DESCRIPTION

Title of Invention
MATERIAL FOR INHIBITING DEGRADATION IN FRESHNESS OF MYOGLOBIN-
CONTAINING FOOD, AND USE OF SAME

Technical Field
The present invention relates to a myoglobin-containing food freshness deterioration
suppressing material for suppressing discoloration, offensive odor, deterioration in texture, and
deterioration in freshness, such as the amount of drip, of a myoglobin-containing food, a food
package comprising the same, and a method for preserving or transporting the food package.
The present invention also relates to a myoglobin-containing food discoloration
suppressing material for suppressing discoloration of a myoglobin-containing food, a food

package comprising the same, and a method for preserving or transporting the food package.

Background Art

The market of fishery products in Japan has recently been on a declining trend due to
population decline and the change in food culture. Japanese foods, such as sushi and slices of
raw fish (sashimi), however, are spread in the world, and an increase in demand for luxury
foodstuffs due to an increase in purchasing power in Asian countries and other areas is
expected. In order to transport Japanese fishery products overseas, a transport technique and
a freshness retention technique are required.

Fishes with high-fat flesh, typified by salmon, are abundantly consumed outside Japan.
In addition, fishes with light-taste and high-lipid flesh are relatively less inhabited outside
Japan, and freshwater fishes with such flesh may be consumed, but saltwater fishes with such
flesh are less consumed.

On the other hand, fishes with light-taste and high-lipid flesh are abundantly inhabited
in Japanese coastal waters, and for example, fishes belonging to the family Carangidae are

abundantly inhabited. A representative example thereof is yellowtail. Yellowtail is



currently actively aquacultured in Japan (includielgme Prefecture, Kagoshima Prefecture,
and other areas). Therefore, yellowtalil is fish@es suitable for exporting abroad.

The quality of fish meat is generally evaluateddzhon appearances (including color
and shape), taste, texture, and other features.pafticular, the quality of fish meat is
evaluated in general retailers, with focusing opesgpances easily evaluated. The quality of
fish meat is thus usually evaluated by appeararstesy as color and shape. The reason is
because a labor time is required and it is not easpnfirm taste and texture with respect to
each fish meat in order to confirm the freshnesfistif meat to be sold in shopfronts. In
addition, fish purchasers also often select a camialeproduct in shopfronts based on the
color of the cross section of a slice of fish.

Meanwhile, when fish meat comprises dark cololedhf like meat of yellowtail, a
protein called myoglobin is present in the muscfefish meat. Myoglobin is a main
component constituting the dark colored flesh ehfmeat. Since myoglobin is higher in
affinity with an oxygen molecule than hemoglobinblwmod, myoglobin receives oxygen in
blood and releases it in metabolisim, vivo. The oxidation-reduction mechanism of
myoglobin is thus constructed vivo, making it possible to maintain ecological acyivit

Normal myoglobin contains a divalent iron ion {fjén heme. An oxygen molecule
coordinates thereto to thereby provide oxymyoglpaird oxymyoglobin is further oxidized to
provide metmyoglobin having a trivalent iron iore{l]. Since metmyoglobin is reduced by
the enzyme action in fishin vivo, to provide normal myoglobin containing %e no
metmyoglobin is accumulated therein. After thetdeaf fish, however, a mechanism of
donating and receiving of oxygen (oxidation-reduttreaction) is lost to cause the reduction
action to be lost. That is, progression of thedation reaction (receiving of oxygen) is
rapidly increased. Such progression of oxidat®generally referred to as "metmyoglobin
formation” (auto-oxidation of myoglobin).

As such metmyoglobin formation progresses, thd datored flesh in fish meat is
changed in color from bright red to brown or gragusing appearances of fish meat to

remarkably deteriorate.



In addition, almost no metmyoglobin formation megses under a temperature
condition of -30C or lower. When fish meat including dark colofsh, such as meat of
yellowtail, is transported and/or preserved foomlgl time in Japan, it is distributed in a low-
temperature distribution system (cold chain) byckha temperature of -3G or lower can be
kept. Only a fresh food which can be distributeéda short time is transported under
refrigeration (4C).

Cold chains used outside Japan are usually abdistn system at a temperature of -
20°. The reason is because distribution of livestowat accounts for the majority of the
distribution outside Japan and such a distribusgatem sufficiently functions at -20.
Such cold chains kept at a temperature ofG€an hardly suppress metmyoglobin formation
in fish meat.

It is not easy to introduce cold chains allowirghfmeat to be distributed at <80 or
lower in such countries where they have not betendaced.

One measure for suppressing deterioration in appeas of fish meat where
metmyoglobin formation easily occurs, in transpafrisuch fish meat by the cold chain at -
20°C or higher, comprises transporting fish meat whhatmosphere in a packaging container
being replaced with CO (carbon monoxide) gas wtaarkg@ging the fish meat. CO can more
strongly coordinate to myoglobin than oxygen. Thagdation is suppressed and myoglobin
(carboxymyoglobin) to which CO coordinates displaysright red color.

Fish meat having myoglobin, however, when treatgd CO, is kept red even after a
long lapse of time after the treatment and doesdetgriorate in appearance, and therefore
causes consumers to misidentify such fish meateash fish meat and can also cause food
poisoning to occur. Therefore, the treatment & fineat with CO has been prohibited under
the Food Sanitation Act in 1994 in Japan. Thetineat is also prohibited currently in
Europe, and is also scheduled to be prohibited AU In addition, destruction of cells is
also caused in such fish meat, and therefore ssbhnfieat deteriorates in freshness while
looking (color) thereof being fresh.

As described above, color is important as a digodtion index of freshness of a

myoglobin-containing food, such as fish meat. Theshness of a myoglobin-containing
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food, however, needs to be evaluated comprehegsineilerms of not only color, but also
form, texture, odor, the amount of drip, K-valusciged later, and other viewpoints.

The K-value is known as an index for evaluationfr@fshness deterioration of a
myoglobin-containing food, such as fish meat, by abjective numerical. Adenosine
triphosphate (ATP) as an energy source is preadigh meat and such a substance is rapidly
decreased by an enzyme action in the muscle aieddath of fish to be thereby sequentially
decomposed to adenosine diphosphate (ADP), adenosinophosphate (AMP), and inosinic
acid (IMP) (an umami component), and further decositppn progresses to allow inosine
(HXR) and hypoxanthine (Hx) to accumulate. ATP, ADAMP and IMP are more
accumulated in fresh fish. HxR and Hx are moreiaedated in unfresh fish. The K-value
refers to the value expressed in percentage dbtheamount of inosine and hypoxanthine in
the total amount of ATP-related compounds, as sgmied by (Formula A) proposed by
Tsuneyuki Saito (professor emeritus at the Uniteref Hokkaido) in 1959 (Non Patent
Literature 2). The K-value represents the follogvimumerical values: 10% or less in fish just
after death, approximately 20% in slices of rawa,fsnd about 60% at initial decay. The rate
of decrease in freshness, which can be evaluasetban such values, differs depending on
the type of fish, and, in general, is high in thee of codfish and low in the case of white fish,
such as porgy and flatfish.

K-value (%) = [HXR + HX]/[ATP + ADP + AMP + IMP + kR + Hx]x 100  (A)

Preventing oxidation of fish meat is required tevent discoloration and freshness
deterioration of fish meat comprising myoglobin. or@entional methods for preventing
oxidation of fish meat without any CO treatment evaghly classified to two methods: (1)
avoiding oxygen and fish meat from being in contaith each other; and (2) preventing
oxidation of fish meat.

