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Method for the production of protein-containing foods

The present 1nvention relates to novel foamed and textured,

protein-rich food products from at least one dry raw material

pr—

having a protein content of more than 50% by welght, prefera-

bly between 60 % by weight and 90 %3 by weight, 1n particular

based on vegetable proteins, 1nsect protelns, cell proteins,

p—

such as of veast, bacteria, microalgae, mould and the like, or

a mixture of dj

p—— p——

"erent proteins. Such foods, 1n the followilng,

are also called protein-contalinling texturates, and according

to a preferred embodiment alternative meat products ("meat al-
ternatives"). The present 1nvention also relates to a method
of producing such novel foamed and textured, proteln-rich food

products.

Novel food products such as meat substlitutes that are based on

vegetable protelns are becomlng 1ncreaslingly 1mportant as part

O

pr—

the sustalnability trend. Conventional methods for theilr

production usually contain the followlng steps:

— welghing/dosing the raw materials,

— mlxXlng the raw materials,

— preconditioning (optional),

pr—

— extruding, 1n particular with the aid of a cooling die,

— cutting.

p——

A major challenge for the acceptance of alternatilive meat prod-

ucts 1s to match their texture, their color and thelr organo-

leptlc properties (bilte) as far as possible to the correspond-

pr—

1ng propertles of real meat products. However, the alternative

meat products produced using the known methods and methods

avallable on the market dij

pr—

"er significantly from real meat 1n

thelr texture, their color and their bite. This applies to the

p——

fibrousness as well as the tenderness or jJuilciliness of the pre-
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viously avallable meat substitutes. In general, each novel

food product faces

and bite, 1n order

The reasons for the above di

che same challenges as to texture, colour

CLO get consumer acceptance.

‘erences are that a very high-

energy process 1s 1nvolved 1n which thermal energy (heating

the extruder housing and cooling water 1n a coollng die or 1in-

p—

troduction of steam i1nto the system) and mechanical enerqgy

(specific mechanical energy 1nput) are 1ntroduced. However, an

p—

increased supply of energy 1n the process 1nevitably leads to

a stronger texturilng, which 1n turn has a negative e

—

"ect on

—

the bite or the tenderness of the end product - the products

have a rubber-1ike

pr—

character.

p——

It 1s also necessary to freeze the extrudate (end product) for

following the extrusion process due to high moisture content

of the product. The freezing process modifles the texture 1n

pr—

such a way that the 1nclusion of a second phase becomes possi-

p—"

ble and thus the bite and julciness of the extrudate are posi-

tively 1nfluenced.

As an alternative to freezing, the extru-

dates are cooked and/or subjected to vacuum coating. Both

pr—
-

method steps enable the 1nclusion of a second phase, but are

also very complex.

rial was processed

EP 1 059 040 Al describes a method 1n which protein-rich mate-

1n an extruder and cooled to a temperature

of 100 °C or less by being led out through a cooling die ar-

pr—

ranged at the end of the extruder.

WO 96/34539 Al describes a method in which protein-rich mate-

rial was processed

1n an extruder and cooled by being led out

p——

through a cooling die arranged at the end of the extruder. The

product obtalned 1n thils way 1s not su

real meat.

pr—

"1clently simllar to

WO 2012/158023 Al describes a method for producing a soybean

proteln extrudate

from an agueous sSoy proteiln composition by
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extrusion. The composition having at least 50 % by welght of

p—"

water 1s cooled to no more than the bolling polnt of water un-

der the prevailing ambient conditions (that is, at 100 °C un-

der normal pressure) when leaving the extruder. The product

obtalined 1n this way has a comparatively open-pore structure

and 1ts properties can be modified by infusing a corresponding

ligquid 1nto these pores.

With this method, the pore structure 1n the extruded product

p——
-

caused by the formation of water vapor when leaving the ex-

truder 1s purely random. In addition, the pore variance de-

pends on the proteilin used, 1ts concentration and the process

pr—

control. However, the multitude of parameters and thelr 1Inter-

relationships are complex, and constant product qgquality 1s on-

lv guaranteed 1n a vervy narrow framework. Pore quallty can

thus only be moderately controlled vlia the process control. A

targeted 1nfluence on micro-pore formation 1s not possible.

pr—

It 1s an objective of the present 1nvention to overcome the

p——

disadvantages of the prior art. In particular, protein-rich

foamed food products having a pore gquallty that 1s as homoge-
neous as possible, and having acceptable texture and color

properties should be able to be produced 1n a controlled man-

ner 1n order to 1mprove, among other things, the bilite and ten-

pr—

derness of the product. Furthermore, other phases should also

be able to be 1ncluded 1nto the product without the methods

p—
-

steps of freezling, cooklng or vacuum coatlng regqulred 1n the

prior art. The energy requilired for production should also be

reduced as much as possible.

This objective 1s achieved obtaining the protein-rich foamed

p——

product and 1nventing the method of 1ts manufacture according

to the i1ndependent clalms.

pr—

The method according to the i1nvention for the production of

protein—-containing foamed food products comprises the follow-

1ng steps:
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a) metering raw materials 1nto an extruder, wherein at least

one raw materilal 1s a proteiln, preferably a vegetable pro-

pr—

telin, 1nsect protein, cell protein, such as of yeast, bac-

p—
-

terla, microalgae, mould and the like, or a mixture of

different proteins, wherein the proteln content 1n the dry

raw materials 1s greater than 50 % and 1s particularly

preferably 1n the range from 00 3 to 90 %, and the starch

content 1n the dry raw materials 1s not more than 50 %,

preferably 1n the range from 5 to 30 %, and the raw mate-

rials comprise at least one component which has a fiber

content,

D) mixXxilng the raw materilials 1n the extruder to produce a mix-
ture,

C) extrudlng the mixture to produce an extrudate, wherein the

r—

solids content of the extrudate 1s 1n the range from 20 3%

to 60 %, preferably in the range from 30 % to 50 %,

p—

d) leadling the extrudate out of the extruder through a cool-

pr—
-

1ng die while cooling the extrudate to a temperature of

less than 100 °C,

whereilin pores are formed 1n a controlled manner 1n the extrud-

er by providing a gas so as to provide after step d) a foamed

product having a proteln content 1n the range from 15-30 wt.-

%, preferably 19-23 wt.—-% and a ligquilid content, preferably wa-

ter content, of 45-/0 wt.—-%, preferably ob5-060 wt.-%.

It has been found according to the i1nventilion that controlled

pore formation 1n a foamed food product, preferably an alter-

pr—

native meat product, and an assoclated adaptation of the prod-

—

uct properties to the properties of real meat can be achieved

by providling a gas 1n an extruder during the extrusilion pro-

cess. In contrast to the method of WO 2012/158023 Al, the pore

formation 1s controlled by the method according to the 1nven-

p——

tion, since a speclfic control of the pore formation process,
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pr—

1n particular of pores which are at least partially i1ntercon-

p—"

nected, 1s possible by providing a speclfic amount of gas.

p—— p——

The provisilion of a gas during the production of baked goods or

simlilar foods, such as snack product or breakfast cereals, 1s

pr—

known. In US-06,207,214, during the production of Korean baked

goods through extrusion, CO, 1s 1ntroduced 1nto the extruder.

p——

"erent products than the

However, these are fundamentally di

presently related protein-rich foamed food products, prefera-

bly alternative meat products, which have high protelin con-

—

tent, which differ greatly 1n terms of theilir properties.

According to the present i1nvention, a gas 1s understood to

mean a substance which 1s gaseous under normal conditions (1

p——

bar, 20 °C). Examples of gases which can be used according to

the present 1nvention are CO,, N, N,O, NHsz or SO,.

