DESCRIPTION

Method for producing processed agquatic food and enzyme
preparation for modifying property of processed aguatic

food

Technical Field
[0001)

The present invention relates to a method for
producing a processed aquatic food comprising adding a
glucose oxidase and a metal-containing yeast, such as iron-
containing yeast, to a processed aguatic food, and an
enzyme preparation for modifying a property of a processed

agquatic food.

Background Art
[00062]

It is attempted to improve yield of processed acuatic
products, such as fishery paste products including boiled
fish paste, and shrimp (prawn) processed foods, by adding
water, and thereby reduce production costs of the products.
However, the physical properties of food preoducts of which
yield is improved in such a manner as mentioned above
significantly deviate from the coriginal physical properties
thereof, and therefore techniques for compensating the
rhysical properties are important. Furthermore, the
physical properties of processed aguatic products such as
shellfish processed products alsc significantly deviate
from the original physical properties via freezing and
thawing, and therefore technigues for compensating the
physical properties are also important for such products.
There are so far known techniques for improving a physical

property via a protein crosslinking reaction using



transglutaminase, or an oxidation reaction that crosslinks
SH groups of proteins to form disulfide bonds {(S-5 bonds) .
£0003]

In the production of shrimp processed fooads,
improvement in the yield of shrimp directly affects the
producticn cost, and therefore it is indispensable. Thus,
a vyield-improving agent is freguently used. It is known
that if shrimp is subjected to a heat treatment, Jjulciness
is lost, and feel in the mouth (mouthfeel) of the shrimp
changes to hard, dry, and crumbling feel. In order to
solve this problem, several attempts have been made, and a
method of treating shrimp with an alkalli agent such as
phosphoric acid salt and pH adjustor is generally used.
[0004]

Japanese Patent Laid-open (KOKAI) No. 2003-235520
discloses a method for improving mouthfeel by using a
surface-improving agent for shrimp containing potassium
carbonate, calcium oxide, tripotassium citrate, trisodium
citrate, sodlium chloride, monosodium glutamate, and water.
However, 1f shrimp is treated with such an alkalil agent ox
the like, the "vyield" of shrimp is greatly improved, but
mouthfeel becomes flabby one due to absorbed water, and the
physical property unigue to shrimp, i.e. "fibrous feel”
(strength of resilience repeatedly and intermittently
sensed with teeth for many layers at the time of biting
shrimp), is reduced, resulting in moutnfeel greatly
different from the original mouthfeel of shrimp. In
particular, for foods for which the original mouthfeel of
shrimp is desired, such as shrimp cutlet and fried shrimp,
“techniques for modifying the flabby mouthfeel are
especially important.

{00051

Japanese Patent Lald-open No. 63-44866 discloses a



nethod for preventing coler fade of fish meat etc. by
treating fish meat etc. with glucose and gluccse
oxidase/catalase type enzyme preparation, but this method
aims at antioxidation of dye and prevention'of color fading
of dye, and does not describe or suggest improvement of
mouthfeel.

[00Ge]

Japanese Patent Laid-open No. 7-155153 discloses a
method for prolonging shelf life of a proteinaceous
processed food, such as that of shrimp, without impairing
mouthfeel of the processed food, by immersing shrimp in a
solution containing glvcine, polyphosphoric acid salt,
glucose oxidase, etc. However, this method aims at keeping
such a food well for a longer period of time by using a
food preserver, and it does not aim at intentionally
improving the quality of a food, and does not give
"regilience", "fibrous feel", and "satisfactcry feel at the
time of eating”™ of shrimp.

100073

Japanese Patent No. 3591053 discloses a method of

“immersing frozen shelled shrimp in a solution of trisodium
phosphate and then in a solution of transglutaminase and
sodium casgein. Although this method is an outstanding
method, it is not sufficient for imparting "fibrous feel"
to shrimp.

(0008}

Japanese Patent No. 4344294 disclcses & method for
producing a lyophilized shrimp comprising immersing a
shrimp in an agueous solution containing glucose, glucose
oxidase, and catalase, and then in an agueous soluticn
containing sodium hydrogencarbonate and/or polyphecsphoric
acid salt, then subjecting the shrimp to a boiling

treatment, and lyophilizing the shrimp. This patent



describeg that the protein structure of the shrimp is
three-dimensionally crogslinked by hydrogen peroxide
generated by the glucose oxidase, and mouthfeel of fresh
shrimp including both softness and firmness is obtained for
shrimp to be restored with boiling water such as
lyophilized shrimp. However, this method is for
lyophilized shrimp used as an ingredient of instant noodles,
and effect thereof for foods to be stored in a freezer
after immersion and boiling, without being lyophilized, is
not described.

