
SPECIFICATION 

PRODUCTION METHOD FOR CONCENTRATED PRODUCT 

USING FREEZE-CONCENTRATION METHOD 

BACKGROUND 

Technical Field 

[ 0001 ] The present invention relates to a production method for concentrated products 

using a freeze-concentration method. 

Description of the Prior Art 

[0002] The freeze-concentration method is provided for preventing a liquid to be 

treated (as derived from the fluid to be treated) from being heated excessively while it is 

being concentrated, and can provide concentrated liquids without causing any changes in 

the flavor or taste due to the applied heating or warming effects (as represented by the 

disagreeable odors produced by the applied heating and the like). 

[0003] Typically, the freeze-concentration method includes the suspension crystal 

deposition method (the suspension crystal concentration method) for generating an ice 

crystal in granular forms within the crystal deposition container and the interfacial 

advance freeze-concentration method for allowing an ice crystal to be grown onto the 

cooled surface, both of which are known to the prior art. In general, the interfacial 

advance freeze-concentration method is very often employed as the freeze-concentration 

method because it is considered that this method provides the easy solid-liquid 

separation such as the separation of ice (water) and concentrated liquid. 

[ 0004 ] As one example of the freeze-concentration apparatus, the Patent Document 1, 

which was granted under the Japanese patent No. 4306018, proposes to provide the 

scraper-type heat-conducting freeze-concentration method and the scraper-type 

apparatus that implements that method. As another example of the freeze-concentration 

apparatus, the Patent Document 2, which was granted under the Japanese patent No. 

4429665, proposes to provide the advance freeze-concentration method and the 
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apparatus that implements that method. 

[0005] Another freeze-concentration method is also proposed which can prevent the 

quality of the concentrated liquids, such as fruit juice, coffee, teas and the like among 

other foods in liquid forms, from being affected or reduced. As still another example of 

the freeze-concentration method, the Patent Document 3 describes that the reduction of 

the quality of the concentrated liquid such as the fruit juice and the like could be 

prevented by combining the interfacial advance freeze-concentration method with the 

deoxidizing process. In addition, it describes that this method can also be applied to 

milk. 

[0006] As one example of the suspension crystal concentration method, the Patent 

Document 4 proposes to provide a method that includes several concentration stages and 

wherein the concentration can be provided efficiently by using the suspension crystal 

concentration method, that is, by forming a specific crystal having a predetermined size 

during one of the stages, transferring the thus formed specific crystal to the 

recrystallizing container containing a concentrated liquid with a low concentration 

degree during another stage and transferring the resulting specific crystal to the 

recrystallizing container containing a concentrated liquid with a lower concentration 

degree during still another stage. 

PRIOR TECHNICAL DOCUMENTS 

PATENT DOCUMENTS 

[0007] 

Patent Document 1: Japanese laid-open Patent Publication No. 2000-334203 

Patent Document 2: Japanese laid-open Patent Publication No. 2005-81215 

Patent Document 3: Japanese laid-open Patent Publication No. 2006-166880 

Patent Document 4: Japanese laid-open Patent Publication No. S57(1982)-105202 

SUMMARY OF THE INVENTION 

[0008] The freeze-concentration method is provided for preparing a concentrated 

liquid without causing any changes in the flavor or taste due to the applied heating or 

warming effects because the liquid to be treated is not heated excessively while it is 
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being concentrated. The before described any changes in the flavor or taste due to the 

applied heating or warming effects is such as any disagreeable odors produced by the 

applied heating and the like, for example. Furthermore, this method can prevent the 

growth of any microorganisms contained in the concentrated liquid due to the applied 

heating or warming effect, minimizing the risk that the concentrated liquid may be 

deteriorated by the microorganisms or may be contaminated by the microorganisms. This 

is the reason why the freeze-concentration method is considered to be suited for 

concentrating any material in liquid forms, such as the milk elements that has not yet 

been sterilized, that is supposed to contain more microorganisms. 

[ 00091 In the conventional prior art, however, it is found that it is difficult to use the 

freeze-concentration method for preparing the concentrated liquid when concentrating 

any particular milk elements (such as, for example, raw milk, skimmed milk, fermented 

milk (such as the fermented milk in liquid forms, drink yogurt and the like), lactic acid 

beverage, whey, buttermilk and the concentrated liquids thereof (such as the membrane 

concentrated liquids and the like). 

[0010] One of the reasons is that more losses may be produced when the 

freeze-concentration method is used to concentrate the milk elements. For example, 

when the conventional known freeze-concentration method (such as the interfacial 

advance freeze-concentration method, for example) is used to concentrate the milk 

elements, such as the starting material milk and the like, that has not yet been sterilized 

and when the solid content concentration (solid content quantity) of such starting 

material milk that has not yet been concentrated will be concentrated by up to two times 

the solid content concentration (solid content quantity), it is found, in most cases, that 

about 2 % by weight of the total concentrated liquid, which is expressed in terms of the 

solid content quantity, may be lost without being retained therein. 

[0011 ] When a large amount of the milk elements are concentrated such as the case in 

which milk products are manufactured on the large scale (commercial scale), the high 

loss rate represents the unintended wastes, which present a major obstruction to the use 

of the freeze-concentration method for the purpose of concentrating the milk elements. 
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As such, it is found that it is difficult to use the freeze-concentration method for 

concentrating the milk elements when it is practically applied for the concentration 

purpose because this method is not economical from the aspect of the worse production 

efficiency. 

[0012] When it is then supposed that the multi-stage back flow concentration method 

as disclosed in Patent Document 4 is employed, it is required that more than one 

freeze-concentration apparatus should be installed and used simultaneously. It was not 

easy to obtain the satisfactorily good efficiency. 

[0013] From the standpoint of the fact described above, it is known to the prior art 

that the decompression heating concentration method or the membrane concentration 

method (such as the reverse osmosis membrane, RO membrane, Nano filter membrane 

and NF membrane, for example) has been employed alone or in combination for the 

purpose of concentrating the milk elements. 

[0014] Here, the decompression heating concentration method should be understood 

to refer to the concentration method in which any moisture can be evaporated from the 

liquid to be treated in the state in which the temperature of the milk elements is raised to 

the order of 40 to 80°C and in the atmosphere in which the pressure has been reduced by 

means of the vacuum pump or the like. 

[0015] For the decompression heating concentration method, however, it is known 

that the microorganisms contained in the concentrated liquid are allowed to be grown 

within several days from the day on which the concentration has been started for the 

milk elements, such as the starting material milk and the like, which have not yet been 

sterilized. The manner in which the growth occurs is also reflected as the number of 

microorganisms existing in the concentrated liquid that has actually been prepared. In 

order to decrease the number of microorganisms, on the other hand, the case may be 

assumed in which the milk elements that have been concentrated by the decompression 

heating concentration method would be sterilized by the applied heating. In this 

assumption, the concentrated liquid of the milk elements may have the high solid content 

concentration degree that comes from the milk component, and there is therefore the risk 
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that the milk component may be attached to the heat conducting surface being heated by 

the heating sterilizer devices (such as the plate-type sterilizer, the tube-type sterilizer, the 

injection-type sterilizer, the infusion-type sterilizer, the scraper-type sterilizer and the 

like) or may be attached to the nozzles by burning, which may affect the physical 

property or quality greatly (such as the increased viscosity, the produced cohesion and 

the like, for example). For this reason, it is difficult or practically impossible to sterilize 

the milk elements that are thus concentrated continuously for a longer time period, 

thereby decreasing the number of microorganisms contained therein. 

[0016] For the membrane concentration method, it should be understood to mean the 

method of removing any moisture from the liquid to be treated wherein the separated 

membrane such as the reverse osmosis membrane and the like is used in the state in 

which the milk elements are cooled (5 to 10°C, for example), and the liquid to be treated 

is pressurized by the pressuring pump or the like. 

