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A process for the preparation of an ice confection having an aqueous phase and a fat phase, wherein the ice confection is subjected
to an ultra high pressure treatment, the ice confection comprising in the aqueous phase at least 1 wt.% micellar casein and sufficient total
sugars such that a protein gel is formed on application of the ultra high pressure, providing that if micellar casein is present in the aqueous
phase at less than 2 wt.%, the ice confection composition includes a stabiliser.
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The invention relates to a method of preparation of an ice
confection such as ice cream, wherein the ice confection is

subjected to an ultra high pressure treatment.

Background to the Invention

Ultra high pressure (UHP) is a known method for killing
spores and has been suggested as a suitable route to food
product pasteurisation. In Japan a range of pressure de-
contaminated products such as jellies, preserves, purees
and sauces have been launched on the market (Byrne, M.

(1993) Food Engineering International, 34-38).

Furthermore isolated, native proteins have been subjected
to UHP. These proteins are in their native form, they have
not been treated chemically or thermally before the
pressure treatment by methods which significantly modify
their protein structure (van Camp, J; Huyghebaert, A (1995)
Food Chemistry 54(4) 357-364; Okamoto, M; Kawamura, Y;
Hayashi, R; (1990) Agric Biol Chem 54 (1) 183-189). It is
generally believed that there would be no advantage in
subjecting proteins which have already been substantially
denatured by for example an initial heat-treatment prior to
UHP.

DE 42 26 255 discloses the treatment of cream with ultra

high pressure in order to crystallise the fat.

Surprisingly, we have noted that when an ice confection
having an aqueous phase and a fat phase, such as ice creanm,
frozen yoghurt and the like, is subjected to UHP a number
of advantages are achieved, providing that the micellar

caselin protein content and the total sugar content present
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in the aqueous phase of the ice confection are within
specified limits. Further these advantages are achieved
even if the product has been heat treated prior to UHP

treatment.

Di £ v

Accordingly the invention provides a process for the
preparation of an ice confection having an aqueous phase
and a fat phase, wherein the ice confection is subjected to
an ultra high pressure treatment, the ice confection
comprising in the aqueous phase at least 1 wt% micellar
casein and sufficient total sugars such that a protein gel
is formed on application of the ultra high pressure,
providing that if micellar casein is present in the aqueous
phase at less than 2 wt%, the ice confection composition

includes a stabiliser.

Preferably the aqueous phase comprises at least 2 wt%

micellar casein.

By the term micellar casein 1t 1is meant casein protein
present 1in the form of supramolecular structures,
consisting of aggregated proteins and minerals, dispersed
in the aqueous phase of the ice confection. These
structures could have been formed naturally, ie native
casein micelles as are present in milk, or may have been
formed synthetically, such as those produced by the

addition of certain minerals (eg Ca?) to casein.

Ice confections such as ice cream are usually produced by

a continuous process comprising the following steps:

(a) homogenisation of the ingredients
(b) pasteurisation

(¢) cooling

(d)

freezing and aeration
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(e) extrusion; and

(f) optionally deep freezing.

The applicants have surprisingly found that if the ice
confection is subjected to an ultra high pressure treatment
after step (b) and prior to step (d) the resulting product

has a number of advantages as follows;

(i) the meltdown rate is decreased

(i1) the product provided is perceived to be thicker,

smoother and creamier and is less cold to eat;

Furthermore a particular advantage of such products is that
they may be prepared in the absence of emulsifiers and/or
stabilisers and/or have a zero or low fat content and/or a
low milk content and yet retain high quality. With the
proviso that at micellar casein levels of less than 2 wt$%

in the aqueous phase, stabiliser must be present.

Usually the protein content of the product will have been
de-natured to some extent by the processing of the product
prior to the application of the wultra high pressure

treatment.

Optionally the conventional pasteurisation step (step b)
may be omitted for ice confections which are subjected to
the ultra high pressure treatment of the invention. However
it is preferred that a conventional pasteurisation step is

conducted prior to the ultra high pressure treatment.

The pressure during the ultra high pressure treatment is
typically greater than or equal to 250MPa, preferably
approximately 400MPa. The foodstuff is subjected to this
pressure for typically greater than or eqgual to 1 minute,
preferably from 1 to 80 minutes, most preferably from 5 to

40 minutes.
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The ultra high pressure may be applied using any suitable
apparatus. The process may be a batch process, a semi-

continuous process, or preferably a continuous process.