[0009]

Japanese Patent Laid-open No. 2003-61618 discloses a
metal mineral-containing yeast, and many reports have been
made for iron-containing yeast such as those of Japanese
Patent Laid-open (KOKAT) Nos. 5-176758 and 2006-238878.
However, all of them relate to health maintenance such as
improvement of anemia, and Japanese Patent Laid-open Nos.
2003-61618, 5-176758, and 2006-238878 do not digclose any

method for improving mouthfeel of processed aguatic food.

[0010]
Disclosure

An object of the present embodiments disclosed herein
is to provide a method for producing a processed aquatic
food, and an enzyme preparation for modifying a property of
a processed aquatic food, which can provide a processed
aquatic food having the original natural physical
properties via only a low temperature and short time
reaction, against cases when the yield is improved by using
an alkali agent such as pH adjustor for the processed
aguatic food, or when the physical properties are impaired
via freezing and thawing. In particular, an object of the
present embodiments disclosed herein is to provide a method

for maintaining the "fibrous feel" of the



ingide of shrimp for shrimp processed foods such as fried
shrimp, or a method for preventing impairment of physical
properties after freezing and thawing for processed
products of shellfish such as Sakhalin surf clam (Spisula
sachalinensis) .

[0011]

The inventors of the present disclosure conducted
various researches, as a result, found that the
aforementioned object can be achieved by using a glucose
oxidase and a metal-containing yeast such as iron-
containing yeast, and accomplished the present disclosure.
The present disclosure thus provides the followings.

[0012]

(1) There is a method for producing a processed
aguatic food, which comprises adding a glucose oxidase and
a metal-containing yeast to an aquatic raw material.

(2) The method according to (1), which further
comprises adding an alkaline agent.

(3} The method according to (2), wherein the alkaline
agent is calcium oxide.

(4) The method according to any one of (1) to (3),
which further comprises adding glucose.

(5) The method according to any one of (1) to (4},
wherein the metal-containing yeast is an iron-containing
yeast.

(6) The method according to (5), wherein the added
amount of the glucose oxidase 1s 0.05 to 15 U per 1 g of
the aguatic raw material, and the added amount of the iron-
containing yeast is 0.00003 to 0.0l g in terms of dry
weight per 1 g of the aguatic raw material.

(7) The method according to any one of (1) to (6),
wherein the processed aguatic food is a shrimp processed

food (prawn processed food) or shellfish processed product.



(8) There is an enzyme preparation for modifying a
property of a processed aguatic food, which contains a
glucose oxidasgse and a metal-containing yeast as active
ingredients.

(9) The preparation according to (8), which further
contains an alkaline agent as an active ingredient.

(10) The preparation according to (9), wherein the
alkaline agent is calcium oxide.

(11) The preparation according to any one of (8) to
(10), which further contains glucose as an active ingredient.

(12) The preparation according to any one of (8) to
(11), wherein the metal-containing yeast is an iron-
containing yeast.

(13) The preparation according to (12), wherein the
contained amount of the iron-containing yeast in the enzyme
preparation is 0.000002 to 0.2 g in terms of dry weight per 1
U of the glucose oxidase.

[0012a] In one aspect, there is provided a method for
producing a processed aquatic food, which comprises adding a
glucose oxidase and an iron-containing yeast to an aguatic
raw material, wherein the added amount of the glucose oxidase
is 0.05 to 15 U per 1 g of the aquatic raw material, and the
added amount of the iron-containing yeast is 0.00003 to 0.01
g in terms of dry weight per 1 g of the aquatic raw material,
wherein said aquatic raw material is selected from the group
consisting of shellfish and shrimp.

[0012b] In another asgpect, there is provided an enzyme
preparation for modifying a property of a processed aguatic
food, which contains a glucose oxidase and an iron-containing
yeast as active ingredients, wherein the contained amount of
the iron-containing yeast in the enzyme preparation is
0.000002 to 0.2 g in terms of dry weight per 1 U of the
glucose oxidase, wherein said property is selected from the

group congisting of mouthfeel, fibrous feel and color.



[0013]

According to the present disclosure, mouthfeel of
processed aguatic food typically including shrimp processed
food and shellfish processed food can be improved only by
immersion at low temperature for short time. AaAs for shrimp
processed food and shellfish processed food, it is also
possible to produce a product having good quality by
performing the reaction for a longer reaction time. In
particular, "fibrous feel" of shrimp treated with a pH
adjustor or phosphoric acid salt can be improved while
maintaining the yield.