[0017] For the membrane concentration method, however, it is known that the liquid 

to be treated has the low concentration limit within which the liquid can be 

concentrated. When the milk elements such as the starting material milk that have not 

been sterilized are to be membrane concentrated during the simple membrane 

concentration step, for example, it is difficult or practically impossible to increase the 

solid content concentration in the milk elements up to above 30 to 40% by weight 

thereof. 

[0018] It is therefore an object of the present invention is to provide a production 

method for manufacturing concentrated products by using a freeze-concentration method 

having a high yield rate (low loss rate) that is practically applicable as required in 

large-scale (commercial scale) production. 

[0019] Upon examining the above-mentioned problems very carefully, the inventors 

of the present invention have found that it is possible to decrease the loss rate of the 

wastes that would result from the concentration process by less than about 0.5% by 

weight when it is expressed in terms of the solid content quantity, by combining the 

concentration of the liquid to be treated using the suspension crystal deposition method 
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(or the suspension crystallizing method) with the separation and retrieval of the ice 

crystals generated by said suspension deposition method, and by performing the above 

combination process in the continuous manner. 

[ 0020 ] The invention according to Claim 1 provides a method for producing 

concentrated products using a freeze-concentration method, which comprises: 

an ice crystal generation step in which a fluid to be treated is cooled, ice crystals 

of said fluid are generated in said fluid, and a mixed fluid to be treated is formed wherein 

said mixed fluid to be treated is comprised of said ice crystals and a concentrated fluid 

produced from said fluid to be treated by generating said ice crystals in said fluid thereby 

said fluid is concentrated; and 

an ice crystal separation step in which said mixed fluid is separated into said 

concentrated fluid to be treated and said ice crystals, and said separated concentrated 

fluid be treated is retrieved. 

[0021] The invention according to Claim 2 provides the method for producing 

concentrated products using a freeze-concentration method as defined in Claim 1, 

wherein said step of forming said mixed fluid composed of said ice crystals and said 

concentrated fluid produced from said fluid to be treated by concentrating said fluid, and 

said step of separating said mixed fluid into said concentrated fluid to be treated and said 

ice crystals and retrieving said concentrated fluid to be treated are performed on the 

batch basis. 

[ 0022 ] The invention according to Claim 3 provides the method for producing 

concentrated products using a freeze-concentration method as defined in Claim 1 or 2, 

wherein said ice crystal generation step and said ice crystal separation step following 

said ice crystal generation step are repeated one time or more than one time for said 

concentrated fluid to be treated that has been retrieved during said ice crystal separation 

step. 

[ 0023 ] The invention according to claim 4 provides the method for producing 

concentrated products using a freeze-concentration method as defined in Claim 3, 

wherein said ice crystal generation step following the second and subsequent time is 
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performed for fresh fluid to be treated, which is obtained by additionally adding said 

fluid to be treated having the capacity equivalent to that of said ice crystals that have 

been separated during said immediately preceding ice crystal separation step to said 

concentrated fluid to be treated that has been retrieved during said immediately 

preceding ice crystal separation step. 

[0024] The invention according to Claim 5 provides the method for producing 

concentrated products using a freeze-concentration method as defined in any one of 

Claims 1 through 4, wherein said fluid to be treated is any one of raw milk, skimmed 

milk, fermented milk, lactic acid beverage, whey, and buttermilk. 

[0025] The invention according to Claim 6 provides the method for producing 

concentrated products using a freeze-concentration method as defined in any one of 

Claims 1 through 5, wherein as compared with the products that are not treated, the 

concentrated products obtained by any one of production method described in Claims 1 

through 5 contain the fragrance component retained to be more than 0.7 times, 

production method for concentrated products using a freeze-concentration method as 

defined in any one of Claims 1 through 5, wherein as compared with the products that 

are not treated, the concentrated products obtained by any one of production method 

described in Claims 1 through 5 contain the fragrance component retained to be more 

than 0.7 times. 

[0026] The invention according to Claim 7 provides the production method for 

concentrated products using a freeze-concentration method as defined in any one of 

Claims 1 through 6, wherein as compared with the products that are not treated, the 

products obtained by any one of production method described in Claims 1 through 6 

contain the live bacteria of useful microorganisms retained to be more than 0.7 times. 

ADVANTAGES OF THE INVENTION 

[0027] According to the present invention, a production method is provided for 

manufacturing concentrated products effectively by using a freeze-concentration method 

having a high yield rate (low loss rate) that is practically applicable as required in 

large-scale (commercial scale) production. 
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[ 0028 ] According to the present invention, the concentrated products can be 

manufactured at the low loss rate by using the freeze-concentration method, by reducing 

the loss rate for the resulting wastes, which is expressed in terms of the solid content 

quantity, by less than about 0.5 % by weight thereof. 

[0029] Specifically, for the conventional freeze-concentration method (such as the 

interfacial advance freeze-concentration method, for example), about 2% by weight of 

the total solid content quantity of the fluid to be treated that has not yet been 

concentrated will be wasted, which means that the solid content whose quantity is equal 

to the wasted solid content will be lost. In accordance with the freeze-concentration 

method of the present invention, however, the loss can be reduced to less than one fourth 

(1/4) of the loss that would be caused by the conventional freeze-concentration method. 

[0030] Also, according to the present invention, the concentration can be performed 

below the freezing point under which the microorganisms can not be allowed to be 

grown, and the concentration operation can be performed (that is, the 

freeze-concentration apparatus can be run) continuously for a long time. 

[0031 ] Further, according to the present invention, there are two separate sections, one 

section for discharging the concentrated fluid and the other section for removing the 

water. In the instance where the particular milk element is to be concentrated, for 

example, its solid content concentration can be increased easily by about 30 to 40% by 

weight thereof. 

[0032] Because the freeze-concentrated products (such as the freeze-concentrated 

foods) that are obtained by the present invention have not be heated excessively, they 

can be stored stably for a long time with the flavor or taste possessed inherently by the 

fluid to be treated (such as the milk elements and the like) being retained therein so that 

they can be offered on the commercial basis. 

[0033] With respect to a freeze-concentrated foods (such as the concentrated milk and 

the like) , if the fluid to be treated has a high concentration degree, it is difficult to 

sterilize the concentrated fluid subsequently following the concentration step. According 

to the present invention, the fluid to be treated (such as the milk elements and the like) 
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can be concentrated in the sanitary manner. Because the fluid to be treated is 

concentrated below the freezing point under which the microorganisms can not be 

allowed to be grown. So that, the operating conditions (running conditions) and the like 

under which the heating sterilization occurs during the subsequent step following the 

concentration step can be set to the moderate values. 

[0034] According to the present invention, the concentrated foods (such as the 

concentrated milk and the like) have the high concentration degree that could not be 

achieved by the conventional freeze-concentration method, and can provide the better 

flavors or tastes and the less disagreeable odors that would be produced by the applied 

heating. As compared with the conventional freeze-concentration method, therefore, the 

foods can be manufactured more effectively within a shorter time and any resulting solid 

content loss rate can be controlled or restricted to the minimum value. For the buttermilk 

or buttermilk product (such as the concentrated liquid and the like) that is obtained by 

the conventional method, furthermore, the flavors or tastes tend to be deteriorated easily 

due to the applied heating effect and the microorganisms tend to be allowed to be grown 

easily even if they are stored in the frozen atmosphere. In accordance with the present 

invention, on the other hand, when the concentrated buttermilks, which are not yet 

sterilized, are used as the fluids to be treated and are manufactured, they exhibit the 

remarkable advantage in that they can be manufactured while the flavors or tastes will 

not be affected (such as deteriorated) by the applied heating effect and the 

microorganisms will not be allowed to be grown easily even when they are stored for 

several days in the frozen atmosphere. 