According to the present i1nvention, a gas 1s provided 1n the

extruder 1n order to achieve a controlled pore formation 1n
the treated material. According to the i1nvention, this provi-

sion can take place by

- 1ntroducing the gas 1nto the extruder via a feed opening,

and/or

- releasing the gas 1n the extruder by a reaction between a

gas—forming compound added as a raw material wlth a gas-

releasing compound added as a raw material.

pr—

According to one embodiment of the present i1nvention, the raw

materials therefore may contaln at least one gas-formlng com-

pound and at least one gas-releasing compound. During the ex-

pr—

Crusion 1n step ¢), a gas 1s formed by a chemical reaction of

the gas-forming compound with the gas-releasing compound.

According to the i1invention, a gas—-forming compound 1s under-

stood to mean a substance which, under the condltions prevall-

1ng 1n the extruder, 1s reacted wilith a sultable gas-releasing



WO 2021/032866 PCT/EP2020/073444

pr—

compound to release a gas. Typlcal examples of a gas—-forming

compound are physiologlcally acceptable salts such as car-

bonates or hydrogen carbonates, for example, sodium carbonate

(Na,CO3), potassium carbonate (K;CO3), or sodium hydrogen car-

bonate (NaHCO:), from which CO, can be released. Another exam-

pr—

ple 1s staghorn salt (a mixXture of ammonium hydrogen carbonate

(NH,HCO3), ammonium carbonate ((NH.),CO3) and ammonlium carbamate

(NH,CO;NH,) ), from which the gases NH;z; and CO, can be released.

A gas (particularly preferably CO;) can be released from these

gas—-forming compounds by reactlon uslng a gas-releaslng com-

pound. Thils can be any chemical compound that reacts with the

corresponding gas—-forming compound to form gas. The gas-

releasing compound 1s usually a phyvsiologically acceptable ac-

1d. The acid can be, for example, citric acid, a phosphoric

acld compound such as disodium dihydrogen diphosphate or mono-

pr—

calcium orthophosphate, tartaric acilid or one of 1ts salts

(such as potassium sodlium tartrate (Rochelle salt)), malic ac-

1d, fumaric acilid, adilpic acid or glucono delta-lactone. The

p—"

aclds can be used as free acids or 1n the form of their anhy-

drides or salts.

According to the present i1nvention, the gas to be provided 1s

preferably produced 1n thils embodliment by an aclid-base reac-

tlon 1n the extruder. For example, the gas carbon dioxide (COy)

p——

can be produced by reaction of the salt sodium hvydrogen car-

bonate (NaHCO;) with citric acid (CgHs07) .

—

The texture of the extrudate can be i1nfluenced 1n a targeted

pr—

manner by a sultable choice of the gas-forming compound and

the gas-releasing compound, preferably the salt and the acid,

p——
-

and theilr proportions by welght. A controlled 1nclusion of a

second phase and possibly further phases 1s made possible 1n

pr—

this way. Thilis ensures an 1mproved absorption of water or fla-

voring components such as bouillons, fats or oils, which has a

pr—

poslitive effect on the bite behavior of the extrudates.
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pr—

The gas—-formling compound and the gas-releasing compound, pref-

erably the salt and the acid, can be added to or are added to

dry raw materials which are metered 1nto the extruder. Alter-

natively, the acid can also be fed separately to the extruder

1n ligquid form.

The gas-forming compound and the gas-releasing compound are

preferably present together 1n the raw materilals 1n a propor-

p—

tion of 0.1 % by weight to 5 % by welght, particularly prefer-

ably 0.2 % by weight to 1.6 % by weight, based on the total

pr—

welght of all raw materlals metered 1nto the extruder. The

pr—

mass ratio of gas—-formling compound to gas-releasing compound,

preferably salt to acid, depending on the stoichiometrilc rati-

p—

os of the corresponding reaction, 1s preferably 1n the range

from 1:1 to ©:1 1n order to achleve the most complete gas re-

lease possible.

pr—

According to a further embodiment of the present i1nvention,

the gas 1s provided 1n the extruder by introducing the gas 1n-

to the extruder.

—

According to this embodiment of the present 1nvention, at

least one gas 1s thus 1ntroduced 1nto the extrudate during the

extrusion 1n step c¢). This 1s usually done through a feed

p—

opening of the extruder, which 1s connected to a gas contalner

(such as a pressure bottle) and allows a controlled introduc-

pr—

tion of gas 1nto the extruder (for example, via a valve).

pr—

Examples of gases which can be used according to the i1nvention

1n this embodiment are CO,, N, N»,O, NH; or SO,, pretferably CO,

or N,. The gas can be i1ntroduced 1n the gaseous state or alter-

natively as a ligquefied gas.

pr—

The 1ntroduction of a gas also ensures controlled pore for-

pr— pr—

mation. If SO, 1s used, there 1s a possible formation of disul-

fide bridges with the proteins contained 1n the raw material,

which results 1n an additional 1nfluence on the texture of the
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product. The gas can, for example, be 1Introduced 1nto the ex-

~ o

cruder 1n an amount of 0.01 to 5 % by weight, preferably 0.05

p—"

to 2.5 % by welght, based on the total weight of the raw mate-

rials metered 1nto the extruder. For example, the gas may also

be i1ntroduced 1n a guantity of 0,5 to 3,0 g (grams), prefera-

pr— pr—

bly 1,0 to 1,5 g, of gas per kg (kilogram) of raw materials

extruded 1n the extruder, after they have left the extruder.

According to the present 1nvention, the gas 1s preferably 1n-

troduced 1nto the extruder at a pressure 1n the range from 10

to 50 bar, preferably 15 to 30 bar. According to the present

—

invention, the extrudate, at the position of the feed opening

for the gas 1n the extruder, has a temperature 1n the range

from 80 to 180 °C, preferably 120-170 °C, particularly prefer-
ably 130 to 160 °C.

According to the present i1nvention, raw materlals are metered

1Nnto an extruder, whereiln at least one raw material 1s a pro-

telin, preferably a vegetable protein, 1nsect protein, cell

p—

protelin, such as of yeast, bacterila, microalgae, mould and the

p—

like, or a mixture of di:

p—
-

ferent proteins. The term “whereiln at
least one raw material 1s a protein” also encompasses embodil-

ments 1n which the raw material contalns a proteln or constili-

cutes a proteln source.

Plants are preferably used as protein sources, for example,

legumes (such as peas, lupins or beans, for example, fava

beans), cereals (such as wheat, sovybeans, rapeseed or sunflow-

ers), or algae. However, animal protelns such as milk proteiln

or whey proteln or protelns from muscle meat or connective

tlssue can also be used. However, 1t 1s preferred according to

the 1nvention to produce products which are free from animal

proteins. For example, 1nsect proteins, cell proteins, espe-

clally from yeast, bacteria, milicroalgae, mould and the 1like

can also be used.
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According to the present 1nvention, the raw materials prefera-

bly comprise at least one component which has a fiber content.

— I:::I _:

Pea fibers which have a fiber content of at least 50 % of

p——
-

their dry weight may be mentioned by way of example.

The protein-contalning raw materials are dosed 1nto the ex-
truder together with a liguid. As stated above, this 1s at

least one proteln-contalning raw material as described above

and one liquid as described above. Optionally, a gas—-forming

p——

compound and a gas-releasing compound can be added 1f the gas

1s to be provided by releasing the gas via a chemical reaction

pr—

of these compounds.

Water, bouillon and/or an oil-containing substance such as an

oll-contalning flavoring component can be used as liquids.