A representative method as the method (1) inclwdesum packing fish meat. It is,
however, difficult to completely expel oxygen frdish meat. Expelling oxygen excessively
can cause fish meat to be compressed and colldgsatinospheric pressure. In addition,
only vacuum packing can highly likely cause oxydgerenter into a pack through a sealing

portion due to impact in distribution and/or loragrh distribution.
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Examples of the method (2) include:
(2-1) immersing fish meat in an antioxidant solatio
(2-2) mixing fish meat and an antioxidant,
(2-3) freezing fish meat in a specified condition,
(2-4) packaging fish meat by a film containing amical agent which supplies an agent
acting as a ligand for myoglobin, and
(2-5) providing a fish feed having an antioxidataaion to live fish.

The following methods are known as the method)(2-Patent Literature 1 discloses
immersing fish meat in a hinokitiol solution. Rdtd.iterature 2 discloses immersing fish
meat in a solution containing hinokitiol and one kafjic acid, ascorbic acid and sodium
ascorbate. Patent Literature 3 discloses immerésiy meat in a solution containing
trehalose and sodium carbonate or potassium cadonRatent Literature 5 discloses a color
fading and/or discoloration preventing agent df fiiseat, comprising ascorbic acid or sodium
ascorbate, ferulic acid and a pH adjuster. Patatgrature 5 discloses a method of
immersing fish meat in an aqueous solution of terdading and/or discoloration preventing
agent, and a method of directly adding the coldimig. and/or discoloration preventing agent
to fish meat. Patent Literature 11 discloses insmgr chicken in seawater containing a
solution of rosemary extracted with warm water. teRtLiterature 13 discloses immersing
beef cut in an aqueous rosemary solution (rosntagicid, carnosic acid, carnosol).

The following methods are known as the method)(2-Patent Literatures 1 and 2
disclose compounding of an antioxidant, such asMiiiol, to mince of fish meat. Patent
Literature 4 discloses compounding of an antioxidaaductant), such as ascorbic acid and
erythorbic acid, to mince obtained by pulverizingd flesh. Patent Literature 5 discloses
direct addition of the color fading and/or disceliton preventing agent of fish meat,
comprising ascorbic acid or sodium ascorbate, ifeadid and a pH adjuster, to mince of fish
meat. Patent Literatures 9 and 10 disclose, &feaence example, immersing of fish meat
cut into dice in an aqueous rosemary extract smiuti Patent Literature 12 discloses addition

of ascorbic acids to mince of tuna flesh.



The following methods are known as the method)(2-Batent Literature 6 discloses
quickly freezing fish meat at a temperature of’@or lower (-50C in Examples) to thereby
suppress discoloration of fish meat.

The following methods are known as the method)(2-#atent Literature 7 discloses a
food packaging article for suppression of discdioraof a myoglobin-containing food. The
food packaging article comprises a food conta@dapntaining a myoglobin blooming agent,
and an oxygen barrier layer. The myoglobin blogragent is defined in Patent Literature 7
to mean any agent (or precursor thereof) that biodsr interacts with any undenatured
myoglobin-containing structure (including, but tiatited to, deoxymyoglobin, oxymyoglobin,
metmyoglobin, carboxymyoglobin, and nitric oxide eglobin) present in a fresh meat
product to produce or preserve a desired cololh) sgca red color, indicative of fresh meat.
The myoglobin blooming agent includes a nitric @«ibnating compound, a nitrogen
heterocycle, a carbon monoxide-donating compoursiiifar monoxide-donating compound,
a nitrous oxide (PD)-donating compound, an ammonia (HHdonating compound and a
hydrogen sulfide-donating compound. In Patentrattge 7, it is considered that nitric oxide,
a nitrogen heterocycle, carbon monoxide, nitrous@¥N,O), ammonia or hydrogen sulfide
donated by such a myoglobin blooming agent caraad ligand for myoglobin to maintain
the color of myoglobin in fresh meat. FurthermdPatent Literature 8 corresponds to the
International Patent Application whose applicarthis same as that of Patent Literature 7, and
discloses a food packaging film comprising a foodtact layer containing a nitric oxide-
containing compound, and an oxygen barrier lay®&atent Literature 8 discloses, as in Patent
Literature 7, a techniqgue where a packaging filnmpound containing nitrogen oxide
interacting as a ligand for myoglobin, such agteitis brought into contact with a myoglobin-
containing food to thereby produce a color desgalor the myoglobin-containing food.
Patent Literature 8 suggests that a rosemary éxtazacstrengthen the action of the compound
containing nitrogen oxide.

As the method (2-5), Non Patent Literature 1 repdinat metmyoglobin formation
hardly occurs in fish meat taken from young yellagtto which 0.02% of a tea powder or a

food containing 0.02% of a tea powder has beenngiweer about one month. Patent
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Literatures 9 and 10 also teaches that specified fgven to fish can suppress the change in
color tone of fish meat processed to slices offialn

Patent Literature 14 discloses effectiveness sinaninic acid contained in a rosemary
extract and other compounds, as a deterioratiomepting agent for food other products.
The literature also discloses a plastic productaiomg the deterioration preventing agent.
Examples of the plastic product include a food pgokg material. The proportion of the
deterioration preventing agent to be used in thst product, however, is merely described
to be in a very wide range from 0.0005 to 5% bygheeven as the most specific range, and

no specific embodiment is described.
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Summary of Invention

The methods (2-1) to (2-5) have the following peohs, and cannot be necessarily
satisfactory as a measure for preventing metmyagligomation in fish meat and suppressing
freshness deterioration along therewith.

The method (2-1) is not cost-effective becauseatit®xidant and the solvent, such as
water, are required in large amounts for prepamatiovarious antioxidant solutions and most
thereof are not absorbed in fish meat, and sudhuéian is required to be disposed as a waste
liquid after immersion. The time for immersionfgh meat is also then required in no small
part, and therefore metmyoglobin formation andhness deterioration also progress in this
immersion step (the solvent is mostly water ands timmersion therein at°G or lower is
impossible.). In particular, a considerable imnmrdime is required for thick fish in the
form of fillet. When fish meat is then immersechtiouously in an antioxidant liquid, the
antioxidant deteriorates to thereby make it imgaedio exert the antioxidant effect demanded.
Another problem is that the immersion treatmenth@ solution causes physical properties,
shape and taste of fish meat to be changed. Fortine, if fish meat having both ordinary
flesh and dark colored flesh is immersed in théaitant solution, the ordinary flesh may be
colored and the effect is difficult to selectivalgd operationally exert at the dark colored flesh.

Moreover, many microorganisms, such aslostridium botulinum, Vibrio
parahemolyticus andEscherichia coli, are present on the skin (scale surface or skiaejr of
a fish fillet. When the fish fillet is immersed an aqueous solution with an antioxidant
dissolved therein, the microorganisms can be mowed the entire flesh. In addition, when

many fillets are continuously immersed, the micgamisms can also grow. Therefore, when



the method (2-1) is applied to fish meat, not drisghness deterioration cannot be suppressed,
but also further freshness deterioration can bepted.

In addition, when many fish fillets are continugusmmersed, the amount of the
antioxidant to be absorbed is different among fistlividuals, the concentration of the
antioxidant in the solution can likely vary, andpiragnation with the antioxidant cannot be
quantitatively achieved.

In order to constantly keep the state of fish nar immersion, the immersion time
needs to be optimized depending on fish individuaSpecifically, the time for permeation
into each fish body needs to be optimized depenaimthe firmness of flesh and the degree of
rigor mortis of each individual, and other factorsSuch optimization is difficult, and the
method (2-1) is not suitable for industrial appiica.