BRIEF DESCRIPTION OF DRAWINGS 

[ 0035 ] Fig. 1 is a schematic diagram illustrating one example of the 

freeze-concentration apparatus that is used to manufacture a concentrated product in 

accordance with one embodiment of the present invention; 

Fig. 2 is a schematic diagram illustrating the steps of the batch based processing 

step in accordance with one embodiment of the present invention; 

Fig. 3 is a chart diagram showing the fragrance component contained in the 
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concentrated skimmed milk (as manufactured by the freeze-concentration method of the 

present invention and by the decompression heating concentration method of the prior 

art); 

Fig. 4 presents the results of analyzing the fragrance component contained in the 

concentrated buttermilk (as manufactured by the freeze-concentration method of the 

present invention and by the decompression heating concentration method of the prior 

art); and 

Fig. 5 represents the ice crystal concentration in the concentrated skimmed milk 

as concentrated by the freeze-concentration method of the present invention (the solid 

content concentration of the concentrated skimmed milk: 16% by weight) 

BEST MODE OF EMBODYING THE INVENTION 

[0036] A production method for manufacturing concentrated products using the 

freeze-concentration method of the present invention takes advantage of the suspension 

crystal deposition method (or more simply, the suspension crystal method) wherein a 

fluid to be treated is placed into a crystal deposition tank or container in which the fluid 

to be treated is caused to generate an ice crystal in granular forms so that it can be 

concentrated and wherein the production method includes an ice crystal generation step 

and an ice crystal separation step as described later. 

[0037] During the ice crystal generation step, a fluid to be treated is cooled(or being 

cooled), ice crystals of said fluid are generated in said fluid, and a mixed fluid to be 

treated is formed wherein said mixed fluid to be treated is comprised of said ice crystals 

and a concentrated fluid produced from said fluid to be treated by generating said ice 

crystals in said fluid thereby said fluid is concentrated. 

[0038] During the ice crystal separation step following the ice crystal generation step, 

said mixed fluid is separated into said concentrated fluid to be treated and said ice 

crystals by using a separating apparatus such as a separating filter (through which solid 

and liquid are separated), and said separated concentrated fluid be treated is retrieved. 

[0039] As a fluid to be treated is concentrated in the manner described above and the 

concentrated product is then manufactured, the fluid to be treated is not be heated or 
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warmed during the concentration process and therefore the flavor or taste would not be 

altered, which may be caused by excessive heating or warming during concentration 

process. 

[0040] The fluid to be treated to which the freeze-concentration method of the present 

invention can be applied for manufacturing the corresponding concentrated product 

includes the milk elements each containing the milk component, examples of which may 

include the raw milk, the skimmed milk, the fermented milk (such as the fermented milk 

in liquid forms, the drink yogurt and the like), the lactic acid beverage, the whey, the 

buttermilk and the concentrated fluids thereof (such as the membrane concentrated fluids 

and the like). 

[ 0041 ] In the production method for a concentrated product using the 

freeze-concentration method of the present invention, previously described ice crystal 

generation step and previously described ice crystal separation step following said ice 

crystal generation step may be repeated one time or more than one time for said 

concentrated fluid to be treated that has been retrieved during said ice crystal separation 

step. 

[0042] In this way, the concentration can be performed below the freezing point under 

which the microorganisms will not be allowed to be grown. In the instance of the 

particular milk element, for example, its solid content concentration can be increased 

easily by about 30 to 40% by weight thereof while the number of microorganisms will be 

retained or decreased before it is concentrated. 
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[0043] For this instance, it should be noted that the ice crystal generation step 

following the second and subsequent time may be performed for fresh fluid to be treated, 

which is obtained by additionally adding said fluid to be treated having the capacity 

equivalent to that of said ice crystals that have been separated during said immediately 

preceding ice crystal separation step to said concentrated fluid to be treated that has been 

retrieved during said immediately preceding ice crystal separation step. 

[ 0044 ] Fig. 1 is a schematic diagram illustrating one example of the 

freeze-concentration apparatus for use in manufacturing concentrated products in 

accordance with one embodiment of the present invention (more specifically, the 

apparatus that implements the freeze-concentration method of the present invention). Fig. 

2 is a schematic diagram illustrating the steps of the concentration process in general that 

occurs on the batch basis by using some parts of the apparatus shown in Fig. 1. Then, 

several preferred embodiments of the present invention will be described below by 

referring to Fig. 1. 

[0045] The freeze-concentration apparatus illustrated in Fig. 1 includes a crystal 

generation tank (jacket-attached tank) into which a fluid to be treated (such as a starting 

material milk, for example) may be placed, the tank having the internal diameter of 20cm, 

the height of 100cm, the gate type stirring blades and the capacity of 140kg, for example, 

and a crystal separation column equipped with a separation filter. The crystal generation 

tank and the crystal separation column are connected to each other through a transport 

pump through which a mixed fluid can be transported from the crystal generation tank to 

the crystal separation column. 

[0046] Any suitable refrigerant (such as ammonia, glycol and the like) may be fed 

from the freezer to the jacket-attached crystal generation tank from a freezer. The fluid to 

be treated within the crystal generation tank is cooled indirectly by causing the 

refrigerant fed from the freezer to flow through the jacket. It should be noted that the 

stirring blades shaped like the gate may be provided in the crystal generation tank and 

the fluid to be treated within the crystal generation tank may be stirred by the stirring 
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blades as required. The whole fluid to be treated may thus be cooled effectively while 

the fluid to be treated is being stirred. 

[0047] The jacket-attached tank, within which the stirring blades are mounted, has 

been described hereinabove as the jacket-attached tank that implements the stirring 

functions. It may be appreciated that any type of the jacket-attached tank that provides 

the equivalent stirring capabilities may be used without any limitations to that type. 

Specifically, as long as the stirring functions are equivalent to those of the gate-type 

stirring blades, the stirring method is not limited to any method using the gate type 

stirring blades. For example, the coil-type stirring blades may be used. Other types that 

can be used include the saw tooth disk turbine, the pitched type turbine, the anchor-type 

turbine, the propeller-type turbine and other stirring blade types. 

[0048] In order to reduce the operation time required until the ice crystal can be 

generated, it is preferred that the refrigerant will be caused to flow through the jacket or 

otherwise, the refrigerant will be caused to flow through the stirring blades. As one 

example of the means for causing the refrigerant to flow through the jacket or stirring 

blades, the cooling device may be mounted within the tank so as to permit the refrigerant 

to flow through the tank, as it is known to the prior art. By using this cooling means, the 

time required for generating the ice crystal can be reduced by causing the refrigerant to 

flow through the stirring blades that may have the various shapes described above as 

examples. 

[0049] The mixed fluid fed into the crystal separation column through the transport 

pump will be separated into the ice crystals and the concentrated fluid to be treated 

(concentrated liquid) by means of the separating device mounted within the crystal 

separation column. Said mixed fluid is composed of the ice crystals and the concentrated 

fluid to be treated which is obtained by generating said ice crystals in the fluid to be 

treated. The ice crystals thus separated from the mixed fluid will be dissolved or fused 

by the warm water and the like, which will go out of the freeze-concentration apparatus 

as the separated water. The separation device within the crystal separation column may 

include the separating filter, but the separation method is not limited to this separation 
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filter. As an alternative example, the centrifugal separator may be used. As a further 

alternative example, the ice crystals may be separated by setting the mixed fluid 

stationary. 

[0050] When the separation is performed for separating the ice crystals and the 

concentrated fluid to be treated as it remains to be stationary, the container designed for 

use in performing the stationary separation (the stationary separation tank) may be used. 

