DESCRIPTION
METHOD OF TREATING LIQUID FOOD

Technical Field
[0001]

The present invention relates to a method for treating a liquid food, specifically
to a method for treating a liquid food suitable for efficiently and efiectively decreasing
dissolved oxygen concentration in liquid foods having high foaming property and low
defoaming property.

Background Art
[0002]

Various suggestions have been made long before for treatments aiming at
decreasing dissolved oxygen concentration in liquid foods.
[0003]

For example, a batchwise method for efficiently removing dissolved oxygen by
supplying water 10 a decompression vessel and boiling the water by heating (Japanese
Patent Application Laid-Open (JP-A) No. 7-47351) and a contimuous method for
efficiently removing the dissolved oxygen by supplying water to a decompression
vessel and boiling the water by heating (JP-A No. 9-299709) have been suggested.
[0004]

Furthermore, a method for decreasing dissolved oxygen by spraying a beverage
into a decompression vessel while keeping the temperature of the beverage lower than
or equal to its boiling point $o as to increase the surface area of the beverage (JP-A No.
2005-304390) and a method for decreasing dissolved oxygen by incorporating inert gas
into a beverage and eliminating air bubbles under a depressurized atmosphere (JP-A No.

2005-110527) have been suggested.
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DISCLOSURE OF THE INVENTION
(0005]

The above-mentioned treatment methods described in JP-A Nos. 7-47351 and
3-299709 are applied to water, but not applied to the treatment of liquid foods having
high foaming property and low defoaming property.

[0006]

Where a treatment aiming at decreasing dissolved oxygen is performed on
liguid foods having high foaming property and low defoaming property such as skim
milk, it is difficult to effectively decrease dissolved oxygen concentration using a
method by heating in a decompression vessel as suggested by JP-A Nos. 7-47351 and
9299709, due to generation of air bubbles.

[0007]

Furthermore, the method of JP-A No. 2005-304390 requires many nozzles for
spraying a beverage and has a limitation in treatment performance and problems in
washing property, maintenance property, costs, and the like, and the method of JP-A No.
2005-110527 requires large equipments such as a vessel for incorporating inert gas and
a decompression vessel and has problems in costs and the like.

[0008]

Liquid foods baving high foaming property and low defoaming property
include skim milk and the like. Where the dissolved oxygen concentration of skim
milk is decreased by incorporating (bubbling) inert gas (nitrogen or the like) into skim
milk, the skim milk excessively bubbles and the air bubbles still remain after the skim
milk is retained for a predetermined time. At this time, the air bubbles are not
diminished, and incorporated in the liquid (skim milk), which leads to failures that the
flow amount does not become constant where the liquid is delivered by a pump or the
like, and the like.

[0005]



Where the above-mentioned liguid that has not been defoamed is heated in a
heat exchanger (a sterilizer) or the like, the heat transfer efficiency is decreased, and
failures such as burning of the heating surface occur. Furthermore, where a liquid that
has not been defoamed is subjected to membrane separation treatment using a crossflow
filtration machine or the like, the operation pressure is varied, and failures that the
permeate flux becomes unstable, and the like occur.

[0010]

Meanwhile, where the dissolved oxygen concentration was decreased in liquid
foods having high foaming property and low defoaming property such as skim milk,
decrease of the dissolved oxygen ¢oncentration was not sufficient after the liquid food
was simply retained under a depressurized (vacuum) atmosphere or formed into tiquid
drops or liguid membrane and then put into a depressurized atmosphere.

[0011]

Accordingly, liquid foods having high foaming property and low defoaming
property such as skim milk had a problem that combination use of incorporation
(bubbling) of inert gas and a depressusized (vacuum) atmosphere, and the like are
necessary when the liquid food is retained under the depressurized (vacuum)
atmosphere or formed into liquid drops or liquid membrane and then put into the
depressurized atmosphere in order to decrease the dissolved oxygen concentration,
which makes the equipments and steps complex and increases the equipment investment
and the costs for the treatment.