The improved meltdown stability and sensory attributes of
ice confections made from UHP treated premixes are believed
to result from the formation of UHP-induced protein gels.
In order to achieve the required protein gel on the
application of the UHP a minimum content of total sugars
has been found to be required within the aqueous phase of
the ice confection. This can be better illustrated in
Example 8 below where a state diagram is provided for
systems treated at an ultra high pressure of 400 MPa for 20
minutes. Essentially the lower the micellar casein content
in the aqueous phase the higher the total sugar content in
the aqueous phase has to be. Thus at a micellar casein
content in the aqueous phase of 2 wt% a total sugar content
of at least 30 wt% is required. At a micellar casein
content in the aqueous phase of 3 wt% a total sugar content
of at least 20 wt% 1is required. At a micellar casein
content in the aqueous phase of 4 wt% a total sugar content
of at 1least 15 wt% is required. At a micellar casein
content in the aqueous phase of 5 wt% a total sugar content

of at least 13 wt% is required.

Preferably the micellar casein content in the aqueous phase
is from 3 to 5 wt%. Preferably the total sugar content in

the aqueous phase 1s approximately 25 wt%.

The sugar content can be selected from monosaccharides,
disaccharides, oligosaccharides and mixtures thereof.
Suitable examples include sucrose, fructose, lactose,

glucose and corn syrups.

D G Schmidt and W Buchheim in Milchwissenschaft 25, 596
(1970) showed “~that pressure causes the irreversible

fragmentation of casein micelles in milk, probably through



10

15

20

25

30

35

WO 98/18350 PCT/EP97/05917

5

pressure-induced dissolution of micellar calcium phosphate.
However, we now believe that if this pressure induced
fragmentation occurs in the presence of certain cosolutes
(sugars) a network is formed from these fragments. This re-
aggregation of the <casein fragments may occur on
decompression of the milk/sugar mixture. Examination of
pressure-treated milk/sugar mixtures by transmission
electron microscopy reveals that the gels are made from a
particle network, the size of the individual particles
being approximately an order of magnitude smaller than the
casein micelles present in untreated mixtures. Therefore
pressure treatment in the presence of appropriate levels of
sugars provides a method of gelling casein at natural pH,

room temperature and in the absence of coagulating enzymes.

Examples

Examples 1 to 3

An ice cream mixture having the following formulation

12.1% skimmed milk powder
25% dairy cream

15.44% sucrose

0.4% vanilla flavour

water to 100%

was prepared and pasteurised in the conventional way. The
product was then subjected to a high pressure treatment as

follows

Example 1 - 300 MPa for 40 min
Example 2 - 400 MPa for 5 min
Example 3 - 400 MPa for 40 min

at ambient temperature in a National Forge Cold Isostatic

Press. The products were then frozen in the conventional



10

15

20

25

30

35

WO 98/18350 PCT/EP97/05917

6

way in a standard ice cream freezer (scraped surface heat

exchanger SSHE), extruded and deep frozen.

The percentage mass loss was determined at 370C after at
least 2 weeks frozen storage by measuring the weight of
melted ice cream every minute over the required time period
which passed through a grid having 3mm square holes and a

lmm mesh. The mass loss after 2 hours at 37°C was as

follows;

Example 1 - 3%
Example 2 - 4%
Example 3 - 3%

Figure 1 shows the results of the percentage mass loss
measurements. The mass loss of the ice cream composition

prepared in Example 3 is shown by ----. This is compared to

a control ( ) which is the same ice cream composition
prepared as 1in Example 3 except that the ice cream
composition is not subjected to an ultra high pressure

treatment.

The percentage destabilised fat was measured using a
gsolvent extraction technique. 10g of ice cream was melted
for 4 hours at ambient temperature before extraction with
petroleum solvent. The solvent was evaporated and the
extracted destabilised fat was weighed, this was expressed
as a percent of the weight of the total fat in the ice

cream.

Accordingly the percentage destabilised fat was measured to
be 0.3%.

These results show that the gel has not been formed by a

fat network.

Further the prepared ice cream of Example 3 was tested by
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a trained sensory panel and found to be firmer, chewier,
smoother, less icy, creamier, thicker and less cold than

Comparative Example A.