Said mixed fluid is delivered from said jacket-attached tank to said stationary separation 

container, and the separation is performed as it remains to be stationary. Within the 

container, the layer of the ice crystals is formed on the upper side and the layer of the 

concentrated fluid to be treated is formed on the lower side. When the solid content in 

the concentrated fluid to be treated has reached a desired concentration degree, the 

concentrated fluid to be treated and the ice crystals will be discharged from said 

stationary separation tank (the stationary separation container). 

[0051 ] The concentrated fluid to be treated (concentrated liquid) will be retrieved as 

the concentrated product that has been manufactured by the method of the present 

invention. The whole part or some part of which will be returned to the crystal 

generation tank where it will be concentrated further (through the ice crystal generation 

step and the ice crystal separation step). For this purpose, any suitable means for 

enabling the whole or some parts of the concentrated fluid to be returned to the crystal 

generation tank may be disposed on the middle way of the discharge pipe for the 

concentrated fluid to be treated (concentrated liquid). 

[0052] In accordance with the present invention, therefore, there are two sections. One 

section is for removing the water where the ice crystals of the fluid to be treated that has 

been generated in the crystal generation tank and separated through the crystal 

separation column. And the other section is for discharging the concentrated fluid where 

the concentrated fluid to be treated may be retrieved as the concentrated product 

manufactured by the present invention. 

[0053] The delivery pipe for feeding or placing the fluid to be treated to or into the 

crystal generation tank includes a supply adjusting means which is attached to the 
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delivery pipe. This supply adjusting means is provided for adjusting the weight or 

capacity of the fluid to be treated and to be delivered to or placed into the crystal 

generation tank, depending on the weight or capacity of the concentrated fluid to be 

treated (concentrated liquid) which will be returned to the crystal generation tank 

through the returning (circulating) means. 

[0054] For example, when the concentrated fluid to be treated (concentrated liquid) is 

returned to the crystal generation tank through the returning means, the ice crystals have 

been separated by means of the separating filter provided in the crystal separation 

column. Said separated ice crystals are dissolved or fused by the warm water and the like 

and will go out of the freeze-concentration apparatus as separated water. The fluid to be 

treated having the weight or capacity of said separated water will be delivered to or 

placed into the crystal generation tank through the delivery pipe including the supply 

adjusting means. The supply adjusting means adjusting the weight or capacity of the 

fluid to be treated, which is delivered to or placed into the crystal generation tank 

through the delivery pipe, to the weight or capacity of said separated water. 

[0055] During the ice crystal generation step, the fluid to be treated will be stirred if 

necessary, while it is being cooled, and an ice crystal of the fluid to be treated will be 

formed therein. As the ice crystal is generated, it will cause a mixed fluid composed of 

the generated ice crystal and the concentrated fluid to be treated, produced and 

concentrated by the generation of the ice crystal. 

[0056] It may be appreciated from the above description that the jacket-attached tank 

that provides the stirring capability may be used (employed ) for the crystal generation 

tank (crystal separation container) where the ice crystal generation step is performed. 

For example, this tank has the internal diameter of 20cm and the depth of 100cm, and is 

equipped with the stirring blades shaped like the gate. It is capable of stirring the fluid to 

be treated therein at the rate of 60 to 300rpm, preferably 100 to 200rpm. If the fluid to be 

treated has the shearing stress, the Reynolds number and the like which are substantially 

equivalent to those of the examples of the fluid to be treated listed and described so far 

herein, the number of revolutions of the stirring blades that may be selected optionally 
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can be set freely since it is thought that the generation of the ice crystal can be controlled 

properly. 

[0057] The refrigerant, such as ammonia and like that is able to flow, will be delivered 

into the jacket mounted outside the tank. Preferably, the temperature of the refrigerant 

may have the range of the temperature that is enough to cause the fluid to be treated 

within the tank to generate an ice crystal in liquid forms. In general, the temperature may 

be less that -2°C, preferably the range of between -6 and -8°C, for example. 

[0058] The fluid to be treated, for which the concentration is actually performed, will 

be placed into the jacket-attached tank (the crystal separation tank), and an ice crystal 

will be generated by cooling the fluid to be treated by means of the refrigerant of -6 to 

-8°C that is being circulated through the jacket. In this instance, the fluid to be treated 

may be cooled by stirring said fluid to be treated by means of the stirring blades in said 

tank which may be revolving at the rate of 60 to 300rpm. An ice crystal will thus be 

generated. 

[0059] In order to reduce the time required for generating an ice crystal, the 

refrigerant may be circulating through said jacket, or otherwise may be circulating 

through the stirring blades. As an example of circulating the refrigerant through the 

stirring blades, it is known that any suitable cooling means through which the refrigerant 

is circulating within said tank is mounted in said tank. The time required for generating 

an ice crystal can be reduced by this circulating means, that is, by circulating the 

refrigerant through the examples of the stirring blades having the various shapes listed 

and described above herein. 

[0060] Although the generation of an ice crystal may be varied, depending on the 

particular freezing temperature or the particular magnification value at which the fluid to 

be treated will be concentrated, the fluid to be treated can be cooled up to 0.0°C to 

-2.5°C, for example, after which the ice crystal in the fluid to be treated may be allowed 

to be grown during the period of two to five hours, preferably during the period of three 

to five hours until it can have the average size of over lOOjam. Specifically, for the ice 

cream products in general, it is said that the ice crystal has the average size of about 30 
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to 40|im immediately after it has been frozen and it has the average size of about 45 to 

55jim after it has been hardened completely. For the freeze-concentration step in 

accordance with one embodiment of the present invention, on the other hand, the ice 

crystal can be generated for a shorter time and the fluid to be treated can be separated 

more easily by means of the separating filter. From those aspects, the ice crystal in the 

fluid to be treated can be allowed to be grown until it can be generated to have the 

average size of more than lOO^m, which means that this value is greater than that of the 

ice cream products in general. More specifically, the ice crystal can be allowed to be 

grown until it can be generated to have the average size of 100 to 3000fJ.m, preferably 

150 to 2500nm, more preferably 200 to 2000|i.m, much more preferably 250 to 1500jam, 

and most preferably 300 to lOOOjxm. 

[ 0061 ] From the aspect of the fact that the fluid to be treated can be stirred smoothly 

when it is cooled while it is being stirred, it is preferred that the resulting ice crystal in 

the fluid to be treated should have the concentration degree that is substantially equal to 

below 50% by weight, preferably below 45% by weight, and more preferably below 40% 

by weight. If the fluid to be treated can be stirred with the strength of any particular 

required power, however, there is no problem even if the resulting ice crystal has the 

concentration degree that is equal to above 50% by weight. 

[0062] Subsequent to the ice crystal generation step, a mixed fluid, which is composed 

of the concentrated fluid to be treated for which the concentration has been performed by 

the generation of the ice crystal and the resulting ice crystal, will be formed, which will 

be delivered from the jacket-attached tank (the crystal generation tank) to the crystal 

separation column where the ice crystal separation step is performed. During the ice 

crystal generation step, in this instance, the mixed fluid described above may be 

delivered from the jacket-attached tank (the crystal generation tank) to the crystal 

separation column at the time when the mixed fluid has reached its predetermined 

magnification value and the process can proceed to the ice crystal separation step. 

[0063] When proceeding from the ice crystal generation step to the ice crystal 

separation step, said fluid to be treated may be concentrated at the magnification value 
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that is substantially equal to about three times although, it may depend on the particular 

type or physical property of the fluid to be treated. At this time (that is, at the time when 

the temperature of the fluid to be treated has fallen up to -2.5 to -2.0°C), the mixed fluid 

described above may be delivered from the jacket-attached tank (the crystal generation 

tank) to the crystal separation column where the ice crystal separation step is performed. 

[ 0064 ] The fluid to be treated which has the weight or capacity substantially 

equivalent to that of the mixed fluid that is delivered from the jacket-attached tank 

(crystal generation tank) to the crystal separation column may be delivered to the crystal 

generation tank where the freeze-concentration apparatus can then be run continuously in 

accordance with one embodiment of the present invention. The apparatus can also be run 

on the stationary mode as shown in Fig. 2. 