The method (2-2) can suppress metmyoglobin foonaind freshness deterioration of
fish meat without using external elements, whickh thethod (2-1) uses. However, the
method (2-2) requires changing the shape of fisth therefore is not applicable to foods
distributed with the shape of a slice of fish remrajy. In addition, this method requires a
separate step of pulverizing fish meat. Furtheeanathen fish meat is pulverized, the water
content of fish meat can flow out, resulting inexikase in the quality of fish meat.

Performing the method (2-3) requires a dedicaaedity for the method. In addition,
performing quick freezing consumes further time.

Patent Literatures 7 and 8 disclose, as the mdfdd, using a substance as a ligand to
be bound to myoglobin, to suppress discoloratiomgbglobin. The technique disclosed in
Patent Literatures 7 and 8 is essentially the sasreetechnique for preventing discoloration of
myoglobin by a treatment of fish meat with carboonaoxide gas. Accordingly, fish meat is
considered to be kept red even after a long lapsene after the treatment, to result in no
deterioration in appearances, and the techniquédnaaa the same problem as a conventional
treatment of fish meat with carbon monoxide gashatTs, the method (2-4) merely modifies
myoglobin so as to forcibly cause it to producglitired, through which the discoloration due
to freshness deterioration becomes hardly recoblgza This method cannot suppress

freshness deterioration.



The method (2-5) requires giving the feed to lilsh continuously for a long period
before shipment of fish meat. In addition, the antoof feeding can cause the freshness
retention effect to differ with respect to eachhfis Most of the antioxidant, such as a tea
extract, compounded in the feed is not consumetishy and the method (2-5) also has the
problem of being not cost-effective.

An object of the present invention is then to faeva simple measure which can
suppress freshness deterioration of a myoglobitagung food. Another object of the
present invention is to provide a simple measuréchvican prevent discoloration due to
oxidation of a myoglobin-containing food of anyusiture, at a temperature of higher than -
30°C.

The following inventions are herein disclosed asasures for solving the above
problems.

(1) A myoglobin-containing food freshness detettiora suppressing material for suppressing
freshness deterioration of a myoglobin-containimgdf, comprising:

a substrate comprising a polymer; and

an antioxidant with which at least a part of dace of the substrate is covered, and/or
an antioxidant supported in a layer forming atti@gsart of a surface of the substrate; wherein

the material comprises 0.01 g/or more and 20 g/fror less of the antioxidant relative
to the area of the part in which the antioxidargrissent, of the surface of the substrate.

(2) A myoglobin-containing food freshness detetiorasuppressing material for suppressing
freshness deterioration of a myoglobin-containmgdf, comprising:

a substrate comprising a polymer; and

an antioxidant with which at least a part of dace of the substrate is covered, and/or
an antioxidant supported in a layer forming atti@gsart of a surface of the substrate; wherein

the material comprises, besides the antioxidamtagent which binds to or interacts
with myoglobin to produce, maintain or enhance #rcderived from myoglobin, in an
amount which can allow the color derived from mymgh to be procuded, maintained or
enhanced, more preferably comprises, besides ttexialant, no agent which binds to or

interacts with myoglobin.
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(3) The myoglobin-containing food freshness detation suppressing material according to
(2), wherein a case is excluded in which the ardent is at least one selected from the group
consisting of a nitric oxide-donating compound jr@rganic cyanide compound, an inorganic
fluoride, isothiocyanate, a bacterial culture tfads nitrogen to provide a source of nitrogen
oxide, betanine, erythrocine, a cochineal extraatjtrogen heterocycle, a carbon monoxide-
donating compound, a sulfur monoxide-donating campp a nitrous oxide-donating
compound, an ammonia-donating compound, a hydreg#ide-donating compound and a
nitrogen oxide-containing compound.

(4) A myoglobin-containing food freshness detetiorasuppressing material for suppressing
freshness deterioration of a myoglobin-containmgdf, comprising:

a substrate comprising a polymer; and

an antioxidant with which at least a part of dace of the substrate is covered, and/or
an antioxidant supported in a layer forming atti@ggart of a surface of the substrate; wherein

at least one of the following conditions:

() the antioxidant comprises 0.92 md/or more and 1840 mgfor less of rosmarinic
acid relative to the area of a part of the surfaicéne substrate in which part the antioxidant is
present;

(I1) the antioxidant comprises 1.2 md/mr more and 2400 mgfor less of carnosol
relative to the area of the part in which the aadant is present, of the surface of the
substrate;

(1) the antioxidant comprises 0.74 md/or more and 1480 mgfmor less of carnosic
acid relative to the area of the part in which émdioxidant is present, of the surface of the
substrate; and

(IV) the antioxidant comprises 0.01 d/mr more and 20 g/fror less of ascorbic acid
relative to the area of the part in which the aatiant is present, of the surface of the
substrate;

is satisfied.
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(5) The myoglobin-containing food freshness detation suppressing material according to
any of (2) to (4), comprising 0.01 gfrar more and 20 g/fror less of the antioxidant relative
to the area of the part in which the antioxidargrissent, of the surface of the substrate.
(6) The myoglobin-containing food freshness detation suppressing material according to
any of (1) to (5), wherein the antioxidant compsisepolyphenol compound or ascorbic acid.
(7) The myoglobin-containing food freshness detation suppressing material according to
(6), wherein the antioxidant comprises a rosematyaet and/or a tea extract comprising a
polyphenol compound.
(8) The myoglobin-containing food freshness detation suppressing material according to
(7), wherein the antioxidant comprises a water{delurosemary extract comprising a
polyphenol compound.
(9) The myoglobin-containing food freshness detation suppressing material according to
any one of (1) to (8), wherein the polymer is assteone selected from the group consisting of
a polyester-based resin, a polyamide-based regnlyalefin-based resin, a polyvinyl-based
resin and cellulose.
(10) The myoglobin-containing food freshness detation suppressing material according to
any of (1) to (9), wherein when the mass of théoaitant per square meter area of the part in
which the antioxidant is present, of the surfacthefsubstrate, is defined as T, and

one plate- or film-shaped sample piece of a sqbam on a side, of the myoglobin-
containing food freshness deterioration suppressiatgrial, is immersed in a volume of 1000
mL of distilled water at a temperature 64

the following characteristics are exhibited:

a mass of 0.05 T or more per square meter ardgegfart, of the antioxidant, is eluted
from the substrate into the distilled water at &6ahds after the start of immersion,

a mass of 0.15 T or more per square meter ardgeqgdart, of the antioxidant, is eluted
from the substrate into the distilled water 30 n@suafter the start of immersion.
(11) A food package comprising at least:

the myoglobin-containing food freshness deteriorasuppressing material according

to any of (1) to (10);
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a packaging material; and

a myoglobin-containing food; wherein

the myoglobin-containing food freshness deterionasuppressing material and the
myoglobin-containing food are packaged by the pgicigamaterial so that a surface of the
substrate, covered with the antioxidant, and/arréase of the layer in which the antioxidant is
supported, of the myoglobin-containing food fregmeleterioration suppressing material,
are/is in contact with at least a part of a surfaicdde myoglobin-containing food.
(12) A food package comprising at least:

a packaging material at least partially compristhg myoglobin-containing food
freshness deterioration suppressing material acgptd any of (1) to (10); and

a myoglobin-containing food; wherein

the myoglobin-containing food is packaged by thekaging material so that a surface
of the substrate, covered with the antioxidant,/@nd surface of the layer in which the
antioxidant is supported, of the myoglobin-contagnfood freshness deterioration suppressing
material comprised in the packaging material, ani@/icontact with at least a part of a surface
of the myoglobin-containing food.
(13) A food package comprising at least:

