
~- . 

W099/45799 PCT/SE99/00317 

Method of manufacturing an aseptic coagulated food product 

The present invention relates to a method of manufacturing an 

aseptically packaged and coagulated food product by means of adding a 

sterile coagulating agent to a sterilised liquid food product in order to make it 

5 coagulate. 
Coagulated food products may be obtained in different ways 

depending on the starting food materiai by denaturation of its proteins. In 
most cases a coagulating agent has to be added to the liquid in order to 

achieve coagulation. In some cases, heat is also needed to initiate the 
10 coagulation process. Examples of coagulated food products are cheese, 

puddings, jellies and desserts. As coagulating agents, for example different 
enzymes and/or inorganic salts may be used. When a coagulating agent is 
added, it reacts with the protein molecules in the liquid food and renders 
them insoluble, thus providing a coagulum. 

15 A specific coagulated food product called tofu is made from a protein-
rich extract from soy beans, i.e. soy milk. Tofu is a traditional basic food 
product in many countries in Asia, e.g. Japan, China, Korea, Indonesia, 
Taiwan, Malaysia and Singapore, and exists in mainly two types, i.e. pressed 
tofu and "silken tofu". The pressed tofu has a firmer body and higher dry 

20 matter content as some "whey" has been pressed out from the curd, while 
the silken tofu has a softer texture. Tofu can be eaten as it is but is often 
further processed by frying, cooking or baking as ingredient in various 

dishes. Since tofu contains, from the nutritional point of view, high quality 

proteins and fat, it provides an important role as a basic food product in 

25 many developing countries. Even if the tofu markets in Europe and in the 
USA are rather limited today, it is likely that the high nutrition value of tofu 
will increase the consumers' interest. Furthermore, tofu has the potential to 

create a good environmental image since less resources are needed for its 

production, in comparison to animal based proteins in meat. 

30 In the traditional production of tofu, in for example Japan, a natural 

product extracted from sea water called "Nigara", containing magnesium 

chloride (MgCb) as the active component, has been used as the coagulant. 

Tofu coagulated by Nigara is a highly appreciated product in Japan. The 

extraction of the coagulant is, however, both time-consuming and requires 

35 some skill, for which reason it is not considered a suitable coagulant for the 
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large scale production of tofu. Also calcium chloride (CaCb) is a feasible 

coagulant, but is, when employed in large scale production, just like MgCl2 

considered to result in tofu of lower quality with undesired coarse/hard 
texture. 

S ·The mostly used and, at least in China, most popular coagulant today 

is calcium sulphate (CaS04). Tofu coagulated by CaS04 has a soft texture 

and consistency1 which is highly appreciated. Furthermore, tofu has long 

been considered as an important basic food product for the supply of 

calcium, instead of dairy products, which play the corresponding role in, for 
Io example, Europe and in the USA. 

Characteristic for CaS04 is also its low solubility in water. It has1 
therefore, to be added in the form of a suspension or dispersion in water. 

Magnesium sulphate (MgS04) is a further possible alternative 
coagulant1 which has not yet won any popularity in the manufacture of Tofu. 

15 MgS04, just like CaS04, has very low solubility in water. 

Traditionally manufactured and distributed tofu has a short shelf life 

and is in practice treated as a fresh product that needs to be used the same 

day or the day after it was manufactured. The increased urbanisation and 

centralisation of production units has led to an increased demand for tofu 
20 having increased shelf life. 

Products that can be kept up to. several weeks at cold storage1 

depending on the hygienic conditions, production process and packaging 

quality, are on the market today. The demand for aseptically packaged 

products that can be kept for longer times without cold storage and with 

25 pristine taste and quality, is, however, great in modern society distribution 

over longer distances and during longer periods of time. 

