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HIGH PROTEIN, MICELLAR CASEIN-CONTAINING NUTRITIONAL 

LIQUIDS ENRICHED WITH CATECHIN-COMPOUNDS AND METHOD OF 

PRODUCTION 

 

Abstract 

 

 The present invention pertains to high protein, micellar casein-containing 

nutritional liquids enriched with catechin-compounds and a method of their production. 

The invention particularly provides such high protein liquids having a reduced viscosity 

and a reduced tendency to cold-gelation. 

PRODUCTION
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High protein, micellar casein-containing nutritional liquids enriched with catechin-

compounds and method of production 

CROSS REFERENCE 

The present application is a divisional of Australian patent application no. 2020381786, which was 

the national phase entry of PCT/EP2020/081798, the entire specifications of which are incorporated 

herein by cross-reference. 

BACKGROUND 

Nutritional products containing milk protein has a range of interesting benefits due to the favourable 

amino acid composition and digestibility of milk protein.  

US5683984A discloses enteral compositions of protein, lipids and minerals, which is suitable for tube 

feeding, employs native micellar casein as the protein. The compositions are prepared by obtaining 

native micellar casein and combining it with the glucides, lipids and minerals. A dispersion of micellar 

casein may be obtained by microfiltering milk, particularly skim milk, and glucides and minerals are 

dispersed in the micellar casein retentate obtained, lipids are added to the resulting dispersion and 

then the mixture is homogenized and sterilized. The microfiltered retentate may be diafiltered for 

obtaining the dispersion. 

WO2013/129912A1 discloses the provision of liquid enteral compositions for providing nutrition, 

either as a supplement, or as a complete nutrition, comprising a high protein content, in particular 

micellar casein as major protein source, in a small volume of liquid, in particular 6 to 20 g protein per 

100 ml of the liquid composition. The compositions further comprise lactic acid and have a pH in the 

range of 6 to 8. 

WO2011/112075A1 pertains to medical dairy products having a content of micellar casein of 6 to 20 

g/100 ml and a pH of about 6 to 8. WO2011/112075A1 suggests that the viscosity and the 

transparency of such dairy products can be controlled independently of each other by the use of one 

or more chelating agents selected from the group of a phosphoric acid, citric acid, a soluble phosphate 

salt, a soluble citrate salt, or a mixture thereof. It was found that products become more viscous after 

addition of phytate, citrate, or orthophosphate, and that the viscosity depends on concentration and 

type of phosphate. Addition of hexametaphosphate leads to gel formation. In contrast, high 

concentrations of uridine monophosphate can be added without significantly affecting the viscosity.  

11

CROSS REFERENCE

BACKGROUND
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O'Connell et al (Effects of phenolic compounds on the heat stability of milk and concentrated milk. ", 

Journal of Dairy Research, vol. 66, 1 January 1999, pages 399-407) discloses a study of the heat-

coagulation time of skimmed milk and concentrated skimmed milk enriched with phenolic compounds 

such as e.g. epigallocatechin gallate. The used concentrated skimmed milk contained 225 g solids/L. 

However, the protein content of the concentrated skimmed milk is not directly and unambiguously 

derivable from the document. 

22

derivable from the document.
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3

The present inventors have found that the production of high protein, nutritional products is

5 limited by processing difficulties which are particularly pronounced if the milk protein contains a

ation temperatures is a challenge and may lead to undesired clogging during processing and/or

storage of intermediary protein products. The phenomenon is referred to as cold gelation or

cold thickening. The formation of highly viscous, gel-like structures at low temperature is also a

10 problem for liquid nutritional beverage products having a high content of micellar casein and

may give the consumer the impression of a defect product if the product has been refrigerated.

The inventors have furthermore discovered that the problem of low temperature thickening or

gel formation can be solved by incorporation of different catechin compounds in the liquid dur-

15 ing or prior to processing.

The terms "cold gelation", "cold thickening", "low temperature thickening" or "low temperature

gel formation" refers to thickening, i.e. increase in viscosity, or gel formation that occurs in nu-

tritional liquids at ambient or refrigeration temperatures, preferably about 5 degrees C and typ-

20 lically upon storage at these temperatures.

Thus, an aspect of the invention pertains to a nutritional liquid having a pH in the range of 6-8

and comprising:

- a content of total protein of 8-25% w/w,

25 - micellar casein in an amount of at least 70% w/w relative to total protein, and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epi-

catechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate.

A more specific aspect of the invention pertains to a nutritional liquid having a pH in the range

30 of 6-8 and comprising:

- a content of total protein of 10-25% w/w,

- micellar casein in an amount of at least 70% w/w relative to total protein, and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epi-

catechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate,

35 and wherein the nutritional liquid has a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

- total protein

20
26

20
18

92
   

   
12

 M
ar

 2
02

6

1
2
 
M
a
r
 
2
0
2
6

5

2
0
2
6
2
0
1
8
9
2

1
0



44

in the range of 0.001-0.2.

Another aspect of the invention pertains to a nutritional powder comprising, or even consisting

of, the solids of the nutritional liquid described herein and water in an amount of at most 10%

5 w/w.

Yet an aspect of the invention pertains to a method of producing a nutritional liquid comprising

the step of:

10

chin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gal-

locatechin 3-gallate, and epigallocatechin 3-gallate, a milk protein source and optionally other

- a content of total protein of 8-25% w/w,

15

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

late,

20 b) optionally, filling the liquid mixture into a suitable container.

A more specific aspect of the invention pertains to a method of producing a nutritional liquid

comprising the step of:

25

chin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gal-

locatechin 3-gallate, and epigallocatechin 3-gallate, a milk protein source and optionally other

ingredients, said liquid mixture comprising

30 - a content of total protein of 10-25% w/w,

- micellar casein in an amount of at least 70% w/w relative to total protein, and

late,

35 and wherein the nutritional mixture has a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

- total protein

in the range of 0.001-0.2,
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5

b) optionally, filling the liquid mixture into a suitable container.

5 Another aspect pertains to a nutritional liquid obtainable by the above-mentioned method.

gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate,

10 and epigallocatechin 3-gallate for:

- reducing the viscosity, preferably immediately after sterilising heat-treatment,

15 - protein in an amount of at least 8% w/w, and more preferably 10% w/w, and

BRIEF SUMMARY OF THE FIGURES

20 Figure 1 shows the molecular structures of the catechin compounds used in the invention

wherein R is hydrogen or a hydroxy group, and wherein R is a hydroxy group or a gallate

Figure 2 shows the viscosity at 5 degrees C of nutritional liquids containing 11% w/w MCI and

25 weight ratios between catechin compounds and protein of 0 (control), 0.06 and 0.10 at different

30 shear rates.

Figure 4 shows the viscosity at 5 degrees C of nutritional liquids containing 13% w/w MCI and

35
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6

taining 12% w/w MCI and weight ratios between catechin compounds and protein of 0 (con-

trol), 0.06 and 0.10.

5

Figure 7 shows the development of viscosity over time at 5 degrees C of nutritional liquids con-

taining 13% w/w MCI and weight ratios between catechin compounds and protein of 0.01 and

0.03.

10

ment on the viscosity of a nutritional liquid.

containing catechin-compounds and the effect of heat-treatment vs. no heat-treatment.

15

Figure 10 compares the viscosities of MPC-based and MCI-based nutritional liquids having a

weight ratios between catechin compounds and protein of 0.06 and also includes an MPC con-

trol containing no catechin compounds.

20

ment at different weight ratios between catechin and protein; the nutritional liquids contained

Figure 12 shows the viscosity of heat-treated nutritional liquids immediately after heat-treat-

25 ment at different weight ratios between catechin and protein; the nutritional liquids contained

Figure 13 shows the viscosity of heat-treated nutritional liquids after 6 months storage at 5 de-

grees C at different weight ratios between catechin and protein; the nutritional liquids contained

30 12, 15, 18, and 20% w/w protein based on a micellar casein isolate.

grees C at different weight ratios between catechin and protein; the nutritional liquids contained

35
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77

DETAILED DESCRIPTION

5 - a content of total protein of 8-25% w/w,

10 In the context of the present invention the term "nutritional liquid" pertains to a liquid which is

be preferably be nutritionally complete meaning that it contains all macro nutrients and micro

nutrients to fulfil the nutritional needs of an adult human. Alternatively, but also preferred, nu-

15 ents and/or micronutrients to be complete but is still useful as a nutritional supplement.

product in question does not contain any viable microorganisms and therefore is devoid of mi-

crobial growth during storage at room temperature. A composition, e.g. a liquid or a powder,

20 that has been sterilised is sterile.

In the context of the present invention the term "heat-treatment" or "heat-treated" pertains to

a treatment wherein the substance in question is heated to at least 70 degrees C for duration

25

In the context of the present invention the term "micellar casein" and "casein micelles" pertain

to casein in form of micelle-like structures comprising the difference casein species as well as

30

for the passage of whey protein. Microfiltration membranes having a pore size of 0.05-0.3 mi-

cron are preferred. The micellar casein of the nutritional liquid is typically slightly modified rela-

heat-treatment that may form part of the method of the present invention. The amount of mi-

35 cellar casein is typically determined by separation of the casein micelles by ultracentrifugation,

preferably by initial equilibration at 30 degrees C for 1 hour and centrifugation at 100,000 g for

1 hour at the same temperature, and subsequent quantification of the amount separated ca-

seins by HPLC, preferably as outlined in Bobe et al, (Separation and Quantification of Bovine
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88

Milk Proteins by Reversed-Phase High-Performance Liquid Chromatography; Bobe et al; J.

Agric. Food Chem. 1998, 46, 458-463).

In the context of the present invention the term "catechin" pertains to molecule C, or D, or a

5

In the context of the present invention the term "epicatechin" pertains to molecule A, or B, or a

mixture of both A and B of Figure 1, wherein R is hydrogen and R is a hydroxy group.

10

a mixture of both C and D of Figure 1, wherein R is hydroxy group and R is a hydroxy group.

or a mixture of both A and B of Figure 1, wherein R is a hydroxy group and R is a hydroxy

15

In the context of the present invention the term "catechin 3-gallate" pertains to molecule C, or

D, or a mixture of both C and D of Figure 1, wherein R is hydrogen and R is a gallate group.

20

or B, or a mixture of both A and B of Figure 1, wherein R is hydrogen and R is a gallate group.

C, or D, or a mixture of both C and D of Figure 1, wherein R is hydroxy group and R is a gal-

25 late group.

cule A, or B, or a mixture of both A and B of Figure 1, wherein R is a hydroxy group and R is a

gallate group.

30

tween:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

35
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9

- total protein

5 0.10, even more preferably in the range of 0.01-0.06, and most preferably in the range of

0.02-0.04.

10 In other preferred embodiments of the invention the weight ratio between:

chin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

- total protein

15 0.15.

chin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

20 - total protein

0.15, even more preferably in the range of 0.005-0.10, and most preferably in the range of

0.007-0.10.

25

tween:

- the sum of the amounts of epicatechin, epigallocatechin and epigallocatechin 3-gallate, and

30

In some preferred embodiments of the invention the weight ratio between:

of the nutritional liquid is in the range of 0.0005-0.15, more preferably in the range of 0.001-

35 0.10, even more preferably in the range of 0.01-0.06, and most preferably in the range of

0.02-0.04.