According to the 1nvention, the protein-contalning raw materi-

als and the liguid are metered 1n such a ratio that the pro-

Q

teln content 1n the dry raw material 1s greater than 50 % and

Q

1s partilicularly preferably 1n the range from 60 % to 90 %. AcC-

cordingly, the starch content (carbohydrate content) 1n the

dry raw materlal 1s no more than 50 %, preferably 1n the range

&

from 5 to 30 %.

p——

In addition, additives commonly used for the production of al-

ternatilve meat products can be added. For example, salts such

as sodium chloride, fats, olls or other lipilds can be added,

preferably 1n an amount of 0.1 to 10 % by weight, based on the

pr—

total weight of all dry raw materials.

The method according to the i1nvention 1s used for the produc-

pr—

ti1on of wet Texturates. A wet texturate 1s understood to mean

—

an extrudate 1n which the solids content of the extrudate 1n

step ¢) 1s 1n the range from 20 % to 60 %, preferably 1n the

range from 30 % to 50 %. The remaining 80 to 20%, preferably

70 to 50%, are one of the liguids mentioned above, preferably

water. For wet texturates, 1t has proven to be advantageous
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when the proteln content 1n the dry raw materials 1s Jgreater

chan 50 % and 1s particularly preferably 1n the range from

o0 % to 90 =.

According to the i1invention, commerclally avallable extruders

can be used which are used 1n the prior art for the production

pr—

of corresponding food products. Examples 1nclude the extruders

mentioned in WO 2012/158023 Al or the extruders, 1n particular

twin-screw extruders, from Bihler. Such extruders preferably

have an L/D ratio (length to diameter) in the range from 20 to

00, preferably 25 to 50, and particularly preferably 25 to 40.

According to the i1nvention, the extruders are preferably oper-

ated at 300 to 500 rpm, particularly preferably 350 to 400

rom.

The previously weilighed raw materials are metered i1into a first

pr— —

section of the extruder. Alternatively, the di:

"erent raw ma-

pr—

terials can also be added to the extruder sequentially 1n dif-

ferent sections.

pr—

One or more of the raw materials can be preconditioned before

pr—

step a) of metering 1nto the extruder. The residence time of

1

che proteln matrix 1n the process can be 1nfluenced 1n this

way. It 1s currently assumed that a longer residence time

leads to an 1mproved fiber structure, slnce an 1ncreased num-

p—

ber of cross—-linked filaments 1s then produced during extru-

sion. According to the 1nvention, the residence time 1n the

preconditioner 1s preferably 3 to 600 s, particularly prefera-

bly 3 to 60 s, particularly preferably 5 to 15 s.

The metered raw materlals are mixed wilith one another i1n the

extruder, so that a liguid, preferably agueous, proteln compo-

sition 1s formed. The mixer can be configured as a high-speed

mixer. It can have a water and steam feed line. The extruder

can have a water feed line and optionally a steam feed line.
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The liquid, pre:

cessed 1n

"erably aqueous,

11

p—"

the denaturation temperature of the protein,

temperature 1n the range
120 to 160 °C, particularly pre:
1ng on the protein used. The housing of the extruder 1s pref-
erably temperature controlled.
der pressure
particularly pre:

mixture.

Wh/kg,

pre:

pr—

"erably 15 to 30 Wh/kg.

PCT/EP2020/073444

proteln composition 1s pro-

the extruder. The composition here 1s heated above

preferably to a

from 80 to 180 °C, more preferably

‘erably 130 to 150 °C, depend-

pr—

The composilition 1s kneaded un-
(usually 1 to 60 bar, preferably 8 to 20 bar,

"erably 10 to 15 bar) to form a homogeneous

This usually 1nvolves an energy i1nput of 10 to 120

The method according to the present 1nvention can, 1n princil-

ple, be operated with a throughput 1n the range from 10 to 600

kg/h. According to the present invention,

erably per:
bly 20 to 50 kg/h and particularly pre:

p——

—

the process 1s pref-

p——
-

‘ormed with a throughput of 10 to 60 kg/h, prefera-
"erably 30 to 40 kg/h,

or alternatively with a throughput of 100 to 600 kg/h, prefer-

ably 300 to 600 kg/h and particularly pre:

kg/h,

holding time

"erably 400 to 550

whereln the material 1n the extruder preferably has a

p——

bly at least 4 minutes.

The gas 1n

according to the present 1nvention can be introduced at dif-

reglion,

to the 1nvention,

ferent positlons on the extruder,

croduced according

pr—

CO ohe embodlimen

(resldence time) of at least 2 minutes, prefera-

pr—

- of the method

p—"

el1ther close to the entrance

1n the middle region or 1n the exit region. Accordilng

the feed opening for the gas 1s preferably

located 1n a section of the extruder which 1s located i1in the

pr—

viclinity of the cooling die (that 1s, at the extruder outlet),

pr—

preferably 1n the last third of the extruder length 1n front

pr—

of the cooling die,

p—

Cer o:

According to a pre:

1nstead of

the extruder length 1n

pr—

da COlIlvVeEll

particularly preferably 1n the last quar-

p——

—

Clonal conveying elemen

— F

front of the cooling die.

"erred embodiment of the present i1nvention,

"here 1s a knead-
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ing and/or mixing element at the position of the feed opening

for the gas 1n the extruder for i1ntensively mixXxing the 1ntro-

duced gas with the extrudate, so that the gas 1s dispersed 1n

the extrudate. Such elements are known. So-called Igel screws,

barrier screws, T-elements (for example, from Extricom) may be

mentioned as examples. They give a low energy 1nput 1nto the

product with a simultaneous high distributive and dispersive

p— pr—

eCct.

mixing e

p——

The present 1nvention thus also relates to the use of an ex-

truder, comprising a gas feed unit and a kneading and/or mix-

— —

1ng element provided at the position of the gas feed unit, for

produclng a protein-containing food, preferably according to

p—

the method of the present i1nvention described here.

After the extrusion 1n step ¢), 1n a further step d) the ex-

pr—

trudate 1s led out of the extruder through a coolling die 1n

pr—

order to bring the extrudate below the boiling point of water,

that is, to a temperature below 100 °C under normal condi-

p——

tions. Cooling dies for extruders are sufficiently known. AcC-

cording to the 1nvention, the extrudate 1s preferably cooled

to a temperature in the range from 50 to 90 °C.

The resulting foamed product has a proteln content 1n the

range from 15-30 wt.-%, preferably 19-23 wt.-%, and a liquid

p——

content, preferably water content, of 45-70 wt.—-%, preferably

05—-065 wt.—-%. Preferably, the resulting foamed product has ho-

pr—

mogeneously distributed pores having a diameter of approxi-

mately 0.1-1 mm with a narrow size dilistribution, and more

preferably additionally homogeneously distributed closed cavi-

tles.

In order to achieve 1Improved wall sliding 1n the coollng die

and thus easiler process control, according to a preferred em-

pr—

bodiment, 01l can be 1njected 1nto a distribution body of the

p—"

extruder and/or into the cooling die itself, for example, in a

\

proportion 1n the range from 1 % to 10 %, preferably i1n the
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)

N0

to 6 %, particularly preferably 1n the range

range from Z

p—"

o 4 %, based on the total weight of all raw materi-

ol

fTrom 3

als metered 1nto the extruder. For example, an edible o1l such

as sunflower 01l 1s used. One or more feed lines for addi-

tives, e.g. for oil, fat or calcium and/or alginate, are pro-

vided, whereby this feed lline opens advantageously close to or

into the cooling dile. Preferably the feed line transports the

additive 1nto the extrudate.

p——

A combination of calclum compounds and alglnates can i1nfluence

—

Julclness, as 1t causes at least partial gelation of the prod-

—

uct. The calcium compounds and algilinate can be added at dif-

ferent times or simultaneously - also as a mixture. It 1s ad-

vantageous to add the calcilum compounds and the alginate after

the gas 1s added, but before the extruded product solidifies.

