate | 30 li-
fers.

[0055] Dry matter, glucose, galactose and ash were determined
from the feed, NF retentate |, and NF permeate |. The results are shown in Ta-

ble 4,
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Table 4. Nanofiitration of ultrafiltration permeate of hydrolyzed milk.
Composition of feed, retentate and permeate

oo Feed
Cﬂmlér?émﬁn (Hydrolyzed UF permeate) NF retentate | | NF permeate |
Ash(%) 1| 0.46 0.87 0.31
Glucose (%) 2.51 3.2 2.32
Galactose (%) 2.33 3.05 2.19
Dry matter (%) 5.67 8.03 4.83

[0056] The permeate (NF permeate |) of the first nanofiltration was
nanofiltered in a second step with a Filmtec NF membrane to a conceniration
factor of 4. The filtration temperature was 10 to 249C, the permeate flow 11 to
3.2 ¥m?h and the prassure 11 to 24 bar. The feed was 28.5 liters, NF retentate
Il 6 liters, and NF permeate 1l 22.5 liters.

{00571 Dry matter, giucose, galactose and ash were determined
from the feed, NF retentate I, and NF permeate li. The results are shown in
Table 5.

Table 5. Nanofiliration of NF-permeate | of UF-permeate of hydrolyzed
milk. Composition of feed, retentate and permeate.

Composition Feed NF retentate H | NF permeate Il
(NF permeate i)

Ash (%) - 0.29 0.51 0.19

Glucose (%) 2.28 __7.56 0.20

Galactose (%) 2.1 675 | 0.18

Dry matter (%) 4.56 156.5 0.52

[0058] The two-step nanofiltration resuited in a purer sugar concen-
trate as NF retentate Il, which has a lower ash content. Particularly from biva-
lent minerals, calcium and magnesium, 80% remained in NF retentate |.

[0058] NF retentate H was used as a sweetener in a flavored milk
drink (Example 10; Tables 13 and 14).

[0060] NF permeate [l was further concentrated by reverse osmosis
and the RO permeate obiained was used in composing a cocoa milk drink
(Example 10; Table 14).
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Example 5. Ultrafiltration (K = 2.2} of hydrolyzed skim milk combined with
diafiltration

[0061] Skim milk (40 1) was hydrolyzed (8°C, 18 h) with Godo YNL2
lactase (Godo Shusei Company, Japan), the dosage being 0.15%. The com-
pletely hydrolyzed skim milk was ultrafiltered with an HFK-131 membrane
{Koch Membrane Systems Inc.,, USA) at a temperature of 8 to 13°C and a
pressure of 3.5 to 4.0 bar. The permeate flow was 5.3 to 7.5 /m?h. The skim
milk was concentrated to a factor of 2.2, i.e. when the volume of the UF reten-
tate was 18 | and that of the UF permeate 22 |. Then, 14 liters of the NF per-
meate of Example 3 were gradually added to the UF retentate. After the diafil-
fration step, the volume of the DF retentate was 24 liters and the combined
volume of the permeates obtained from the diafiltration and the ultrafiltration
was 30 liters. Later on in the example, the combined UF and DF permeates will
be called permeate.

[0062] Samples were taken from the feed (hydrolyzed skim milk),
the DF retentate and the permeate, and protein, dry matter, glucose, gatactose
and ash were determined therefrom (Table 8).

Table 6. Compositions of feed, retentate and permeate of ultrafiltration
and diafiltration of hydrolyzed skim milk

cer Feed
Composition (Hydrolyzed skim milk) DF retentate | Permeate
Protein (%] 3.58 5.51 -
Ash (%) 0.77 0.79 0.46
Glucose (%) ~ 2.45 1.38 2.36
Galactose (%) 2.38 1.37 2.35
Dry matter (%) 8.95 8.8 5.27