Comparative Example A

An ice cream was prepared as in Example 1 above except that
the ice cream pre-mix was not subjected to any UHP

treatment.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 88%.

Example 4

Example 3 was repeated except that after pasteurisation the
product was subjected to a heat treatment at 1400C for 5

seconds before the high pressure treatment.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 41%.

Example S

An ice cream mixture having the following formulation

14.4% skimmed milk powder
0.5% butter fat

17.6% sucrose

0.4% vanilla flavour

water to 100%

was prepared and pasteurised in the conventional way. The
product was then subjected to a high pressure treatment at
400 MPa for 40 min at ambient temperature in a National
Forge Cold Isostatic Press. The product was then frozen in

the conventional way in a standard ice cream freezer
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(scraped surface heat exchanger SSHE), extruded and deep

frozen.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 43%.

Further the prepared ice cream was tested by a trained
sensory panel and found to be firmer, chewier, smoother,

less icy, creamier and thicker than Comparative Example B.

Comparative Example B

An ice cream was prepared as in Example 5 above except that
the ice cream pre-mix was not subjected to any UHP

treatment.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 98%.

Example 6

An ice cream mixture having the following formulation

9.1% skimmed milk powder
25% dairy cream

15.44% sucrose

0.4% vanilla flavour

water to 100%

was prepared and pasteurised in the conventional way. The
product was then subjected to a high pressure treatment at
400 MPa for 40 min at ambient temperature in a National
Forge Cold Isostatic Press. The product was then frozen in
the conventional way in a standard ice cream freezer
(scraped surface heat exchanger SSHE), extruded and deep

frozen.
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Mass loss was measured as in Example 1. The mass loss after
2 hours at 37°C was 12%.

Further the prepared ice cream was tested by a trained
sensory panel and found to be less icy, creamier and

thicker than Comparative Example C.

Comparative Example C

An ice cream was prepared as in Example 6 above except that
the ice c¢ream pre-mix was not subjected to any UHP

treatment.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 94%.
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Example 7
An ice cream mixture having the following formulation

10% skimmed milk powder
8% butteroil

13% sucrose

4% corn syrup

0.144% Locust Bean Gum

0.016% Carageenan

0.3% mono/di glyceride

0.012% vanillin

water to 100%

was prepared and pasteurised in the conventional way. The
product was then subjected to a high pressure treatment at
400 MPa for 40 min at ambient temperature in a National
Forge Cold Isostatic Press. The product was then frozen in
the conventional way in a standard ice cream freezer
(scraped surface heat exchanger SSHE), extruded and deep

frozen.

Mass loss was measured as in Example 1. The mass loss after

2 hours at 37°C was 8%.

Further the prepared ice cream was tested by a trained
sensory panel and found to be firmer and creamier than

Comparative Example D.

Comparative Example D

An ice cream was prepared as in Example 7 above except that
the ice cream pre-mix was not subjected to any UHP

treatment.

Mass loss was measured as in Example 1. The mass loss after
2 hours at 37°C was 52%.
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Example 8

A series of samples containing different amounts of sugars
and micellar casein were prepared by dispersing skim milk
powder (SMP), sucrose and/or lactose into water at room
temperature. These samples had levels of micellar casein in
the range 0-12% (w/w) and sugars in the range 5-50%. The
final concentrations were calculated assuming that SMP

contains approximately 50% lactose and 30% micellar casein.

Samples were sealed in 5 ml plastic bags and compressed at
400 MPa for 20 min using a cold isostatic press (Stansted
Fluid Power, Stansted, UK) operating at room temperature.
The press had a sample volume of 30 ml and the pressure-
transmitting fluid was methanol. After decompression
samples were stored at 5°C for 3 days prior to rheometric

analysis.

In order to determine which samples had been gelled by the
high pressure treatment, oscillatory rheometry was
performed on both the pressure-treated samples and
untreated controls. The rheological tests were performed at
5°C on a Carrimed CSL500 rheometer operating in oscillatory
mode with a cone-and-plate geometry. A 6 cm diameter
acrylic cone with a gap of 53 um, operating at a stress of
1 Pa and a strain of 0.005, was used. Samples were
considered to be gelled if the measured storage modulus
(G") was greater than the loss modulus (G”) at a frequency
of 1 Hz.