[0065] During the ice crystal separation step, the mixed fluid will be separated by the 

separating device in the crystal separation column into the ice crystals and the 

concentrated fluid to be treated (concentrated liquid), from which the concentrated fluid 

to be treated (concentrated liquid) will then be retrieved. The ice crystals thus separated 

will be dissolved or fused by the warm water and the like, which results in being the 

separated water which will go out of the freeze-concentration apparatus. 

[0066] The separating filter may be used for the separation device in the crystal 

separation column. As the separating filter is usually used to separate the ice crystal 

generated during the ice crystal generation step, in this instance, the separating filter may 

have the average size of approximately lOO^im or more than lOOjam if it is desired that 

the ice crystal should be allowed to be grown until it can be generated to have the 

average size of more than 100(im as discussed above. 

[ 0067 ] The size of the separating filter may be determined appropriately by 

considering the type or property of the fluid to be treated, the size of the ice crystal 

generated during the ice crystal generation step and the processing efficiency for the 

fluid to be treated. At the minimum, the size of the filter may be determined such that it 

is enough to separate the ice crystal generated during the ice crystal generation step. 

[0068] The separation step may also be performed on the stationary mode. When the 
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ice crystal and the concentrated fluid to be treated are separated on the stationary mode, 

the stationary separation container (the stationary separation tank) may be used. The 

mixed fluid will be delivered from the jacket-attached tank to the stationary separation 

container (the stationary separation tank) where the separation occurs on the stationary 

mode. Within the container or tank, a ice crystal layer is formed on the upper side and a 

concentrated fluid layer is formed on the lower side. When the solid content in the 

concentrated fluid to be treated has reached its desired concentration degree, the 

concentrated fluid to be treated and the ice crystal are discharged from the stationary 

separation container (stationary separation tank). 

[0069] Although the concentrated fluid to be treated (concentrated liquid) that has been 

separated from the ice crystals may be used as it is, that is, it may be used as the final 

concentrated product to be manufactured in accordance with one embodiment of the 

present invention, it is possible to increase the magnification value at which the fluid to 

be treated will be concentrated, by passing the final concentrated product through the ice 

crystal generation step and the subsequent ice crystal separation step once more. For the 

concentrated fluid to be treated (concentrated liquid) that has been retrieved during the 

ice crystal separation step, for example, the ice crystal generation step described 

previously and the subsequent ice crystal separation step described previously may be 

repeated one or more times. By repeating the two steps as described above, the 

concentrated fluid can be concentrated simply and more heavily so that it can contain the 

solid content having the concentration degree of 20 to 50% by weight, preferably 25 to 

45% by weight, and more preferably 30 to 40% by weight. From the aspect of the fact 

that the concentrated fluid thus concentrated can retain or improve the physical property, 

quality, flavor, taste and the like that are possessed inherently by the starting material 

milk (milk element), it is considered that the solid content concentration degrees 

mentioned above are desirably preferred. 

[0070] Fig. 1 is a flow chart diagram showing that some parts of the concentrated 

fluid to be treated (concentrated liquid) as separated from the ice crystal may be used as 

the final concentrated products to be manufactured in accordance with one embodiment 
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of the present invention while the remaining parts of the concentrated fluid are passed 

again through the ice crystal generation step and the subsequent ice crystal separation 

step in order to increase the degree by which the concentration is multiplied. 

[ 0071 ] It should be noted that the ice crystal generation step following the second and 

subsequent time is performed for fresh fluid to be treated, which is obtained by 

additionally adding said fluid to be treated having the capacity equivalent to that of said 

ice crystals that have been separated during said immediately preceding ice crystal 

separation step to said concentrated fluid to be treated (concentrated liquid) that has been 

retrieved during said immediately preceding ice crystal separation step. 

[0072] In any case, the magnification value at which the fluid to be treated will be 

concentrated can be increased gradually by repeating the ice crystal generation step 

described previously and the ice crystal separation step described previously. 

[0073] The loss rate caused by the wastes can also be reduced to less than 0.5% by 

weight when it is expressed in terms of the sold content quantity. 

[0074] It may be appreciated from the above description that the concentrated fluid to 

be treated may include the starting material milk (milk element) without any limitations 

to the starting material milk as long as it contains the milk component. Separately from 

the term that is expressed as the starting material milk, the examples of the milk 

elements may include raw milk, skimmed milk, fermented milk (fermented milk, drink 

yogurt and the like in liquid forms), lactic acid beverage, whey, buttermilk and the 

concentrated liquids thereof (membrane concentrated liquids and the like). The 

concentrated fluids that are manufactured by using those milk elements in accordance 

with one embodiment of the present invention may include the concentrated products 

(freeze-concentrated milk foods) such as the concentrated milk, the concentrated 

skimmed milk, the concentrated fermented milk (the concentrated fermented milk, 

concentrated drink yogurt and the like in liquid forms), the concentrated lactic acid 

beverage, the concentrated whey, the concentrated buttermilk and the like and the 

concentrated products (freeze-concentrated milk foods) thereof. 

[0075] From one aspect of the present invention in which the fluids to be treated can 
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retain or improve the good physical property, quality, flavor and the like possessed 

inherently by the starting material milk (milk element), the preferred fluids to be treated 

may include raw milk, skimmed milk, fermented milk (such as the fermented milk, drink 

yogurt and the like in liquid forms), lactic acid beverage and buttermilk. From another 

aspect of the present invention in which the fluids to be treated can improve the number 

of live bacteria of the useful microorganisms (lactic acid, bifidus bacteria, yeast and the 

like) that exist in the starting material milk (milk element), the preferred fluids to be 

treated may include fermented milk (such as the fermented milk, drink yogurt and the 

like in liquid forms) and lactic acid beverage. From a further aspect of the present 

invention in that the fluids to be treated can improve the storage (frozen storage) of the 

starting material milk (milk elements), the preferred fluids to be treated may include raw 

milk, skimmed milk, buttermilk (in which case, the butter serum may be include in the 

concept of the buttermilk). From still another aspect of the present invention in which 

the fluids to be provide the improved effects, the more preferred fluids to be treated may 

include a buttermilk. 

[0076] The freeze-concentration method (such as the suspension crystal deposition 

method (or the suspension crystallizing method)) in accordance with one embodiment of 

the present invention is not limited to any of the specific methods described as the prior 

art methods so far herein. Any of the prior art methods can be used in conjunction with 

the present invention, and can be combined with the methods of the present invention. 

[0077] Among others, the freeze-concentration method of the present invention may 

be combined with the method of deoxidizing the fluid to be treated (such as the milk 

elements). By this combination, it is expected that the freeze-concentration method can 

provide the fluids to be treated (such as the freeze-concentrated milk elements) that can 

be stored (frozen) for a long time without the flavor or taste being affected or altered by 

the deoxidizing method. Any of the deoxidizing methods that can reduce the 

concentration of the oxygen solved in the fluid to be treated can be used with the present 

invention without any limitations to those methods. Without any particular limitations, 

the gas replacement method using any inert gages such as nitrogen and the like, the 
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reduced pressure degassing method using the vacuum degassing apparatus, the 

membrane deoxidizing method using the hollow membrane and the like may be 

mentioned as the examples thereof. 

[0078] When any one or ones of the milk elements are used as the fluid to be treated, 

the concentrated products (such as the freeze-concentrated milk foods) to be 

manufactured in accordance with one embodiment of the present invention may be used 

in the same way or manner as the conventional concentrated products (such as the 

reduced pressure heated milk foods). As noted in this case, the freeze-concentrated 

buttermilk, for example, can control or prevent any oxidizing or light deteriorating 

effects from occurring. Thus, it is strongly expected that the present invention will be 

able to provide the effective freeze-concentration method. 