[0014]

The processed aquatic food in the present disclosure
meansg a food produced from an agquatic raw material, such as
fish, shellfish, shrimp, crab, octopus, and squid, and

specific examples include, for example, processed aguatic
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products such as shrimp processed foods and shellfish
processed foods.
10014]

Examples of the shrimp processed fcods in the present
inventicn include boiled shrimp, fried shrimp, shrimp
tempura, shrimp cutlet, and sc forth. The examples further
include frozen products, aseptically packaged products,

retort products, dried products, and canned products

The shrimp used as the raw material of the processed shrimp
food in the present inventicn may be shrimp of any type,
such as vannameil éhrimp, black tiger shrimp, poovalan
shrimp, white shrimp, and pink shrimp. Examples of the
shellfish processed foods include shellfish processed food
products of Sakhalin surf clam, ark shell (Anadara
roughtonii), and so forth. The shellfigh processed food
may be a shellfish processed product that can be a
shellfish processed product to be eaten raw or a shellfish
processed product subjected to a heat treatment such as
boiling.
[G6015]

For the method for producing a processed aguatic food
and enzyme preparation for modifying a property of a
processed aquatic food according to the present invention,
a glucose oxidase and a metal-containing yeast are used. A
glucose oxldase catalyzes a reaction that generates
gluconic acid and hydrogen percoxide using glucose, oxygen,
and water as substrates. Hydrogen peroxide generated by
this reaction oxidizes SH groups in proteins to promote
generation of $S bonds (disulfide bonds), and thereby a
cross-linked structure is formed in the proteins. As the
glucose oxidase, there are known those derived from various

origins, e.g. microorganisms such as Aspergillus oryzae,



plants, and so forth. The enzyme used in the present
invention may be any enzyme so long as it has the glucose
oxlidase activity, and the origin thereof may be any |
organism. The enzyme may also be a recombinant enzyme.
Examples include the gluccse oxidase derived from
microorganism marketed from Shin-Nihon Chemical Co., Ltd.
with a trade name of “"Sumizyme PGO". There are alsoc many
commercial products of glucose oxidase that are blended
with catalase preparation, and the glucose oxidase may be
such a mixture with another preparation, so long as the
mixture has the glucose oxidase activity.

00186}

The metal-containing yeast used in the present
invention is a yeast to which zinc, calcium, chromium,
selenium, copper, magnesium, manganese, molybdenum, iodine,
or iron has been added as a nutrient. Zinc-containing
yeast, magnesium-containing yeast, and iron-containing
yeast are preferred, and iron-containing yeast 1s more
preferred. The contained amount of metal in the metal-
containing yeast in the present invention is 0.001 to 0.1 g,
preferably 0.01 to 0.08 g, more preferably 0.04 to 0.06 g,
per 1 g of the yeast in terms of dry weight. The metal-
containing yeast may be in the form of any of powder, paste,
and suspension, and it may consist of live cells, or may be
sterilized. Examples inciude the iron-containing yeast
marketed by Sceti K.K. as a product belonging to the
category of "metal-containing yeast", and iron-containing
yeasts disclosed in Japanese Patent Laid~open Nos. 5-176758
and 2006-238878.

(06171

In the method for producing a processed aguatic food

of the present invention, the added amount of glucose

oxidase is preferably 0.05 to 15 U, more preferably 0.1 to



13 U, per 1 g of aquatic raw material such as shellfish and
shrimp. If the added amount is lower than the above-
mentioned range, the effect cannot be obtained in a
significant degree. Also, i1f the added amount is higher
than the above-mentioned range, the degree of the effectis
not particularly altered, and hence, any merit on cost
cannot be obtained. As for measurement of the glucose
oxidase activity, a glucose oxidase is allowed to act on
glucose as a substrate under the presence of oxygen to
generate hydrogen peroxide, a peroxidase is allowed to act
on the generated hydrogen peroxide under the presence of
aminocantipyrine and phenol to generate a guinoneimine dye,
and a color of the generated quincneimine dye is measured
at a wavelength of 500 nm to guantify the dye. The amount
of the enzyme required for oxidizing 1 pmol of glucese in 1
minute is defined to be 1 U (unit).

[0018)

In the method for producing a processed aguatic food
of the present invention, the added amount of metal-
containing yeast such as iron-containing yeast is
preferably ¢.00003 to 0.01 g, more preferably 0.0001 teo
0.005 g, in tTerms of dry weight, per 1 g of aguatic raw
material such as shellfish and shrimp. The added amount of
metal-containing yeast 1s preferably 0.000002 to 0.2 g,
more preferably 0.0000067 te 0.1 g, in terms of dry weight,
per 1 U of gluccse oxidase.