[0012]

Accordingly, the present invention aims at suggesting a method for treating a
liquid food, which is suitable for efficiently and effectively decreasing the dissolved
oxygen concentration in liquid foods having high foaming property and low defoaming
property such as skim milk.

[0013]



The invention according to a first aspect of the present invention is a method
for treating a liquid food, which decreases the dissolved oxygen concentration of the
liquid food by putting the liquid food into a decompression vessel while heating the
liquid food to a temperature higher than or equal to the saturation temperature of the
liquid food under the decompression atmosphere in the decompression vessel.

[0014]

The invention according to a second aspect is a method for treating a liquid
food, which decreases the dissolved oxygen concentration of the liquid food by putting
the liquid food into a decompression vessel while depressurizing the decompression
vessel to a pressure lower than or equal to the saturation vapor pressure of the liquid
food at the temperature of the liquid food.

[0015]

The invention according to a third aspect is the method for treating a liquid
food according to the first or second aspect, which decreases the dissolved oxygen
concentration of the liquid food by subsequently putting the liquid food in which the
dissolved oxygen concentration has been decreased in the decompression vessel into an
inert gas atmosphere at normal pressure,

[0016]

The invention according to a forth aspect is the method for treating a liquid
food according to any one of the first to third aspects, wherein the liquid food is skim
milk,

{0017]

The invention according to a fifth aspect is a method for preparing a powdered
food, which comprises powderizing a liquid food in which the dissolved oxygen
concentration has been decreased by the method for treating a liquid food according to
any one of the first to third aspects.

[0018]
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The invention according to a sixth aspect is the method for preparing a
powdered food according to the fifth aspect, wherein the liquid food is skim milk.
[0019]

The invention according to a seventh aspect is a method for preparing
powdered skim milk, which comprises centrifuging raw milk at from 40 to 60°C to give
skim milk and subjecting the skim milk to sterilization, concentration and spray drying
to give the powdered skim milk, wherein the powdered skim milk is prepared by
centrifuging raw milk at from 40 to 60°C to give skim milk, decreasing the dissolved
oxygen concentration of the skim milk by continuously using the method for treating 2
liquid food according to any one of the first to third aspects, and subsequently
subjecting the skim milk to the steps of sterilization, concentration and spray drying.
[0020]

The present invention can provide a method for treating a liquid food, which is
suitable for efficiently and effectively decreasing the dissolved oxygen concentration in
liquid foods having high foaming property and low defoaming property such as skim

milk.

Best Mode for Carrying out the Invention
[0021)]

In the method for treating a liguid food suggested by the present invention, the
dissolved oxygen concentration of the liquid food is decreased by putting the liquid
food into a decompression vessel (a depressurize tank, a vacuum vessel, a vacuum tank
or the like) while heating the liquid food to a temperature higher than or equal to the
saturation temperature (boiling point) of the liquid food under a decompression
atmosphere in the decompression vessel or putting the liquid food into the
decompression vessel while depressurizing a decompression vessel to a pressure lower

than or equal to the saturation vapor pressure (saturation pressure} of the liquid food at



the temperature of the liquid food.
[0022]}

According to such treatment method of the present invention, air bubbles are
not generated, unlike the conventional methods in which inert gas is incorporated into a
liguid food. Therefore, the treatment method is suitable for efficiently and effectively
decreasing the dissolved oxygen concentration in liquid foods having high foaming
property and low defoaming property such as skim milk. Furthermore, the treatment
method of the present invention can innovatively decrease the dissolved oxygen
concentration, unlike the conventional methods comprising degassing by
depressurization under low temperature or ordinary temperature.