In other preferred embodiments of the invention the weight ratio between:

- the sum of epicatechin, epigallocatechin and epigallocatechin 3-gallate, and
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1010

- total protein

of the nutritional liquid is in the range of 0.005-0.20, more preferably in the range of 0.01-

0.15.

5

- the sum of epicatechin, epigallocatechin and epigallocatechin 3-gallate, and

- total protein

of the nutritional liquid is in the range of 0.002-0.20, more preferably in the range of 0.003-

0.15, even more preferably in the range of 0.005-0.10, and most preferably in the range of

10 0.007-0.10.

- the sum of the amounts of epigallocatechin and epigallocatechin 3-gallate, and

15

in the range of 0.0001-0.2.

In some preferred embodiments of the invention the weight ratio between:

20

of the nutritional liquid is in the range of 0.0005-0.15, more preferably in the range of 0.001-

0.02-0.04.

25 In other preferred embodiments of the invention the weight ratio between:

- the sum of epigallocatechin and epigallocatechin 3-gallate, and

of the nutritional liquid is in the range of 0.005-0.20, more preferably in the range of 0.01-

0.15.

30

- the sum of epigallocatechin and epigallocatechin 3-gallate, and

- total protein

35

0.007-0.10.
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1111

the range of 0.001-0.10, even more preferably in the range of 0.01-0.06, and most preferably

5 in the range of 0.02-0.04.

10

In further preferred embodiments of the invention the weight ratio between between epigallo-

catechin 3-gallate and total protein of the nutritional liquid in the range of 0.002-0.20, more

preferably in the range of 0.003-0.15, even more preferably in the range of 0.005-0.10, and

15

the ratio "weight of A" divided by "weight of B". For example:

- if the content of total protein in the nutritional liquid is 10 g/100 g,

20 then the weight ratio between epigallocatechin 3-gallate and total protein is 0.50/10 = 0.05.

In the context of the present invention the term "polyphenol" pertains to a molecule having at

least 2 phenolic hydroxy groups and molecular weight of at least 150 g/mol.

25 The nutritional liquid may contain other polyphenols in addition to the above mentioned cate-

prises one or more additional polyphenol(s).

In some preferred embodiments of the invention the one or more additional polyphenol(s) com-

30

stilbenoids, tannins, and lignans.

In some preferred embodiments of the invention the one or more additional polyphenol(s) com-

prise a flavonoid.

35

In other preferred embodiments of the invention the one or more additional polyphenol(s) com-

additional polyphenol(s) comprise or even consist of curcumin.
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1212

In yet other preferred embodiments of the invention the one or more additional polyphenol(s)

comprise a stilbenoid. A preferred example of a stilbenoid is resveratrol, hence the one or more addi-

tional polyphenol(s) comprise or even consist of resveratrol.

5

catechin, catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin

3-gallate is present in the nutritional liquid in a combined amount of at least 20% w/w relative

to the total amount of polyphenol, more preferably at least 50% w/w, even more preferably at

least 70% w/w and most preferably at least 90% w/w.

10

In other preferred embodiments of the invention EGCG is present in the nutritional liquid in an

50% w/w, even more preferably at least 70% w/w and most preferably at least 90% w/w.

15 The total amount of polyphenol of a sample is determined according to Analysis 14.

liquids having high protein content.

20

liquid is at least 10% w/w, more preferably at least 12% w/w, even more preferably at least

14% w/w and most preferably at least 16% w/w.

In some preferred embodiments of the invention the total amount of protein of the nutritional

w/w and most preferably 14-20% w/w.

In other preferred embodiments of the invention the total amount of protein of the nutritional

w/w and most preferably 13-19% w/w.

In further preferred embodiments of the invention the total amount of protein of the nutritional

- a total amount of protein of in the range of 10-25% w/w, more preferably 12-

and
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1313

chin 3-gallate, and epigallocatechin 3-gallate, and

5 - total protein

10 in an amount of at least 75% w/w relative to total protein, more preferably at least 85% w/w,

protein.

High protein liquids containing at least 85% micellar casein relative to total protein are particu-

15

efit of the addition of the catechin compounds.

in an amount of 85-100% w/w relative to total protein, more preferably 90-99% w/w, even

20 more preferably 93-98% w/w relative to total protein, and most preferably 95-97% w/w.

in an amount of 70-84% w/w relative to total protein, more preferably 75-84% w/w relative to

25

of the non-casein protein is whey protein.

In some preferred embodiments of the invention whey protein provides at least 20% w/w of the

30

bly at least 70% w/w, and most preferably at least 90% w/w of the total protein that is not mi-

In some preferred embodiments of the invention the protein of the nutritional liquid is milk pro-

35 tein, i.e. protein derived from milk or milk fractions such as e.g. whey.

such as e.g. vegetable protein, egg protein, a hydrolysate of caseinate, a hydrolysate of whey

protein, or any combination thereof.

20
26

20
18

92
   

   
12

 M
ar

 2
02

6

1
2
 
M
a
r
 
2
0
2
6

5

2
0
2
6
2
0
1
8
9
2

1
0

2
5



1414

The nutritional liquid often contains carbohydrate in addition to protein. In some preferred em-

bodiments of the invention the nutritional liquid has a total amount of carbohydrates of at least

5% w/w, more preferably at least 7% w/w, even more preferably at least 10% w/w, and most

5

In some preferred embodiments of the invention the nutritional liquid has a total amount of car-

bohydrates in the range of 5-25% w/w, more preferably, 7-22% w/w, even more preferably 10-

20% w/w, and most preferably 12-18% w/w.

10

to reduce the caloric content of the liquid. Thus, in other preferred embodiments of the inven-

bly at most 2% w/w, even more preferably at most 0.5% w/w, and most preferably at most

15

if the nutritional liquid is intended for subjected with lactose-intolerance. Thus, in some pre-

ferred embodiments of the invention the nutritional liquid has a total amount of lactose of at

20

Non-limiting examples of useful carbohydrates are edible mono-, di-, oligo- and/or polysaccha-

maltriose, maltodextrin, fructo oligosaccharides, galacto oligosaccharides, fucosyl lactose, sialyl

25 lactose, bovine milk oligosaccharide, human milk oligosaccharide, and combinations thereof.

mol/L reducing carbohydrate, more preferably at most 0.03 mol/L reducing carbohydrate, even

30 mol/L reducing carbohydrate. The present inventors have observed that a low content of reduc-

powders made thereof.

35

most preferably 0.001-0.01 mol/L reducing carbohydrate.
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5 The nutritional liquid often contains lipid, and for some nutritional applications the presence of

bly at least 8% w/w, and most preferably at least 10% w/w.

10 In some preferred embodiments of the invention the nutritional liquid has a total amount of li-

w/w, and most preferably 10-14% w/w.

In some embodiments the amount of lipid of the nutritional liquid may range between 5 and

15 95%, preferably between 10 and 70%, more preferably between 20 and 40%, relative to the

total energy content of the nutritional liquid.

The lipid may either be an animal lipid or a vegetable lipid or both. Although animal lipids such

20 as lard or butter have essentially equal caloric and nutritional values and can be used inter-

changeably, vegetable oils are highly preferred in the practice of the present invention due to

saturated fatty acids. In one embodiment, the present composition comprises rapeseed oil, corn

25

The lipid may include a source of medium chain fatty acids, such as medium chain triglycerides

(MCT, mainly 8 to 10 carbon atoms long), a source of long chain fatty acids, such as long chain

or any combination of the two types of sources. MCTs are beneficial because they are easily ab-

30

duce the risk of nutrient malabsorption. LCT sources, such as canola oil, rapeseed oil, sunflower

because it is known that LCTs may modulate the immune response in the human body.

35 In some embodiments, the lipid comprises 30 to 60 weight % of animal, algal or fungal fat, 40

the composition. The animal fat preferably comprises a low amount of milk fat, i.e. lower than 6

weight %, especially lower than 3 weight % based on total fat. In particular, a mixture of corn

oil, egg oil, and/or canola oil and specific amounts of marine oil is used. Egg oils, fish oils and
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algal oils are a preferred source of non-vegetable fats. Especially for compositions that are to

be consumed orally, in order to prevent formation of off-flavours and to decrease a fishy after-

taste, it is recommended to select ingredients that are relatively low in docosahexaenoic acid

(DHA), i.e. less than 6 weight %, preferably less than 4 weight % based on total fat. Marine oils

5

amount lower than 25 weight %, preferably lower than 15 weight % based on total fat. On the

other hand, inclusion of eicosapentaenoic acid (EPA) is highly desirable for obtaining the maxi-

mum health effect. Therefore, in another embodiment, the amount of EPA may range between

4 weight % and 15 weight %, more preferably between 8 weight % and 13 weight % based on

10

and 10:1. In yet another embodiment, the amount of EPA is very low, such as 0.1 to 1 weight

15

In other preferred embodiments of the invention, e.g. for sports nutrition, the nutritional liquid

20

The nutritional liquid according to the invention may be is designed to either supplement a per-

the invention may further comprise at one or more nutritional components such as vitamins,

25 minerals, trace elements and/or a source of indigestible carbohydrates. Preferably, the nutri-

The nutritional liquid according to the invention may contain a variety of vitamins, minerals and

trace elements.

30

amount in the range of 10-200 mg/100 mL, more preferably 30-120 mg/100 mL, even more

35

an amount in the range of 10-250 mg/100 mL, more preferably 40 -200 mg/100 mL, even
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5 In some preferred embodiments of the invention the nutritional liquid comprises calcium in an

10 tion of nutritional liquids having a relatively high calcium content which often is advantageous

plete. Thus, in some preferred embodiments of the invention the nutritional liquid comprises

calcium in an amount in the range of 150-700 mg/100 mL, more preferably 170-500 mg/100

mL, even more preferably 200-400 mg/100 mL, and most preferably 240-300 mg/100 mL.

15

In some preferred embodiments of the invention the nutritional liquid comprises magnesium in

an amount in the range of 5-100 mg/100 mL, more preferably 10-25 mg/100 mL, even more

20 In some preferred embodiments of the invention the nutritional liquid comprises phosphorus in

an amount in the range of 50-500 mg/100 mL, more preferably 70-300 mg/100 mL, even more

25

preferably 1-5 mg/100 mL, and most preferably 2-3 mg/100 mL.

30 erably 0.7-3 mg/100 mL, and most preferably 1-2 mg/100 mL.

provides all necessary vitamins, most of the minerals and trace elements. For example, the nu-

tritional liquid according to the invention preferably provides 6 mg of zinc per 100 ml of the nu-

35 tritional liquid which is beneficial for tissue repair in a healing patient. Preferably, the nutritional

tional liquid to aid patients with more severe healing requirements. Further, preferably, the nu-
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tritional liquid according to the invention (also) provides 2.25 mg iron per 100 ml of the nutri-

tional liquid. Iron is beneficial in maintaining bodily fluids as well as circulatory system functions

in an elderly patient.

5

sodium and/or potassium levels outside FSMP (Foods for Special Medical Purposes) legislation

levels.