(060197

In the method for producing a processed aguatic food
cf the present invention, the glucocse oxidase and metal-
containing yeast such as iron-containing yeast may be added
in any step of the production process. Further, the order

of adding glucose oxidase and metal-containing yeast to the

Fuat

raw material and allowing them to act on the raw materia



is not particularly limited, and they may be added
simultaneously or separately. For example, in the case of

a shrimp processed food, the enzyme may be added to a
solution for immersion in which shrimp is immersed for
water absorption, or may be added before the heating step
after the immersion. Further, the enzyme may also be
allowed to act on shrimp after being heated by, for example,
spraying an enzyme solution on the shrimp.

[002¢]

The reaction time for glucose oxidase is not
particularly limited, so long as the enzyme can act on the
substrate substances during the reaction time, and the
enzyme may act for a very short time or for a long time.
The reaction time actually used is preferably 1 minute to
24 hours, more preferably % minutes to Z4 hours, still more
preferably 5 minutes to 2 hours. Also, the reaction
temperature is not particulariy limited so long as the
enzyme can maintain the activity at the reaction
temperature. As for the temperature actually used, the
enzyme is preferably allowed to act at 0 to 80°C. That is,
sufficient reaction time can be secured by performing the
usual immersion and heating steps.

[0021]

RBesides the glucose oxidase and metal-containing
yeast, other enzymes such as transglutaminase and other
substances may be used in combination. In particular, by
using in combination an alkali agent such as sodium
nydrogencarbonate, calcium oxide (calcined calcium), sodium
carbonate, potassium carbonate, and phosphoric acid salt,
it becomes possible to maintain the original mouthfeel of
the focd while improving the yield. The added amount of
alkali salt such as calcium oxide is preferably 0.00001 to

0.05 g, more preferably 0.0001 to 0.0l g, per 1 g of

10



aguatic raw material containing proteins such as shrimp.
When these substances are used in combination, two-step
immersion etc. is not required, and the effect can be
obtained immediately after the addition, which also
characterizes the present invention. Further, if glucose
serving as the substrate of the glucose oxidase is added,
the effect can be obtained with a smaller amount of the
enzyme, and therefore the added amount of the enzyme can be

reduced. In particular, when an agquatic raw material of

o

low glucose content such as shrimp is used, addition of
glucose 1s desirable. In the case of a shrimp processed
food, for exampie, the added amount of glucose is 0.0001 to
0.05 g, preferably 0.001 to 0.03 g, more preferably 0.005
to 0.01 g, per 1 g of raw material shrimp.
{06223

In the enzyme preparation for modifying a property of
& processed aguatic food of the present invention, the
blended amounts of the glucose oxidase and metal-contalining
veast such as iron-contalining yeast are larger than 0% and
smaller than 100%. The amount of the metal-containing
yveast such as iron-containing yeast per 1 U of glucose
oxidase is preferably 0.000002 to 0.2 ¢, more preferably
0.0000067 to 0.1 g, in terms of dry weight. Furthermore,
to the preparation, there may be added and blended a
crosslinking enzyme such as transglutaminase, oxidase such
as glucose oxidase, ascorbate oxidase, polyphencl oxidase,
lysyl oxidase, and tyrosinase, excipient such as glucose,
dextrin, starch, modified starch, and reduced malt sugar
(maititol), proteiln such as plant proteins, gluten, albumen,
gelatin, and casein, seasoning or protein raw material such
as sodium glutamate, animal extracts, fish extracts,
protein hydrolysates, and protein partial decomposition

products, alkali agent (pH adjustor)} such as sodium

11



carbonate, potassium carbonate, and calcium coxide,
chelating agent such as gluconic acid and citric acid salt,
oxidizing or reducing agent such as sodium ascorbate,
glutathione, and cysteine, and other food additives such as
alginic acid, brine, fat cor oil, dye, acidulant, and
perfume. The enzyme preparation of the present inventicn
may be in the form of any of liquid, paste, granule, and

powder.

e
[

O

N
W
(-

Description of the Drawing
ig. 1 shows the results of the organoleptic
evaluation performed in Example 2 of the present invention

for fibrous feel of bciled shrimp.

[0024;
Best Mode for Carrying out the Invention

Hereafter, the present invention will be explained in
more detall with reference to examples. However, the
present invention is not limited at all by these examples.
[0025]
Example 1

Frozen shelled vannameil shrimp (26 to 30 shrimps/1
pound, size frequently used for fried shrimp) in an amount
of 100 g were thawed with running water for 2 hours. To
the thawed shrimp, city water, sodium chloride, and glucose
in amounts shown in Table 1, the glucose oxidase
preparation, "Sumizyme PGO" (product of Shin-Nihon Chemical
Co., Ltd., henceforth also referred td as "GO"}, and metal-
containing yeasts in amounts shown in Table 2 were added
and dissolved, and the resultant was mixed by tumbling at