The extrudate can be cut i1nto sultable shapes and sizes 1n a

further step 1n a known manner after exitling the extruder, es-

peclally the pores can be made at least partially accessible

from The outside.

The dispersed gas fraction and the gas bubble size / size dis-

Cributlion have a quantitative 1nfluence on the texture proper-

tles (for example, "bite and chewlng properties" such as ten-

derness, hardness, chewabllity) and make 1t possible to adapt

these sensorvy properties by adapting the structural parameters

to the dispersed gas phase. It 1s assumed that an 1ncrease 1n

the gas fraction (up to a matrix—-specific critical value) and

a reduction 1n the bubble size (with a constant gas volume

pr—

"ening of the structure. This leads to

pr—

fraction) lead to a st

an lncrease 1n hardness, which 1s expressed by the maxlimum

force required to start the structural break when cut-

ting/biting, but increases the deformation required for the

break and thus 1nfluences the chewability. Accordingly, the

pr— —

foaming of the matrix expands the spectrum of tools for adapt-
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ing, for example, meat-analog bite/chewing properties from

pr—

chicken to beef

and bevond.

p—— p——

In contrast to methods described 1n the state of the art, for

example for producing bread dough or snack products, the meth-

od accordiling to the present 1nvention 1s conducted at a tem-

pr—

perature where denaturation of the proteins present 1n the raw

material takes place. Also, the method according to the pre-
sent 1nvention 1s conducted at a temperature where the starch
crystals melt (“gelatinization”). According to the present 1n-

vention, 1n the extruder a temperature 1s applied which 1s,

for example, in the range from 80 °C to 180 °C, preferably in

the range from 120 °C to 170 °C, particularly preferably in

the range from 130 to 160 °C. In the methods described in the

art, lower temperatures are used 1n order to avolid denatura-

p—

tion of the protelns or “gelatinization”. Also, bread doughs

are typlcally not extruded through a cooling die, but rather

—

subjected to subsequent baking processes 1n order to solidify

Cthelr structure.

According to the i1invention, protein-containing foamed food

pr—

products (that 1s, foods having a proteln content of more than

—

o0 % dry welght) can be produced which correspond, for exam-

ole, To meat products 1n thelr texture, color and bite, more

than proteln-containing foods from the prior art. However, ac-

cording to the present i1nvention also other foamed protelin-

p——

contalning food products (having a proteln content of more

N

than 50 % dryv weight) can be provided. For example, mousse-

like food products with a higher structural stability than re-

al mousse can be obtained.

Particularly advantageous proteilin-contalining food products can

be obtailned by the method according to the 1nvention i1nvolving

pr—

the step of 1ntroducing gas 1nto the extrudate.

Protein-containing food products produced by the method ac-

p——

cording to the 1nvention using the additlion of a gas—-forming
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and a gas—-releasing substance typically have a maximum overrun

p—"

(that 1s, a heilght exceedling the height of the extruder outlet

p—" p—"

and thus an enlarged volume of tThe sample) of 150 %, prefera-

bly 100 %, and/or homogeneously distributed pores having a di-

p—

ameter of about 0,1-1 mm, preferably 0,7-0,7 mm, with a narrow

slze distribution.

Protein-containing food products produced according to the 1in-

ventlion using the 1ntroduction a gas typlcally have a maximum

overrun (that 1s, a height exceedling the height of the extrud-

— —
e

er outlet and thus an 1ncreased volume of the sample) of

150 %, preferably 100 %, and/or homogeneously distributed

pr—

pores having a dilameter of approximately 0.1-0.3 mm with a

narrow size distribution.

r

According to the present i1nvention, “narrow silze distribution’

—

means that the dlameter of at least 80%, preferably at least

90% the 1ndividual pores only deviates by 0,1-10%, preferably

0,2-5%, from the values 1ndicated above.

pr—

The average area of a pore or a cavity formed by several 1n-

terconnected pores 1s 21'292 + 36'110 pm* wlth an average milin-

1mum and maximum diameter of 125 £ 73 pm and 239 = 153 pum, re-

spectively.

The pores and the pore distribution can be analyzed by micros-

copy Or X-ray tomography, as known 1n the art.

p——

The color of the proteln-contalning foamed food product pro-

duced accordiling to the i1nvention 1s significantly lighter than

that of comparable protelin-containing food produced without

foaming. The color 1s measured using a conventional spectro-

photometer with SCI (Specular Component Included). The sample

pr—

O be measured must have a sufficiently thick layer so that no

light 1s transmitted through the sample material and the meas-

uring opening 1s completely covered with sample material. Re-

flection measurements are performed by means of a d/8° meas-
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urement geometry and with davylight (Ded). L*, a¥*,

values are determined. The L* value 1ndicates the brigh

b~*,

and Cx*

‘ness,

while a positive a* value 1ndicates the color red. A positive

b* value formulates the vellowness of the material.

p——

1s represented by means of the C* wvalue.

The (synthetilc) protein-contalning

The chroma

food produced accordilng to

the 1nvention 1s distingulshed by an L* value which deviates

p——

20 %, preferably no more than 15

application, the meat product used as a re:

p—

from known meat products such as chicken,

%. Depending on the area of

"erence 1s

—

from the L* value of a reference meat product by no more than

p——
-

selected
pork, beef or lamb.

It should be noted that an L* value that 1s similar to an L*

value of a reference meat product 1n 1solation does not render

a food product an alternative meat product.

In order to qualil-

fy as an alternatilive meat product, the food product also has

to meet the conditions as to texXxture and porosity described

herein. For example, a snack product having an L* value that

pr—

1s similar to an L* value of a re:

not gqualify as alternatlive meat product,

p——
-

son that texture and porosity o:

p——

rable to texture and porosity O:

uct.

"erence chicken product does

for the obvious rea-

a snack product 1s not compa-

the reference chicken prod-

The protein-contalning foamed food product produced accordilng

to the present 1nvention 1s further characterized by a

fibril-

lar, porous, longitudinally oriented and cross—-linked struc-

ture. Upon drvyving, the individual layers do not

from one another, but remaln linked to one another.

fall apart

The protein-contalning foamed food product produced accordilng

to the present 1nvention 1s further distinguished by a porous

structure having closed cavities and homogeneous distribution

pr—

of the cavities. The cavitles pre:

100-300 um with a normal deviation i1n the range of

—

50-70

"erably have a diameter o:

O

—

pr—
-

O e
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The present i1nvention thus also relates to a proteln-

contaln

method according to the 1nvention described here,

1ng foamed

p—

L* value of the

food produc

foods deviate

product by no more than 20 %,

The proteln-containing

present 1nvention pre:

Toamed

"erably has a

C, preferably ob

from the L*

p——

value of a meat

calnable by

preferably no more than 15

fibrillar, porous,

dinally oriented and cross—-linked structure.

Che

whereln The

Q

—

O e

food product according to the

longitu-

The present 1nvention also relates to a proteiln-containing

Toamed

food product, pre:

cording to the i1nvention described here,

of The

food pre

"erably deviliates

product by no more than 20 %,

whereln The

and homogeneous distribution of the cavities,

1tles p

p——

‘erably obtainable by the method ac-
whereln the L* wvalue

from the L* value of a meat

preferably no more than 15 %,

—

pr—

food has a porous structure having closed cavities

whereilin the cav-

referably have a dliameter of 100-300 pum with a normal

devliatlion 1n the range of 50-

The proteiln-containing

present 1nventlion are characterized by a speci:

These p

positioned around a central cavity. Preferably,
are not placed very compactly alongside one another,
interrupted by small cavities.
ture. Accordlng to a pre:

ventlon,

fToamed

roducts have longilitudi

the 1nventive

fToamed

10 %.

nally oriented lavers tha

"erred embodiment o:

pr—

food products according to the
"1Cc texture.