a packaging material at least partially compristhg myoglobin-containing food
freshness deterioration suppressing material aogptd any of (1) to (10);

an additional myoglobin-containing food freshnédsserioration suppressing material
according to any of (1) to (10); and

a myoglobin-containing food; wherein

the additional myoglobin-containing food freshndsserioration suppressing material
and the myoglobin-containing food are packagedbkypackaging material so that a surface of
the substrate, covered with the antioxidant, an@osurface of the layer in which the
antioxidant is supported, of the myoglobin-contagnfood freshness deterioration suppressing
material comprised in the packaging material, an@/icontact with at least a part of a surface

of the myoglobin-containing food, and
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the additional myoglobin-containing food freshndss$erioration suppressing material
and the myoglobin-containing food are packagedbypackaging material so that a surface of
the substrate, covered with the antioxidant, an@osurface of the layer in which the
antioxidant is supported, of the additional myogtetontaining food freshness deterioration
suppressing material, are/is in contact with astlem part of a surface of the myoglobin-
containing food.
(14) The food package according to any of (11)1®),(wherein an interior of the packaging
material is degassed.
(15) The food package according to any of (11)14),( wherein the myoglobin-containing
food is fish meat containing myoglobin.
(16) The food package according to (15), wheregnfigh meat is meat of fish belonging to the
family Carangidae.
(17) The food package according to (15) or (16)emem

the fish meat is a fillet whose surface is pdstiabvered with skin, loin whose surface
is partially covered with skin, loin from which skis stripped, or a slice of fish, and

the packaging is made in the packaging materiathab a surface of the substrate,
covered with the antioxidant, and/or a surface e tayer in which the antioxidant is
supported, of the myoglobin-containing food fredmeleterioration suppressing material
comprised in the packaging material and/or the rofg-containing food freshness
deterioration suppressing material separate frarpttkaging material, are/is in contact with
at least a part of a surface covered with skirhefftllet, at least a part of a surface covered
with skin of the loin whose surface is partiallyveced with skin, at least a part of a surface
from which skin is stripped of the loin from whiakin is stripped, or at least a part of a
surface of the slice of fish.
(18) A method for preserving and/or transporting fbod package according to any one of
(11) to (17), comprising:

a step of preserving and/or transporting the foackage under a temperature condition

of -30°C to +10C.
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(19) A method for suppressing freshness determratf a myoglobin-containing food,
comprising:

a step of bringing the myoglobin-containing fosdshness deterioration suppressing
material according to any of (1) to (10) into cantevith the myoglobin-containing food so
that a surface of the substrate, covered with thi®xadant, and/or a surface of the layer in
which the antioxidant is supported, of the myoghetontaining food freshness deterioration
suppressing material, are/is in contact with astlesm part of a surface of the myoglobin-
containing food.

(20) The method according to (19), wherein the ste@ step of using the myoglobin-
containing food freshness deterioration suppressmagerial, a packaging material and the
myoglobin-containing food, using the packaging mateat least partially comprising the
myoglobin-containing food freshness deterioratiappsessing material, and the myoglobin-
containing food, or using the packaging materideast partially comprising the myoglobin-
containing food freshness deterioration suppressiggerial, the additional myoglobin-
containing food freshness deterioration suppressiagerial and the myoglobin-containing
food to form the food package according to anyan@1l) to (17).

(21) The method according to (20), further compgsa step of preserving and/or transporting
the food package under a temperature conditioB®{to +10C.

(22) Use of the myoglobin-containing food freshneigerioration suppressing material
according to any of (1) to (10), for suppressingsfmess deterioration of a myoglobin-
containing food.

(23) The use according to (22), for suppressinghiness deterioration of a myoglobin-
containing food by using the myoglobin-containirgpd freshness deterioration suppressing
material, a packaging material and the myoglobimt@ning food, using the packaging
material at least partially comprising the myogiebontaining food freshness deterioration
suppressing material, and the myoglobin-contaifioayl, or using the packaging material at
least partially comprising the myoglobin-containifagpd freshness deterioration suppressing

material, the additional myoglobin-containing foddeshness deterioration suppressing
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material and the myoglobin-containing food to fahme food package according to any one of
(11) to (17).
(24) A myoglobin-containing food discoloration suegsing material for suppressing
discoloration of a myoglobin-containing food, comsprg:

a substrate comprising a synthetic resin; and

an antioxidant with which at least a part of dace of the substrate is covered, and/or
an antioxidant supported in a layer forming atti@gsart of a surface of the substrate; wherein

the material comprises, besides the antioxidamtagent which binds to or interacts
with myoglobin.
(25) The myoglobin-containing food discolorationpptessing material according to (24),
wherein a case is excluded in which the antioxidardt least one selected from the group
consisting of a nitric oxide-donating compound jr@arganic cyanide compound, an inorganic
fluoride, isothiocyanate, a bacterial culture tiets nitrogen to provide a source of nitrogen
oxide, betanine, erythrocine, a cochineal extraatjtrogen heterocycle, a carbon monoxide-
donating compound, a sulfur monoxide-donating campp a nitrous oxide-donating
compound, an ammonia-donating compound and a hgdrsgifide-donating compound.
(26) The myoglobin-containing food discoloratiorpptessing material according to (24) or
(25), wherein the antioxidant comprises a polypheompound.
(27) The myoglobin-containing food discolorationpptessing material according to (26),
wherein the antioxidant comprises the polyphenatpound in the form of a rosemary extract
and/or a tea extract.
(28) The myoglobin-containing food discoloratiorpptessing material according to any of
(24) to (27), comprising 0.01 gfnor more and 20 g/fror less of the antioxidant relative to
the area of the part in which the antioxidant esspnt, of the surface of the substrate.
(29) A myoglobin-containing food discoloration suegsing material for suppressing
discoloration of a myoglobin-containing food, comprg:

a substrate comprising a synthetic resin; and

an antioxidant with which at least a part of dace of the substrate is covered, and/or

an antioxidant supported in a layer forming att@ggart of a surface of the substrate; wherein
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the antioxidant comprises a polyphenol compound, a

the material comprises 0.001 g/or more and 20 g/fmor less of the antioxidant
relative to the area of the part in which the aadant is present, of the surface of the
substrate.
(30) The myoglobin-containing food discolorationpptessing material according to (29),
wherein the antioxidant comprises the polyphenatpound in the form of a rosemary extract
and/or a tea extract.
(31) The myoglobin-containing food discoloratiorpptessing material according to any of
(24) to (30), wherein the synthetic resin is asteane selected from the group consisting of a
polyester-based resin, a polyamide-based resialyalpfin-based resin and a polyvinyl-based
resin.
(32) A food package comprising at least:

the myoglobin-containing food discoloration sumgsiag material according to any of
(24) to (30);

a packaging material; and

a myoglobin-containing food; wherein

the myoglobin-containing food discoloration sumsiag material and the myoglobin-
containing food are packaged by the packaging mahtso that a surface of the substrate,
covered with the antioxidant, and/or a surface t# tayer in which the antioxidant is
supported, of the myoglobin-containing food discatmn suppressing material, are/is in
contact with at least a part of a surface of theghgbin-containing food.
(33) The food package according to (32), whereinind@rior of the packaging material is
degassed.
(34) A food package comprising at least:

a packaging material at least partially compristhg myoglobin-containing food
discoloration suppressing material according to@mn24) to (30); and

a myoglobin-containing food; wherein

the myoglobin-containing food is packaged by thelkaging material so that a surface

of the substrate, covered with the antioxidant,/@nd surface of the layer in which the
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antioxidant is supported, of the myoglobin-contagnfood discoloration suppressing material
comprised in the packaging material, are/is in @onwith at least a part of a surface of the
myoglobin-containing food.