3

4°C for 5 minutes. The metal-containing yeasts ussd are

o~

"Chromium—-containing yeast" (containing 0.19% by weight of



chromium, Sceti), "Calcium-containing yeast”™ (containing 5%
by weight of calcium, Scetil), "Copper-containing yeast”
(containing C.9%% by weight of copper, Sceti), "Selenium-
centaining yeast”™ (containing 0.09% by welight of selenium,
Sceti), "Manganese-containing yeast" (containing 5% by
welght of manganese, Sceti}, "Molybdenum-containing yeast”
{containing 0.2% by weight of molybdenum, Sceti), "Iodine-
containing yeast”™ {(containing 1.5% by weight of iodine,
Sceti), "Zinc-containing yeast™ (containing 5% by weight of
zinc, Sceti), "Magnesium-containing yeast” (containing 5%
by welght of magnesium, Sceti), and "Iron-containing yeast"
{containing 5% by weight of iron, Sceti)}. After the
tumbling, water was drained, the shrimp was subljected to
heating by boiling at 95°C for 90 seconds in a thermostat,
cocled with ice water for 60 seconds, and then welghted to
calculate yield after heating. The yield after heating is
represented with a value obtained by dividing the weight of
shrimp after the heating with the weight of the shrimp
before the immersion. Further, pH of the solution remained
after the immersion of the shrimp was measured.
Furthermore, in order to confirm mouthfeel of the shrimp
after the heating, "fibrous feel" was evaluated by
organcleptic evaluation performed by five persons in charge,
and the results were represented with scores of from 0 to &
points increasing 0.5-point unit. The evaluation scores
used in the table mentioned below means as folliows: 5, very
good; 4, fairly good; 3, good; 2, slightly bad; and 1, bad,
and the scores are averages of the scores of the five
persons. The "fibrous feel" was defined as strength of
resilience repeatedly and intermittently sensed with teeth

for many layers at the time of biting the product.



[00z6]

Table 1

Amount based % Amount based on Blended
Raw material i

on shrimp (%) | total weight (%) amount {g)
Frozen vannameil

180% . 75.8% 106

shrimp
Sedium chloride 1% 0.8% 1
Glucose 1% 0.8% 1
Water 30% 22.7% 30
Total 132% 180.0% 132
10027}
Table 2

Added amount (per 1 g of raw material shrimp)

Test group | Metal~-containing vyeast GO

$1 No addition No addition

#2 No addition 0.308 U

#3 Chromium~containing yeast 0.,000024 g 6.308 U

#4 Calclum-containing yeast 0.00025 g 0.308 U

#5 Copper~containing yeast 0.00025 g 0.308 U

#6 Selenium~contalining veast 0.000024 g 0.308 U

#7 1Manganese—containiﬁg yeast 0.00025 ¢ 0.308 U

#8 Molybdenum-containing yeast (.00005 g |0.308 U

%9 Iodine~containing yeast 0.000141 g 0.308 U

#10 Zinc-containing yeast 0.00025 g 0.308 U

#11 Magnesium-containing yeast 0.00025 g 0.308 U©

#12 Iron-contalining yeast 0.00025 ¢ 0.308 U
(o028}

The results are shown in Table 3. 2&s shown in Table

3, when 0.308 U of GO alone was added per 1 g of shrimp,

the "fibrous feel” was hardly improved with such tumbling
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at low temperature for short time as 4°C for 5 minutes. In
contrast to the case of adding GO alone, when yeast
containing zinc, magnesium, or iron was used in combination
with GO, the "fibrous feel" was improved even with the
reaction at low temperature for short time. In particular,
marked improvement degree of fibrous feel was obtained with

the iron-containing yeast.

[0028]
Table 3
Fibrous
Test group pH Yield
feel
“#1 | No addition 3.0 7.3 76.4%
$#2 GO 3.1 7.1 o T73.8%
#3 1 GO + Chromium-containing yeast 2.6 7.0 75.9%
#4 | GO + Calcium-containing yeast 2.7 7.0 75.4%
b GO + Copper—confaining yeast 2.9 6.9 76.0%
#6 GO + Selenium~containing veast 3.0 7.0 T6.7%
$#7 | GO0 + Manganese-containing yeast 3.0 7.1 75.7%
48 GO + Molybdenum-containing yeast 3.0 7.0 T7.4%
$9 | GO + Iodine-containing yeast 3.0 6.9 77.0%
#10 | GO + Zinc-containing yeast 2.8 7.0 76.5%
#11 | GO + Magnesium-containing yeast 4.4 7.0 TE.3%
$#12 | GO + Iron-contalning yeast 4.5 6.9 74.1%

{0030]
Example 2

In the iron-containing yeast addition test group,
marked effect of the addition was confirmed even with the
reaction at low temperature for short time (4°C, 5 minutes).
Therefore, the added amount was evaluated. In the same
manner as that of Example 1, to thawed shrimp, city water,

sodium chloride, and glucose in amounts shown in Table 1,
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GO and iron~containing veast 1n amounts shown in Table 4
were added and dissolved, and the resultant was mixed by
tumbling at 4°C for 5 minutes to produce boiled shrimp.
Furthermore, comparative exanples were also performed with
tumbling at 4°C for & prolonged time, i.e., 2 hours. This
tumbling time of 2 hours assumes the time of mixing with a
shrimp modifier used in a shrimp processed food
manufacturing company. In order to confirm mouthfeel of
the shrimp after heating, the "fibrous feel" was evaluated
by the same organoleptic evaluation method as that of

Example 1.