[0079] When any one or ones of the milk elements are used as the concentrated 

products to be treated, the concentrated products (such as the freeze-concentrated milk 

foods) to be manufactured in accordance with one embodiment of the present invention 

can retain the fragrance component (the highly volatilizable fragrance component such 

as acetone, 2-butanone and the like) that is substantially equal to preferably more than 

three times, more preferably more than five times, much more preferably more than 

seven times and most preferably more than nine times as compared with the conventional 

concentrated products (the reduced pressure heated milk products).When any one or ones 

of the milk elements, such as preferably raw milk, skimmed milk, buttermilk and more 

preferably buttermilk are used as the concentrated products to be treated, the 

concentrated products (freeze-concentrated milk foods) manufactured in accordance with 

the present invention can retain the fragrance component that is substantially equal to 

preferably more than 0.7 times, more preferably more than 0.8 times, much more 

preferably more than 0.9 times and most preferably more than one times, as compared 

with the products that have not been treated in accordance with the present invention. 

[0080] When any one or ones of the milk elements such as the fermented milk (the 

fermented milk, drink yogurt and the like in liquid forms) are used as the fluid to be 

treated, on the other hand, the concentrated products (freeze-concentrated milk foods) to 
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be manufactured in accordance with one embodiment of the present invention can retain 

the number of live bacteria contained in the useful microorganisms (such as lactic acid, 

bifidus, yeast and like bacteria) that is substantially equal to preferably more than 0.7 

times, more preferably more than 0.8 times, much more preferably more than nine times 

and most preferably more than one times as compared with the products that have not 

been treated in accordance with one embodiment of the present invention. Additionally, 

when any one or ones of the milk elements such as the fermented milk (such as the 

fermented milk, drink yogurt and the like in liquid forms) are used as the fluid to be 

treated, the concentrated products (freeze-concentrated milk foods) to be manufactured 

in accordance with one embodiment of the present invention can retain the number of 

live bacteria contained in the useful microorganisms (such as lactic acid, bifidus, yeast 

and like bacteria) that is substantially equal to preferably more than 5 x 106cfu/g, more 

preferably more than 5 x 107cfu/g, much more preferably more than 5 x 107cfu/g, and 

most preferably more than 5x10 cfu/g as compared with the products that have not been 

treated in accordance with the present invention. 

[ 0081 ] Fig. 2 is a schematic diagram illustrating one example of the 

freeze-concentration apparatus designed for use in manufacturing concentrated products 

(usually in accordance with the production method of the present invention) wherein the 

step of forming a mixed fluid composed of the previously described concentrated fluid to 

be treated for which the concentration that has been performed and the previously 

described ice crystal and the step of separating said mixed fluid into said concentrated 

fluid to be treated and said ice crystal for retrieving said concentrated fluid to be treated 

are performed on the batch basis. 

[0082] The apparatus illustrated as the example thereof in Fig. 2 is arranged such that 

as the initial step, the concentrated fluid (such as the starting material milk) may be 

sterilized by any known sterilizing machine and may then be delivered to the 

concentration step where the concentration is performed in accordance with the 

freeze-concentration method. 

[0083] For the concentration that is performed during the concentration step in 
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accordance with the freeze-concentration method, the freeze-concentration apparatus 

illustrated as the example thereof in Fig. 2 is used. 

[0084] The freeze-concentration apparatus illustrated in Fig. 2 includes a crystal 

generation tank (jacket-attached tank) that has the internal diameter of 50cm, the height 

of 70cm, the coil-type stirring blades and the capacity of 140kg) and a stationary 

separation container (stationary separation tank). The crystal generation tank and the 

stationary separation container (stationary separation tank) are connected with each other 

by way of a transport pump (not shown) through which the mixed fluid may be 

transported from the crystal generation tank to the stationary separation container 

(stationary separation tank). 

[0085] The crystal generation tank shown in Fig 2 has a jacket attached thereto into 

which any suitable refrigerant (such as ammonia, glycol and the like) may be fed from 

the freezer. There is also a cooling means that is provided for allowing said refrigerant to 

circulate through the crystal generation tank. 

[0086] As the refrigerant that is fed from the freezer is flowing through the jacket or 

as said cooling means causes said refrigerant to circulate through the crystal generation 

tank and then flow through the stirring blades, the fluid to be treated within the crystal 

generation tank will be cooled indirectly so that an ice crystal can be generated in said 

fluid to be treated. The generation of said ice crystal causes a mixed fluid to be generated, 

said mixed fluid being composed of the concentrated fluid to be treated for which the 

concentration has occurred and said ice crystal. 

[0087] More specifically, the mixed fluid, which is composed of the ice crystal 

delivered into the stationary separation container (the stationary separation tank) through 

the transport pump and the concentrated fluid to be treated for which the fluid to be 

treated is concentrated by the generated ice crystal, is placed into the container where the 

mixed fluid is separated into the ice crystal and the concentrated fluid to be treated 

(concentrated liquid) and from which the concentrated fluid to be treated (concentrated 

liquid) is then retrieved. The ice crystal thus separated is dissolved or fused by the warm 

water and the like, from which the separated water results and is then discharged from 
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the freeze-concentration apparatus. 

[0088] It may be appreciated from the above description that separately from the 

freeze-concentration apparatus illustrated and described by referring to Fig. 1, the 

membrane concentrated fluid adjusting step and the ice crystal generation step followed 

by the ice crystal separation step may also be performed on the batch basis. 

EMBODIMENTS 

[0089] The following description presents several preferred embodiments of the 

present invention in which the production method for concentrated products using the 

freeze-concentration method of the present invention is described by referring to the 

freeze-concentration apparatus that has the general arrangement shown in Fig. 1. It 

should be understood, however, that the present invention is not limited to those 

preferred embodiments which have been described so far and those preferred 

embodiments that will be described below. Rather, the present invention may be 

modified in various and numerous ways without departing from the spirit and scope of 

the invention as defined in the appended claims. 

[0090] (Embodiment 1) 

100 kg of raw milk (the starting material milk containing the solid content 

concentration equal to 12.3% by weight) was used as a fluid to be treated. This raw milk 

was then placed into the crystal generation tank (the jacket-attached tank) having the 

internal diameter of 20 cm, the height of 100 cm, the gate shaped stirring blades used 

and the capacity of 140kg). 

[0091 ] The refrigerant that was controllably adjusted to -6 to -8°C was delivered to the 

jacket-attached tank by means of the commercially available cooler so that it can be 

circulated through the jacket where the stirring and cooling operation was started (the 

stirring speed of 150 rpm). 

[0092] After the elapse of five hours, it was confirmed for the fluid to be treated that 

the concentrated milk had the temperature of -0.4, its solid content concentration was 

equal to 15% by weight and the ice crystal concentration was equal to 30% by weight. 

[0093] Then, the circulation was begun so that the fluid to be treated was transferred 
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from the crystal generation tank to the crystal separation column (where the separating 

filter used had the size of lOOjim) (the flow rate was 0.5 liters/s). 

[0094] The ice crystal, which was separated in the crystal separation column, was then 

discharged, and that part of the concentrated milk which was passed through the crystal 

separation column was totally returned to the crystal generation tank. During this 

operation, the starting material milk was additionally added to the crystal generation 

tank so continuously that the concentrated milk could have the weight substantially 

equivalent to that of that part of the ice crystal which was passed through the crystal 

separation column. 

[0095] After the operation was continued for 40 hours, it was found that the 

concentrated milk (concentrated products) that had been obtained continuously had the 

temperature of -1.9°C and the solid content concentration of 32% by weight. It was also 

found that that part of the ice crystal which was then discharged only contained the solid 

content of 0.3kg, which means that that part of the milk solid content which was not 

recovered back to the concentrated milk was only 0.3% by weight of the total. 