In the production of aseptic coagulated food products, all components 

of the food product must be sterilised and thereafter packaged under aseptic 

conditions into a package which aseptically protects and maintains the 

30 properties of the product. However, for the manufacturing of such aseptic 

coagulated products under rational and efficient conditions on an industrial 

scale, one is limited to a few coagulants that may be produced in sterile 

form or that may be sterilised by means of rational, cost efficient sterilisation 
methods. 

35 A coagulant dispersion of solid particles in a .liquid medium is for 

example difficult to obtain in sterile form and has, therefore, up to now been 
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excluded from the production of aseptic tofu. There have been deliberations 

in the direction of sterilising the highly desirable coagulant salt CaS04 that is 

normally added via a dispersion or slurry in water, by means of hot steam or 

heat treatment. Such sterilisation methods are, however, too energy 

5 consuming to be cost efficient and still imply a risk of insufficient sterilisation 

of the solid particles in eventual particle clusters in the slurry. 

Methods for production of aseptic tofu are known from international 

application PCT/JP95/00236 or from US application serial number 

08/669,921. According to these methods, other coagulants have been used 

10 which are suitable for ra_tional large scale processes. 

A well functioning example is transglutaminase, (TGase), which is an 

enzyme that links to~ether and coagulates proteins also at ambient 

temperature (see PCT/JP95100236). This enzyme is still very expensive, 

which in practice renders the costs of tofu production too high. 

IS Another well functioning example is glucone-delta-lactone (GDL) (US 
serial number 081669,921 ), which however, gives a characteristically acidic 

taste to the tofu and which most preferably should be used together with 

other sterilisable coagulants, for example a water soluble salt such as MgCl2. 

Thus, in the prior art there is no possibility to produce aseptic 

20 coagulated food products by the use of coagulants in the form of a 

· dispersion or suspension of solid particles in a liquid medium. In particular, 

there is a need for the production of tofu in the traditional way, but under 

aseptic conditions, by means of CaS04 as the coagulant in order to obtain 

the desirable traditional properties of consistency, texture and taste. 

25 One object of the present invention is, therefore, to provide a new 

method of the type disclosed by way of introduction without the problems 

inherent in the prior art. 
Another object of the present invention is to provide a new method for 

aseptically coagulating a food product by means of a liquid medium 

30 containing ·a solid inorganic salt as the coagulant. 

A further object of the present invention is to provide a method, for the 

manufacturing of an aseptic coagulated food product, to prepare a sterile 

liquid medium containing a sterilised inorganic solid salt. 

A particular object of the present invention is to provide a new method 

35 for aseptically coagulating soy milk into tofu by means of an aqueous 

dispersion containing CaS04 or MgS04 as the coagulant. 
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These objects are attained by the method having the characterizing 

features of Claim 1. Preferred variations and modifications of the method 

according to the invention have the features of subclaims 2 to 12. 

A typical protein containing liquid food product for the transformation 

S into a coagulated food product is, thus, the extract from soy beans, i.e. soy 

milk. In order to extract the proteins from soy beans, the beans are soaked in 

water for some hours. Different soaking times and soaking methods, for 

example by using hypochloride, may be used, depending on the purity and 

quality of the beans. The soaking water _is removed, whereafter the beans 

10 are ground or crushed to a slurry of mashed beans called "goft. During the 

crushing and grinding operation some kind of antifoaming agent may be 

added. 

The soy bean slurry is thereafter heated to about 90-110, preferably 

about 95-105 and most preferably about 100°c, during about 1-10 minutes, 

Is preferably 2-6 minutes. The heat treated or cooked paste is deaerated, 

whereafter the fibrous rests from the beans, so called "okara" are separated 

and removed from the soy milk. 
The extracted soy milk can be stored for a shorter time or immediately 

further processed for production of tofu, by means of homogenisation and 

20 following heat treatment at high temperature, i.e. so called UHT sterilised. 