[0023]

In the treatment method of the present invention, where the liquid food is put
into the decompression vessel, the liquid food may be formed into liquid drops or liquid
membrane to increase the surface area and then put into a depressurized atmosphere, the
liquid food may be simply put into a depressurized atmosphere in the form of a liquid
column as it is from piping (pipes) or the like, or the Hquid food may be retained as it is
under a depressurized atmosphere for a short time period. During this operation,
unlike the conventional treatment methods, a sufficient effect of the present invention
can be obtained by simply putting the liquid food in the form of a liquid column as it is
into the depressurized atmosphere from the piping or the like. Therefore, the method
by simply putting the liquid food in the form of a liquid column as it is into the
depressurized atmosphere from the piping or the like is preferable in view of washing
property, maintenance property, costs and the like.

[0024]

According to the experiment made by the present inventors, the

above-mentioned treatment method of the present invention could decrease the

dissolved oxygen concentration to 2 ppm or less in the liquid food having the dissolved



oxygen concentration of 13 ppm.
[0025]

In the treatment method of the present invention, the liquid food is put into a
decompression vessel while heating the liquid food to a temperature higher than or
equal to the saturation temperature (boiling point) of the liquid food under the
decompression atmosphere in the decompression vessel.  Alternatively, the liguid food
is put into a decompression vessel while depressurizing the decompression vessel to a
pressure lower than or equal to the saturation vapor pressure of the liquid food at the
temperature of the liquid food. Therefore, the dissolved oxygen concentration is
decreased (degassed) while evaporating a part of the water in the liquid food. During
this operation, the amount of the evaporated water is small, unlike a method in which
latent heat is continuously provided with the liquid food such as conventionally-used
evaporation concentration.

{0026]

The treatment femperature and treatment pressure {decompression vessel) used
in the present invention may be suitably determined according to the effect on the
physical properties and quality of the liquid food, the effect on the control of the degree
of vacuum {degree of depressurization) in the decompression vessel, and the like. For
example, where the temperature of the liquid food is too high, denaturation of proteins,
deterioration of flavor, and the like may be concerned, and where the pressure in the
decompression vessel is too low, specific strength, specific depressurizing equipments
and control, and the like may be necessitated for the decompression vessel.

[0027]

From these viewpoints, the specific temperature for the treatment of the present
invention is preferably from 20 to 90°C, more preferably from 30 to 80°C, further
preferably from 30 to 75°C, and specifically preferably from 35 to 75°C, and the

treatment temperature is from 0.5 to 30°C, preferably from 0.5 to 20°C, more preferably



from 1 to 15°C, and further preferably from 1 to 10°C higher than the saturation
temperature.
[0028]

The pressure for the treatment of the present invention is preferably from 1 to
50 kPa, more preferably from 3 to 40 kPa, further preferably from 5 to 30 kPa, and
specifically preferably 5 fo 25 kPa, and the treatment pressure is from 0.5 to 25 kPa,
preferably from 0.5 to 20 kPa, more preferably from 1 to 15 kPa, and further preferably
from 1 to 10 kPa lower than the saturation vapor pressure.

[0029]

In the present invention, the liquid food in which the dissolved oxygen
concentration has been decreased in the decompression vessel as mentioned above is
subsequently put into an inert gas atmosphere (an inert gas filling vessel, an inert gas
filling tank, a nitrogen vessel, a nitrogen filling tank, or the like) at normal pressure,
whereby the dissolved oxygen concentration of the liquid food may further be
decreased.

[0030]

According to the experiment made by the present inventors, the liquid food in
which the dissoived oxygen concentration could be decreased from 13 ppm to 2 ppm by
the treatment method 6f the present invention as mentioned above was then put into an
inert gas atmosphere at normal pressure, whereby the dissolved oxygen concentration
could be decreased to 1.5 ppm or less.