C are
these lavers
but are
This results 1n a porous struc-
- the present 1in-

food products when drying out

exhibits clearly recognizable 1ndividual layers that do not

some PO

lyv, corresponding to the die used 1n the manu:

cCeoos.

The pro

fall apart

1nts. The

Celn—-con

from one another,

Calning

Toamed

but are linked To one another at

food produc

Cs according

present 1nventlion are characterized by a maximum force

force)

which 1s required to break up the structure of

p——

L O

fibrillar structure 1s orilented longitudinal-

"acturing pro-

Che

(peak

Che
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products durlng cutting or biliting, which 1s 1n the range from

10-50 N, preferably 15-40 N, more preferably 12-20 N, 1n lon-

gltudlinal direction (Fp) and 1n the range from 10-90 N, prefer-

ably 15-70 N, and more preferably 15-50 N, 1n transversal di-

rection (Frq) .

The maximum force can be determined using a Warnzer—-Brazler
blade set with a “W” slot blade (https://textureanalysis-

professionals.blogspot.com/2014/12/texture—analysis—-in-action-

blade-set.html). This analysils helps to quantify the cutting

pr—

Oor biliting property of the product. All texture analysls meas-—

urements are made at room temperature of 25°C.

The blade set comprises a reversible blade, a slotted blade

insert and a blade holder. The reversible blade has a knife

edge at one end and a flat guilllotine edge at the other. In

—

operation, the blade 1s firmly held by means of the blade

holder which screws directly 1nto a Texture Analyser. The

slotted blade 1nsert 1s located directly 1n a platform and

acts as a guide for the blade whilst providiling support for the

product.

The proteln-contalning foamed food products according to the
present 1nventlon are cut transversally (right—-angled to the

flow direction of the extruded strand (Fr) as well as cut par-

p——

allel to the flow direction of the extruded strand (F;), and

the respective maximum force (peak force) can be determined

using the above Warnzer—-Brazler blade set and expressed 1n

Newtons (N) .

In contrast to bread dough, the protein-contailning foamed food

products accordiling to the present 1nvention show a pronounced
anlisotropy with respect to thelr mechanical propertilies, 1.e.

their F: and Fp values. The anisotropy 1ndex can be calculated

from the ratio of the Fr and Fp values (A=F;/F;) and represents

p—" p—"

a measure of the fibrousness of the product.
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Generally, for the proteln-contalning foamed food products ac-

cording to the present i1nvention the F; values are lower than

their F; values, so that the protein-containing foamed food

products accordiling to the present 1nvention exhibit an anisot-

ropy 1lndex of >1, preferably > 2, especially preferred 1n the

range from 2-2.5, even more especlally preferred between 2.1-

2.4.The protein-containing foamed food product according to

the present 1nvention can be used as a basis (matrix) for cell

p—"

cultivatlon because 1ts porous structure has a beneficial ef-

p—

fect on the growth of cells and the protein-containing foamed

food product can also contaln nutrients or other components

sultable for cell cultivation, which can be e.g. provided 1n

the pores of the foamed food product.

p——

It 1s preferable to open the outer surface of the protelin-

containing foamed food product, at least 1n some areas, SO

pr—

that at least part of the pores are accessible.

The protein-contalning food product, accordiling to the 1nven-

tlon, can also be used as animal feed. In a process followlng

p—

extrusion, the pores of the extrudate are enriched with addi-

tives common to animal feed, such as nutrients and/or flavour-

1ng substances.

The present 1nvention also relates to a cooling dile with one

or more feed lines for enriching the extrudate with additives,

p— -
f—

such as nutrients, avouring substances, o0il and/or fat be-

fore the extrudate leaves the coolling die.

The 1nvention 1s explalned 1n more detalil 1in the following on

p——
-

the basis of a few non-limiting exemplary embodliments.

—

A. Production of wet texturates

An extruder described above can be used as the extruder, for

example, the PolyTwin BCTL-42 32L/D extruder from Bihler.
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pr—

Depending on the proteins used, the housing of the extruder 1is

set to a temperature which 1s, for example, 1n the range from

80 °C to 180 °C, preferably in the range from 120 °C to

160 °C, particularly preferably in the range from 130 to

p——

150 °C. In this case, the housing of the extruder can be set

to different temperatures, for example, 1n an entrance region

to 120 °C, in a middle region to 160 °C and in an exit region

to 140 °C.

The protein content 1n the dry raw materials 1s greater than

50 % and 1s particularly preferably 1n the range from 60 % to
90 3. For example, vegetable proteins such as legumes or wheat
proteln can be used as proteilns, but animal protelns such as

millk proteln can also be used. Furthermore, 1nsect proteilns or

cell proteins, 1n particular from veast, bacteria, microalgae,

p——

mould and the like, or a mixture of di

p——

"erent protelns can be

used. The extrudate can contain water, bouillon and/or an oil-

contalning flavoring component as liquids. The liquid particu-

pr—

larly preferably has a temperature 1n the vicinity of 1ts

boi1lling poilint.

The dry raw materilals are metered 1nto the extruder where they

are kneaded together with the liguild 1nto a homogeneous compo-

si1tion under pressure and action of temperature (for example,

1n the range from 1 bar to 60 bar, preferably 8 bar to 20 bar,

p——
-

particularly preferably 10 bar to 15 bar). In the course of

the method, the proteins are unfolded and align themselves 1n-

to cross—linked fililaments as they enter the cooling die. The

pr—

composlition heats up 1n the course of the process from ambient

temperature to the temperature necessary for the denaturation

pr—

of the proteins. For soy proteilns, for example, thilis 1s around

p—"

140 °C. A processing temperature of 120 °C has proven suitable

for pea protelns or sunflower proteins. Depending on the qual-

p—

ity of the raw material, 160 °C may also be necessary.
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The extrudate 1s passed through a coolling device, for example,

a coolling die, when leaving the extruder. This has the task of
bringing the composition to a temperature level below the

boi1ling point prevalling according to the ambient conditions,

for example, to a temperature in the range from 50 °C to

90 °C. In order to achieve this, cooling water having a tem-

perature in the range from 40 °C to 90 °C, preferably 50 °C to

70 °C, is used in the cooling die.

In order to achieve Improved wall sliding 1n the cooling die

and thus easier process control, o1l can be 1njected 1nto a

—

distribution body of the extruder and/or into the cooling die

pr—

1tself, for example, 1n a proportion 1n the range from 1 % to

10 %, preferably 1n the range from 2 % to © %, particularly

to 4 %, based on the total

o\O

preferably 1n the range from 3

p—

welght of all raw materlals metered 1nto the extruder. For ex-

ample, an edible 01l such as sunflower 01l 1s used.

The extrudate 1s conducted through the extruder at a through-

oput which i1s in the range from 10 kg/h to 600 kg/h, for exam-

ple, 1in the range from 10 to 60 kg/h, preferably in the range

from 20 kg/h to 50 kg/h, more preferably in the range from 30

kg/h to 40 kg/h, or alternatively in the range from 100 to 600

kg/h, preferably 300 to 600 kg/h and particularly preferably

400 to 550 kg/h. The specific mechanical energy input intro-

duced by the extruder can be in the range from 10 Wh/kg to 120

Wh/kg, preferably in the range from 15 Wh/kg to 30 Wh/kg;

overall, 1t depends on the raw material mixture. The holding

pr—
-

tlme (residence time) 1s preferably at least 2 minutes, pref-

erably at least 4 milnutes.

p— p——

f the (micro)pore formatlion 1s generated by means of a chemil-

cal reaction, a salt and an acid should preferably be added to

the dry raw materials. Possible salts are, for example, sodium

hyvdrogen carbonate or potassium hydrogen carbonate. Citric ac-

1d, tartaric acid or 1ts salt and glucono delta-lactone can be
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used as acids. In addition,

cable,

are sul

calcium orthophosphate.

p—

control The amount of

such as disodium dihydrogen diphosphate

gas released. Ratios of

PCT/EP2020/073444

phosphate-containing acid carriers

O~ IMNMOINo-—

The mixing ratlos here can vary to

p——

salt to acid 1n

the range 1:1 to 6:1 are preferred. CO, or NHs; 1s preferably

released as the pore-

forming gas.