Homogenisation can take place in one or several steps at different pressures 

in order to obtain an even homogenou~ product. The sterilising treatment is 

performed at about 130-145°C during about 1-20 seconds, preferably at 

about 134-140°C during about 2-10 seconds, most commonly by means of 

25 indirect heat exc~ange such as for example in a plate heat exchanger. A 

choice of a lower sterilisation temperature can be compensated for by longer 

holding time at the temperature. For example, a sterilisation temperature of 

approximately 130-135°C could require a holding time of about 8 - 24 

seconds. 

30 Heating up to the sterilisation temperature can take place in one or 

several pre-heating steps. For example, suitable equipment for the aseptic 

treatment of a liquid food product may be of the type "Tetra Therm 

Aseptic"®. 

The heat treated product is then cooled to preferably between 5-20°C. 

35 Cooling can take place in one or more, preferably two, steps. The cooled 

aseptic milk can temporarily be stored in a buffer tank or directly be 
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transferred to aseptic processing for the addition of coagulant, filling and 
packaging. 

The sterile coagulant in the form of an inorganic solid salt dispersed in 

a liquid medium is carefully dosed and added to the soy milk under aseptic 

5 conditions, for example by means of an aseptic dosing equipment of the type 

"Tetra Aldose" ®. The coagulant and the soy milk are thoroughly mixed by 
means of a static in-line mixer, whereby a homogenous mixture is obtained. 

The homogenous mixture is packed in an aseptic packaging machine, 
for example of the type "Tetra Brik Aseptic"®, in a continuous process for 

10 forming, filling and sealing of the packages. 

The packed soy milk coagulates into tofu inside the sealed packages 
during a subsequent incubation process, whereby the content of the 

packages are heated to a suitable temperature in order to initiate the 
coagulation process. Normally the content of the packages is heated to 

15 about 70-95, preferably B0-90°C, during about 30-60, preferably about 40-50 

minutes. Heating for coagulation may be performed by well-known 
technologies, such as for example by means of water baths or microwave 
technology. 

After the incubation the packages must be cooled to ambient 
20 temperature rather quickly to prevent spoiling the product. The aseptically 

packaged tofu may then be stored at ambient temperature for at least half a 
year and up to about one year, depending on the type of package employed. 

The coagulant is, thus, prepared under sterile conditions in a special 

process stage before it is dosed and added to the liquid food product. A first 
25 flow of a solution containing a first inorganic salt and a second flow of a 

solution containing a second inorganic salt are each separately sterilised 
and then mixed in order to react the first and second inorganic salt solutions 

with each other, in order to form a solid inorganic salt having coagulation 

effect. Sterilisation may take place by means of known technologies, such 

30 as, for example, microfiltration technology through porous membranes or by 
means of heat sterilisation. The salt solutions may be mixed and reacted 

with each other in a separate operation, whereafter the U~us formed, solid 
coagulant salt is added to the liquid ·food. Alternatively, the two solutions 

may be added directly to the liquid food and be simultaneously mixed and 

35 reacted with each other. 
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The invention will hereafter be described with reference to 

accompanying Figures 1 and 2, which schematically show two alternative 

embodiments of a method to prepare and add a sterile coagulant to a liquid 

food product, such as for example soy milk. 

5 Figure 1 shows, thus, a method and equipment 1 O for sterile 

preparation and packaging of a coagulated food product by separately 

sterilising a first flow of a solution containing a first inorganic salt and a 

second flow of a solution containing a second inorganic salt, subsequent 

mixing and reacting the two salt solutions with each other in order to provide 

10 a solid inorganic salt coagulant as a dispersion or slurry in a liquid medium, 

and final dosing and addition of the liquid medium to the liquid food product. 

A first flow 11 of an aqueous solution containing a first inorganic salt, 

such as for example CaCl2, is sterilised preferably by means of microfiltration 

through a microfilter 12 having a filtration pore size such that bacteria and 

15 other micro-organisms are filtered off from the salt solution. A second flow 13 

of an aqueous solution containing a second inorganic salt, such as for 

example K2S04, is sterilised in the same way preferably by means of 

microfiltration through a microfilter 14. The two sterilised salt solution flows 

are dosed together in equal or corresponding amounts, whereby the ions 

20 from the two salts stoichiometrically react with each other, thus forming a 

salt, CaS04. 