[0031]

1t is preferable that nitrogen is used as the inert gas atmosphere for the present
invention in view of costs and the like, and that the inert gas atmosphere is realized in a
predetermined vessel in which a predetermined amount of nitrogen is supplied to the
gas phase in the vessel (a nitrogen vessel). Furthermore, the inert gas atmosphere used

in the present invention may be suitably designed taking into account the effect on the



physical properties and quality of the liquid food, the effect of the inert gas filling tank
(nitrogen vessel) on the control of the amount of the supplied inert gas (nitrogen), and
the like. For example, where the amount of the supplied nitrogen in the nitrogen
vessel is foo small, the dissolved oxygen concentration cannot be sufficiently decreased,
and where the amount of the supplied nitrogen in the nitrogen vessel is too much,
increase in the costs for purchasing nitrogen, hazard to human bodies (workers), and the
like may be concerned, and a specific exhaust equipment and control and the like may
be necessitated.
[0032]

From the above-mentioned viewpoints, the specific amount of nitrogen to be
supplied in the present invention is preferably from 1 to 2-fold, more preferably from
1.2 to 1.8-fold, further preferably from 1.3 to 1.8-fold, and specifically preferably from

1.4 to 1.5-fold, with respect to the flow of the supplied liquid (treatment liquid).

In the present invention, the liquid food may include fruit juice beverages,
coffee beverages, black tea beverages, green tea beverages, milk beverages, processed
milk, quality governing milk, raw milk (whole milk), cream and the like, preferably
sicim milk. By applying the treatment method of the present invention to a liquid food
having high foaming property and low defoaming property such as skim milk, the
dissolved oxygen concentration can be decreased efficiently and effectively.

{0034}

Furthermore, a powdered food can be prepared by powderizing the liquid food
in which the dissolved oxygen concentration has been decreased by the method for
treating a liquid food according to the present invention.

[0035]
Although various powderization methods conventionally used in this technical

field such as spray drying can be adopted to the above-mentioned powderization
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treatment, by powderizing the liquid food in which the dissolved oxygen conceniration
has been decreased by the method for treating a liquid food according fo the present
invention, the quality of the powdered food prepared can be improved and enhanced by
powderizing the liquid food in which the dissolved oxygen concentration has been
decreased by the method for treating a liquid food according to the present invention.
[0036]

For example, powdered skim milk, which is a powdered food prepared by
powderizing the skim milk in which the dissolved oxygen concentration has been
decreased by the method for treating a liquid food according to the present invention
wherein the liquid food is skim milk, has a more excellent quality than that of powdered
skim milk to which the method for treating a liquid food according to the present
invention is not applied.

[0037]

Accordingly, by incorporating the method for treating a liquid food according
to the present invention into a conventional step for the preparation of powdered skim
milk, powdered skim milk having an improved quality can be prepared continuously.
[0038]

For example, a method for preparing powdered skim milk, which comprises
centrifuging raw milk at from 40 to 60°C to give skim milk, and subjecting the skim
milk to sterilization, concentration and spray drying to give powdered skim milk,
wherein the powdered skim milk is prepared by centrifuging raw milk at from 40 to
60°C to give skim milk, decreasing the dissolved oxygen concentration in the skim milk
by continuously using the method for treating a liquid food of the present inventior, and
subsequently subjecting the skim milk to the steps of sterilization, concentration and
spray drying, may be exemplified. In this method, a flash cooler or the like can be
used as the decompression vessel. The temperature for centrifuging raw milk is

preferably from 45 to 55°C, and more preferably from 50 to 55°C.



[0039]

In this case, the skim milk obtained by centrifuging raw milk is heated in
advance. Therefore, the heat efficiency is specifically good since the dissolved axygen
concentration of the skim miik can be decreased by directly using the method for
treating a liguid food according to the present invention, without additional heating by
using a heat exchanger or the like.