[0063] A protein-enriched lactose-free milk drink is obtained as a DF
refentate by circulating the nanofiltration permeate of the ultrafiitration perme-
ate from Example 3 back to the ultrafiltration retentate. The DF retentate was
also organoleptically evaluated and it was found fo have a good and full {aste.
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Example 6. Ultrafiltration of partially hydrolyzed skim milk and hydrolysis
during filtration (K= 2.2)

[0064] Skim milk (40 I} was hydrolyzed (50°C, 1 h) with Lacioles L3
lactase (Biocon Lid., Japan), the dosage being 0.18%. The partially hydrolyzed
skim mitk was ultrafiltered with an HFK-131 membrane (Koch Membrane Sys-
tems Inc., USA), the temperature being 43 fo 45°C and the pressure 1.0 to 3.5
bar. The permeate flow was 10 ¥m?h. The skim milk was concentrated to a
factor of 2.2, i.e. when the volume of the UF retentate was 18 | and that of the
UF permeate 22 |. The UF permeate was then circulated back to the UF reten-
tate. The progress of the hydrolysis was observed during the concentration
and the circulating. The filtration was continued for two hours, At the beginning
of the filtration, the lactose content of the milk was 0.57% and at the end of the
filtration not maore than 0.01%.

[0665] Samples were taken from the fesd (hydrolyzed skim milk),
ithe UF retentate after the filtration and the UF permeate, and protein, dry mat-
ter, glucose, galactose and ash were determined therefrom (Table 7).

Table 7. Compositions of feed, retentate and permeate of ultrafiltration
of hydrolyzed skim milk

SR Feed

Composition (Hydrolyzed skim milk) UF retentate | UF permeate
Protein (%) 3.53 7.11 -

Ash (%) 0.77 1.08 0.48
Glucose (%) 2.32 2.58 2.59
Galactose (%) 2.13 2.50 2.47
Lactose (%) 0.57 < 0.01 -

Dry matter (%) B.95 12.5 5.72

[0066] The results show thatf the hydrolysis of lactose can be con-
tinued during filtration.

Example 7. Production of lactose-free milk drink by simultaneous hy-
drolysis and filtration

[0067] 0.2% of Godo YNLZ2 lactase (Godo Shusei Company, Japan)
was added to skim miltk (100 1). The filtration of milk was started immediately
after addition of enzyme. Ultrafiliration and nanofiltration were performed si-
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multaneously such that the UF retentate and the NF permeate were circulated
back to the ultrafiltration feed. The ultrafiltration was performed with an HFK-
131 membrane (Koch Membrane Systems Inc., USA) at a temperature of 6°C
and a pressure of 3.5 to 4.0 bar. The permeate flow was 5 I/'m?h. In the nanofil-
fration, a Filmiec NF membrane (Dow, USA) and a filtration temperature of 6°C
were used. The permeate flow was 7.5 ¥m?h and the pressure 18 to 22 bar.
The ultrafiliration concentration factor was 1.9 and that of nanofilfration 4. The
filtration was continued until a desired amount of carbohydrates was removed
from the end product formed in the feeding tank of the filter. At the end of the
filtration the lactose concentration of the milk was 0.09%. 100 | of skim milk
gave 88 | of a product of which theoretically 52.5 | was UF retentate and 35.51 ..
NF permeate. The amount of NF retentate formed was 12 1.

[0088] Protein, dry matter, glucose, galactose and ash were deter-
mined from the product (Table 8).

Table 8. Composition of lactose-free skim milk drink

Composition | Lactose-free skim milk drink
Protein (%) 4.0
Glucose (%) 1.8
Galactose (%) 1.5
Ash (%) | 0.7
Dry matter (%) 7.9

Example 8. Nanofiltration of hydrolyzed whey (K = 7}

[6069] Skimmed, centrifuged whey (40 I) was hydrolyzed (9°C, 20
h} with Godo YNL2 lactase (Godo Shusei Company, Japan), the dosage being
0.1%. The completely hydrolyzed whey nanofiltered with a Desal 5 DL mem-
brane (GE Osmonics, USA), the temperalure being 46 to 51°C, and the pres-
sure 3 to 6.5 bar. The permeate flow was 10.0 to 13.5 I¥m®h. The nanofiltration
was continued to a concentration factor of 7, i.e. when the volume of the NF
retentate was 5.5 | and that of the NF pemmeate 34.5 .