[0096] In this embodiment, it has been described that the processing steps proceed in 

the continuous manner along the path through the individual blocks shown in Fig. 1. As 

its variation, the processing steps may also proceed on the batch basis along the path 

through the individual blocks shown in Fig. 2. 

[0097] (Embodiment 2) 

100 kg of buttermilk (the starting material milk containing the solid content 

concentration equal to 10.6% by weight) was used as a fluid to be treated. This 

buttermilk was placed into the crystal generation tank (jacket-attached tank) (the internal 

diameter of 20 cm, the height of 100 cm the gate-shaped stirring blades used and the 

capacity of 140 kg). 

[0098] The refrigerant that was controllably adjusted to -6 to -8°C was delivered to 

the jacket-attached tank by means of the commercially available cooler so that it can be 

circulated through the jacket where the stirring and cooling operation was started (the 

stirring speed of 150 rpm). 
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[0099] After the elapse of five hours, it was confirmed for the fluid to be treated that 

the concentrated buttermilk had the temperature of -0.4, its solid content concentration 

was equal to 15% by weight and the ice crystal concentration was equal to 30% by 

weight. 

[0100] Then, the circulation was begun so that the fluid to be treated was transferred 

from the crystal generation tank to the crystal separation column (where the separating 

filter used had the size of 100|j,m) (the flow rate was 0.5 liters/s). 

[0101 ] The ice crystal, which was separated in the crystal separation column, was then 

discharged, and that part of the concentrated buttermilk that was passed through the 

crystal separation column was totally returned to the crystal generation tank. During this 

operation, the buttermilk was additionally added to the crystal generation tank so 

continuously that the concentrated milk could have the weight substantially equivalent to 

that of that part of the ice crystal which was passed through the crystal separation 

column. 

[0102] After the operation was continued for 40 hours, it was found that the 

concentrated buttermilk (concentrated products) that had been obtained continuously had 

the temperature of -1.9°C and the solid content concentration of 32% by weight. It was 

also found that that part of the ice crystal which was then discharged only contained the 

solid content of 0.3kg, which means that that part of the buttermilk solid content which 

was not recovered back to the concentrated buttermilk was only 0.2% by weight of the 

total.. 

[0103] In this embodiment, it has been described that the processing steps proceed in 

the continuous manner along the path through the individual blocks shown in Fig. 1. As 

its variation, the processing steps may also proceed on the batch basis along the path 

through the individual blocks shown in Fig. 2. 

[0104] (Embodiment 3) 

100 kg of raw milk (the starting material milk containing the solid content 

concentration equal to 12.3% by weight) was used as a fluid to be treated. This raw milk 

was placed into the crystal generation tank (jacket-attached tank) (the internal diameter 
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of 20 cm, the height of 100 cm the gate-shaped stirring blades used and the capacity of 

140 kg). 

[0105] The refrigerant that was controllably adjusted to -6 to -8°C was delivered to 

the jacket-attached tank by the commercially available cooler so that it can be circulated 

through the jacket where the stirring and cooling operation was started (the stirring speed 

of 150 rpm). 

[0106] After the elapse of five hours, it was confirmed for the fluid to be treated that 

the concentrated buttermilk had the temperature of -0.4, its solid content concentration 

was equal to 15% by weight and the ice crystal concentration was equal to 30% by 

weight. 

[0107] Then, the circulation was begun so that the fluid to be treated was transferred 

from the crystal generation tank to the crystal separation column (where the separating 

filter used had the size of 100jxm) (the flow rate was 0.5 liters/s). 

[0108] The ice crystal, which was separated in the crystal separation column, was then 

discharged, and that part of the concentrated milk which was passed through the crystal 

separation column was totally returned to the crystal generation tank. 

[0109] After the operation was continued for 40 hours, it was found that the 

concentrated milk (concentrated products) having its solid content concentration of 32% 

by weight could be obtained continuously. The ice crystal that has been discharged at 

this moment only contained the milk solid content of 0.5% by weight of the total, which 

means that that part of the milk solid content which was not recovered back to the 

concentrated milk was only equal to 0.5% by weight. 

[0110] In this embodiment, it has been described that the processing steps proceed in 

the continuous manner along the path through the individual blocks shown in Fig. 1. As 

its variation, the processing steps may also proceed on the batch basis along the path 

through the individual blocks shown in Fig. 2. 

[ 0111 ] (Embodiment 4) 

100 kg of skimmed milk (the starting material milk having the solid 

concentration of 9.0% by weight) was used as a fluid to be treated. This skimmed milk 
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was placed into the crystal generation tank (jacket-attached tank) (the internal diameter 

of 50 cm, the height of 70 cm, the coil shaped stirring blades used, and the capacity of 

140 kg). 

[0112] The refrigerant that was controllably adjusted to -6 to -8°C was delivered to 

the jacket-attached tank by means of the commercially available cooler (not shown) so 

that it can be circulated through the jacket where the stirring and cooling operation was 

started (the stirring speed of 57 rpm). 

[0113] After the elapse of five hours, it was confirmed for the fluid to be treated that 

the concentrated skimmed milk had the temperature of -1.2, its solid content 

concentration was equal to 16% by weight and the ice crystal concentration was equal to 

40% by weight (as shown on the right side plot in Fig. 5). 

[0114] The fluid to be treated, over which the ice crystal had been dispersed, was 

retrieved from the jacket-attached tank, which was then transported from said 

jacket-attached tank to the stationary separation container (the stationary separation 

tank) where the ice crystal was separated as it remained to be stationary. After the elapse 

of about five minutes, it was found that the milk solid content in the ice crystal had the 

concentration equal to 0.1% by weight. 

[0115] In this embodiment, the processing steps proceed on the batch basis along the 

path through the individual blocks shown in Fig. 2. As its variation, the processing steps 

may also proceed continuously along the path through the individual blocks shown in 

Fig. 1. 

[0116] If it is desired that the jacket-attached tank should be cooled, not only the 

jacket is cooled but the refrigerant may also be circulated through the coil-shaped 

stirring blades by means of the cooling means that is provided for cooling the 

jacket-attached tank. It has been confirmed that this will reduce the time required for 

concentrating the ice crystal and the desired concentration level can be reached (as 

shown on the left-side plot in Fig. 5). 

[0117] (Test Case 1) 

For the testing purpose, the skimmed milk (starting material milk containing the 

-29-



solid content concentration of 10.6% by weight) was used as a fluid to be treated. The 

method of the present invention and the method of the prior art were used to concentrate 

the skimmer milk. The results that were thus obtained were checked for the fragrance 

component possessed inherently by the raw milk and were compared as discussed below. 

[0118] The testing was conducted by using the freeze-concentration apparatus whose 

general arrangement is shown in Fig. 1 and which was used in the embodiments 1 to 3 of 

the present invention for freeze-concentrating the skimmed milk (solid content 

concentration of 10.6% by weight) by using the freeze-concentration method of the 

present invention, from which the concentrated skimmed milk (concentrated product) 

that contained the solid content concentration of 21.4% by weight was obtained. 

[0119] The ice crystal that was thus separated was discharged and then dissolved or 

fused. The separated water that resulted from the ice crystal being separated contained 

the solid content concentration of 0.5% by weight. Specifically, it was found that the loss 

rate that resulted from the concentrated skimmed milk (concentrated product) that was 

prepared in accordance with the present invention accounted for less than 0.5% by 

weight. 

[0120] The decompression heating concentration apparatus of the prior art was used, 

on the other hand, and was operated under the same conditions as the 

freeze-concentration apparatus of the present invention, that is, the skimmed milk (solid 

content concentration: 10.6% by weight) was concentrated, from which the concentrated 

skimmed milk whose solid concentration was adjusted to 21.4% by weight was obtained. 