As an alternative to the chemilcal gas release described above,

the (micro)pore

1ng a gas

clude CO,, N, and S0O,. The gas,

under pressure,

via a hose. The gas

The

nold valve and a flow meter.

1n the range from 0.05 % to 5 %,

(preferably compressed under pressure).
which can be liqguid,
can be passed 1nto the extruder,

flow can be regulated by means of

formation can also be carried out by 1ntroduc-

Examples 1n-

compressed

for example,

pr—

a sole-

gases are preferably added 1n

p——
-

based on the total weight of

the raw materials metered 1nto the extruder.

The process

1ng a preconditioning step.

matrix 1n the process can thus be 1nfluenced.

tilme 1n the preconditioner can be 1n the range

s, preferably 1n the range

Trom 5 s

preferably 1n the range

An exemplary recipe

a salt and an acid 1s as

SOy proteln concentrate
Salt

Water

Sodium hydrogen car- 0.

bonate

Citric acid 0.

The residence time of

from 3 s to o600 s,

for producing a meat 1mitation by means of

follows:

flexibility can be significantly increased by us-

p—"

the proteln

The residence

from 3 s to o600

particularly

to 15 s.

1)

40 ¢ 14 kg/h
2 % 0.7 kg/h

57 % 19.9 kg/h
75 ¢ 0.27 kg/h
25 % 0.087 kg/h
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For example, one of the followling recipes can be used to pro-

duce a meat 1mitation by i1ntroducing a Jgas:

Sunflower proteiln 40 % 14 kg/h
concentrate

Salt 2 3% 0.7 kg/h
Water 57 % 19.9 kg/h
CO, 1njected 1n gas- 1 3 0.35 kg/h

cous form

Pea protein 1isolate 30-50 ¢ 9-15 kg/h

ON

(proteiln content

275 % dry weight)

Pea fiber (fiber 5-15

o0

1.5-4.5 kg/h

content 250 % dry
welght, starch con-

cent <50 % dry

welght)

Sunflower o1l 0-10 % 0-3 kg/h
Water 30-60 % 9-18 kg/h
N, 1njected 1n gase- 4.6 % 1.38 kg/h

p—

OUuS Orm

The water content 1n the end product 1s advantageously greater

than 30 % and 1s preferably 1n the range from 30 %3 to 70 3.

diedile
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B

erence to non-limiting drawlings and examples. Shown are:

Figure 1

Figure Z

Figures 3a and Db

Fig. 3¢ and d

Figure 4a

Figure 4Db

pr— pr—
e

a comparison of the color appearance of a

product produced according to the i1nvention

wlth a product produced conventionally (with-

out foaming) and a reference sample (chicken

breast)

p— p—
-

a comparlson of the fibrillar structure of a

product produced according to the i1nvention

wlth a product produced conventionally (wilith-

out foamilng) and a reference sample (chicken

breast)

p— p—

a comparlison of the porosity of a product

produced according to the 1nvention with a

product produced conventionally (without

Coaming)

p— p—
-

a further comparison of the porosity of a

product manufactured accordling to the 1nven-

tion with a product manufactured convention-

ally (wilthout foaming)

p—

a comparison of the texture values o

p—

a prod-

uct produced according to the 1nvention with

a product produced conventionally (without

Coaming)

pr—

a comparison of the anilisotropy 1ndex wvalues

p—

of a product produced according to the 1nven-

tion with a product produced conventionally

(without foaming) .
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pr— pr—

Figure 5a to c a comparison of the appearance o

products

produced according to the 1nvention with dif-

"erent gas 1njection rates

r— r—

F'igure © a comparison of the texture values of prod-

ucts produced according to the i1nvention

p—
-

Fig. 7a a fluctuating texture profile of a commercilal

snack product

pr—

Fig. 7b a fluctuating texture profile of a foamed

product according to the 1nvention

pr— pr—
-

Figures 8a and b a microscoplc 1mage of the porosity of a

product produced according to the i1nvention

Example 1

In a 30 mm twilin-screw extruder from Riihler with an additional

gas supply unit (on the penultimate barrel segment 1n front of

the cooling die) and kneading/mixing element at the position

p—

of the gas supply unit, the followling raw material was pPro-

p——

cessed at 145 °C, 380 rpm, and a temperature of the cooling

die of 60 °C:

o\®

Pea proteiln 1solate 43

Q

(Protein content 275 % dry

welght)

o\C

Pea fiber (filber content 9
250 % dry weight, starch
content =50 % dry weilght)

p— -
f—

o0

ower 01 %

SUN:

ol

Water 46

I

The throughput was 30 kg/h. 23 g/min N; having a pressure of

15-30 bar were 1ntroduced 1nto The extrudate.
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1ning food produced had an overrun at the die

a helght exceeding the height of

p—"

n enlarged volume of the sample)

"he extruder

of 100 %

and, after coollng to room temperature at normal pressure,

shrank to an over

food product thus
pores having a di

narrow size distr

Example 2 (compar

p—

Q

run of 30-00 %. The protein-contalning foamed

produced had very homogeneously

pr—

distributed

ameter of approximately 0.1-0.3 mm with a

lbution.

1son)

Example 1 was rep

was 1ntroduced 1n

Color measurement

cated with the difference that no nitrogen

to the extrudate.

S

The products from

ventional spectrophotometer with SCI

cluded) . The samp

that there was no

Examples 1 and 2 were measured uslng a con-

(Specular Component In-

le to be measured had such a layer thickness

p—"

transmission of light through the sample ma-

terial and the measuring opening was completely covered with

sample material.
a d/8° measuremen
b*x, and C* wvalues

Table 1 1n the fo

Reflection measurements were per:

"ormed using

t geometry and with davylight (Des5). Lx*x, a*,

were determined. The results are shown 1n

llowlng.

Table 1

L* (Dbo) a* (Doo) b*(D65)

C*¥ (Dbo)

Example 2 2D,
Example 1 71.
Reference

(chicken 79.

61 = 0.17 11.10 = 0.11 26.55 *+ 0.09

07 =+ 0.16 ] .22

I+

0.37 25.75 *+ 0.87

60

I+

0.04 1.953

I+

0.24 13.960

I+

0.59

28.77 + 0.04

26.74 + 0.93

14.04

I+

0.0l
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The extrudate according to Comparative Example 2 had the low-

pr—

est L* value at 55.01 and was therefore the darkest of all

samples. The 1nventive eXtrudate according to Example 1 had an

L* value of /71.06

reference sample

pr—

and thus came close to the L* value of the

(chicken breast at 79.060).

The extrudate according to Comparative Example 2 also had the

highest red component at 11.10, while the proportion 1n the

1nventive extruda

p—"

e according to Example 1 was lower at 7.22.

An a* value of 1.53 1n the reference sample (chicken breast)

lndicates an only slight red cast 1n the sample.

The yvellowness, expressed by the b* value, was relatively the

same 1n the extrudate accordiling to Comparative Example 2 and

1n the 1nventive extrudate according to Example 1 (at 26.55

and 27.75 respectively). The chicken breast as a reference had

a b* value of 13.90.