(35) The food package according to (34), whereininderior of the packaging material is
degassed.

(36) The food package according to any one of {8235), wherein the myoglobin-containing
food is a slice of fish meat containing myoglobin.

(37) The food package according to (36), wheregnsiice is a slice of yellowtail.

(38) A method for preserving and/or transporting thod package according to any of (32) to
(37), comprising:

a step of preserving and/or transporting the foackage under a temperature condition
of -30°C to +10C.

(39) A method for suppressing discoloration of abgigbin-containing food, comprising:

a step of bringing the myoglobin-containing foadcdloration suppressing material
according to any of (24) to (31) into contact witke myoglobin-containing food so that a
surface of the substrate, covered with the antamtidand/or a surface of the layer in which the
antioxidant is supported, of the myoglobin-contagnfood discoloration suppressing material,
are/is in contact with at least a part of a surfaidde myoglobin-containing food.

(40) The method according to (39), wherein the ste@ step of using the myoglobin-
containing food discoloration suppressing matedgbackaging material, and the myoglobin-
containing food, or using the packaging materideast partially comprising the myoglobin-
containing food discoloration suppressing matergaid the myoglobin-containing food to
form the food package according to any one of {8237).

(41) The method according to (40), further compgsa step of preserving and/or transporting
the food package under a temperature conditioB®{to +10C.

(42) Use of the myoglobin-containing food discotama suppressing material according to
any of (24) to (31) for suppressing discoloratid@ onyoglobin-containing food.

(43) The use according to (42), for suppressingafiisation of a myoglobin-containing food

by using the myoglobin-containing food discoloratisuppressing material, a packaging
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material and the myoglobin-containing food, or gsihe packaging material at least partially
comprising the myoglobin-containing food discolarat suppressing material, and the

myoglobin-containing food to form the food packageording to any one of (32) to (37).

The present specification encompasses the cotésotibed in the specification and/or
the drawings in Japanese Patent Application No42013518, which is a basis of the priority

of the present application.

Brief Description of Drawings

Figure 1A is a schematic view for describing orareple of the structure of the food
package of the present invention.

Figure 1B is a schematic view illustrating one rap&e of the food package of the
present invention.

Figure 2 is a schematic cross-sectional viewtilaigg one example of the myoglobin-
containing food discoloration suppressing matemneling a layered structure of the present
invention.

Figure 3 is a schematic cross-sectional viewtilaigg one example of the myoglobin-
containing food discoloration suppressing matenmling a layered structure of the present
invention.

Figure 4 is a view illustrating a first fish meaiece of yellowtail used in each of
Examples and Comparative Examples in Test 1.

Figure 5 is a photograph showing a yellowtail spen (Example 1) before and after
the preservation test in Test 1.

Figure 6 is a photograph showing a yellowtail spea (Example 2) before and after
the preservation test in Test 1.

Figure 7 is a photograph showing a yellowtail spea (Comparative Example 1)
before and after the preservation test in Test 1.

Figure 8 is a photograph showing a yellowtail spec (Comparative Example 2)

before and after the preservation test in Test 1.
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Figure 9 is a photograph showing a yellowtail spea (Comparative Example 3)
before and after the preservation test in Test 1.

Figure 10 is a schematic view for describing aeotxample of the structure of the
food package of the present invention.

Figure 11A is a schematic view for describing emample of the structure of the food
package of the present invention.

Figure 11B is a schematic view illustrating onareple of the food package of the
present invention.

Figure 12A is a schematic view for describing erample of the structure of the food
package of the present invention.

Figure 12B is a schematic view illustrating onareple of the food package of the
present invention.

Figure 13A is a schematic view for describing emample of the structure of the food
package of the present invention.

Figure 13B is a schematic view illustrating onareple of the food package of the
present invention.

Figure 14 includes photographs of fillets afteiramersion treatment with an aqueous
antioxidant solution for 2 hours, according to Camngtive Examples 203, 204 and 205, in
Test 2. Figure 14A is a photograph of the fillgeathe treatment, according to Comparative
Example 203, Figure 14B is a photograph of theetfithfter the treatment, according to
Comparative Example 204, and Figure 14C is a pmapygof the fillet after the treatment,
according to Comparative Example 205.

Figure 15 is a schematic cross-sectional viewstithting one example of the
myoglobin-containing food freshness deterioratiappsessing material having a layered
structure of the present invention.

Figure 16 includes graphs illustrating the resaftshe elution test in Test 3. Figure
16A shows the change over time in proportion ofahgoxidant eluted from the myoglobin-
containing food freshness deterioration suppressiragerial of the present invention in

contacting of the material with the surface of leffiof yellowtail. Figure 16B shows the
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change over time in proportion of the antioxidaotexrl from the myoglobin-containing food
freshness deterioration suppressing material gbtégsent invention in water.

Figure 17 is a schematic cross-sectional viewstthting one example of the
myoglobin-containing food freshness deterioratiappsessing material having a layered
structure of the present invention.

Figure 18 includes views for describing fish medgigure 18A illustrates fish meat as
a form called "round" which corresponds to the rentf fish. Figure 18B illustrates fish
meat as a form called "dress" where the head, giternal organs and fins are removed.
Figure 18C Iillustrates fish meat as a form callétlet” where the left and right of the
backbone are cut out from the dress. Figure 1BiStihtes fish meat as a form called "loin"
which is obtained by separating the fillet to twortpns: upper and lower portions. The
figures illustrate dorsal loin 182, an example ahlfrom which skin is stripped, and ventral

loin 183, an example of loin having skin.

Description of Embodiments

1. Myoglobin-containing food freshness deteriomatsuppressing material or Myoglobin-
containing food discoloration suppressing material

1.1. Substrate

A polymer forming a substrate is not limited. Exzes of the polymer include at
least one selected from the group consisting oblgegter-based resin, a polyamide-based
resin, a polyolefin-based resin, a polyvinyl-basedin and cellulose. The polymer is
preferably a synthetic resin.

Examples of the polyester-based resin include gtbigjene terephthalate,
polypropylene terephthalate, polybutylene teredatba polycyclohexanedimethylene
terephthalate, polyethylene naphthalate and pojjéng naphthalate.

Examples of the polyamide-based resin include hylsuch as Nylon 6, Nylon 11,
Nylon 12, Nylon 66, Nylon 610, a copolymer of Nyl6rand Nylon 66, a copolymer of Nylon
6 and Nylon 12), and polyvinylidene chloride-coatented Nylon.
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Examples of the polyolefin-based resin includeyetilylene (such as low-density
polyethylene, linear low-density polyethylene, allbrv density polyethylene), polypropylene,
a copolymer of ethylene and vinyl acetate, a capely of ethylene and vinyl alcohol, a
copolymer of ethylene and acrylic acid, a copolymkeethylene and methacrylic acid, and
polyvinylidene chloride-coated oriented polypromde

Examples of the polyvinyl-based resin include ptlyene, polyvinyl acetate, acryl,
polyvinyl chloride, polyvinylidene chloride, andlgwinyl alcohol.

The resins may be oriented or non-oriented, ang be resins processed for an
increase in barrier property.

Examples of the substrate comprising celluloskide cellophane.

The substrate may have any shape, and may, fon@eahave a film shape or a plate
shape. The shape of the myoglobin-containing féredhness deterioration suppressing
material or myoglobin-containing food discoloratisnppressing material can be any shape,
such as a film shape and a plate shape, dependitigecshape of the substrate. The film-
shaped substrate can be processed to any formasugitbag, and such a bag can be a gazette
bag, a zipper bag or a vacuum packaging bag. Tymglwbin-containing food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention is particulartefprably in the form of a bag, particularly a
vacuum packaging bag, depending on the shape siitistrate.