[0070] Samples were taken from the feed (hydrolyzed whey), the
NF retentate and the NF permeate, and protein, dry matter, glucose, galactose
and ash were determined therefrom (Table 9).
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Table 9. Compositions of feed, retentate and permeate of nanofiitration -
of hydrolyzed whey

Composition (Hy droir i:i whey) NF retentate | NF permeate
Protein (%) 0.61 4.59 -

Ash (%) 0.34 152 | 028
 Glucose (%) 2.05 ‘ 2.69 1.97

| Galactose (%) 1.90 | 2.68 1.84

Dry matter (%) 5.02 1020 | 410

[0071}] The composition of the NF permeate separated from the hy-
drolyzed whey corresponded quite well to NF permeate | (Example 4; Table 4)
separated from the ultrafilfration permeate of milk in corresponding conditions.
If desired, the nanofiltration of the whey may be continued in a second step in
the same way as was described in Example 4.

[0072] The NF reteniate was used in composing a whey protein
containing milk drink (Example 11; Table 15).

Example 8, Composing a milk drink from the ulfrafiltration retentate of
hydrolyzed skim milk and the nanofiltration permeate of the ultrafiltration
permeate

{0073} A lactose-free milk drink 1 was composed from the ulirafiltra-
tion retentate of the hydrolyzed skim miltk of Example 1 and from the nanafiltra-
tion permeate of the ultrafiltration permeaie of Example 3. In a laciose-free
milk drink 2, the nanofiltration psrmeate of the ultrafiltration permeate was re-
placed with water. A lactose-free milk drink 3 was composed from the ultrafij-
tration retentate of hydrolyzed skim milk and from the nanofiltration permeate
of the ultrafiliration permeate of Example 3 and from skim milk. In addition, the
milk mineral powder according fo EP publication EP 1061811 B1 was used in
the compositions.

[0074] The compositions of the fractions and the proportions thereof
in the admixtures, and the compositions of the laclose-free milk drinks are
shown in Tables 10 to 12. The compositions of the lactose-free skim milk
drinks correspond fo normal milk except for the carbohydrates. All water re-
quired in the drinks and part of the need for added milk mineral powder could
be replaced with the nanofiltration permeate of the ulirafiltration permeate.
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Table 10. Composing a lactose~free skim milk drink 1 from ultrafiltration
retertate and nanofiltration permeate of ultrafiliration permeate of hydro-
lyzed skim milk

UF retentate | NF permeate | Milk mineral | Lactose-free
{example 1) | (example 3) powder | skim milk drink
Proportion (%) 51.2 47.8 0.37
Composition
Protein (%) 6.34 1 - 9.12 3.3
Glucose (%) 2.50 0.21 23 1.5
Galactose (%) _2.34 .15 22 1.4
Ash (%) 0.99 0.20 41 0.8
Drymatter (%) | 11.8 0.62 96 6.8

Table 11. Composing lactose~free skim milk drink 2 from ultrafiliration
retentate of hydrolyzed skim milk and from water

UF retentate Water Mitk mineral | Lactose-free
{example 1) powder skim milk drink
Proportion {%) 51.3 48.1 .61
Composition
Protein (%) 6.34 0 9.142 3.3
Glucose (%) 2.50 0 23 1.4
Galactose (%) 2.34 0 22 1.3
Ash (%) 0.98 0 41 0.8
Dry matter (%) 11.8 0 96 8.6
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Table 12, Composing lactose-free skim milk drink 3 from uitrafiltration
retentate and nanofiltration permeate of ultrafiltration permeate of hydro-
lyzed skim milk