[0121] The concentrated skimmed milk (freeze-concentrated milk) concentrated by 

using the method of the present invention and having its solid content concentration 

adjusted to 21.4% by weight was obtained, the conventional known concentrated 

skimmed milk (reduced pressure concentrated milk) concentrated by using the method of 

the prior art and having its solid content concentration adjusted to 21.4% by weight was 

obtained, and the skimmed milk that was not treated and had its solid content 

concentration adjusted to 10.6% by weight was obtained. Each of those skimmed milks 

were cooled and stored under the identical conditions and was sampled out. Each of 
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those different samples was analyzed and checked for the fragrance component 

contained therein under the conditions as discussed below. 

[0122] Each sample has its solid content concentration adjusted to about 10% by 

weight and was then distributed evenly into each respective one of the microbial bottles 

having the capacity 20 ml in which each sample was analyzed by using the GC/MS 

(Agilient Technogies) and by allowing the fragrance component to be adsorbed by the 2 

cm fiber made by the DVB/Carboxen/PDM for forty minutes under the condition of the 

applied warming temperature of 60°C. 

[0123] Each sample was passed through the column designed for the analytical 

purpose by using DB-WAX (Agilent Technologies). The rising temperature was 

maintained to be 40°C for five minutes. Following this, the temperature was gradually 

rising at the rate of 15°C/min until it reached 250°C. Then, the temperature was 

maintained to be 250°C for ten minutes. Under the above temperature condition, the 

fragrance component was separated from each sample. 

[0124] The results obtained by analyzing each sample are presented in Fig. 3. It may 

be seen from the results in Fig. 3 that for the concentrated skimmed milk of the present 

invention (freeze-concentrated milk), it contained more fragrance component possessed 

inherently by the raw milk, and therefore remained to be in its more fresh state as 

compared with the conventional known concentrated skimmed milk (reduced pressure 

concentrated milk). It may also be seen that for the concentrated skimmed milk of the 

present invention (freeze-concentrated milk), it contained an equal amount of the 

fragrance component possessed inherently by the raw milk and was concentrated as it 

remained to be in its fresh state as compared with the skimmed milk (that was not 

treated). 

[0125] (Test Case 2) 

For the testing purpose, the buttermilk (starting material milk containing the 

solid content concentration of 10.6% by weight) was used as a fluid to be treated. The 

method of the present invention and the method of the prior art were used to concentrate 

the skimmer milk. The results that were thus obtained were checked for the fragrance 
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component possessed inherently by the raw milk and were compared as discussed below. 

[0126] The testing was conducted by using the freeze-concentration apparatus whose 

general arrangement is shown in Fig. 1 and which was used in the embodiments 1 to 3 of 

the present invention was used for freeze-concentrating the buttermilk (solid content 

concentration: 10.6% by weight) by using the freeze-concentration method of the present 

invention, from which the concentrated buttermilk (freeze-concentrated buttermilk) that 

contained the solid content concentration of 21.4% by weight was obtained. 

[0127] The ice crystal that was thus separated was discharged and then dissolved or 

fused. The separated water that resulted from the ice crystal being separated contained 

the solid content concentration of 0.5% by weight. Specifically, the loss rate that resulted 

from the concentrated buttermilk (freeze-concentrated buttermilk) being prepared in 

accordance with the present invention accounted for less than 0.5% by weight. 

[0128] The decompression heating concentration apparatus of the prior art was used, on 

the other hand, and was operated under the same conditions as the freeze-concentration 

apparatus of the present invention, that is, the buttermilk (the solid content 

concentration: 10.6% by weight) was concentrated, from which the concentrated 

buttermilk (reduced pressure heated concentrated buttermilk) whose solid concentration 

was adjusted to 21.4% by weight was obtained. 

[0129] The concentrated buttermilk (freeze-concentrated buttermilk) concentrated by 

using the method of the present invention and having its solid content concentration 

adjusted to 21.4% by weight was obtained, the buttermilk (which is not treated, the solid 

content concentration of 10.6% by weight) was obtained, and the conventional known 

concentrated buttermilk (reduced pressure concentrated buttermilk) concentrated by 

using the method of the prior art and having its solid content concentration adjusted to 

21.4% by weight was obtained. Each of those buttermilks that were cooled and stored 

under the identical conditions was sampled out. Each of those different samples was 

analyzed and checked for the fragrance component contained therein under the 

conditions as discussed below. 

[0130] Each sample has its solid content concentration adjusted to about 10% by 
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weight and was then distributed evenly into each respective one of the microbial bottles 

having the capacity 20 ml in which each sample was analyzed by using the GC/MS 

(Agilient Technogies) and by allowing the fragrance component to be adsorbed by the 2 

cm fiber made by the DVB/Carboxen/PDM for forty minutes under the condition of the 

applied warming temperature of 60°C. 

[0131] Each sample was passed through the column designed for the analytical 

purpose by using DB-WAX (Agilent Technologies). The rising temperature was 

maintained to be 40°C for five minutes. Following this, the temperature was gradually 

rising at the rate of 15°C/min until it reached 250°C. Then, the temperature was 

maintained to be 250°C for ten minutes. Under the above temperature condition, the 

fragrance component was separated from each sample. 

[0132] The results that were obtained by analyzing each sample are presented in Fig. 4. 

It may be seen from the results in Fig. 4 that for the concentrated buttermilk of the 

present invention (freeze-concentrated milk), it contained an equal amount of the highly 

volatile fragrance component possessed inherently by the raw milk and was therefore 

concentrated as it remained to be in its fresh state as compared with the buttermilk that 

was not treated. 
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34 

CLAIMS 

1. A method for producing a concentrated product by a freeze-

concentration method, which comprises: 

an ice crystal generation step in which a milk component-containing 

fluid to be treated is cooled to generate ice crystals of said fluid to be treated in 

said fluid to be treated, and to form a mixed fluid of said ice crystals and a 

concentrated fluid in which said fluid to be treated is concentrated by 

generating said ice crystals; and 

an ice crystal separation step in which said mixed fluid is separated into 

said concentrated fluid to be treated and said ice crystals by a crystal separation 

column to retrieve said concentrated fluid be treated. 

2. The method for producing a concentrated product by a freeze-

concentration method according to Claim 1, characterized in that a step of 

forming a mixed fluid of said ice crystals and a concentrated fluid in which said 

fluid to be treated is concentrated and a step of separating said mixed fluid into 

said concentrated fluid to be treated and said ice crystals to retrieve said 

concentrated fluid be treated are performed on the batch basis. 

3. The method for producing a concentrated product by a freeze-

concentration method according to Claim 1 or 2, characterized in that said ice 

crystal generation step and said ice crystal separation step following said ice 

crystal generation step are repeated one time or more than one time for said 

concentrated fluid to be treated that has been retrieved during said ice crystal 

separation step. 
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4. The method for producing concentrated products by a freeze-

concentration method according to Claim 3, characterized in that the second or 

subsequent ice crystal generation step(s) is performed for new fluid to be treated 

that is obtained by adding a volume of said fluid to be treated equivalent to the 

volume of said ice crystals that have been separated during said immediately 

preceding ice crystal separation step to said concentrated fluid to be treated that 

has been retrieved during said immediately preceding ice crystal separation step. 

5. The method for producing concentrated products by a freeze-

concentration method according to any one of Claims 1 to 4, characterized in that 

said fluid to be treated is any one of raw milk, skimmed milk, fermented milk, 

lactic acid beverage, whey, and buttermilk. 

6. The method for producing concentrated products by a freeze-

concentration method according to any one of Claims 1 to 5, characterized in that 

more than 70% of aromatic components are retained compared with untreated 

product.   

7. The method for producing concentrated products by a freeze-

concentration method according to any one of Claims 1 to 6, characterized in that 

more than 70% of live useful microorganisms are retained compared with 

untreated product. 