When the myoglobin-containing food freshness dmtation suppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention is in
the form of a bag, such as a vacuum packagingthagubstrate preferably comprises a layer
of a polyolefin-based resin, preferably polyethgemmore preferably linear low-density
polyethylene on at least a surface thereof, fadireg inside of the bag. Such a resin is
preferably adopted because of being easily theymizdled and easily heat-sealed.

In addition, when the myoglobin-containing foo@dhness deterioration suppressing
material or myoglobin-containing food discolorati@uppressing material of the present
invention is used for an application where heatisgais not required, the substrate is

preferably a substrate comprising at least onectslefrom a polyester-based resin, a
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polyolefin-based resin and a polyvinyl-based resioye preferably a substrate comprising a
polyester-based resin, particularly preferably lastnate comprising polyethylene terephthalate.
The substrate comprising such a resin is advaniasfjeadopted because of being relatively
inexpensive and easily releasing an antioxidart witich the surface comprising the resin is
covered, or an antioxidant supported in the resin.

It is preferable that at least the portion covewath the antioxidant or the portion
supporting the antioxidant of the substrate is &mnby a layer of the resin, as in an
embodiment described later. The surface of thégrocovered with the antioxidant or the
portion supporting the antioxidant may or may netdubjected to a corona treatment, and
preferably, is not subjected to a corona treatmeihe reason is because a substrate surface
not subjected to a corona treatment more easiasels the antioxidant with which the surface
is covered or which is supported in the surface thaubstrate surface subjected to a corona
treatment.

The substrate may have a multilayer structure ay mmave a monolayer structure.
When the substrate has a multilayer structurepthterials forming respective layers may be
the same or different. Multiple layers forming alltitayer structure can be, if necessary,
bonded by use of a proper adhesive. Such a sté$iaaing a multilayer structure may be
an aluminum-deposited substrate or other typesilo$teate. A substrate with two or more
materials stacked can be manufactured by a cosatrumethod or a lamination method
(including, for example, extrusion lamination, timad lamination, solvent type dry lamination,
non-solvent type dry lamination).

Examples of the substrate include a film-shapeglaie-shaped substrate 105 as shown
in Figure 2 comprising a first polymer layer (firgtsin layer) 102, a second polymer layer
(second resin layer) 104, and an adhesive layerfdOBonding the layers, a film-shaped or
plate-shaped substrate 405 as shown in Figure dresing a first polymer layer (first resin
layer) 401, a second polymer layer (second resiar)ad03, and an adhesive layer 402 for
bonding the layers , and a film-shaped or platgstiasubstrate 105 as shown in Figure 15

comprising a single polymer layer.
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When the substrate has a film shape, the thicktem®of is not limited, but is
preferably 5um or more or 1um or more, preferably 200m or less. When the substrate is
a film having a multilayer structure, the thicknegshe substrate is preferably 30 to 200,
more preferably 40 to 17pm. When the substrate is a film having a monolayercture,
the thickness of the substrate is preferably Sfo@n, more preferably 5 to 145m.

A substrate 105 comprised in a myoglobin-contgnfood freshness deterioration
suppressing material 100, shown in Figure 17, spexific embodiment of the substrate 105
shown in Figure 2, and comprises a linear low-dgnsolyethylene layer 172, an adhesive
layer 173, a Nylon layer 174 and a Nylon layer 17 the substrate 105 shown in Figure 17,
the second polymer layer 104 in the substrate h0%s in Figure 2 is divided to two layers:
the Nylon layer 174 and the Nylon layer 175. ThdoN layer 174 and the Nylon layer 175
can be bonded by solvent type dry lamination witlol@ent and an adhesive.

In the substrate 105 shown in Figure 2, the fidymer layer 102 is preferably a layer
having a thickness of 30 to 90n, particularly preferably a linear low-density pethylene
layer. The adhesive layer 103 is preferably arldyaving a thickness of 3 to 3&m,
particularly preferably a polyethylene layer. Téexond polymer layer 104 is preferably a
layer having a thickness of 5 to @on, particularly preferably a Nylon layer. The sedo
polymer layer 104 may also be divided to a plwyatit layers, as described above, and the
total of the thicknesses of the respective laysrpreferably within the above range as the
thickness of the second polymer layer 104.

When the substrate 105 has a monolayer structsirghawn in Figure 15, it is
preferably a layer having a thickness of 5 to @@ particularly preferably a layer of at least
one selected from polyethylene terephthalate, plojyene and polystyrene.

1.2. Antioxidant

The antioxidant for use in the present invent®mat limited in the present invention,
and may, for example, be an antioxidant comprisinigast one compound selected from the
group consisting of a polyphenol compound, ascoduaid (also including an ascorbic acid
salt), vitamin E (for example, tocopherol), hinaiit ferulic acid (also including an ferulic

acid salt) and ergothioneine, and derivatives thfei@ be a plant extract comprising at least
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one compound selected from the above group. Tberlais acid may be L-ascorbic acid

(vitamin C), D-ascorbic acid (erythorbic acid) ornaxture thereof, and is preferably L-

ascorbic acid (vitamin C). A plurality of antioadts may be used in combination. In the
present invention, when the antioxidant or the titurive component thereof is a compound
having a specified structure, or a combination gbgrthe amount of the compound is
represented as the amount of its free form.

The polyphenol compound collectively means an migaompound having a plurality
of phenolic hydroxyl groups, and specifically ind&s polyphenol compounds having a
phenolic carboxylic acid structure, such as rosm@iacid; polyphenol compounds classified
as flavonoid, such as luteolin; polyphenol compaunaving a diterpene polyphenol structure,
such as carnosol, carnosic acid, rosmanol andspanol; matairesinol; and catechins, such
as epicatechin, epillogallocatechin, and gallicdaesters thereof, such as epicatechin gallate
and epillogallocatechin gallate. In the presememtion, an acid or base compound, such as
rosmarinic acid, carnosic acid and ascorbic acidy miso be in the form of a salt, unless
otherwise specified.

The polyphenol compound used to produce the myagicontaining food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention may be in themfasf a plant extract comprising the
polyphenol compound. Examples of such a plangekinclude a rosemary extract and a tea
extract. The extraction method is not limited. ubly, at least one solvent selected from
the group consisting of water-soluble organic salsesuch as methanol, ethanol and acetone,
water and hexane, and mixed solvents of two or nibezeof can be used to extract
components soluble in the solvent from a plant bahd the solvent can be appropriately
removed to provide an extract. In the presentntiva, such extraction may be performed at
multiple stages, and a different extraction solvealy be used at each stage. In the present
invention, one embodiment of "extraction" includesioving an unnecessary component by
extraction from a plant body raw material or fromextract obtained from the plant body raw
material to provide a necessary component as thmining component The necessary

component obtained by this method is also refetoeals "extract”. For example, a solvent
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(for example, hydrous alcohol) which can elute baftlh water-soluble component and an oil-
soluble component can be used as an extractioergolg provide a primary extract from a

plant body raw material, and a water-soluble exacsolvent, such as water, can be
subsequently used to provide a water-soluble extiraen the primary extract, and then

provide an oil-soluble extract as the remaining ponent; an oil-soluble extraction solvent,

such as hexane, ethanol, or a mixed solvent ofrfeggthanol, can be used to provide an oil-
soluble extract from the primary extract, and therprovide a water-soluble extract as the
remaining component. The hydrous alcohol compraesqueous alcohol solution where
the content of the alcohol is 1 to 99% by masdepably 3 to 97% by mass, and the alcohol is
preferably ethanol.