The C* wvalue describes the chroma and can be calculated from

the a* value and the b* value. It was simllar 1n the extrudate

according to Comparative Example 2 and the 1nventive extrudate

according to Example 1 (at 28.77 for Example 2 and 2Z26.74 for

14.04.

These color di

pr—

Fxample 1). The chroma of the chicken breast was lower at

‘erences are shown 1n Figure 1. Figure 1, on

the left, shows the product produced according to Comparative

Fxample 2, 1n the

middle, the 1nventive product produced ac-

cording to Example 1 and on the right, the reference sample

(chicken breast).

reference sample.

It can be seen that the sample according to

pr—

Fxample 1 comes considerably closer to the appearance of the

Fibrillar structure
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The fibrillar structure 1s 1ntended to describe the differ-
ences 1n the muscle fiber structure 1n a plece of meat (here a

chicken breast as a reference sample) compared to the fibrous

p——

structure which 1s achieved by the thermal texturing of plant

proteins. For this purpose, the extrudates according to Exam-

ples 1 and 2 were ripped open and the 1nternal structure was
analyzed macroscoplcally and microscoplcally. The result 1is

shown 1n Figure 2.

The product produced according to Comparative Example 2 was

clearly built up 1n layers, whereln the 1nner core was

straight 1n length. The layers were placed around 1t one after

another. This reflects the shear force tThat was exerted on the

material 1n the process and the die. Due to the high moisture

p—

content of the sample, these lavers were held together rela-

tively compactly. However, as soon as the product produced ac-

cording to Comparative Example 2 was dried out 1n the air, the

1ndividual lavers clearly fell apart from one another.

The 1nventive product produced according to Example 1 had a

p——

structure similar to that of the product produced according to

Comparative Example 2 with regard to the longitudinally ori-

ented lavers. However, there was no 1nner core, jJjust a cavity.

pr—

The lavers had then been placed around this cavity by means of

the shear force. In thils sample, these layers were not placed
very compactly with one another, but were 1Interrupted by small

cavities. This resulted 1n a porous structure. As soon as the

1nventlive product produced according to Example 1 began to dry
out, not only did the 1ndividual layers become more clearly
recognilizable, but also the porous structure and the cross-

linking that took place as a result. The i1ndividual lavers no

longer fell apart from one another, but were linked to one an-

p——

other at some points. The fibrillar structure of the two tex-

tured samples was oriliented longltudinally, correspondling to

the die 1n the thermal process. The reference sample, the
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chicken breast, 1s vislbly more compact and more complexly

networked.

Porosity

pr—

A thin section of each sample was made and a contrast between

p——

sample and pores was created by means of transmitted light.

The 1mages were recorded and processed by means of a VHX 6'000

L]

diglital microscope from KEYENCE. The result 1s shown 1n Fig-

ures 3a) and 3b).

It can be seen that the porosity was very pronounced 1n the

1nventive product produced according to Example 1 and thus al-
sO ensured structural cohesion 1n the dried state. The 1ndi-
vidual cavities were closed and had a homogeneous dilistribu-
tlon, wherein the cavities on the outer edge were smaller. The

closer to the center, the larger the cavities. The average ar-

pr—

cea of a cavity was 21,292 *+ 36,110 pym? with an average mlinlmum

and maxlmum dilameter of 125 = 73 um? or 239 4+ 153 um?. The re-

sults are summarized 1n Table 2.

Table 7
Area Clrcumfer-— . Minimum diameter
, Max diameter. [um]

[ pum = | ence [um] [ pm ]
Average 21192 360 239 125
Normal devia- 36110 791 153 73
tion
Max. 121276 15354 2347 925
Min. 50683 274 91 3D

The product produced accordiling to Comparative Example 2 had

only a slight 1i1rregular porous structure. Hardly any porosity

was vislble 1n the outer regions, while cavities were visilble
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1n the i1nner part. These are due to the layered arrangement

durlng the process and underline the statement

"ha

™

"he 1ndi-

vidual layers are poorly networked with one another and detach

relatively quickly from one another after loss

Texture

The maxilmum force (peak

pr—

the structure of the products according to

force)

p——

OL

molsture.

which 1s required to break up

Examples 1 and 2

when cuttling or biting was determilned using a Warnzer-Brazler

blade set with a “W” slot blade

(https://textureanalysis-

professionals.blogspot.com/2014/12/texture—-analysis—-in—-action-

blade-set.html). This analysis helps to gquanti:

pr—

"y the cutting

Oor biliting property of the product. All texXxture analysls meas-—

pr—

urements were made at room temperature of 25°C

The extruded samples were cut 1nto square pleces of

pr—

mm as part of sample preparation

p——

30 mm x 30

for the texture analysis. The

samples produced according to example 1 and 2 having a thick-

ness of 13-1lomm (Ex. 1) and of
sally (right-angled to the

strand (Fr) as well as cut parallel to the

the extruded strand (Fy),

10mm (Ex. 2) were cCu

p—"

o

flow direction of

and the respective maxilmum

(peak force) was determined and expressed 1n Newtons

measurements were performed three times.

The cutting speed was set to 50 mm/min,

tance was 40 mm. The results are shown 1n Flgure 4a.

1 has a higher strength compared to the produc

F'igure 4b shows the anisotropy 1ndex

1ndex can be calculated

Example 2 1n both directions o:

p—"

—

pr—

L O

for both samp.

- The cut (FT and FL) .

Lrrdlnsver—

flow direction of the extruded

B

force

(N) . Al

and the cutting dis-

It can be seen that the 1nventive product according to Example

Comparative

es, which

from The ratio of the Fr and F; values

pr—

(A=F1/Fp) and represents a measure of the fibrousness of the
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for the 1nventive product according to Ex-

ample 1 1s significantly reduced compared to the value for the

product of Comparative

fibrousness o:

pr—

p——

Example 2, which

suggests an 1ncreased

the 1nventive product according to Example 1.

The anlsotroplc 1ndex

were close to 1,

for meat products

ranging from 1.1-1.705>,

sotroplc 1ndex was 4.95, 1ndicating the

p——

longilitudinal and transverse texture of t

spect to the Fr and Fp values.

pr—

li1ke chicken or beef

but for fish the ani-
high variation 1n the

he fish.

Bread dough does not have any pronounced anisotropy wlth re-

The texture profile for meat analogues was compared wilith ex-

truded

was con:
product,

texture pro:

Lo the

"1rmed by the

fundamental di

foamed snack product, and the di

‘knusperbrot’

"11le of the

p——

pr—

"erence 1n The tTexture

(F1g. b5a), compar

meat substitute (

"erence 1n the tex

—

fluctuating texture profile of the snack

ed to The smoother

Fig. 5b). This 1s due

p——

ture of a ‘knusper-

brot’ which 1s crunchy and thereby have multiple force peaks

as Tthe blade penetrates tThe sample.

Example 3

In a 42mm twln screw exXtruder from Bihle

r with an additiona.

gas supply unit, the followling raw materlal was processed at

pr—

temperatures up to 152 °C and screw speed of 400 rpm:

Pea protein 1solate

Pea fiber

Water

011

The gas

rate ot

43.2%

3.8%

477.5%
0.0%

lnjection rate 1nto the extruders were kept at the

0 g/h,

35 g/h,

52 g/h and 70 g/h

p——

"erent

1n four di
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trials. The total throughput at the outlet of the cooling die
was 35 Kg/h.

Texture

pr—

(a) Analysis of meat substitutes

Texture analysls was carriled out on the samples produced as

—

per example 3. Flgure 5 represents the comparison of samples

pr—

produced with 3 levels of gas 1njection rate. The maximum

force (peak force) which 1s required to cut through the struc-

p—

ture of the products 1n example 3 was determined using a Warn-

p——

er Bratzler Blade Set with a thickness of 1 mm. This analysis

p——

helps to guantify the cutting or biting property of the prod-

uct. All texture analysls measurements were made at room tem-

pr—

perature of 25°C.