The nutritional liquid according to the invention may optionally be fortified with non-digestible

10

the present invention, the nutritional liquid according to the invention comprises 0.5 g/100 ml

saccharides having a DP of 2 to 20, preferably 2 to 10. More preferably, these oligosaccharides

15 ranges, and they are soluble. These oligosaccharides may comprise fructo-oligosaccharides

charides, acacia polysaccharides (acacia fibre or arabic gum), cellulose, resistant starch and the

like may be incorporated in the nutritional liquid according to the invention. The amount of in-

20 soluble fibre such as cellulose is preferably lower than 20 weight % of the dietary fibre fraction

thickening polysaccharides such as carrageenans, xanthans, pectins, galactomannans and other

high molecular weight (DP>50) indigestible polysaccharides is preferably low, i.e. less than

20% of the weight of the fibre fraction, or less than 1 g/100 ml. Instead, hydrolysed polysac-

25 charides such as hydrolysed pectins and galactomannans can advantageously be included.

A preferred fibre component is an indigestible oligosaccharide with a chain length (DP) of 2 to

10, for example Fibersol® (resistant oligoglucose), in particular hydrogenated Fibersol®, or a

mixture of oligosaccharides having a DP of 2 to 10, such as fructo-oligosaccharides or galacto-

30

of 11 to 20). Such oligosaccharides preferably comprise 50 weight % to 90 weight % of the fi-

bre fraction, or 0.5 g/100 ml to 3 g/100 ml of the nutritional liquid according to the invention.

35

more of fructo-oligosaccharides, inulin, acacia polysaccharides, soy polysaccharides, cellulose

and resistant starch.

The nutritional liquid may furthermore contain suitable food acids and/or food alkalizing agents.
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citric acid, a soluble phosphate salt, a soluble citrate salt, or a mixture thereof.

5

10 non-polyphenol chelating agents selected from the group consisting of a phosphoric acid, a sol-

dine monophosphoric acid, cytidine monophosphoric acid, orthophosphoric acid, inositol hexa-

15

lected from the group consisting of uridine monophosphate, cytidine monophosphate, ortho-

phosphate, inositol hexaphosphate, hexametaphosphate, or a mixture thereof.

20

preferably 20 to 60 mEq/L.

25

Preferably, the nutritional liquid of the invention comprises lactic acid in an amount between

30 The amount of lactic acid may be linked to the protein content of the product. In some pre-

nutritional liquid, preferably between 2.5 and 100 mg/g protein, more preferably between 5 and

75 mg/g protein, most preferably between 10 and 75 mg lactic acid, per gram protein of the

35 nutritional liquid.

400 mg/g micellar casein of the total nutritional liquid. More preferably, the amount of lactic
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casein, most preferably between 20 and 100 mg lactic acid per g micellar casein of the nutri-

tional liquid.

5 preferably in an amount up to 1 g/100 mL, preferably in an amount between 1 mg and 500

mg/100 mL, more preferably in an amount between 5 mg and 400 mg/100 mL, more preferably

in an amount between 10 mg and 300 mg/100 mL, most preferably in an amount of 15 mg and

100 mg/100 mL of the nutritional liquid. It may be beneficial to include a certain amount of cit-

rate in the nutritional liquid of the invention for prolonged heat-stability and shelf-life.

10

In some preferred embodiments of the invention, the nutritional liquid comprises a combination

of citric acid and lactic acid. The combined amount thereof is preferably up to 2.5 g/100 mL,

more preferably this combined amount lies between 0.05 and 2 g/100mL, more preferably be-

15 erably between 0.3 and 0.75 g/100mL.

ceeds the weight amount of citrate, preferably by a factor 1.1 to 20, more preferably by a fac-

tor 2 to 18, more preferably a factor 3 to 15 or most preferably 4 to 12. At such ratios, viscosity

20 of the liquid nutritional composition is kept low, while other parameters, such as shelf-life and

While both non-polyphenol chelating agents and lactic acid may be preferred in some embodi-

ments of the invention the inventors have found that they surprisingly are not necessary when

25 the nutritional liquid contains catechin-compounds as described herein.

Thus, in some preferred embodiments of the invention the nutritional liquid contains at most

0.1 g lactic acid/100 mL, more preferably at most 0.04 g lactic acid/100 mL, even more prefer-

ably at most 0.01 g lactic acid/100 mL and most preferably at most 0.001 g lactic acid/100 mL.

30

In some preferred embodiments of the invention the nutritional liquid contains non-polyphenol

chelating agents in an amount of at most 5 mEq/L, more preferably at most 1 mEq/L, even

35

of non-polyphenol chelating agents selected from phosphoric acid, citric acid, a soluble phos-

phate salt, a soluble citrate salt in an amount of at most 5 mEq/L, more preferably at most 1
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ids in the range of 9-50% w/w; more preferably in the range of 10-40% w/w, even more pref-

erably in the range of in the range of 12-35% w/w, and even more preferably in the range of

5 16-30% w/w.

10 30-43% w/w. These embodiments are particularly useful for nutritionally complete nutritional

1-3 kcal/g, more preferably 1.5-3.0 kcal/g, and even more preferably 2.0-2.8 kcal/g.

15

In other preferred embodiments of the invention the nutritional liquid has an energy content of

at most 1 kcal/g, more preferably at most 0.8 kcal/g, and even more preferably at most 0.5

20

least 60% w/w, even more preferably at least 65% w/w, and most preferably at least 70%

w/w.

25

80% w/w, even more preferably at least 85% w/w, and most preferably at least 90% w/w.

30

In other preferred embodiments of the invention the nutritional liquid has a pH in the range of

35 6.0-8.0, more preferably 6.0-7.5, even more preferably 6.0-7.1, and most preferably 6.0-7.0.

The present inventors have found that the combination of the catechin compounds and protein

colours the nutritional liquid intensely red at e.g. pH 7.3 that that the intensity can be reduced

by lowering the pH. The present inventors have also seen indications that the colour problem

40 can be reduced by increasing the amount of casein relative to total protein.

20
26

20
18

92
   

   
12

 M
ar

 2
02

6

2
1

1
2
 
M
a
r
 
2
0
2
6

5

2
0
2
6
2
0
1
8
9
2

1
0

1
5

w
/
w
.



22

An advantage of the present invention is that the viscosity immediately after production of the

5 solutions that keep the viscosity relatively low is particularly pronounce for producing high pro-

tein beverage and even more particularly for producing high protein, high calorie beverages.

In some preferred embodiments of the invention the nutritional liquid has a viscosity of at most

400 cP at a temperature of 20 degrees C and a shear rate of 145 s¹, preferably at most 200 cP,

10

most 30 cP.

For example, the nutritional liquid may have a viscosity in the range of 2-400 cP at a tempera-

15 cP, even more preferably 6-50 cP, and most preferably 7-30 cP.

400 cP at a temperature of 5 degrees C and a shear rate of 145 s¹, preferably at most 200 cP,

more preferably at most 100 cP, even more preferably at most 50 cP and most preferably at

20 most 30 cP.

degrees C and a shear rate of 145 s¹, preferably 4-200 cP, more preferably 5-100 cP, even

more preferably 6-50 cP, and most preferably 7-30 cP.

25

or cold thickening and stays liquid and hence drinkable even after prolonged storage a low tem-

perature.

Thus, in some preferred embodiments of the invention the nutritional liquid has a viscosity after

storage at 5 degrees C for 63 days in the range of 2-400 cP at a temperature of 5 degrees C

and a shear rate of 145 s¹, preferably 4-200 cP, more preferably 5-100 cP, even more prefera-

bly 6-50 cP, and most preferably 7-30 cP.
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In some preferred embodiments of the invention the nutritional liquid is a packaged, sterile nu-

The sterile nutritional liquid is preferably shelf-stable, meaning that is has a shelf-life at 25 de-

5

10 bottom of its container over time and form an undesirable protein sediment layer.

In some preferred embodiments of the invention the nutritional liquid has a content of insoluble

5%, and most preferably at most 1%. It is even more preferred that the nutritional liquid has

15

The present inventors have found that the plasmin content of the nutritional liquid, and particu-

tion.

20

In some preferred embodiments of the invention, the combined activity of plasmin and plasmin-

ogen of the nutritional liquid, and particularly of the sterile nutritional liquid, is at most 8000

microUnits/mL.

25

In the context of the present invention, a plasmin activity of one Unit (U) is the plasmin activity

30

gen of the of the nutritional liquid, and particularly of the sterile nutritional liquid, is at most

35 100 microUnits/mL, preferably at most 50 microUnits/mL, and even more preferably at most 10

microUnits/mL.
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and the milk protein, preferably all ingredients, have been thoroughly mixed and are evenly dis-

tributed throughout the nutritional liquid when inspected visually, i.e. by eye.

5 In some preferred embodiments of the invention the nutritional liquid is a packaged, nutritional

liquid, i.e. packaged in a suitable container. It is particularly preferred that the nutritional liquid

is a sterile, packaged nutritional liquid.

Preferred examples of suitable contains are e.g. bottles, cartons, bricks, and/or bags.

10

In some preferred embodiments of the invention the nutritional liquid is obtainable by the

method described herein.

15 6.0-7.5, more preferably 6.0-7.0 and comprises:

- a content of total protein of 10-20% w/w, more preferably 12-18% w/w

75-83% w/w,

20 and

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

25 in the range of 0.005-0.2, more preferably 0.01-0.15.

In some preferred embodiments of the invention the nutritional liquid have a pH in the range of

6.0-7.5, more preferably 6.0-7.0 and comprises:

- a content of total protein of 10-20% w/w, more preferably 12-18% w/w

30 - micellar casein in an amount of at least 85-99% w/w relative to total protein, more preferably

90-98% w/w,

- an energy content of 0.4-1.5 kcal/g, more preferably 0.5.-1.0 kcal/g

and

35

- total protein

in the range of 0.005-0.2, more preferably 0.01-0.15.
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In some preferred embodiments of the invention the nutritional liquid have a pH in the range of

- micellar casein in an amount of at least 70-84% w/w relative to total protein, more preferably

5

the nutritional liquid having a weight ratio between:

10 gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

In some preferred embodiments of the invention the nutritional liquid have a pH in the range of

15

- micellar casein in an amount of at least 85-99% w/w relative to total protein, more preferably

- an energy content of 1.6-3.0 kcal/g, more preferably 2.0-2.8 kcal/g

20 and

the nutritional liquid having a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

- total protein

25 in the range of 0.005-0.2, more preferably 0.01-0.15.

30

75-83% w/w,

and

the nutritional liquid having a weight ratio between:

35 - epigallocatechin 3-gallate, and

- total protein
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6.0-7.5, more preferably 6.0-7.0 and comprises:

- a content of total protein of 10-20% w/w, more preferably 12-18% w/w

5 90-98% w/w,

- an energy content of 0.4-1.5 kcal/g, more preferably 0.5.-1.0 kcal/g

and

- epigallocatechin 3-gallate, and

10

in the range of 0.005-0.2, more preferably 0.01-0.15.

In some preferred embodiments of the invention the nutritional liquid have a pH in the range of

15 - a content of total protein of 10-20% w/w, more preferably 12-18% w/w

- micellar casein in an amount of at least 70-84% w/w relative to total protein, more preferably

- an energy content of 1.6-3.0 kcal/g, more preferably 2.0-2.8 kcal/g

and

20 the nutritional liquid having a weight ratio between:

in the range of 0.005-0.2, more preferably 0.01-0.15.