The method for providing a water-soluble plantract (for example, water-soluble
rosemary extract) is preferably a method where dwyslrethanol is used as an extraction
solvent to perform extraction from a plant body renaterial, and then water is used as an
extraction solvent to perform extraction from tlesulting primary extract, providing a water-
soluble plant extract.

The extraction solvent for providing an oil-solebplant extract (for example, oil-
soluble rosemary extract) is usefully at least selected from the group consisting of hexane,
ethanol and a mixed solvent thereof (for examplejeed solvent where 0.5 to 4 volumes of
hexane, preferably 1 to 3 volumes of hexane is dnixigh 1 volume of ethanol). In addition,
an oil-soluble plant extract, such as an oil-sautdsemary extract, can also be obtained by
using hydrous ethanol as an extraction solventetdopm extraction from a plant body raw
material, and then water is used as an extractdverst to perform extraction from the
resulting primary extract for removal of a watelubbe component, thereby precipitating an
oil-soluble plant extract.

When the antioxidant is a plant extract, the pktitact is preferably a water-soluble
plant extract, particularly preferably a water-&bdurosemary extract. The water-soluble
rosemary extract comprises rosmarinic acid, whgl iphenolic carboxylic acid, as a main
component, and additionally comprises flavonoidl(iding luteolins, luteolin derivatives,

such as luteolin glycoside). Typically, the wasetuble plant extract, such as the water-
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soluble rosemary extract, is easily dissolved inewand hardly dissolved in oils and fats
(including, for example, hexane) at ordinary terap@e and pressure (25 1 atm). The
rosmarinic acid concentration in the water-solutdsemary extract is not limited. The
rosmarinic acid concentration may, for example 2be by mass or more, preferably 4% by
mass or more, more preferably 6% by mass or mooee ipreferably 8% by mass or more.
Rosmarinic acid purified may also be used as thiexadant.

The antioxidant may be an oil-soluble plant extracSpecifically, an oil-soluble
rosemary extract can be used. The oil-solublemmasg extract comprises carnosol, carnosic
acid and other components, as main active compgneifihe rosemary extract is easily
dissolved in oils and fats (including, for examphexane) and is hardly dissolved in water.
The oil-soluble plant extract, such as the oil-bt#@urosemary extract, is typically easily
dissolved in oils and fats (such as hexane) andhhatissolved in water at ordinary
temperature and pressure €5 1 atm). The carnosol concentration in the oiilt#sle
rosemary extract is not limited. The carnosol emi@tion may, for example, be 2% by
mass or more, preferably 4% by mass or more, matenably 6% by mass or more, more
preferably 8% by mass or more, more preferably 1824nass or more. In addition, the
carnosic acid concentration in the oil-soluble magy extract is not limited. The carnosic
acid concentration may, for example, be 2% by massore, preferably 4% by mass or more,
more preferably 6% by mass or more. Carnosol wrosic acid purified may also be used as
the antioxidant.

A commercially available composition comprisingleast in part, a plant extract can
be purchased and used as the plant extract. Ronmg, those sold under trade names "RM-
21A base", "RM-21A", "RM-21B base" produced by Mitsshi-Kagaku Foods Corporation
or other products can be used for the commercaibilable rosemary extract composition,
and those sold under trade names "Sunfood 100"upeat by Mitsubishi-Kagaku Foods
Corporation or other products can be used forg¢hesktract composition.

A polyphenol compound obtained by isolation orantration from the plant extract
or a polyphenol compound artificially synthesizedynbe used as the polyphenol compound

in the present invention.
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1.3. Addition of antioxidant to substrate

The antioxidant is integrated with the substratedvering at least a part of the surface
of the substrate therewith, or by supporting thgoaidant on a layer constituting at least a
part of the surface of the film substrate.

Figure 2 shows one example of the cross-sectistraicture of the myoglobin-
containing food freshness deterioration suppressiagerial or myoglobin-containing food
discoloration suppressing material of the presewention in which the surface of the film-
shaped or plate-shaped substrate is covered wetlamtioxidant. A myoglobin-containing
food freshness deterioration suppressing materiatyamglobin-containing food discoloration
suppressing material 100 of the present inventas dstructure where the surface of a film-
shaped or plate-shaped substrate 105 comprisiingtaélymer layer 102, a second polymer
layer 104, and an adhesive layer 103 for bondimglalgers is covered with an antioxidant
layer 101. The structure of the substrate 105aislimited to such a structure, and the
substrate 105 may also have other structure, ssich monolayer structure as in Figure 15.
The method for covering the surface of the subsstt@6 with the antioxidant layer 101 is not
limited, and for example, a printing method, sushgaavure printing, can be used. In the
printing method, the antioxidant can be dissolveddigpersed in a solvent (for example,
ethanol) which can dissolve or disperse the ardemd, to form varnish, and the surface of the
substrate 105 can be coated with the resultingistarand dried to thereby form the
antioxidant layer 101. Before being coated with Warnish, the surface of the substrate 105
may also be subjected to a corona treatment innegyan order to enhance the affinity of the
substrate surface with the varnish.

In addition, a binder, a thickener or other add#i may be added to the varnish to
enhance printing property of the antioxidant onghbstrate. Examples of the binder or the
thickener that may be used includes shellac andolygropylcellulose. For preventing
being blocked, the substrate may have starch er gibwder dredged on the surface.

Figure 3 shows one example of the cross-sectisiraicture of the myoglobin-
containing food freshness deterioration suppressiagerial or myoglobin-containing food

discoloration suppressing material of the presemention in which the antioxidant is
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supported in a layer forming at least a part of shgace of a film-shaped or plate-shaped
substrate. A myoglobin-containing food freshnegtedoration suppressing material or
myoglobin-containing food discoloration suppressigterial 400 of the present invention
can be formed by allowing the antioxidant to bepsuted in a first polymer layer 401 of a
film-shaped or plate-shaped substrate 405 compitsiedirst polymer layer 401, a second
polymer layer 403, and an adhesive layer 402 fordba the layers. The structure of the
substrate 405 is not limited to such an exampleor example, the substrate 405 may have a
monolayer structure in which the antioxidant ismuped in the entire thickness direction, or
in which the antioxidant is supported only in theinity of one surface of the monolayer
structure in the thickness direction.

The method for allowing the antioxidant to be supgd in the substrate is not limited.
Appropriate methods can be used to form the substrdexamples of such methods include a
method in which the polymer and the antioxidantracdten and kneaded by extrusion to form
the substrate, or a method in which the substsat®rmed by the polymer, and then the
surface thereof is coated with an antioxidant smuto allow the antioxidant to be supported
in the layer constituting the surface of the swdtetr