[0031]
Table 4
Added amount (per 1 g of raw material shrimp)

Test group | Iron—containing yeast GO

#1 No addition No addition

#2 No addition ¢.308 U

#3 0.00005 g 0.308 U

#4 0.00010 g §.308 U

# 0.00015 ¢ 0.308 U

#6 0.000620 g 0.308 U

#7 0.00025 g 0.308 U

£8 0.00030 ¢ 0.308 U

#9 0.00035 ¢ 6.308 U

#10 0.01 ¢ No addition
{0032}

The results are shown in Table 5 and Fig. 1. With
the tumbling at 4°C for 5 minutes, in the test group of #2
where cnly GO was added, and the test group of #10 where
only the ireon~containing yeast was added, the fibrous feel

was not improved. In contrast, in the test groups where

16



the iron-containing yeast was added, difference was
observed from the test group of #3, and definite
improvement in the property was observed in the test group
of #4 even with tumbling for a short time, at 4°C for 5
minutes. Further, it was also possible to produce a shrimp
processed food showing high fibrous feel by the reaction

for 2 hours.

[0033)]
Table 5
test group #1000 42 | #3 | #4 | #5 ! #6 1 #7 | #8 | #9 | #10
Fibrous | 5 Minutes | 3.0 | 3,1 ) 3.5 1 4.2 1 4.3 1 4.4 4.6 1 4.5 | 4.5 1 3.0
feel )

2 Hours 3.0 4.0 0 4.1 4.5 4.6 1] 4.7 1 4.8 4.8 4.8 | 3.0
pH after Z hours 7.07:6.92 1 6.7716,70 | 6.8116.83 | 6.74 | 6.88|6.83]7.10

Yield after 2
T4% 71% 69%
hours 1
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[0034]
Example 3

If calcined calcium, which is an alkali material, is
used, the yield is improved, but a problem arises that the
mouthfeel becomes flabby. In order to solve this problem,
the technigue cof the present invention was used to obtain
both good yvield and mouthfeel. In the same manner as that
of Example 1, to thawed shrimp, city water, sodium chloride,
and glucose in amounts shown in Table 1, GO, iron-
containing yeast, and calcined calcium in amounts shown in
Table 6 were added and dissolved, and the resultant was
mixed by tumbling at 4°C for 2 hours to produce boiled
shrimp. In order to confirm mouthfeel of the shrimp aftex
heating, the "fibrous feel" was evaluated by the same

organolieptic evaluation method as that of Example 1.
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Furthermore, comprehensive evaluation was performed on the

O

basis of the "fibrous feel", vield, and cost. When good
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shown in Table 7. In the test group
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[00371

Furtherx,
gliucose oxidase,

to thawed shrimp,

city water,

in order to evaluate

Table 7
Test Fibrous Total Note
; i pH Yield
i group feel evaluation
Fibrous feel was objective
#1 3.0 7.07 | 58.8% B
level, but yield was low.
Yield was high, but the product
#2 1.0 9.74 | 84.0% D had no fibrous feel, and gave
fiabby mouthfeel.
Fibrous feel was ilmproved while
#3 1.5 8.74 | 75.9% C was not objective level, but
vield was Improved.
Fibrous feel was improved while
#4 2.1 8.75 1 76.¢6% C was not objective level, but
yield was improved.
#5 3.0 8§.64 | 76.1% A
%6 3.3 B.74 | 74.7% A
#7 3.4 8.83 | 78.2% A Chijective improvement of fibrous
#3 3.5 8.79 | 76.9% A feel was attalned, and yield was
9 4.0 8.68 | 75.4% A alsc improved.
#10 1.0 8.56 | 74.3% A
$11 4.8 8.67 1 77.1% A
Effect was not obtained in a
degree balanced with cost
#12 4.8 8.78 | 75.5% B
required for increasing amount
cf the enzyme.
[0038]