[0040]

Furthermore, as mentioned above, where the method for treating a liquid food
according to the present invention in which the skim milk in which the dissolved
oxygen concentration has been decreased in the decompression vessel is subsequently
put into an inert gas atmosphere at normal pressure so as to further decrease the
dissolved oxygen concentration of the liquid food, is performed, and the steps for
sterilization, concentration and spray drying are subsequently performed, the inert
gas-filled tank (normal pressure) that is used in the step for putting the skim milk in
which the dissolved oxygen conceniration has been decreased in the decompression
vessel into the inert gas atmosphere at normal pressure may be used as a buffer tank that
is provided prior to the sterilization step.

[0041]

Hereinafter the preferable examples of the present invention are explained.
However, the present invention is not limited to the above~-mentioned preferable
embodiments and the following examples, and may be modified to various forms within

the technical scope that is recognized from the description of the claims.

Example 1
[0042]
The method for treating a liquid food according fo the present invention is

explained with referring to Figs. 1 and 2.  Fig. 1 shows a schematic drawing for
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explaining an example of the system in which the method for treating a liquid food
according to the present invention is performed, and Figs. 2(a) and 2(b) show flow
charts for explaining the overview steps of the method for treating a liquid food
according to the present invention.

[0043]

As shown in the overview steps in Fig. 2 (a), treatment liquid 1 contained in
treatment tank 2 is heated 1o a predetermined temperature in heat exchanger (for
heating) 3, and put into depressurize tank 4 and degassed therein by depressurization,
whereby the dissolved oxygen concentration in the treatment liquid 1 can be decreased.
[0044]

As the method for degassing by depressurization, a method comprising putting
the treatment liquid 1 info the depressurize tank 4 while heating the treatment iquid 1
by the heat exchanger 3 to a temperature higher than or equal to the saturation
temperature (boiling point) of the treatment Iiquid 1 under the decompression
atrnosphere in the depressurize tank 4, can be adopted.

[0045]

Alternatively, a method comprising putting the treatment liquid 1 into the
depressurize tank 4 while depressurizing the depressurize tank 4 to a pressure lower
than or equal to the saturation vapor pressure of the treatment liquid 1 at the temperature
of the liquid to be treated 1 being heated by the heat exchanger 3, can also be adopted.
[0046]

In the treatment method of the present invention shown by the overview steps
in Fig. 2(b), the treatment liguid T in which the dissolved oxygen concentration has
been decreased in the depressurize tank 4 is subsequently put into an inert gas
atmosphere at normal pressure, whereby the dissolved oxygen concentration in the
treatment liquid 1 is further decreased.

[0047]

Jet
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As the method for putting the treatment liquid 1 into an inert gas atmosphere at
normal pressure, a method comprising putting the treatment liquid 1 that is delivered
from the depressurize tank 4, into inert gas-filled tank 5 in which inert gas (nitrogen gas
in the embodiment illustrated in Fig. 1) is filled and which is open to ordinary pressure,
can be adopted.

{(Experimental Example 1)
[0048]

As the treatment Hquid 1, reconstituted skim milk (dissolved oxygen
concentration: 13 ppm) was prepared in the treatment tank 2 instead of skim milk that is
a liquid food having high foaming property and low defoaming property, and the
dissolved oxygen concentration in the treatment liquid 1 was measured after the
treatment by adjusting the flow of the treatment liquid 1 supplied to the depressurize
tank 4, the temperature of the treatment liquid 1 (supplied liquid ternperature) and the
pressure in the depressurize tank 4 (vacuum vessel pressure), as shown in Tables 1 and 2.

The results are shown in Tables 1 and 2, and Figs. 5 and 6.