The extruded samples produced according to example 3 were cut

p— p——

1Nnto sgquare pleces of 20 mm x 20 mm as part of sample prepara-

tion for the texture analysilis. The samples were then cut

—

transversally (right-angled to the flow direction of the ex-

cruded strand (Fr) as well as cut parallel to the flow direc-

tion of the extruded strand (Fy), and the respective maxlmumnm

force (peak force) was determined and expressed 1n MPa. For
cach cut direction, © replicates were taken. The results are

shown 1n Figure o.

p—"

The ratio of cutting force 1n both directions was calculated

and expressed as Anisotropic index (A=F:/Fp). The A value for

the foamed product with gas injection rate higher than 0 g/h

lied between 1.1.-1.5, whereas this wvalue for the non-foamed

product was closer to 1.

pr—

(b) Analysis of meat products

For comparilison purposes, the texture analysis was carried out

pr—

for chicken, beef and fish products avallable 1n the market

using a Warner Blatzer blade with ‘Rectangular' slot blade
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(HDP/WBR) and thickness 1.016 mm. The cutting speed of the

Warner—-Bratzler blade was set to 1lmm/sec,

and

"he blade was

penetrated through the sample. The samples were measured at

p——

25°C. A total of 3 replicates was measured

pr—

It was found that the average of the maximum

for each sample.

Torce for these

meat and fish products ranged from 45.0 to 175.1 N 1n the

transverse dilrection and from 10.0 to 99.9 N 1n the longitudi-

nal direction.

The anilisotropic 1ndex for meat products like chicken or beef

were close to 1 ranging from 1.1-1.75 but

INONA

—

fish the aniliso-

tropic 1ndex was 4.95, 1ndicating the high variation 1n the

longltudinal and transverse texture o:

The texture profile for meat analogues

truded foamed snack product and the dai

was confirmed by the fluctuating texture pro:

pr—

Che

fish.

was compared wilith ex-

"erence 1n the texture

p—"

"11le of the snack

oroduct, ‘knusperbrot’ (Fig. 7a), compared to the smoother

p——

texture profile of the meat substitute

pr—
-

to the fundamental di:

ference 1n the texture o:

(F'1g.

/b). This 1s due

pr—

~ a ‘knusper-

brot’ which 1s crunchy and thereby have multiple force peaks

as The blade penetrates The sample.

product produced accordlng to examp.

In Figures Ba and b, microscoplc 1mages O:

p——
-

the porosity of a

e 3 are shown. The light

microscopy (20x) 1mage for the foamed product 1n example 3

pr—

pr—

with gas injection rate of 70 g/h shows the presence of inter-

connected pores 1nside the foamed product.
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Patent claims

1. A method for the production of protein-containing foamed

food products, comprising the steps:

a)

metering raw materials into an extruder together
with a liquid, wherein at least one raw material is
a protein, preferably a vegetable protein, insect
protein, cell protein, in particular of yeast, bac-
teria, microalgae, mould, or a mixture of different
proteins, wherein the protein content in a dry raw
material is greater than 50 % and is particularly
preferably in the range from 60 % to 90 %, and the
starch content in the dry raw materials is not more
than 50 %, preferably in the range from 5 to 30 %,
and the raw materials comprise at least one compo-

nent which has a fiber content,

mixing the raw materials in the extruder to produce

a mixture,

extruding the mixture to produce an extrudate,
wherein a solids content of the extrudate is in the
range from 20 % to 60 %, preferably in the range

from 30 % to 50 %,

leading the extrudate out of the extruder through a
cooling die while cooling the extrudate to a tem-

perature of less than 100 °C,

characterized in that a controlled pore formation is per-

formed in the extruder by providing a gas, so as to pro-

vide after step d) a foamed product having a protein con-

tent in the range from 15-30 wt.-%, preferably 19-23 wt.-

[e)

% and a liquid content, preferably water content, of 45-

70 wt.-%, preferably 55-65 wt.-%.
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The method according to claim 1, characterized in that
the gas 1is provided in the extruder by introducing this

gas into the extruder.

The method according to any one of the preceding claims,
characterized in that the gas is selected from the group

consisting of CO2, N2, N20 or SO2.

The method according to claim 3, characterized in that
the gas is introduced into the extruder in an amount from
0.01 to 5 % by weight, based on the total weight of the

raw materials metered in step a).

The method according to any of claims 1 to 4,
characterized in that the specific mechanical energy in-
put introduced by the extruder is in the range from 10
Wh/kg to 120 Wh/kg, preferably in the range from 15 Wh/kg
to 30 Wh/kg.

The method according to any one of the preceding claims,
characterized in that a temperature in the extruder is
set in the range from 80 °C to 180 °C, preferably in the
range from 120 °C to 170 °C and particularly preferably
130 to 160 °C.

The method according to any one of the preceding claims,
characterized in that o0il is injected into a distribution
body of the extruder and/or into the cooling die itself,
preferably in a proportion in the range from 1 % to 10 %,
based on the total weight of all raw materials metered

into the extruder.

The method according to any one of the preceding claims,
characterized in that the foamed product has distributed
pores having a diameter of approximately 0.1-1 mm with a
narrow size distribution, so that the diameter of at

least 80%, preferably at least 90% the individual pores



10.

11.

12.

13.

36

only deviates by 0,1-10%, preferably 0,2-5%, from the

value indicated above, and distributed closed cavities.

The method according to any one of the preceding claims,
characterized in that the foamed product has a maximum
force in the range from 10-50 N, preferably 15-40 N, more
preferably 12-20 N, in longitudinal direction (Fy) and in
the range from 10-90 N, preferably 15-70 N, and more

preferably 15-50 N, in transversal direction (Fr).

A protein-containing foamed food product, obtainable ac-
cording to the method according to any one of claims 1 to
9, characterized in that the foamed food product has a
protein content in the range from 15-30 wt.-%, preferably
19-23 wt.-% and a liquid content, preferably water con-

tent, of 45-70 wt.-%, preferably 55-65 wt.-%.

The protein-containing foamed food product according to
claim 10, characterized in that it is an alternative meat

product.

The protein-containing foamed food product according to
claim 11, characterized in that the L* value of the
foamed food product deviates from the L* value of a meat
product by no more than 20 %, preferably no more than

15 %.

The protein-containing foamed food product according to
claim 12, characterized in that it has a fibrillar, po-
rous, longitudinally oriented and cross-linked structure,
and preferably exhibits a maximum force in the range from
10-50 N, preferably 15-40 N, more preferably 12-20 N, in
longitudinal direction (Fi) and in the range from 10-90
N, preferably 15-70 N, and more preferably 15-50 N, in

transversal direction (Fr7).
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The protein-containing foamed food product according to
any of claims 10 to 13, characterized in that it has a
porous structure, preferably with distributed pores hav-
ing a diameter of approximately 0.1-1 mm with a narrow
size distribution so that the diameter of at least 80%,
preferably at least 90% the individual pores only devi-
ates by 0,1-10%, preferably 0,2-5%, from the value indi-
cated above, and with distributed closed and intercon-
nected cavities, wherein the cavities preferably have a
diameter of 100-300 pm with a normal deviation in the

[e)

range of 50-70 %.

The protein-containing foamed food product according to
any one of claims 10 to 14, characterized in that it is a
food product which comprises at least one vegetable pro-
tein, insect protein, cell protein, such as of yeast,
bacteria, microalgae, mould, or a mixture of different

proteins.

Use of a protein-containing foamed food product according
to any of claims 10 to 15 as a basis for cell cultiva-

tion.