25

6.0-7.5, more preferably 6.0-7.0 and comprises:

- a content of total protein of 10-20% w/w, more preferably 12-18% w/w

- micellar casein in an amount of at least 85-99% w/w relative to total protein, more preferably

90-98% w/w,

30 - an energy content of 1.6-3.0 kcal/g, more preferably 2.0-2.8 kcal/g

and

the nutritional liquid having a weight ratio between:

35

Yet an aspect of the invention pertains to a nutritional powder comprising, and possibly even

consisting of, the solids of the nutritional liquid as defined herein and water in an amount of at

most 10% w/w.
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least 94% w/w, even more preferably at least 95% w/w, and most preferably at least 96%

5 w/w.

Preferably, the nutritional powder comprises water in an amount of at most 6% w/w, more

preferably at most 5% w/w, and most preferably at most 4% w/w.

10 While the nutritional powder can be produced in a number of different ways it is obtainable by

Yet an aspect of the invention pertains to a method of producing a nutritional liquid, and prefer-

15

chin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gal-

locatechin 3-gallate, and epigallocatechin 3-gallate, a milk protein source and optionally other

20 - a content of total protein of 8-25% w/w,

- micellar casein in an amount of at least 70% w/w relative to total protein, and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

25

b) optionally, filling the liquid mixture into a suitable container.

catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate,

30

- catechin,

- epicatechin,

- gallocatechin,

35 - epigallocatechin,

- catechin 3-gallate,

- epicatechin 3-gallate,

- gallocatechin 3-gallate, and

40 and which preferably contain a total amount of the above catechin compounds of at least 1%
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In the context of the present invention the term "milk protein source" pertains to a composition

that provides milk protein. In the present content "milk protein" contains at least micellar ca-

sein and may furthermore contain whey protein and/or caseinates.

5

liquid comprising the milk protein source and the source of one or more catechin compounds

10 The compositional features and embodiments described in the context of the nutritional liquid

equally apply to the liquid mixture.

tritional liquid is liquid mixture obtained from step a).

15

However in other preferred embodiments of the invention the nutritional liquid is the liquid mix-

In some preferred embodiments of the invention the method involves the filling of step b).

20

25 In some preferred embodiments of the invention the liquid mixture is subjected to heat-treat-

ment.

In some preferred embodiments of the invention the liquid mixture is:

30 - subjected to heat-treatment, preferably sterilising heat-treatment, after it has been filled into

the container, or

- formed by aseptically mixing two or more sterile compositions containing the sources and op-

tional ingredients of the liquid mixture.

of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gal-

40 etable extract.
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chin.

cocoa beans, or a combination thereof.

In some preferred embodiments of the invention the polyphenol source comprises a total

3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate of at least 20% w/w, prefera-

w/w, and most preferably at least 90% w/w.

amount of epigallocatechin 3-gallate of at least 20% w/w, preferably at least 40% w/w, more

preferably at least 60% w/w, even more preferably at least 80% w/w, and most preferably at

least 90% w/w.

In some preferred embodiments of the invention the milk protein source comprises one or more

powder, a liquid whey protein concentrate, a whey protein concentrate powder, and whey pow-

The present invention advantageously enables the production and easy handling of nutritional

35 liquids having high protein content.

In some preferred embodiments of the invention the total amount of protein of the liquid mix-

14% w/w and most preferably at least 16% w/w.
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In some preferred embodiments of the invention the total amount of protein of the liquid mix-

ture is in range of 8-24% w/w, more preferably 10-22% w/w, even more preferably 12-21%

w/w and most preferably 14-20% w/w.

5

In other preferred embodiments of the invention the total amount of protein of the liquid mix-

ture is in range of 10-20% w/w, more preferably 11-19% w/w, even more preferably 12-18%

10 In some preferred embodiments of the invention the liquid mixture comprises micellar casein in

an amount of at least 75% w/w relative to total protein, more preferably at least 85% w/w,

even more preferably at least 90% w/w, and most preferably at least 95% w/w relative to total

15

larly prone to cold gelation or cold thickening and therefore have a particularly pronounces ben-

In some preferred embodiments of the invention the liquid mixture comprises micellar casein in

20 an amount of 85-100% w/w relative to total protein, more preferably 90-99% w/w, even more

In other preferred embodiments of the invention the liquid mixture comprises micellar casein in

25 tal protein, and most preferably 77-83% w/w relative to total protein.

the non-casein protein is whey protein.

30 In some preferred embodiments of the invention whey protein provides at least 20% w/w of the

total protein that is not micellar casein, more preferably at least 40% w/w, even more prefera-

bly at least 70% w/w, and most preferably at least 90% w/w of the total protein that is not mi-

cellar casein.

35

tein, i.e. protein derived from milk or milk fractions such as e.g. whey.
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In other embodiments of the invention the liquid mixture also comprises non-milk protein such

5 The liquid mixture often contains carbohydrate in addition to protein. In some preferred embod-

erably at least 15% w/w.

10

However, for some applications it is preferred that the content of carbohydrate is kept low, e.g.

15 to reduce the caloric content of the liquid. Thus, in other preferred embodiments of the inven-

at most 2% w/w, even more preferably at most 0.5% w/w, and most preferably at most 0.1%

w/w.

20

the liquid mixture is intended for subjected with lactose-intolerance. Thus, in some preferred

embodiments of the invention the liquid mixture has a total amount of lactose of at most

most preferably at most 0.001% w/w.

25

Non-limiting examples of useful carbohydrates are edible mono-, di-, oligo- and/or polysaccha-

maltriose, maltodextrin, fructo oligosaccharides, galacto oligosaccharides, and combinations

30 thereof.

total amount of lipid of at least 2%w/w, more preferably at least 5% w/w, even more prefera-

35 bly at least 8% w/w, and most preferably at least 10% w/w.

In some preferred embodiments of the invention the liquid mixture has a total amount of lipid

in the range of 2-20% w/w, more preferably, 5-18% w/w, even more preferably 8-15% w/w,

and most preferably 10-14% w/w.
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In some embodiments the amount of lipid of the liquid mixture may range between 5 and 95%,

preferably between 10 and 70%, more preferably between 20 and 40%, relative to the total en-

ergy content of the liquid mixture.

5

With regard to the type of lipid, a wide choice is possible, as long as the lipid is of food quality.

The lipid may either be an animal lipid or a vegetable lipid or both. Although animal lipids such

changeably, vegetable oils are highly preferred in the practice of the present invention due to

10 their readily availability, ease of formulation, absence of cholesterol and lower concentration of

saturated fatty acids. In one embodiment, the present composition comprises rapeseed oil, corn

oil and/or sunflower oil.

15

triglycerides (LCT) and phospholipid-bound fatty acids such as phospholipid-bound EPA or DHA,

sorbed and metabolized in a metabolically-stressed patient. Moreover, the use of MCTs will re-

duce the risk of nutrient malabsorption. LCT sources, such as canola oil, rapeseed oil, sunflower

20 oil, soybean oil, olive oil, coconut oil, palm oil, linseed oil, marine oil or corn oil are beneficial

In some embodiments, the lipid comprises 30 to 60 weight % of animal, algal or fungal fat, 40

25 the composition. The animal fat preferably comprises a low amount of milk fat, i.e. lower than 6

weight %, especially lower than 3 weight % based on total fat. In particular, a mixture of corn

algal oils are a preferred source of non-vegetable fats. Especially for compositions that are to

30

(DHA), i.e. less than 6 weight %, preferably less than 4 weight % based on total fat. Marine oils

containing DHA are preferably present in the composition according to the invention in an

amount lower than 25 weight %, preferably lower than 15 weight % based on total fat. On the

35

4 weight % and 15 weight %, more preferably between 8 weight % and 13 weight % based on
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5

more preferably at most 0.1% w/w, and most preferably at most 0.01% w/w.

10

als, trace elements and/or a source of indigestible carbohydrates. Preferably, the liquid mixture

according the invention is a nutritionally complete liquid mixture.

15

20

In some preferred embodiments of the invention the liquid mixture comprises potassium in an

preferably 120-175 mg/100 mL, and most preferably 155-165 mg/100 mL.

25

amount in the range of 10-200 mg/100 mL, more preferably 50-150 mg/100 mL, even more

30 In some preferred embodiments of the invention the liquid mixture comprises calcium in an

The present inventors have seen indications that the catechin compounds enables the produc-

35 tion of nutritional liquids having a relatively high calcium content which often is advantageous

Thus, in some preferred embodiments of the invention the liquid mixture comprises calcium in

an amount in the range of 150-700 mg/100 mL, more preferably 170-500 mg/100 mL, even

more preferably 200-400 mg/100 mL, and most preferably 240-300 mg/100 mL.
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In some preferred embodiments of the invention the liquid mixture comprises magnesium in an

amount in the range of 5-100 mg/100 mL, more preferably 10-25 mg/100 mL, even more pref-

erably 12-20 mg/100 mL, and most preferably 14-18 mg/100 mL.

5

In some preferred embodiments of the invention the liquid mixture comprises phosphorus in an

amount in the range of 50-500 mg/100 mL, more preferably 70-300 mg/100 mL, even more

10 In some preferred embodiments of the invention the liquid mixture comprises iron in an amount

in the range of 0.1-20 mg/100 mL, more preferably 0.5-10 mg/100 mL, even more preferably

1-5 mg/100 mL, and most preferably 2-3 mg/100 mL.

15 in the range of 0.1-10 mg/100 mL, more preferably 0.5-5 mg/100 mL, even more preferably

0.7-3 mg/100 mL, and most preferably 1-2 mg/100 mL.

In some embodiment of the present invention, the liquid mixture according to the invention

provides all necessary vitamins, most of the minerals and trace elements. For example, the liq-

20 uid mixture according to the invention preferably provides 6 mg of zinc per 100 ml of the liquid

mixture which is beneficial for tissue repair in a healing patient. Preferably, the liquid mixture

to aid patients with more severe healing requirements. Further, preferably, the liquid mixture

25 beneficial in maintaining bodily fluids as well as circulatory system functions in an elderly pa-

tient.

The invention implicates that a nutritional liquid according to the present invention may contain

sodium and/or potassium levels outside FSMP (Foods for Special Medical Purposes) legislation

30 levels.

The liquid mixture may furthermore contain suitable food acids and/or food alkalizing agents.

35

citric acid, a soluble phosphate salt, a soluble citrate salt, or a mixture thereof.
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In some preferred embodiments of the invention the liquid mixture comprises one or more non-

5 According to one embodiment, the phosphoric acid is selected from the group consisting of uri-

lected from the group consisting of uridine monophosphate, cytidine monophosphate, ortho-

phosphate, inositol hexaphosphate, hexametaphosphate, or a mixture thereof.

10

preferably 20 to 60 mEq/L.

15

20

The amount of lactic acid may be linked to the protein content of the product. In some pre-

preferably, the amount of lactic acid lies between 1 and 200 mg per gram protein of the total

25

liquid mixture.

30

lies between 4 and 300 mg/g protein, more preferably between 10 and 200 mg/g micellar ca-

ture.