Pl

[Table 1]

Table 1: Tests for decreasing dissolved oxygen by depressurization treatment (1) (Reconstituted skim milk, dissolved oxygen 213 ppm)

: Pressure in s g . . Amount of supplied - . Treatrent
Flow of supplied . Supplied liquid ~ Saturation Saturation : e Dissolved oxygen in o
liquid depressurize temperalure pressure {emperature (llragen Jn RIrogen treatment liquid liquid Remarks
[L/h] vessel I°C) [kPa) °C) vessel (ppmi temperature
[kPa) [h] [°C]
205-210 8.0 70.0 3.2 43.0 0 0.71 343 Nitrogen vessel: npl used
205-210 8.0 2.1 218 43.0 ) 1.02 333 Nitrogen vessel: not nsed
205-210 8.0 345 153 43.0 0 £.20 3i.2 Nitrogen vessel: not used
205-2160 8.0 49.5 120 43.0 0 1.32 303 Nitrogen vessel: not used
205-210 8.0 435 89 43.0 o 191 302 Nitrogen vessel: not used
205-210 8.0 346 5.5 43.0 0 6.51 30.5 " Nitrogen vessel: not used
205-210 8.0 26.1 34 43.0 0 6.70 23.7 Nitrogen vessel; ot used
205-210 8.0 70.0 312 43.0 300 0.63 34.2 Nitrogen vessel: used
205-210 8.0 624 218 43.0 300 0.95 34.2 Nitrogen vessel; used
205210 8.0 543 153 43.0 300 0.96 31.3 Mitrogen vessel: used
205.210 3.0 49.0 11.7 43.0 306 1.36 304 Nitcagen vessel: used
205-210 8.0 44.5 8.3 43.0 3060 1.42 303 Nitragen vesscl: used
205-210 8.0 35.1 5.6 43.0 300 5.59 28.5 Nitrogen vessel: used
205-210 30 23.0 2.3 43.0 300 .68 235 Nitragen vesscl: used
{Table 2]

Table 2: Tests for decreasing dissolved oxygen by depressurization treatment (2) (Reconstituted skim milk, dissolved oxygen 2 13 ppm)



g1

: Pressure in Supplied . . i
Flow lcx’f; liiuc;;pl:\ed depressurize liquid Satueation Saturation ﬁ’;‘g;&?ﬁ ;';gglg'zg Dissolved oxygen in 'I‘r;:iam_tgm
L/ vessel femperzture pressuré {emperature | treatment liquid a Remarks
[L/hy {ba] el [kPa] [°C} vessel [ppm] {cmperature
- [L/h] [°C]
205-2]10 18.7 743 37.6 59.3 Q 0.54 i
205-210 18.7 63.9 239 59.8 0 0.59 174 N o o oo
205-210 187 535 14.7 59.3 0 ' 455 N
205210 o oy w.l 59.3 . 6.20 45.5 Nitrogen vessel: nol used
T . . R 6,63 40.1 Nitrogen vessel: not used
18.7 74.5 37.6 59.8 312 031 i

205-210 18.7 64.2 23.9 59.8 3 ' toa N vosedt: veed
oy ol 53.5 14.7 59‘8 06 0.45 46.4 Nitrogen vessal; used
205210 gl 45..3 ; 8 59. : 308 5.02 44.0 Nitcogen vessel: used
T > = 3'} ; 62'5 336 5.83 372 .Nilrogen vessel: used
iy 21 64'6 24.5 62'5 0 046 50.1 Nitrogen vessel: not used
e 2L 53‘6 14.7 62.5 0.69 314 Nitrogen. vessel: nof used
T, i 74.9 ; 8' ! 62-5 ¢ 618 44.9 Nitrogen vessel: not used
e 2 64'5 24. ; 62.5 ggﬁ D33 49.8 Niu-ugen vessel: used
PN 2 o .5 14.7 . [ (.57 493 Nifrogen vessel: used

. . . 62,5 306 5.80 44.4 Nitsogen vessel: used




[0049]

In Tables 1 and 2, the “nitrogen vessel: not used” refers to a treatment method
whase overview steps are shown in Fig. 2(a), in which putting the treatment liquid 1
into the inert gas atmosphere at normal pressure using the inert gas-filled tank 5
illustrated in Fig. 1 was not performed. On the other hand, the “nitrogen vessel: used”
in Tables 1 and 2 refers to a treatment method whose overview steps are shown in Fig,
2(b), in which putting the treatment liquid 1 into the inert gas atmosphere at normal
pressure using the inert gas-filled tank $ iliustrated in Fig. 1 was performed.