CaS04 precipitates from the solution into solid phase, since it has a 

lower solubility in water than the two starting product salts, which are readily 

soluble in water. 

25 The dissolved salt ions in the first and second flow, immediately react 

with each other when the two flows are mixed, for which reason the reaction 

can take place directly in-line by simply converging the two flows 15. 

Alternatively, mixing can take place in a separate tank 16 in order to make 

sure that all ions have reacted into CaS04 and KCI before the total flow is 

30 further transferred in the process. The total flow 17 of CaS04 and KCI in 

water, in the form of a slurry or dispersion, is thereafter dosed into a greater 

flow 18 of soy milk by means of a suitable dosing equipment 19. The dosage 

of coagulant slurry into the tofu preferably is such that the amount of CaS04 

added is· about 0.1-1.0 weight-%, more preferably about 0,5-0,7 weight-% of 

35 the soy milk. For most optimal coagulation result the amount of CaS04 

added is about 0.6 weight-% of the soy . milk. Jn order to achieve a 

SUBSTITUTE SHEET (RULE 26) 

I''" 



W099/45799 PCT/SE99/00317 
7 

homogeneous mixture of coagulant dispersion and soy milk, these are mixed 

by a stirrer, preferably of the static mixer type 20, situated in the total flow 21 

from soy milk 18 and coagulant dispersion 17, or alternatively in a separate 

mixing vessel {not shown), thus continuously producing a product ready to 

5 be filled at 22. The obtained product is filled under aseptic conditions into 

packages 23, which are sealed and transported to an incubation stage for 

coagulation at about 90° C in the filled product during about 40 minutes and 

thereafter cooled at about 25° C during about 20 minutes. Heating and 

cooling of the filled packages may be performed using well known 

10 technology, such as for example by means of water baths or by means of 

microwave heating, depending on the type of package employed. 

Figure 2 shows a further embodiment of the method and equipment 1 O' 

for sterile preparation and packaging of an aseptic coagulated food product 

by separately sterilising a first flow of a solution containing a first inorganic 

15 salt and a second flow of a solution containing a second inorganic salt, and 

then directly dosing and adding the two flows to the liquid food product, 

whereby the two salts are mixed and reacted with each other in order to 

provide a solid inorganic salt coagulant at the same time as the thus formed 

solid salt is mixed with the liquid food. 

20 A first flow 11 of an aqueous solution containing a first inorganic salt 

such as, for example, CaCl2, is sterilised preferably by means of 

microfiltration through a microfilter 12, having a filtration pore size such that 

bacteria and other microorganisms are filtered off from the salt solution. A 

second flow 13 of an aqueous solution containing a second inorganic salt 

25 such as, for example K2S04, is preferably sterilised in the same way by 

means of microfiltration through a rnicrofilter 14. The two sterilised salt 

solution flows are dosed and added to a flow 18 of soy milk by means of 

suitable dosing equipment 19 (not shown in the Figure) in corresponding 

amounts, enabling the ions from the two salt solutions stoichiometrically to 

30 react with each other, thus forming a salt, CaS04. 

CaS04 precipitates from the solution into solid phase since it has a 

lower solubility in water than the two starting product salts which are readily 

soluble in water. The resulting CaS04 salt then acts as a coagulant in the 

tofu slurry. 