In all cases the untreated samples were liquids. Figure 2
shows the state diagram for systems treated at 400 MPa for
20 min. Samples with compositions above the line were found
to be gelled (according to the criteria given above) while

those below the line were liquids after pressure treatment.
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Claims

1. A process for the preparation of an ice confection
having an aqueous phase and a fat phase, wherein the ice
confection 1is subjected to an wultra high pressure
treatment, the ice confection comprising in the aqueous
phase at least 1 wt% micellar casein and sufficient total
sugars such that a protein gel is formed on application of
the ultra high pressure, providing that if micellar casein
is present in the aqueous phase at less than 2 wt%, the ice

confection composition includes a stabiliser.

2. A process according to claim 1 wherein the ice
confection comprises at least 2 wt% micellar casein in the

aqueous phase.

3. A process according to claim 1 wherein the ice
confection comprises from 3 to 5 wt% micellar casein in the

aqueous phase.

4. A process according to c¢laim 3 wherein the ice

confection comprises approximately 25 wt% total sugars.

5. A process according to claim 1 wherein the aqueous
phase of the ice confection comprises 2 wt% micellar

casein and at least 30 wt% total sugars.

6. A process according to claim 1 wherein the aqueous
phase of the ice confection comprises 3 wt% micellar

casein and at least 20 wt% total sugars.
7. A process according to claim 1 wherein the agqueous
phase of the ice confection comprises 4 wt% micellar

casein and at least 15 wt% total sugars.

8. A process according to claim 1 wherein the aqueous
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phase of the ice confection comprises 5 wt% micellar

casein and at least 13 wt% total sugars.

9. A process according to any preceding claim wherein
the pressure during the ultra high pressure treatment is

greater than or equal to 250MPa.

10. A process according to any preceding claim wherein the
pressure during the wultra high pressure treatment is

approximately 400MPa.

11. A process according to any preceding claim wherein the
foodstuff is subjected to ultra high pressure for greater

than or equal to 1 minute.

12. A process according to any preceding claim wherein the
foodstuff is subjected to ultra high pressure for from 1 to

80 minutes.

13. A process according to any preceding claim wherein the
foodstuff is subjected to ultra high pressure for from 5 to

40 minutes.

14. A process according to any one of claims 2 to 13

wherein the ice confection contains no added stabilisers.

15. A process according to any preceding claim wherein the

ice confection contains no added emulsifiers.

16. A process according to any preceding claim wherein the

ice confection has a zero or low fat content.



WO 98/18350

%MASS LOSS

100

90

80

70

60

50

40

30

20

10

PCT/EP97/05917
1/2

Fig.1.

l 1 I 1 l I_J_l—‘}"l"l 1 l 1 1 IJ 1 1 | 1 |

20 40 60 80 100 120 140 160 180 200 220 240
TIME/MINUTE

SUBSTITUTE SHEET (RULE 26)



WO 98/18350 PCT/EPY7/05917
2/2

Fig.2.

o)) ~
T T T 1

152
1

GEL

w H
] I

% MICELLAR CASEIN
N
T T

! SOL

0 ] 1 | | | I | L ] I} | 1 1
10 15 20 25 30 35 40

%TOTAL SUGARS

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT In.aational Application No
PCT/EP 97/05917

CLASSIFICATION OF SUBJECT MATTER

A.
IPC 6 A23L3/015 A23G9/30 A23G9/04 A23G9/02

According to International Patent Classification(IPC) or to both national classification and iPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system foliowed by classification symbols)

IPC 6 A23L

Documentation searched other than minimumdocumentation to the extent that such documents are included in the fields searched

Electronic data base consuited during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 5 104 674 A (KRAFT GENERAL FOODS) 14 1-4,
April 1992 6-13,16
see cotumn 7, line 35 - column 8, line 54
see column 10, Tine 43 - column 11, Tine
46
see column 18, Tine 46 - line 61
see column 20, line 63 - column 21, line 8
see column 32, line 28 - line 51
see column 31, line 43 - 1ine 50
see column 37, line 14 - column 38, line
25; claims 1,37,38,42,43; examples
1,15,29,33
X US 5 486 372 A (KRAFT FOODS) 23 January 1-11,14,
1996 16
see column 9, line 30 - column 11, line 6;
claims; examples
-/

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents : . , ) -
“T" later document published after the international filing date

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the internationat
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publicationdate of another
citation or other special reason (as specified)

"Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

“X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of theinternational search

8 April 1998

Date of mailing of the international search report

17/04/1998

Name and mailing address of the 1SA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,

Fax: (+31-70) 340-3016

Authorized officer

Guyon, R

Form PCT/ISA/210 (second sheet) (July 1892)

page 1 of 2




INTERNATIONAL SEARCH REPORT

In. .ational Application No

PCT/EP 97/05917

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

EP 0 600 670 A (KRAFT GENERAL FOODS) 8
June 1994

see page 4, line 29 - page 5, line 20
see page 6, line 10 - line 11

see page 6, line 28 - 1ine 36

see page 6, line 47 - line 55; example 1
B.A.A. MERTENS: “toepassing van hoge
isostatische druk"
VOEDINGSMIDDELENTECHNOLOGIE,

vol. 21, no. 24, 1991, ZEIST NL,

pages 11-14, XP002027544

see page 13, column 3, line 10 - line 44

US 5 215 776 A (B. R. PETERSON) 1 June
1993
see the whole document

ISAO HAYKAWA ET AL.: "Application of high

pressure for spore inactivation and
protein denaturation”

JOURNAL OF FOOD SCIENCE,

vol. 59, no. 1, 1994, CHICAGO,
pages 159-163, XP002027545

see the whole document

US 4 438 147 A (P. L. HEDRICK) 20 March
1984
see examples

US 3 914 440 A (GENERAL FOODS CORP.) 21
October 1975

see column 1, T1ine 63 - column 2, line 44
see column 3, line 20 - column 4, line 8

EP 0 454 268 A (HUP G.) 30 October 1991

1-7

1,9

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

In. iational Application No

PCT/EP 97/05917

Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5104674 A 14-04-92 US 4762726 A 09-08-88

US 4563360 A 07-01-86
US 4559233 A 17-12-85
US 4684533 A 04-08-87
US 4885179 A 05-12-89
AU 623656 B 21-05-92
AU 3574289 A 24-11-89
CA 1334354 A 14-02-95
CN 1038571 A 10-01-90
DK 259790 A 27-12-90
EP 0340035 A 02-11-89
EP 0414776 A 06-03-91
JP 3505814 T 19-12-91
MX 172350 B 14-12-93
PT 90413 A,B 10-11-89
WO 8910068 A 02-11-89
CA 1220071 A 07-04-87
DE 3447715 A 11-07-85
FR 2557431 A 05-07-85
GB 2154420 A,B 11-09-85
JP 1925621 C 25-04-95
JP 6053041 B 20-07-94
JP 60176548 A 10-09-85
CA 1220072 A 07-04-87
DE 3447576 A 11-07-85
FR 2557432 A 05-07-85
GB 2153650 A,B 29-08-85
JP 1854314 C 07-07-94
JP 60160849 A 22-08-85
BE 903385 A 03-02-86
CA 1250180 A 21-02-89
GB 2165134 A,B 09-04-86
US 5009867 A 23-04-91
US 5063073 A 05-11-91
US 5486372 A 23-01-96 AU 1840995 A 25-09-95
CA 2183168 A 14-09-95
WO 9524132 A 14-09-95
EP 600670 A 08-06-94 US 5358728 A 25-10-94

Form PCT/ISA/210 (patent family annex) (July 1992)

page 1 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

int  ational Appiication No

PCT/EP 97/05917

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 600670 A BR 9304606 A 14-06-94

CA 2102729 A 04-06-94
CN 1088397 A 29-06-94
US 5215776 A 01-06-93 US 5082682 A 21-01-92
US 4438147 A 20-03-84 JP 59006838 A 13-01-84
US 3914440 A 21-10-75 AU 473731 B 01-07-76
AU 6050973 A 20-03-75
CA 1014786 A 02-08-77
DE 2352034 A 22-08-74
GB 1449024 A 08-09-76
JP 1126356 C 14-12-82
JP 49110866 A 22-10-74
JP 57016774 B 07-04-82
EP 454268 A 30-10-91 NL 9001001 A 18-11-91
NL 9001692 A 18-11-91
DE 69117569 D 11-04-96
DE 69117569 T 01-08-96
IE 74158 B 02-07-97
JP 6062735 A 08-03-94
US 5268190 A 07-12-93

Fom PCT/ISA/210 (patent family annex) (July 1992)

page 2 of 2




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