35 In a preferred embodiment, the liquid mixture of the present invention comprises citrate, pref-

mL, more preferably in an amount between 5 mg and 400 mg/100 mL, more preferably in an

amount between 10 mg and 300 mg/100 mL, most preferably in an amount of 15 mg and 100
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mg/100 mL of the liquid mixture. It may be beneficial to include a certain amount of citrate in

the liquid mixture of the invention for prolonged heat-stability and shelf-life.

In some preferred embodiments of the invention, the liquid mixture comprises a combination of

5

preferably this combined amount lies between 0.05 and 2 g/100mL, more preferably between

0.1 and 1.5 g/100mL, even more preferably between 0.25 and 1.0 g/100mL, most preferably

10 In case lactic acid an citric are both present, the weight amount of lactic acid preferably ex-

ceeds the weight amount of citrate, preferably by a factor 1.1 to 20, more preferably by a fac-

tor 2 to 18, more preferably a factor 3 to 15 or most preferably 4 to 12. At such ratios, viscosity

of the nutritional liquid is kept low, while other parameters, such as shelf-life and heat-stability

influenced by the presence of citric acid, are kept at sufficient levels.

15

While both non-polyphenol chelating agents and lactic acid may be preferred in some embodi-

ments of the invention the inventors have found that they surprisingly are not necessary when

the liquid mixture contains catechin-compounds as described herein.

20 Thus, in some preferred embodiments of the invention the liquid mixture contains at most 0.1 g

lactic acid/100 mL, more preferably at most 0.04 g lactic acid/100 mL, even more preferably at

25 chelating agents in an amount of at most 5 mEq/L, more preferably at most 1 mEq/L, even

more preferably at most 0.4 mEq/L and most preferably at most 0.1 mEq/L.

In some preferred embodiments of the invention the liquid mixture contains a total amount of

non-polyphenol chelating agents selected from phosphoric acid, citric acid, a soluble phosphate

30 salt, a soluble citrate salt in an amount of at most 5 mEq/L, more preferably at most 1 mEq/L,

In some preferred embodiments of the invention the liquid mixture has a content of total solids

35

bly in the range of in the range of 12-35% w/w, and even more preferably in the range of 16-
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bly in the range of in the range of 28-45% w/w, and even more preferably in the range of 30-

5 uids.

3 kcal/g, more preferably 1.5-3.0 kcal/g, and even more preferably 2.0-2.8 kcal/g.

10

15 60% w/w, even more preferably at least 65% w/w, and most preferably at least 70% w/w.

80% w/w, even more preferably at least 85% w/w, and most preferably at least 90% w/w.

20

the range of in the range of 65-88% w/w, and most preferably in the range of 70-84% w/w.

25 In some preferred embodiments of the invention the liquid mixture has a pH in the range of

In other preferred embodiments of the invention the liquid mixture has a pH in the range of

30

duced by lowering the pH. The present inventors have also seen indications that the colour

problem can be reduced by increasing the amount of casein relative to total protein.

35

liquid mixture is reduced significantly if polyphenol is present. This discovery eases the produc-

tions that keep the viscosity relatively low is particularly pronounce for producing high protein

beverage and even more particularly for producing high protein, high calorie beverages.

40
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In some preferred embodiments of the invention the liquid mixture has a viscosity of at most

400 cP at a temperature of 20 degrees C and a shear rate of 145 s¹, preferably at most 200 cP,

most 30 cP.

5

For example, the liquid mixture may have a viscosity in the range of 2-400 cP at a temperature

of 20 degrees C and a shear rate of 145 s¹, preferably 4-200 cP, more preferably 5-100 cP,

10 In some preferred embodiments of the invention the liquid mixture has a viscosity of at most

400 cP at a temperature of 5 degrees C and a shear rate of 145 s¹, preferably at most 200 cP,

more preferably at most 100 cP, even more preferably at most 50 cP and most preferably at

most 30 cP.

15

grees C and a shear rate of 145 s¹, preferably 4-200 cP, more preferably 5-100 cP, even more

preferably 6-50 cP, and most preferably 7-30 cP.

prone and stays liquid and hence drinkable even after prolonged storage a low temperature.

Thus, in some preferred embodiments of the invention the liquid mixture has a viscosity after

and a shear rate of 145 s¹, preferably 4-200 cP, more preferably 5-100 cP, even more prefera-

It is particularly preferred that the liquid mixture is a sterile liquid mixture, and more preferably

The liquid mixture in general, and particularly the sterile liquid mixture, preferably contain a

limited amount insoluble protein matter as such insoluble protein matter tend to settle to the

In some preferred embodiments of the invention the liquid mixture has a content of insoluble

protein matter of at most 20%, more preferably at most 10%, even more preferably at most

detectable insoluble protein matter.
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tion.

5 In some preferred embodiments of the invention, the combined activity of plasmin and plasmin-

croUnits/mL.

10

Units/mL. It may even be preferred that the combined activity of plasmin and plasminogen of

the of the liquid mixture, and particularly of the sterile liquid mixture, is at most 100 micro-

15 Units/mL, preferably at most 50 microUnits/mL, and even more preferably at most 10 micro-

The liquid mixture is preferably homogenous meaning that at least the catechin compounds and

the milk protein, preferably all ingredients, have been thoroughly mixed and are evenly distrib-

20

by combining the sources and optional ingredients in a number of different ways.

25 In some preferred embodiments of the invention the liquid mixture is formed by aseptically

mixing two or more sterile compositions containing the sources and optional ingredients of the

even consist of the polyphenol source and a second sterile composition may comprise of even

consist of the milk protein source. In some preferred embodiments of the invention the first

30

milk protein source and one or more optional ingredients.

35

comprises one or more optional ingredients.

Even further sterile compositions may be aseptically mixed to form the liquid mixture, such as

e.g. a third sterile composition, fourth sterile composition and a fifth sterile composition. Such
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furthermore sterile compositions typically comprise or even consist of one or more optional in-

gredients.

In other preferred embodiments of the invention the combining involves directly combining all

5

In some preferred embodiments of the invention the combining of step a) involves making a

pre-blend of some of the sources and other optional ingredients and subsequently mixing the

pre-blend with the remaining source(s) and/or optional ingredient(s).

10

It is generally preferred that at least the polyphenol source and the milk protein source com-

prising casein micelles, and preferably all the ingredients of the liquid mixture, are thoroughly

mixed to ensure a uniform dispersion of the different components of the liquid mixture.

15

sein micelles of the milk protein source are given time to interact, for example from few hours

to less than a second. The inventors have found that homogenisation, preferably combined with

20 In some preferred embodiments of the invention, the method of the present invention does not

contain a filling step and in these embodiments the nutritional liquid obtained from the method

is typically used for producing a food product.

However, in other preferred embodiments of the invention the method of the invention com-

25

will comsume, such as e.g. a beverage product.

30

In some preferred embodiments of the invention the filling is aseptic filling, which preferably in-

aseptically so the liquid mixture remains sterile. Sterilising heat-treatment of the liquid mixture

is preferably followed by aseptic filling and may e.g. involve aseptic homogenisation after the

35 sterilizing heat-treatment but prior to the aseptic filling.

In other preferred embodiments of the invention the filling is not necessarily aseptic. In such
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sation.

5 high concentration of micellar casein leads to a drop in viscosity and tendency to form gel upon

cooling, even without heat-treatment.

However, in some preferred embodiments of the invention the method involves subjecting the

10

in the range 140-150 degrees C, which is typical for UHT treatments.

15

heated to a temperature in the range of 100-180 degrees C, more preferably in the range of

140-160 degrees C, for a duration sufficient to provide a sterile liquid mixture.

20

25 and preferably after sealing the container. This mode of heat-treatment is often referred to as

retort heat-treatment.

In some preferred embodiments of the invention the liquid mixture is subjected to homogeniza-

tion after the heat-treatment but prior to filling. In these embodiments it is preferred to per-

30 form the homogenisation under aseptic conditions to avoid contamination of the heat-treated

to-drink beverages having a long shelf-life at ambient temperature.

35 heat-treatment.

liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:
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a) forming a liquid mixture having a pH of 6.0-7.5, more preferably 6.0-7.0 by combining a pol-

catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate,

a milk protein source and optionally other ingredients, said liquid mixture comprising

5

- micellar casein in an amount of 70-84% w/w relative to total protein, preferably

75-83% w/w and

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

10 late,

said liquid mixture having a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

15 in the range of 0.005-0.2, more preferably 0.01-0.15,

wherein the formation of the liquid mixture optionally involves at least one homogenization

20 wherein the nutritional liquid is the liquid mixture obtained by step a).

Other preferred embodiments of the invention pertain to a method of producing a nutritional

liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:

25

catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate,

30

90-98% w/w and

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

late,

35

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

in the range of 0.005-0.2, more preferably 0.01-0.15,
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wherein the formation of the liquid mixture optionally involves at least one homogenization

5 wherein the nutritional liquid is the liquid mixture obtained by step a).

Further preferred embodiments of the invention pertain to a method of producing a nutritional

liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:

10

- micellar casein in an amount of 70-84% w/w relative to total protein, preferably

15

- epigallocatechin 3-gallate,

- epigallocatechin 3-gallate, and

- total protein

20

25 wherein the nutritional liquid is the liquid mixture obtained by step a).

tional liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:

30 a) forming a liquid mixture having a pH of 6.0-7.5, more preferably 6.0-7.0 by combining a pol-

ingredients, said liquid mixture comprising

35 90-98% w/w and

- epigallocatechin 3-gallate, and
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in the range of 0.005-0.2, more preferably 0.01-0.15,

wherein the formation of the liquid mixture optionally involves at least one homogenization

step, and

5

wherein the nutritional liquid is the liquid mixture obtained by step a).

sterile nutritional liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:

10

a) forming a liquid mixture having a pH of 6.0-7.5, more preferably 6.0-7.0 by combining a pol-

yphenol source comprising one or more of catechin, epicatechin, gallocatechin, epigallocatechin,

catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate,

15 - a content of total protein of 10-20% w/w, preferably 12-18% w/w

75-83% w/w and

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

20 late,

said liquid mixture having a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

- total protein

25

b) filling the liquid mixture aseptically into a sterile container and sealing the container asepti-

30

homogenisation prior to step b), and

wherein the nutritional liquid is the packaged, sterile liquid mixture obtained from step b).