35 The dissolved salt ions in the first and second flow immediately react 

with each other when the two flows are mixed, for which reason the reaction 
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can take place directly in-line by simply converging the two flows together 

with the tofu slurry 15'. Alternatively, mixing of the two sterile flows 11, 13 

with the tofu slurry 18 can take place in a separate mixing vessel 16' in order 

to ensure that all ions have reacted into CaS04 and KCI before the total flow 

5 21 is further transferred in the process. In order to achieve a homogeneous 

mixture of coagulant dispersion and soy milk, these are mixed by a stirrer, 

preferably of the static mixer type 20, situated in the total flow 21 from soy 

milk 18 and coagulant dispersion or in the vsssel 16', thus continuously 

producing a product ready to be filled into packages, at 22. The thus 

1 O obtained product is filled under aseptic conditions into packages 23 which 

are sealed and transported to an incubation stage for coagulation at about 

90°C (of the filled product) during about 40 minutes and thereafter cooled at 

about 25°C during about 20 minutes. Heating and cooling of the filled 

packages may be performed using well-known techniques, such as, for 
l~ example, by means of water baths or by means of microwaves, depending 

upon the type of package employed. 

It should be observed that the two Drawings in Figs. 1 and 2 are 

merely schematic whose purpose is to clarify the method according to the 

invention and should not be interpreted concerning relative size proportions 

20 between flows, sterilisation- or mixing vessels and packages. 

While the invention has been described with reference to the specific 

embodiment of the Drawings, it will be obvious to a person skilled in the art 

that variations and modifications can be made within the scope of the 

invention as defined in the following Claims. From the above description it is, 

25 thus, clear that the invention attains its objects and provides a new method 

for aseptically producing and coagulating food products by means of an 

inorganic salt in the solid state. The Furthermore, the invention provides a 

new method for aseptically coagulating soy milk into tofu by means of an 

aqueous dispersion containing CaSO-t or MgS04• 
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* C L M S * 

1. A method of manufacturing an aseptically packaged and 

coagulated food product by means of adding a sterile coagulating agent to a 

5 sterilised liquid food product in order to make it coagulate, characterized in 

that a flow of a first solution of a salt and a flow of a second solution of a salt 

are each sterilised in separate flows; and that the two sterilised flows are 

mixed and reacted with each other in order to form the sterile coagulating 

agent. 

10 

2. The method according to Claim 1, characterized in that said 

flows of first and second salt solutions, after the sterilisation, are mixed and 

reacted with each other, thus providing a liquid medium containing a solid 

inorganic salt dispersed therein: and that the liquid medium is thereafter 

15 added to the liquid food product. 

3. The method according to Claim 1, characterized in that said 

flows of first and second salt solutions, after the sterilisation, are added to 

the liquid food product whereby th.e two salt solutions are mixed and reacted 

20 with each other, thus providing a sterile coagulating agent, and 

simultaneously mixed with the liquid food product. 

4. The method according to any one of Claims 1 to 3, 

characterized in that the first and second flows of salt solutions are 

25 sterilised by means of microfiltration technology, 

30 

5. The method according to any one of the preceding Claims, 

characterized in that said solutions and liquid medium, respectively, 

comprise water. 

6. The method according to any one of the preceding Claims, 

characterized in that the liquid food product is based on proteins. 

7. The method according to any one of the preceding Claims, 

35 characterized in that the liquid food product comprises extract from soy 

beans. 
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8. The method according to any one of the preceding claims, 

characterized in that the aseptic food product is tofu. 

9. The method according to any one of the preceding claims, 

5 characterized in that the solid inorganic salt is calcium sulphate (CaS0
4

) or 

magnesium sulphate (MgS04). 

10. The method according to any one of the preceding claims, 

characterized in that the solid inorganic salt is calcium sulphate (CaSQ4). 

10 ' ! 

11. The method according to any one of the preceding claims, 

characterized in that the first inorganic salt is calcium chloride (CaCl2); and 

that the second inorganic salt is potassium sulphate (K2S04), or vice versa. 

15 12. The method according to any one of the preceding claims, 

characterized in that the first inorganic salt is magnesium chloride (M9Cl2); 

and that the second inorganic salt is potassium sulphate (K2SO.c), or vice 

versa. 
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