[0050]

Where the treatment liquid 1 was put into the depressurize tank 4 while heating
the treatment liquid 1 to a temperature higher than or equal to the boiling point
(saturation temperature) of the treatment liquid 1 under the decompression atmosphere
in the depressurize tank 4, or put the treatment liquid 1 into the depressurize tank 4
while depressurizing the depressurize tank 4 to a pressure lower than or equal fo the
saturation vapor pressure of the treatment liquid 1 at the temperature of the liquid to be
treated 1 being heated by the heat exchanger 3, the dissolved oxygen concentration
could be extremely efficiently decreased without performing the treatment using the
inert gas-filled tank 5.

[0051]

Furthermore, it could be confirmed that the dissolved oxygen concentration can
be further decreased by subsequently putting the treatment liquid 1 into an inert gas
atmosphere at normal pressure using the inert gas-filled tank 5.

Example 2
[0052]

The method for preparing a powdered food using the method for treating a

liquid food according to the present invention is explained with referring to Fig, 3. Fig.

3 shows flow charts for explaining the overview steps for preparing the powdered food



using the method for treating a liquid food according to the present invention.
[0053]

The methods for preparing the powdered food itlustrated in Figs. 3 (a) and (b)
each shows the preparation of the powdered food by preparing the liquid food
(treatment liquid 1) in which the dissolved oxygen concentration has been decreased
according to the treatment method of the present invention that is explained with
referring to Figs. 2 (a) and (b), and powderizing the liquid food by adopting various
powderization methods that are conventionally used in this technical field such as spray
drying,.

[0054]

The powdered food treated as above has more excellent quality than that of the
powdered food in which the treatment for decreasing dissolved oxygen concentration
has not been performed.

[0055]

For example, powdered skim milk, which is a powdered food prepared by
powderizing the skim milk in which the dissolved oxygen concentration has been
decreased by the method of the present invention illustrated in Figs. 3 (a) and (b)
wherein the treatment liquid 1 is skim milk, has more excellent quality than that of the
powdered skim milk in which the dissolved oxygen concentration of the skim milk has

not been decreased.
Example 3
[0056]

The method for preparing a powdered skim milk using the method for treating
a liquid food according to the present invention is explained with referring to Figs. 4(a)
and 4(b). Figs. 4 (a) and (b) show flow charts for explaining the overview steps for
preparing powdered skim milk using the method for treating a liquid food according to

the present invention.



[0057]

The methods for preparing powdered skim milk illustrated in Figs. 4 (a) and (b)
each shows the preparation of the powdered milk by preparing skim milk in which the
dissolved oxygen concentration has been decreased according to the treatment method
of the present invention explained by using Figs. 2 (2) and (b), and then subjecting the
skimn milk to sterilization, concentration and spray drying in a conventional manner.
[0058]

Raw milk is centrifuged at from 40 to 60°C to be separated into skim milk and
cream. The thus-obtained skim milk at from 40 to 60°C is directly and continuously
put into the depressurize tank 4 illustrated in Fig. 1, and the skim milk is degassed
therein by depressurization, whereby the dissolved oxygen concentration in the skim
milk is decreased (Fig. 4(a)).

[0059]

Furthermore, the skim milk in which the dissolved oxygen concentration has
been decreased in the depressurize tank 4 is subsequently put into the inert gas-filled
tank 5 in which inert gas (nitrogen gas in the embodiment illustrated in Fig. 1) is filled
and which is open to ordinary pressure, whereby the dissolved oxygen concentration is
further decreased (Fig. 4(b)).

[0060]

The powdered skim milk can be obtained by subjecting the skim milk in which
the dissolved oxygen concentration has been decreased to sterilization, concentration
and spray drying in a conventional manner.