the addition ratic of
in the same manner as that of Example 1,

sodium chloride, ancg glucose




in amounts shown in Table 1, GO, iron-containing yeast, and
calecined calcium in amounts shown in Table 8 were added and
dissolved, and the resultant was mixed by tumbling at 4°C
for 2 hours to produce boiled shrimp. In order to confirm
mouthfeel of the shrimp after heating, the "fibrous feel”
was evaluated by the same organocleptic evaluation method as
that of Example 1. It had been found that the yield was
sufficiently improved by addition of calcined calcium as
shown in results of Table 7, and such sufficient
improvement effect was alsc confirmed in the test grouvps of
this example. The test groups for which the fibrous feel-
improving effect was confirmed are indicated with gray
color, and among such groups, the groups that showed an
organoleptic evaluaticn score exceeding 3, which is the
objective fibrous feel equivalent to those of the tests of
which results are shown in Tables 6 and 7, are indicated

with the symbol *.
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[0039]

Table 8

Tast group No. g #1 #2 43 #4 #5 é #6€ #7 #8

GO (U/g of food) 0.009 9.03¢ 0.450 0,164 1.00¢ 2.G669 15,006 16.600¢
lzon-containing yeast 0.00000 | 0.0C000 0.000G5 | 6.0000G § 0.00000 | 0.000C0 | £.0000D | 5.0CG0D
{g/y of Zood)

Test group No. £9 #10 #13 §12 #13 #14 $15 §16

GO (U/g of food) 5,000 0.030 ¢.050 3,180 1.00¢ 2.000 15.0460 16.000
Iron-containing yeast 0.00001 | 0.00001 | 6.00001 ] 0.0000% | 0.00501 { 0.0C00L | 0.00G0L | 0.00001
{g/g ©f food)

Test group No. #317 §18 §19 #20 421 f22 #23 #24

GO (U/g of food) G.000 G.03¢ 0.050 0.100 1.000 2.000 15.000 16.000
Iron-containing veast 0.00003 | C.QCO03 | 0.00G03 | 0.00003 | 0.00003 | 0.00063 ] 0.006003 ] 0.00003
(g/g of food)

Test group No. #25 $26 27 #28 #29 $30 31 §32

GO (U/g of food} 0.080 0.030 0.056 G.20¢ 1.000 2.60¢0 15.G09 i6.000
iron-containing yeast $.00Gp10 | ©.00010 | 0.00010 06.006010 | 06.00010 | 0.00G010 1 6.60010 | 0.00010
H{g/g of food)

Test group No. £33 §34 435 #36 ¥37 #38 #39 #406 -

GO (U/g of food) 0.000 G.030 0.050 0.100 1.060 2.000 15.006 16.060
Iron-containing yeast 0.060100 | 0.00100 {0.00100 | 0.050100 | 0.00100 { 0.00200 | 0.00100 | 0.00100
{g/g of food}

Test group o, #41 j42 #4e3 f44 #45 $46 47 £48

GO (U/g of food) 0.000 G.030 0.039 6.150 1.0066 2.000 15.000 16.000
Iron-containing yeast 6.01000 | 0.01600 ; 0.01000 | 0.Q3000 | G.01000 ; 0.C1000 { 0.01000 | 0.01008
(g/g of focod)

Test group Ne. #49 #50C #5% §352 453 #5¢4 55 456

GO (U/g of food) 0.000 0.030 0.050 0.100 1.060 2.000 15.000 16.000
" Iron-containing yeast 0.02000 | 0.062000 | 0.02000 } 0.0200C | 0.02000 | 0.02000 | 0.02000 | 0.02000
{g/g of food)

[0040]
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The results are shown in Table 9. It was found that
addition of 0.05 to 16 U of GO per 1 g of the aguatic raw
material and 0.00003 to 0.02 g of the iron-containing yeast
per 1 g of the raw material shrimp provided significant
effect. However, as already shown in Table 7, even if
added amounts of GO and the iron-containing yeast were
unduly increased, only the cost increased, and no better
effect was obtained. aAmounts of 0.05 to 15 U of GO and
0.00003 to 0.01 g of the iron-containing yeast were
sufficient, and faverable "fibrous feel” could be imparted

with such amounts.

[0041]
Table O
GO (U/g of food)
0.000/0.030{0.050,0.100({1.000:2.000)15.000/|:6.000
Iron- 0.0G6000
containing i 0.00001
veast {g/g|0.00003
of food) 0.00010
7.0010¢C
{0.0IOUO
| 0.02000