35

sterile nutritional liquid having a pH of 6.0-7.5, more preferably 6.0-7.0 comprising the step of:

yphenol source comprising one or more of catechin, epicatechin, gallocatechin, epigallocatechin,
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a milk protein source and optionally other ingredients, said liquid mixture comprising

- micellar casein in an amount of 85-99% w/w relative to total protein, preferably

5 90-98% w/w and

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gal-

late,

10 - the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

15 b) filling the liquid mixture aseptically into a sterile container and sealing the container asepti-

cally,

wherein the liquid mixture is subjected to a sterilising heat-treatment followed by an aseptic

20

25 step of:

yphenol source comprising epigallocatechin 3-gallate, a milk protein source and optionally other

ingredients, said liquid mixture comprising

30 - a content of total protein of 10-20% w/w, preferably 12-18% w/w

75-83% w/w and

said liquid mixture having a weight ratio between:

35 - epigallocatechin 3-gallate, and

in the range of 0.005-0.2, more preferably 0.01-0.15,
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b) filling the liquid mixture aseptically into a sterile container and sealing the container asepti-

5 homogenisation prior to step b), and

Even further preferred embodiments of the invention pertain to a method of producing a heat-

10

step of:

a) forming a liquid mixture having a pH of 6.0-7.5, more preferably 6.0-7.0 by combining a pol-

yphenol source comprising epigallocatechin 3-gallate, a milk protein source and optionally other

15

- a content of total protein of 10-20% w/w, preferably 12-18% w/w

- micellar casein in an amount of 85-99% w/w relative to total protein, preferably

- epigallocatechin 3-gallate,

20 said liquid mixture having a weight ratio between:

- epigallocatechin 3-gallate, and

- total protein

in the range of 0.005-0.2, more preferably 0.01-0.15,

25

cally,

30

wherein the nutritional liquid is the packaged, sterile liquid mixture obtained from step b).

Some preferred embodiments of the invention pertain to a method of producing a heat-treated,

35

a) forming a liquid mixture having a pH of 6.0-7.5 by combining a polyphenol source compris-

epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, a milk protein

source and optionally other ingredients, said liquid mixture comprising
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- micellar casein in an amount of 70-99% w/w relative to total protein, more pref-

erably 75-99% w/w and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

5

late,

said liquid mixture having a weight ratio between:

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

10 - total protein

15

20

a) forming a liquid mixture having a pH of 6.0-7.5 by combining a polyphenol source compris-

25 ing epigallocatechin 3-gallate, a milk protein source and optionally other ingredients, said liquid

- a content of total protein of 12-25% w/w, more preferably 14-22% w/w

micellar casein in an amount of 70-99% w/w relative to total protein, more pref-

erably 75-99% w/w and

30 - one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

late,

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

35 gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and

in the range of 0.01-0.2, more preferably 0.02-0.15,
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b) filling the liquid mixture aseptically into a sterile container and sealing the container asepti-

cally,

5 homogenisation prior to step b), and

Yet an aspect of the invention pertains to a nutritional liquid obtainable according to the method

10

liquid as defined herein.

Yet an aspect of the invention pertains to the use of one or more of catechin, epicatechin, gallo-

catechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and

15 epigallocatechin 3-gallate for:

- reducing or preventing cold gelation,

- reducing or preventing cold thickening and/or

- reducing the viscosity,

of a nutritional liquid having a pH in the range of 6-8 and comprising:

20 - protein in an amount of at least 8% w/w, and

- micellar casein in an amount of at least 70% w/w relative to total protein.

The reduced viscosity is preferably the viscosity immediately (i.e. at most 1 hour after) the nu-

25

The reduction or prevention of cold thickening and/or cold gelation is preferably reduction or

30

ever, other embodiments than the above described are equally possible within the scope of the

may be combined in other ways than those described herein unless it is stated otherwise.
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Methods of analysis

5 Analysis 1: Determination total protein

The content of total protein (true protein) is determined according to Example 9.2 of WO

2018/115520.

Analysis 2: Determination of viscosity

10

The determination of viscosity is carried out using a stress-controlled rheometer Physica MCR

301 (Anton Paar, Graz, Austria) equipped with a Peltier temperature controller. The tempera-

ture is maintained at 5 degrees C or 20 degrees C by connecting the rheometer to an external

water bath (F12, Julabo GmbH, Seelbach, Germany). All measurements are conducted at 5 de-

15 grees C or 20 degrees C and the samples are equilibrated at the measurement temperature in

the rheometer for 5 minutes prior to initiation of the shearing and the measurement. The ge-

ometry used is a concentric cylinder measuring system (diameter: 27 mm).

All samples are subjected to a steady flow test (shear rate ramp from 0 to 1000 s¹ over 11

20 minutes). The viscosity at shear rate 145 s¹ is recorded as the viscosity value unless is it stated

otherwise.

The viscosity is presented in the unit centipoise (cP). The higher the measured cP values, the

higher the viscosity.

25

Analysis 3: Insoluble protein matter

The amount of insoluble protein matter of a liquid sample is quantified as the amount of protein

that is removed from the sample by centrifugation at 3000 g for 5 minutes at 22 degrees C us-

30 ing the following steps:

centrifuge tubes and subsequently centrifugated at 3000 g for 5 minutes at 22 degrees

C.

Total protein is measured prior to centrifugation of the sample (Ptotal) and in the super-

35 natant after centrifugation (P3000g) using Analysis 1.
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If the sample is a powder, 10 g of the powder is suspended in 90 g demineralized water and al-

lowed to hydrate at 22 degrees C under gentle stirring for 1 hours. Approx. 20 g of hydrated

sample (e.g. liquid sample of the suspended powder sample) is analysed as described above.

5 The percentage of insoluble protein matter is calculated as:

Analysis 4: Determination of ash content

The ash content of a food product is determined according to NMKL 173:2005 "Ash, gravimetric

10

15

solids (% w/w).

Analysis 6: Determination of pH

The pH glass electrode (having temperature compensation) is rinsed carefully before and cali-

brated before use.

When the sample is in liquid form, then pH is measured directly in the liquid solution at 25 de-

35 according to Example 9.5 of WO 2018/115520.
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Enzymatic method utilizing the galactose moiety of the lactose".

5

Analysis 9: Determination of the total amount of carbohydrate

The amount of carbohydrate is determined by use of Sigma Aldrich Total Carbohydrate Assay

Kit (Cat MAK104-1KT) in which carbohydrates are hydrolysed and converted to furfural and hy-

10

Analysis 10: Determination of the total amount of Lipids

The amount of lipid is determined according to ISO 1211:2010 (Determination of Fat Content -

Röse-Gottlieb Gravimetric Method).

15 Analysis 11: Determination of the casein content relative to total protein

The amount of casein is determined according to ISO 17997-1:2004, Milk - Determination of

casein-nitrogen content - Part 1: Indirect method (Reference method).

Analysis 12: Determination of the whey protein content relative to total protein

20

The amount of whey protein of a sample is calculated as the amount of total protein minus the

amount of casein.

Analysis 13: Determination of the total amount of the individual catechin compounds

25

The determination of the total amount of the individual catechin compounds is performed ac-

cording to Ferruzzi et al ("Analysis of catechins from milk-tea beverages by enzyme assisted

extraction followed by high performance liquid chromatography"; Food Chemistry;

Volume 99, Issue 3, 2006, Pages 484-491).

30

If the determination relates to a protein-free sample, the enzymatic digestion may be omitted.

Analysis 14: Determination of the total amount of polyphenol

The total amount of polyphenols is measured according to Chávez-Servín et al (Total phenolic
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using the Folin-Ciocalteu method; Small Ruminant Research 160 (2018) 54-58) using the anal-

ysis for Total Phenolic Compounds (TPC).

diate viscosity of MCI-based liquids

viscosity of aqueous liquids containing 11% (w/w) MCI-based protein immediately after produc-

10 tion.

15 tion and spray-drying of the microfiltration retentate. The chemical composition of the

MCI powder is shown in Table 1.

- EGCG extract from green tea (powder form) >94% purity of EGCG (Sunphenon EGCg,

Taiyo GmbH, Schwelm, Germany)

- Water

20 - Sodium Azide, NaN3 (Merck, Darmstadt, Germany)

Table 1 Composition of the MCI powder

Protein 86.5

CI 0.17

Lipid 1.38

K

Mg 0.10

Na 0.06

P 1.57

whey protein 95:5
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Methods:

The liquid samples were prepared by added MCI powder to water at room temperature to pro-

5 0.02% was also added. The polyphenol EGCG was also added (except for the control samples)

to the desired weight ratios between EGCG and total protein (0.01, 0.03, 0.06 or 0.10) of the

final liquid samples.

At this point, the liquid samples were mixed with an Ultra Turrex T25 (IKA Labortechnik , Stau-

10 fen, Germany) for 5 minutes at speed setting 4 (19,000 1/min). This mixture was poured into

test tubes (filled to about 2/3 height) and placed in a heated water bath (Haake A10, Thermo

Scientific, Waltham, USA) set to 90°C for a total of 3 minutes. When the time was up, the test

tubes were removed from the water bath and placed in a bucket full of ice for rapid cooling. Af-

15

20

ments were performed within 30 minutes after preparation of the liquid samples.

25 Figures 2, 3 and 4 show viscosity values vs. shear rate for the three different liquids prepared

in this example. Figure 2 shows the results obtained from viscosity flow curves of MCI liquids

containing 11% protein content (w/w). The figure shows the control (circles) corresponding to

30 EGCG/protein ratio of 0.10. At all shear rates probed, the viscosity of both samples containing

EGCG was substantially and surprisingly lower than for the control sample. Between the control

35 and 4.72cP, though the EGCG/protein ratio was nearly doubled from 0.06 to 0.10).
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Figure 3 shows the viscosity curve vs. shear rate for the samples containing 12% (w/w) pro-

tein. The samples having a EGCG/protein ratio of 0.06 are shown as squares and samples hav-

ing a EGCG/protein ratio of 0.10 are shown as triangles. The viscosity values of these samples

are higher than those presented in Figure 2, simply because these samples contain 1% more

5 protein in them, so whereas MCI 11% showed viscosities from 12 to 14 cP, the control sample

of MCI 12% had viscosities ranging from 18 to 22 cP. On the other hand, the samples contain-

ing polyphenols showed a marked decrease in viscosities at all shear rates, just as has been

shown in Figure 2. For example, at a shear rate of 145 s¹, the control sample without polyphe-

nols had a viscosity of 22.5 cP whereas the sample having an EGCG/protein ratio of 0.06 had a

10 viscosity of 6.86 cP and that having a EGCG/protein ratio of 0.10 had a viscosity of 6.11 cP.

Also, and just as above, the decrease in viscosity was not vastly different when increasing the

EGCG/protein ratio 0.06 to 0.10.

Lastly, Figure 4 shows the results of a liquid made with 13% protein content with two different

15 levels of polyphenols, this time an EGCG/protein ratio of 0.01 and 0.03. Surprisingly, the vis-

cosity of the sample containing 13% protein and 3% EGCG showed very similar viscosities to

the samples shown above with less protein content (11 and 12%) and higher polyphenol level

(0.06 and 0.10%). However, the sample containing EGCG/protein ratio of 0.01 showed slightly

higher viscosities at all shear rates. Both levels of polyphenols, however, were able to reduce

20 the bulk viscosity of the liquid sample made containg 13% protein.

Conclusion

This example demonstrates that the addition of polyphenols to MCI liquids made from powder

at a range of high protein concentrations are able to lower the viscosity of said liquids immedi-

25 ately after production. This effect is quite dramatic and has been proven for a large range of

polyphenol concentrations.