[0061]

For the reconstituted skim milk in Experimental Example 1, the dissolved
oxygen concentration can also be effectively decreased at the temperature range (from
40 to 60°C) in which the raw milk is separated into skim milk and cream by

centrifugation.



[(0062]

Therefore, it is possible to separate the raw milk into skim milk and cream by
centrifugation, and then directly and immediately put the separated skim milk into the
depressurize tank 4 to decrease the dissolved oxygen concentration.

[0063]

Furthermore, where the dissolved oxygen concentration of the skim milk in
which the dissolved oxygen concentration has been decreased is further decreased by
subsequently putting the skim milk into an inert gas atmosphere at normal pressure as
illustrated in Fig. 4(b), the inert gas-filled tank 5 can be used as a buffer tank that is

provided prior to the subsequent steps for sterilization, concentration and spray drying.

Brief Description of the Drawings
[0064]

Fig. 1 shows a schematic drawing for explaining one example of the system in
which the method for treating a liquid food according to the present invention is carried
out.

Figs. 2 (a) and (b) show flow charts for explaining the overview steps of the
method for treating a liquid food according to the present invention.

Figs. 3 (2) and (b) show flow charts for explaining the overview steps of the
preparation of a powdered food using the method for treating 2 liquid food according to
the present invention.

Figs. 4 (a) and (b) show flow charts for explaining the overview steps of the
preparation of powdered skim milk using the method for treating 2 liquid food
according to the present invention,

Fig, 5 shows a graph that shows the relationship between the concentration of
the dissolved oxygen in the treatment liquid and the temperature of the treatment liquid

supplied during the step for degassing by depressurization in the method for treating a

19



Liquid food according to the present invention.
Fig. 6 shows a graph that shows the relationship between the concentration of
the dissolved oxygen in the treatment liquid and the saturation pressure of the treatment

liquid supplied in the step for degassing by depressurization in the method for treating a

liquid food according to the present invention,

Description of Reference Numerals

[0065]

1 Treatment liquid

2 Treatment liquid tank

3 Heat exchanger (for heating)
4 Depressurize tank

5 Inert gas-filled tank



CLAIMS

1. A method for treating a liquid food, which decreases a dissolved oxygen
conceniration of the liquid food by putting the liquid food into a decompression vessel
while heating the liquid food to a temperature higher than or equal to saturation
temperature of the liquid food under a decompression atmosphere in the decompression
vessel.

2. A method for treating a liquid food, which decreases a dissolved oxygen
concentration of the liquid food by putting the liquid food into a decompression vessel
while depressurizing the decompression vessel to a pressure lower than or equal to a
saturation vapor pressure of the liquid food at a temperature of the liquid food.

3. The method for treating a liquid food according to claim 1 or 2, wherein the
liquid food in which the dissolved oxygen concentration has been decreased in the
decompression vessel 1s further decreased by subsequently putting the lignid food into
an inert gas atmosphere at normal pressure.

4. The method for treating a liquid food according to any of claims 1 to 3,
wherein the liquid food is skim milk.

5. A method for preparing a powdered food, which comprises powderizing a
liquid food in which dissolved oxygen concentration has been decreased by the method
according to any of claims 1 to 3.

6. The method for preparing a powdered food according to claim 5, wherein the
liquid food is skim milk,

7. A method for preparing powdered skim milk, which comprises centrifuging
raw milk at from 40 to 60°C to give skim milk and subjecting the skim milk to
sterilization, concentration and spray drying to give a powdered skim milk, wherein the
powdered skim milk is prepared by centrifuging raw milk at from 40 to 60°C to give
skim milk, decreasing dissolved oxygen concentration of the skim milk by continuously

using the method for treating a liquid food according to any one of claims 1 to 3, and
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subsequently subjecting the skim milk to the steps of sterilization, concentration and

spray drying.
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