Test group for which fibrous feel-improving effect and
# °] J4 1% g

yield-improving effect were cbserved
* Test group that achieved the target quality of fibrous

feel, i.e., evaluation score higher than 3.0

(00421
Example 5
The effect of the preparation was further examined

for Sakhalin surf clams. If discussion is focused on
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distribution of domestic Sakhalin surf clams, since
catching of Sakhalin surf clams is concentrated to the
limited catching season, after catching of "raw Sakhalin
surf clams”, they must be frozen without or after a heat
treatment, and then distributed, for long term storage.
However, freezing of Sakhalin surf clams without a heat
treatment gives damage to mouthfeel of the Sakhalin surf
clams, and deteriorates the original mouthfesl into
unsatisfactory mouthfeel lacking resilience (internal
fibrous feel). If raw shucked shellfish is frozen, and
then thawed and eaten raw (as sliced raw shelifish etc.) or
eaten after heat cooking, the mouthfeel thereof is
unsatisfactory one lacking elasticity and resistance to the
teeth. Therefore, they are currently distributed after
being subjected to a heat treatment and frozen. That is,
edible raw frozen product of the clams is not distributed
in the markets. Further, 1f the clams are frozen after
heating, they cannot be differentiated from overseas import
products (mainly produced in Canada), and commodity value
is also reduced. Therefore, 1f damage to the mouthfeel of
the clams can be suppressed, and the mouthfeel giving
resilience (internal fibrous feel) can be maintained even
after the clams are frozen without subjecting them to a
heat treatment, guality concerning mouthfeel thereof can be
differentiated from that of overseas import products, and
commodlity value is increased.

[0043]

Sakhalin surf clams are shelled, weighed in 100 g for
sach test group, and filled in a pouch, and the additive
materials were added as powder as defined for the test
groups shown in Table 10. Then, they were mixed by hand,
vacuumed by degassing, and stored under refrigeration for

18 hours. After the storage under refrigeration, they were
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quickly frozen with a quick freezing machine (-40°C) and
thawed to obtain edible raw Sakhalin surf clams, which were
subjected to organoleptic evaluation for internal
resilience (equivalent to the internal fibrous feel
referred to for shrimp). The organoleptic evaluation was
performed by three persons in charge, and the results are
indicated with the following symbols: A, modification
effect was significant, which means extremely preferred
result; B, modification effect was obtained, which means
preferred result; C, modification effect was weak, which
does not mean preferred result; and D, modification effect

was not observed.

[0044]
Table 10
Test group #1 $2 #3 #4 #5
Not
Frozen or not frozen Frozen | Frozen |Frozen | Frozen
frozen
GO (U/g of shellfish,
containing 15% glucose ¢ 0 12.6 c lz.¢6
based on shellfish)
Tron-containing yeast
0 0 0 0.0C1le | 0.G016
{g/g of shellfish)

[0045]

The results are shown in Table 11. As shown in the
results of Table 11, it was found that combinatory use of
GO and iron-containing yeast provides improvement of
resilience (internal fibrous feel) even for frozen and
thawed Sakhalin surf clams, i.e., significant property-
imparting effect, and provides preferred mouthfeel. As
described above, it was found that the preparation can
comprehensgively improve properties of processed aguatic

food including nct onily those of shrimp, but also those of



shellfish etc.
[0046]
Table 11

Test group | #1 $#2 #3 #4 ‘ #5
Resilience (internal % 1

A D C D ! B
fibrous feel) f; { {

[0048]
Industrial Applicability

hecording te the present invention, guality of
processed aguatic food can be improved, and thus the

present invention is extremely useful in the field of food

industry.
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CLATIMS

1. A method for producing a processed aquatic food,
which comprises adding a glucose oxidase and an iron-
containing yeast to an aquatic raw material, wherein the
added amount of the glucose oxidase is 0.05 to 15 Uper 1 g
of the agquatic raw material, and the added amount of the
iron-containing yeast is 0.00003 to 0.01 g in terms of dry
weight per 1 g of the aquatic raw material, wherein said
aquatic raw material is selected from the group consisting
of shellfish and shrimp.

2. The method according to claim 1, which further
compriges adding an alkaline agent.

3. The method according to claim 2, wherein the alkaline
agent is calcium oxide.

4. The method according to any one of claims 1 to 3,
which further comprises adding glucose.

5. The method according to any one of claims 1 to 4,
wherein the processed agquatic food is a shrimp processed
food (prawn processed food) or shellfish processed product.

6. An enzyme preparation for modifying a property of a
processed aquatic food, which contains a glucose oxidase
and an iron-containing yeast as active ingredients, wherein
the contained amount of the iron-containing yeast in the
enzyme preparation is 0.000002 to 0.2 g in terms of dry
weight per 1 U of the glucose oxidase, wherein said
property is selected from the group consisting of mouthfeel,
fibrous feel and color.



7. The preparation according to claim 6, which further

contains an alkaline agent as an active ingredient.

8. The preparation according to claim 7, wherein the

alkaline agent is calcium oxide.

9. The preparation according to any one of claims 6 to 8,

which further contains glucose as an active ingredient.
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