The inventors have seen indications that the effects obtained using an EGCG also can be ob-

tained using the structurally related compounds: catechin, epicatechin, gallocatechin, epigallo-

30 catechin, catechin 3-gallate, epicatechin 3-gallate; either alone, in combination and/or in com-

bination with EGCG.

liquids

35

Purpose:

based liquids when stored at refrigeration temperatures.
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Materials and Methods:

5

10

Results:

15

20

0.10 (chequered bars) plotted as a function of time, from 0 to 63 days of cold storage after the

25

30

after approximately two months of storage. Indeed, after 63 days, when the control sample had

become solid and was not possible to measure, the EGCG-containing samples were still very

much liquid and with a viscosity quite similar to the original one which had been measured

35

the samples having an EGCG/protein ratio of 0.06 and 0.10 did not show vast differences in the

10 cP and having pH values of approx. 6.7.
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Figure 6 shows the MCI sample prepared this time with 12% (w/w) protein content, with the

control (no EGCG added, black bars), an EGCG/protein ratio of 0.06 (striped bars), and an

EGCG/protein ratio of 0.10 (chequered bars). Just as in the case shown in Figure 5, the control

sample increased in viscosity and after 5 days, the sample was so viscous that after removal

5 from the fridge, it needed to be left at room temperature for approx. 1 hour before being able

to be poured into the rheometer. Indeed at 35 days of cold storage this sample had already be-

come a gel.

Once again, and just as shown in the case for the 11% protein sample mentioned above, both

samples containing polyphenols remained liquid and had a nearly constants pH throughout the

10 period of storage in the fridge. Their viscosities again, were very similar to each other and

showed viscosities of under 10 cP at all times, which was quite surprising considering the meas-

urement temperature (5°C) and the high protein content (12%) of the samples.

15 protein content. This figure shows two samples, one having an EGCG/protein ratio of 0.01 and

another having an EGCG/protein ratio of 0.03. The liquid sample having an EGCG/protein ratio

of 0.03 (horizontal lines) showed, just like in the previous two figures, that the viscosity of the

liquid remains relatively constant throughout the 45 days measured and after being stored at

fridge temperatures. There seems to be a slight increase from about 7 cP to around 12 cP dur-

20 ing the first 10 days, but after this time the viscosity reaches a plateau. Again quite surpris-

having an EGCG/protein ratio of 0.01 behaved slightly different. The effect on viscosity was less

drastic as the sample having an EGCG/protein ratio of 0.03 (as also shown in Example 1, Figure

4), and the viscosity increased throughout the 45 days. Again, the first 10 days showed the

25 highest change, going from 10.5 cP to 23.9 cP. After 45 days, the viscosity changed to 32.1 cP,

showing that the rate of change had drastically diminished and that the sample was still very

much in liquid form.

Conclusion

30 This example demonstrates that the addition of polyphenols such as e.g. EGCG to MCI liquids

did not only lower the viscosity of said liquid immediately after production but were able to pre-

35 high protein MCI liquid. Gelation at refrigeration temperatures was suppressed for a wide range
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bination with EGCG.

5

Materials:

1 Heat water °C 60

Yes

7 Pasteurization, UHT Tubular Heat Exchanger Cell 3 °C Varied

8 UHT process, time sec 6

Yes

11 Homogenization 2, two-step (first step) bar 150

12 Homogenization 2, two-step (second step) bar 50

13 Cooling, UHT Cell 3 Temperature °C 10

14 Filling, Sterile Bottle Transparent, 100ml Varied

15 Storage, temperature °C 5
20
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In short, water was heated to 60°C and the dry ingredients were added (Steps 1 and 2). These

consisted of MCI powder alone for the control samples or MCI and polyphenols (also in powder

form) to a final protein content of 14% (w/w) and final EGCG/protein ratio of 0.06. The mixture

5 homogenized again (Steps 10 to 13) and finally bottled.

In one particular case when the polyphenol was added after heating, the sample procedure con-

taining only MCI was kept unchanged until Step 9, after which the polyphenol was added and

the homogenization step was done in the lab with a high-pressure homogenizer (Rannie, SPX

10 Flow, USA) at 600mPa for 5 minutes. The drinks were then bottled and kept in the fridge, ready

for measurement.

The temperatures of heating (when the polyphenol powder was added together with the MCI

powder in Step 2) were 110°C, 125°C and 143°C (Step 7). In the case when the polyphenol was

15

143°C.

Viscosity Measurements:

The viscosity measurements were done at 5 degrees C according to Analysis 2 and the samples

20 were measured within 2 hours after the pilot plant production was finished.

Results:

Figure 8 shows the viscosity flow curve as a function of shear rate for five samples which un-

derwent different processing steps. All samples had pH values of approx. 6.7. The control sam-

25 ple (circles) corresponds to the liquid containing only MCI and heated to 143°C, the process as

shown in Table 3.2. It had the highest viscosities, ranging from 81 cP to 160 cP (please note

that the plot of the control curve uses the right-hand-side y-axis). The sample heated to 143°C

30 from the control to 13 cP at a shear rate of 145 s¹. This corresponds to one order of magnitude

lower viscosity. Quite surprisingly, the same results were observed for the samples heated to

35
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the EGCG underwent heating. This was quite unexpected and it seems the polyphenol is able to

5

Conclusion

10

Furthermore, even when the polyphenols were added after heating, meaning that they did not

15 a high protein liquid even if it was added after the heating process has taken place or if no

heat-treatment had taken place.

The inventors have seen indications that the effects obtained using an EGCG also can be ob-

20

bination with EGCG.

storage

based liquids prepared and presented in Example 3, when stored at refrigeration temperatures

for longer durations.

After preparation the bottled liquids were stored in the refrigerator at around 3 degrees C. After

130 days of storage, the samples were taken from the fridge and the necessary amount of

sample (about 4 mL) was placed in the rheometer to run a viscosity flow test according to Anal-

ysis 2 at 5 degrees C.

Results:

Figure 9 shows the viscosities for the different samples shown at a shear rate of 145 s¹. The

black bars correspond to the viscosities measured immediately after preparation of the liquid
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(time 0), while the gridded bars correspond to the viscosities measured after 130 days of stor-

age at refrigeration temperatures. As already seen in Example 3, the control sample, without

added polyphenol, has a "time 0 viscosity" much higher than those corresponding to the sample

5 the heating temperature used to prepare them. After 130 days of storage, the control sample

became a solid gel and viscosity could not be measured. On the other hand, all samples con-

approx. 6.7, regardless at which temperature the samples had been heated. Even the sample

where the EGCG was added after the heating step, thereby never having been heated, the stor-

10 age stability was kept intact.

Conclusion:

This example demonstrates that the heating temperature of preparation of MCI liquids with

added polyphenols did not seem to have an impact on the development of the viscosity after

15

the sample after over 2 months of storage was still a liquid.

tained using the structurally related compounds: catechin, epicatechin, gallocatechin, epigallo-

20 catechin, catechin 3-gallate, epicatechin 3-gallate; either alone, in combination and/or in com-

bination with EGCG.

Example 5: Documenting the impact of the addition of polyphenols on the viscosity of

MPC-based liquids

25

Purpose:

The purpose of this example was to document the effect of the addition of the polyphenol EGCG

30

Materials:

35
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The viscosity measurements were done following the methodology also described in Analysis 2

5

Results:

10

15

Conclusion:

The results of this Example showed unequivocally that the presence of EGCG also reduces the

viscosity of MPC-based liquids immediately after production. Furthermore, when the reduction

20

The inventors have seen indications that the effects obtained using an EGCG also can be ob-

tained using the structurally related compounds: catechin, epicatechin, gallocatechin, epigallo-

25

term viscosities

30
Purpose:

cold gelation/thickening in nutritional liquids containing protein in a concentrations 12-20% w/w

and after 6 months storage.

35

Materials and methods

A number of different heat-treated, high protein nutritional liquid were prepared using the fol-

lowing materials:
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- MCI powder with the chemical composition shown in Table 6.1.

- Milk Protein Concentrate powder, MPC, commercial name Fromaquik A 86/5, (Fayrefield, Swit-

zerland) with the chemical composition shown in Table 6.1.

5 the commercial name of Sunphenon EGCg.

- Sodium Azide, NaN3 (Merck, Darmstadt, Germany)

- Water

Component MCI MPC

(%) (%)
Total solids 96.23 94

Protein as is (Nx6.38) 89.9 85

Fat 1.38 2

Lactose 0.59 2.5

Ash 7.8 8

Casein of protein 97 ~80

Calcium Ca 2.61

Magnesium Mg 0.10

Phosphorus P 1.57

Chloride CI 0.17

10

Three different preparation methods were followed to prepare the nutritional liquids:

Case A: preparation of the control nutritional liquids

Case B: preparation of nutritional liquids where the EGCG was added after the heat-treatment

Case C: preparation of nutritional liquids where the EGCG was added before the heat-treatment

15

Case A: control nutritional liquids

nal total protein concentrations of 12%, 15%, 18% or 20% (w/w). The nutritional liquid was

20

(Rannie, SPX Flow, USA) at 250 MPa for 10 minutes. At this point, the collected sample was

UHT treated using a HT122 bench-top UHT, (OMVE Netherlands B.V., De Meern, The Nether-

lands). Table 6.2 shows the settings used.
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UHT holding time 6 sec

Cooling, T2 40 °C

Table 6.2: settings used to UHT treat the nutritional liquids prepared in the lab.

5 Finally, the sample was poured into sterilized plastic bottles, capped placed in the refrigerator

until further use. In this case (Case A) no polyphenol was used as it was the control sample.

Case B: UHT-after

10 very first step of the process and both the protein and the polyphenol were homogenized and

UHT treated together. The remainder of the process follows the exact same methodology as in

Case A described above. Case B shows that the UHT process was after the addition of the poly-

phenol.

15 Case C: UHT-before

The processing was followed as described in Case A, however, as soon as the nutritional liquids

were returned to the lab after UHT treatment at the pilot hall, EGCG powder was added along-

side the NaN, followed by the second homogenization step and subsequent bottling. This

means that the EGCG never went through the UHT process. Although it is clear that this would

20 not be acceptable from a bacteriological point of view, the aim of this exercise was to determine

Experimental design

25 Table 6.3 shows the EGCG/protein combinations tested in this example. Both sets of experi-

phenols where heated alongside the protein) and when the UHT was performed before the addi-

tion of EGCG (Case C where EGCG was never UHT-treated), are shown. The number of times

30

given in percent of total protein relative to the weight of the nutritional liquid.

20
26

20
18

92
   

   
12

 M
ar

 2
02

6

1
2
 
M
a
r
 
2
0
2
6

6
 
s
e
c

2
0
2
6
2
0
1
8
9
2

5

C
a
s
e
 
B
:
 
U
H
T
-
a
f
t
e
r

1
5
 
C
a
s
e
 
C
:
 
U
H
T
-
b
e
f
o
r
e



64

Case C: UHT-before Case B: UHT-after

EGCG
Control 0.005 0.01 0.02 0.03 0.06 0.005 0.01 0.02 0.03 0.06

MCI %

12 1x 2x

15 1x 2x 2x 2x 3x 2x 1x

18 1x 2x 2x

2x

EGCG
0.03 0.06

MPC %

12 1x 3x

15 1x 2x 2x 2x 3x 2x 1x

18 1x 2x 2x

20 3x

Table 6.3: number of trials performed for each protein/EGCG combination for both cases de-

scribed above.

Analyses

5 The pH of the nutritional liquids were was measured according to Analysis 6 right before the

bottling step and furthermore measured after 3 and 6 months of storage under refrigeration.