UF retentate | NF permeate | Milk mineral | Skim milk | Lactose-free
(example 2) (example 3) powder skim milk
drink
Proportion (%) 12,1 378 0,20 50.0
Composition |
| Protein (%) 12.50 - a2 3.58 33
Glucose {%) 2147 0.21 23 245 1.6
Galaclose (%) 2.08 0.15 22 f 2.38 1.6
Ash (%) 1.50 0.20 41 0.77 0.8
Dry matier (%) 18.4 0.62 96 8.95 7.2

Example 10. Use of nanofiltration retentate of ultrafiltration permeate as
sweetener in cocoa milk drink

[0075] A lactose-free cocoa milk drink was composed from laciose-
free milk {fat content 1%, nanofiliration retentate Il of Example 4, the ulirafiltra-
tion retentate of the hydrolyzed skim mitk of Example 2, saccharose, low-
lactose cream and cocoa powder. A low-laclose cocoa milk drink was com-
posed from the RO permeate of Example 4, nandfiltration retentate I of Exam-
ple 4, low-lactose skim milk powder, saccharcse, lactose-free cream and co-
coa powder. The compositions of the fractions and the proportions thereof in
the drinks, and the compositions of the cocoa milk drinks. are presented in Ta-
bles 13 and 14.

[0076] The organoleptic characteristics of both cocoa milk drinks
were good and full. In the lactose-free cocoa milk drink, 30% of the required
saccharose could be replaced with nanofiltration retentate |} of Example 4, and
25% in the low-lactose drink,
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Table 13. Composing lactose-free cocoa milk drink
Lactose- NF UF Saccha- | Lactose- | Cocoa Lactese-
free milk | refentate i retentate roge free powder | free cocoa
1.0% | (Example 4} | (Example 2) cream milk drink
 Proportion (%] 53.6 | 30.2 14.2 ‘ 3.1 14 0.8
Somposition | ¢+ 1 i | 4
Protein {%) 3.5 - 12.5 - 20 - 3.3
Fat (%) 1.0 - - - 38 - 0.9
Glucose (%) 23 7.56 2.17 - 1.4 - 3.5
Galactose (%) 2.3 6.75 2.08 - 1.4 - 3.8
Lactose (%) - - - - - - Q
Saccharose (%) - - - 100 - 3.1
Ash{%) 0.7 | 051 1.5 - 0.5 - 0.7
Dry matter (%) 10 15.5 18.4 100 43 100 16.5
Table 14. Composing low-lactose cocoa milk drink
RO NF Lowss Saccha- | Lactose. | Cocoa Low-
permeate retentate H lactose rose free powder lactose
{Example 4) | {(Example 4} | skim milk cream ! cocoa
powder milk drink
Proporiion (%} 55.6 194 84 35 2.3 0.80
Composition
Protein (%) - - 35 = 2.0 - 3.0
Fat (%) - - 1.0 - 38 - 0.9
Glucose (%) <01 7.56 21 ~ 1.4 - 3.3
Galactose (%) <041 6.75 21 - 1.4 - 3.2
Lactose (%) ~ - 10 - - - 0.8
Saccharose (%) - - - 100 - 3.5
Ash {%) <0.1 g.81 7.7 - 0.5 - 0.9
Bry matter (%) < 0.1 155 96 100 43 100 16.8

Example 11. Composing lactose-free whey protein containing milk drink
from membrane filtration fractions of hydrelyzed whey and skim milk

[0077] A lactose-free whey protein containing milk drink was com-
posed from the NF retentate of the hydrolyzed whey of Example 8, hydrolyzed
skim milk, water and the UF retentale of the hydrolyzed skim milk of Example
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2. The compositions of the fractions and the proportions thereof in the admix-
tures, and the composition of the lactose-free whey protein containing milk
drink are shown in Table 15. The lactose-free whey protein containing milk
drink contained less carbohydrates and more whey protein, its proportion of
the protein of the drink being 50%, than normal milk.