The viscosity measurements according to Analysis 2 of the nutritional liquids were performed 30

minutes after preparation and furthermore after 1, 2, 3, 4, 6, 10, 12 and 24 weeks of storage

10 under refrigeration.

15 typically in the range of 6.6-7.0; both with respect to Case B-liquids and Case C-liquids.

Viscosity:

20 storage at 5 degrees C. This effect was observed for both Case B- and Case C-nutritional liq-

Figures 11 and 12 show the viscosity changes for MCI-based and MPC-based nutritional liquids

immediately after production. We note that the viscosity drop is even more pronounced at

25

treated liquid at 18% and 20% protein (in the used equipment) without prior addition of EGCG.

20
26

20
18

92
   

   
12

 M
ar

 2
02

6

6
4

C
a
s
e
 
C
:
 
U
H
T
-
b
e
f
o
r
e

C
a
s
e
 
B
:
 
U
H
T
-
a
f
t
e
r

E
G
C
G

C
o
n
t
r
o
l

0
.
0
0
5

0
.
0
1

0
.
0
2

0
.
0
3

0
.
0
6

0
.
0
0
5

0
.
0
1

0
.
0
2

0
.
0
3

0
.
0
6

2
0
2
6
2
0
1
8
9
2
 
1
2
 
M
a
r
 
2
0
2
6

1
2

1
x

2
x

1
5

1
x

2
x

2
x

2
x

3
x

2
x

1
x

1
8

1
x

2
x

2
x

2
x

E
G
C
G

0
.
0
3

0
.
0
6

M
P
C
 
%

1
2

1
x

3
x

1
5

1
x

2
x

2
x

2
x

3
x

2
x

1
x

1
8

1
x

2
x

2
x

2
0

3
x

s
c
r
i
b
e
d
 
a
b
o
v
e
.



65

Figures 13 and 14 show the viscosity changes for MCI-based and MPC-based nutritional liquids

5

of EGCG even though it is difficult to see directly from figures 13 and 14. An EGCG/protein ratio

10

Conclusion

and 20% w/w protein could easily be produced by using a suitable amount of polyphenol. The

15 development of cold thickening/gelation in these nutritional liquids was significantly reduced or

even avoided by addition of catechins. The viscosity of the liquids immediately after heat-treat-

ment was furthermore significantly reduced.
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Forms: 

1. A nutritional liquid having a pH in the range of 6-8 and comprising: 

- a content of total protein of 10-25% w/w,  

- micellar casein in an amount of at least 70% w/w relative to total protein, and 

 - one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, 

gallocatechin 3-gallate, and epigallocatechin 3-gallate, 

 and wherein the nutritional liquid has a weight ratio between: 

 - the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, 

epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and  

 - total protein 

 in the range of 0.001-0.2. 

2. The heat-treated, nutritional liquid according to form 1 having a weight ratio between: 

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, 

epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and  

 - total protein 

 in the range of 0.005-0.2, and more preferably 0.01-0.2. 

3. The heat-treated, nutritional liquid according to form 1 furthermore comprising one or more additional 

polyphenol(s). 

4. The nutritional liquid according to any of the preceding forms, wherein the total amount of protein is in range of 

10-24% w/w, more preferably 10-22% w/w, even more preferably 12-21% w/w and most preferably at least 

14-20% w/w.  

5. The nutritional liquid according to any of the preceding forms comprising micellar casein in an amount of 70-

84% w/w relative to total protein, more preferably 75-83% w/w relative to total protein. 

6. The nutritional liquid according to any of the preceding forms comprising micellar casein in an amount of 85-

100% w/w relative to total protein, more preferably 90-99% w/w, even more preferably 93-98% w/w relative to total 

protein, and most preferably 95-97% w/w.  

7. The nutritional liquid according to any of the preceding forms wherein protein of the nutritional liquid is milk 

protein.  

8. The nutritional liquid according to any of the preceding forms having an energy content of 1-3 kcal/g, more 

preferably 1.5-3.0 kcal/g, and even more preferably 2.0-2.8 kcal/g. 
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9. The nutritional liquid according to any of the preceding forms having an energy content of at most 1 kcal/g, more 

preferably at most 0.8 kcal/g, and even more preferably at most 0.5 kcal/g. 

10. The nutritional liquid according to any of the preceding forms having a pH in the range of 6.0-8.0, more preferably 

6.2-7.5, even more preferably 6.4-7.1, and most preferably 6.5-7.0.  

11. The nutritional liquid according to any of the preceding forms wherein the nutritional liquid is sterile, preferably 

a packaged, sterile nutritional liquid. 

12. A nutritional powder comprising the solids of the nutritional liquid of according any of forms 1-11 and water in 

an amount of at most 10% w/w, preferably obtainable by drying a nutritional liquid according to any of the forms 1-

11, e.g. by spray-drying or freeze drying. 

13. A method of producing a nutritional liquid comprising the step of: 

a) forming a liquid mixture by combining a polyphenol source comprising one or more of catechin, epicatechin, 

gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and 

epigallocatechin 3-gallate, a milk protein source and optionally other ingredients, said liquid mixture comprising  

- a content of total protein of 10-25% w/w, 

- micellar casein in an amount of at least 70% w/w relative to total protein, and 

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-

gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, 

and wherein the nutritional mixture has a weight ratio between: 

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, 

epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and  

- total protein 

in the range of 0.001-0.2, 

b) optionally, filling the liquid mixture into a suitable container. 

14. The method according to form 13, wherein the method involves the filling of step b). 

15. The method according to any of the forms 13-14 wherein the liquid mixture is subjected to heat-treatment. 

16. Use of one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-

gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate for: 

- reducing or preventing cold gelation,  

- reducing or preventing cold thickening and/or 

- reducing the viscosity, preferably immediately after sterilising heat-treatment 
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of a nutritional liquid having a pH in the range of 6-8  and comprising: 

- protein in an amount of at least 10% w/w, and 

- micellar casein in an amount of at least 70% w/w relative to total protein. 
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Claims: 

1. A nutritional liquid having a pH in the range of 6-8 and comprising:

- a content of total protein of 10-25% w/w,

- micellar casein in an amount of at least 70% w/w relative to total protein, and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate,

epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, 

and wherein the nutritional liquid has a weight ratio between: 

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and 

- total protein

in the range of 0.001-0.2, preferably 0.005-0.2, more preferably 0.01-0.2. 

2. The nutritional liquid according to claim 1 furthermore comprising one or more additional

polyphenol(s). 

3. The nutritional liquid according to any of the preceding claims, wherein the total amount of

protein is in range of 10-24% w/w, more preferably 10-22% w/w, even more preferably 12-21% 

w/w and most preferably at least 14-20% w/w.  

4. The nutritional liquid according to any of the preceding claims comprising micellar casein in an

amount of 70-84% w/w relative to total protein, more preferably 75-83% w/w relative to total 

protein. 

5. The nutritional liquid according to any of claims 1-3 comprising micellar casein in an amount

of 85-100% w/w relative to total protein, more preferably 90-99% w/w, even more preferably 93-

98% w/w relative to total protein, and most preferably 95-97% w/w.  

6. The nutritional liquid according to any of the preceding claims, wherein the protein of the

nutritional liquid is milk protein. 

7. The homogenous nutritional liquid according to any one of the preceding claims, wherein the

nutritional liquid has been subjected to heat-treatment. 

8. The homogenous nutritional liquid according to any one of the preceding claims, wherein the

protein of the nutritional liquid has been heat-treated before being combined with one or more of 
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catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, 

gallocatechin 3-gallate, and epigallocatechin 3-gallate. 

9. The homogenous nutritional liquid according to any one of claims 1-7, wherein the nutritional

liquid is heat-treated after being combined with one or more of catechin, epicatechin, gallocatechin, 

epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and 

epigallocatechin 3-gallate. 

10. The nutritional liquid according to any of the preceding claims having an energy content of 1-

3 kcal/g, more preferably 1.5-3.0 kcal/g, and even more preferably 2.0-2.8 kcal/g. 

11. The nutritional liquid according to any of claims 1-9 having an energy content of at most 1

kcal/g, more preferably at most 0.8 kcal/g, and even more preferably at most 0.5 kcal/g. 

12. The nutritional liquid according to any of the preceding claims having a pH in the range of

6.0-8.0, more preferably 6.2-7.5, even more preferably 6.4-7.1, and most preferably 6.5-7.0. 

13. The nutritional liquid according to any of the preceding claims wherein the nutritional liquid is

sterile, preferably a packaged, sterile nutritional liquid. 

14. The nutritional liquid according to any of the preceding claims, wherein the nutritional liquid is

a homogenized nutritional liquid. 

15. The nutritional liquid according to any of the preceding claims, wherein the nutritional liquid

does not exhibit cold gelation. 

16. The nutritional liquid according to any of the preceding claims, wherein the nutritional liquid

has a viscosity in the range of 2-400 cP at a temperature of 5˚C and a shear rate of 145 s-1, preferably 

4-200 cP, more preferably 5-100 cP, even more preferably 6-50 cP, and most preferably 7-30 cP.

17. The nutritional liquid according to any of the preceding claims, wherein the nutritional liquid

has a viscosity upon storage at 5˚C for 63 days in the range of 2-400 cP at a temperature of 5˚C and 

a shear rate of 145 s-1, preferably 4-200 cP, more preferably 5-100 cP, even more preferably 6-50 

cP, and most preferably 7-30 cP. 

18. A nutritional powder comprising the solids of the nutritional liquid of according any of the

preceding claims and water in an amount of at most 10% w/w, preferably obtainable by drying a 

nutritional liquid according to any of the preceding claims, e.g. by spray-drying or freeze drying. 
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19. A method of producing a nutritional liquid comprising the step of:

a) forming a liquid mixture by combining a polyphenol source comprising one or more of

catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-gallate, epicatechin 3-gallate, 

gallocatechin 3-gallate, and epigallocatechin 3-gallate, a milk protein source, and optionally other 

ingredients, said liquid mixture comprising  

- a content of total protein of 10-25% w/w,

- micellar casein in an amount of at least 70% w/w relative to total protein, and

- one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, 

and wherein the nutritional mixture has a weight ratio between: 

- the sum of the amounts of catechin, epicatechin, gallocatechin, epigallocatechin,

catechin 3-gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate, and 

- total protein

in the range of 0.001-0.2, 

b) optionally, filling the liquid mixture into a suitable container.

20. The method according to claim 19, wherein the method involves the filling of step b).

21. The method according to claim 19 or 20, wherein the liquid mixture is subjected to heat-

treatment. 

22. Use of one or more of catechin, epicatechin, gallocatechin, epigallocatechin, catechin 3-

gallate, epicatechin 3-gallate, gallocatechin 3-gallate, and epigallocatechin 3-gallate for: 

- reducing or preventing cold gelation,

- reducing or preventing cold thickening and/or

- reducing the viscosity, preferably immediately after sterilising heat-treatment

of a nutritional liquid having a pH in the range of 6-8  and comprising: 

- protein in an amount of at least 10% w/w, and

- micellar casein in an amount of at least 70% w/w relative to total protein.
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Fig. 3
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Fig. 5
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Fig. 7
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Fig. 9
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Fig. 11
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