Table 15. Composing lactose-free skim whey protein containing miik
drink from nanofiliration fractions and frpm skim milk

NF Hydrolyzed | Water UF Lactose-free
retentate | skim milk retentate skim whey
(whey, (milk, protein containing
Example 8) Example 2) milk drink
 Proportion (%) 27.3 40.2 27.0 55
Composition B
Protein (%) 459 | 3.39 0 12.5 3.3
Glucose (%) | 1.99 227 0 2.17 16
Galactose (%) 1.80 2.23 0 2.08 1.5
Ash (%) 1.52 0.76 0 1.50 0.8
Dry matter (%) 10.20 8.78 0 18.4 7.3
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the production of a lactose-free or a low-lactose milk
product, the process including the steps of:

a) hydrolyzing the lactose in a mik raw material to provide a
hydrolyzed milk raw material,

b) ultrafiltrating (UF) the hydrolyzed mitk raw material to concentrate
proteins into an UF retentate and to obtain an UF permeate containing sugars,

¢) nanofiltrating (NF) the UF permeate {o separate sugars into a NF
retentate and minerals into a NF permeate,

d) composing the lactose-free or low-lactose milk product from the
ultrafitration retentate obtained in step b) and the nanofiltration permeate
obtained in step ¢), substantially without the addition of water,

e} if desired, concentrating the product obtained in step d) into a
concentrate or a powder.

2. The process of claim 1, wherein the lactose in the milk raw
material is partially hydrolyzed.

3. The process of claim 2, wherein lactose hydrolysis of the partially
hydrolyzed milk raw material is continued during ultrafiliration in step b).

4. The process of claim 1, wherein the NF permeate is used in step
b) and/or in step ¢} as diawater of diafiltration.

5. The process of claim 1, wherein the UF retentate is recycled to the
milk raw material to be processed in step a).

6. The process of claim 1, wherein the NF permeate is recycled to
the milk raw material to be processed in step a).

7. The process of any of the preceding claims, further including a
step wherein one or more of the UF retentate, UF permeate, NF retentate and
NF permeate is/are further processed by a membrane technique and/or
evaporation and/or chromatographically.

8. The process of claim 7, wherein one or more fractions obtained in
the step is/are intraduced to the lactose-free or low-lactose milk product.

9. The process of any one of the preceding claims, wherein a RO
permeate or a NF permeate obtained in a membrane filtration step or steps of a
hydrolyzed milk raw material, or condensation water obtained in the
evaporation of the hydrolyzed milk raw material is introduced as a liquid to the
milk product.

CVALOTH10 amd 4 March 2015
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10. The process of claim 9, wherein the NF permeate of step ¢) is
used as the liquid.

11. A laclose-free or a low-lactose milk product including an
ultrafiltration retentate from ultrafiltration of a lactose-hydrolyzed milk raw
material, and a nanofiltration permeate obtained from nanofiltration of an
ultrafiltration permeate derived from ultrafiltration of the lactose-hydrolyzed milk
raw material.

12. The milk product of claim 11, further including an UF permeate,
NF retentate, NF permeate, DF retentate, DF permeate, RO retentate and/or
RO permeate of the lactose-hydrolyzed milk raw material,

13. The milk product of claim 11, wherein the milk product is a DF
retentate obtained from ultrafiltration of the lactose-hydrolyzed milk raw material
where a nancfilration permeate obtained from nanofiltration of an ultrafiltration
permeate derived from ultrafiltration of the lactose-hydrolyzed milk raw material
is used as diawater.

14. A lactose-free or low-lactose milk product produced with a
process including the steps of:

a) hydrolyzing the lactose in a mik raw material to provide a
hydrolyzed milk raw material,

b) ultrafiitrating (UF) the hydrolyzed milk raw material to concentrate
proteins into an UF retentate and to obtain an UF permeate containing sugars,

¢} nanofittrating (NF) the UF permeate to separate sugars into a NF
retentate and minerals into a NF permeate,

d) composing the lactose-free or low-lactose milk product from the
ultrafiltration retentate obtained in step b) and the nanofiltration permeate
obtained in step ¢), substantially without the addition of water,

e) if desired, concentrating the product obtained in step d) into a
concentrate or a powder.

SVALGT110 amd 4 March 2018
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