The amount of the antioxidant in the myoglobintadmng food freshness deterioration
suppressing material or myoglobin-containing foastoloration suppressing material of the
present invention is not limited, and the antiorida usually comprised in an amount of
0.001 g/m or more and 20 g/fror less relative to the area of the part in whighantioxidant
is present, of the surface of the substrate. Wheramount of the antioxidant is within the
range, metmyoglobin formation can be suppressedradntioxidant can be preserved with
being favorably kept in the substrate. When theera of the present invention has the
antioxidant with which at least a part of a surfatéhe substrate is covered, the "area of the
part in which the antioxidant is present, of thefate of the substrate” refers to the area of the
surface covered with the antioxidant of the sulbstraWhen the material of the present
invention has the antioxidant supported in a ldgeming at least a part of a surface of the

substrate, the term refers to the area of a sudbtte layer which is to contact with a food.
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Furthermore, the amount of the antioxidant inrtiy@globin-containing food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention is preferablylOgint or more, more preferably 0.1 ¢fror
more, more preferably 0.25 ¢fnor more, more preferably 0.3 ofror more, particularly
preferably 0.5 g/for more, and preferably 20 ¢frar less, more preferably 15 ¢fior less,
more preferably 10 g/fror less, more preferably 7.5 d/ior less, more preferably 5 ofrar
less, more preferably 3 gfror less, more preferably 2.5 df/ior less, particularly preferably
2.2 g/nf or less relative to the area of the part in which antioxidant is present, of the
surface of the substrate. When the amount ofrtliexadant is within the range, the effect of
suppressing freshness deterioration and metmyogli@omation of a myoglobin-containing
food is particularly high, and the antioxidant dam favorably kept in the substrate. The
amount of the antioxidant in the range is partidylauitable when the antioxidant is a water-
soluble rosemary extract, an oil-soluble rosematyaet, a tea extract (in particular, water-
soluble tea extract), or ascorbic acid. When tiimgidant is a plant extract, such as a water-
soluble rosemary extract, an oil-soluble rosematyaet and a tea extract, the amount of the
plant extract, obtained by conversion based onatheunt of the compound (for example,
rosmarinic acid, carnosol, and carnosic acid) caseprin the plant extract, may be within the
range. In the present invention, the amount obrdsc acid is represented as the amount of a
free form, unless otherwise specified.

The proportion of the antioxidant on the substratative to the substrate mass (not
including the antioxidant) differs depending on 8pecific gravity of the substrate and the
thickness of the substrate and thus is not limiked,it is typically 0.001% by mass or more
and 25% by mass or less, preferably 0.01% by nras®e, more preferably 0.1% by mass or
more, more preferably 0.25% by mass or more, mmetembly 0.3% by mass or more, more
preferably 0.5% by mass or more, and preferably B@%nass or less, more preferably 15%
by mass or less, more preferably 10% by mass sr teare preferably 5.5% by mass or less,
more preferably 4% by mass or less, more preferabyby mass or less, more preferably

2.4% by mass or less. This embodiment is partisulsuitable for the case where the
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antioxidant is a water-soluble rosemary extractpusoluble rosemary extract, a tea extract
(in particular, water-soluble tea extract), or abgoacid.

A myoglobin-containing food freshness deteriomatisuppressing material or a
myoglobin-containing food discoloration suppressmgterial according to other preferable
embodiment of the present invention comprises atsatle comproising a polymer, and an
antioxidant with which at least a part of the scefeof the substrate is covered, and/or an
antioxidant supported in a layer forming at leapt# of the surface of the substrate, wherein
at least one condition of the following conditions:

(I) the antioxidant comprises rosmarinic acid, #mlamount of rosmarinic acid relative to the
area of the part in which the antioxidant is présehthe surface of the substrate, is preferably
0.92 mg/m or more, more preferably 9.2 md/or more, more preferably 23 mgfior more,
more preferably 27.6 mg/or more, more preferably 46 mgfior more, and preferably 1840
mg/nt or less, more preferably 1380 md/or less, more preferably 920 md/or less, more
preferably 690 mg/fnor less, more preferably 460 md/or less, more preferably 276 mg/m
or less, more preferably 230 md/or less, more preferably 202 md/or less;

(I) the antioxidant comprises carnosol, and theam of carnosol relative to the area of the
part in which the antioxidant is present, of thefae of the substrate, is preferably 1.2 nfg/m
or more, more preferably 12 mgfnor more, more preferably 30 mgd/ror more, more
preferably 36 mg/mor more, more preferably 60 md/mr more, and preferably 2400 mg/m
or less, more preferably 1800 md/mr less, more preferably 1200 mg/mr less, more
preferably 900 mg/for less, more preferably 600 md/or less, more preferably 360 mg/m
or less, more preferably 300 md/or less, more preferably 264 md/or less;

(111 the antioxidant comprises carnosic acid, dnd amount of carnosic acid relative to the
area of the part in which the antioxidant is présefithe surface of the substrate, is preferably
0.74 mg/m or more, more preferably 7.4 mdf/or more, more preferably 18.5 md/or more,
more preferably 22.2 mg/or more, more preferably 37 mgfior more, and preferably 1480
mg/nt or less, more preferably 1110 md/or less, more preferably 740 md/or less, more
preferably 555 mg/for less, more preferably 370 md/or less, more preferably 222 mg/m

or less, more preferably 185 md/or less, more preferably 163 mg/or less; and
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(IV) the antioxidant comprises ascorbic acid, amel amount of ascorbic acid relative to the
area of the part in which the antioxidant is présehthe surface of the substrate, is preferably
0.01 g/nf or more, more preferably 0.1 ¢ffror more, more preferably 0.25 ¢frar more,
more preferably 0.3 g/fror more, particularly preferably 0.5 offfor more, and preferably 20
g/ or less, more preferably 15 dfior less, more preferably 10 ¢fior less, more preferably
7.5 gint or less, more preferably 5 ¢fnor less, more preferably 3 ofnor less, more
preferably 2.5 g/fhor less, more preferably 2.2 dlor less;

is satisfied. Only one of the conditions (I) tt¥Yimay be satisfied. When the condition (II)
is satisfied, it is preferable that the conditidi) {s also satisfied. The myoglobin-containing
food freshness deterioration suppressing materiatymglobin-containing food discoloration
suppressing material of the present invention lpemeicularly highly exerts the effect of
suppressing freshness deterioration and metmyagligbmation of a myoglobin-containing
food, and the antioxidant can be favorably keghasubstrate. In particular, the antioxidant
preferably comprises one or more selected fromgtioeip consisting of a rosemary extract
(preferably water-soluble rosemary extract) conmpgisrosmarinic acid in an amount
satisfying the condition (I); a rosemary extractefprably oil-soluble rosemary extract)
comprising carnosol in an amount satisfying thedaoon (I); a rosemary extract (preferably
oil-soluble rosemary extract) comprising carnositan an amount satisfying the condition
(I); a rosemary extract (preferably oil-solublesemary extract) comprising carnosol and
carnosic acid in amounts satisfying the conditighsand (1), respectively; and ascorbic acid
in an amount satisfying the condition (IV). Moreferably the antioxidant comprises one
selected from the group. In the present inventibe,amounts of rosmarinic acid, carnosol,
carnosic acid and ascorbic acid are representetheammounts of their free forms uless
otherwise specified.

When the myoglobin-containing food freshness dmtation suppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention is in
contact with water or a myoglobin-containing foodieh contains water, the elution rate of
the antioxidant from the substrate is not limitehd it preferably has the following

characteristics:

32



(A) when the mass of the antioxidant per squareenata of the part in which the antioxidant
is present, of the surface of the substrate in rh@globin-containing food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention, is defined aand

one plate- or film-shaped sample piece of a sqbarm on a side, of the myoglobin-
containing food freshness deterioration suppressiagerial or myoglobin-containing food
discoloration suppressing material, is immersea wolume of 1000 mL of distilled water at a
temperature of AC, the following characteristics are exhibited:

a mass of 0.05 T or more per square meter ardgeqart, preferably 0.10 T or more,
more preferably 0.20 T or more, particularly pratdy 0.30 T or more, and preferably 0.75 T
or less, more preferably 0.65 T or less, partitylareferably 0.55 T or less, of the antioxidant,
is eluted from the substrate into the distilledevait 10 seconds after the start of immersion,
and

a mass of 0.15 T or more per square meter ardgeqart, preferably 0.20 T or more,
more preferably 0.30 T or more, particularly prafdy 0.40 T or more, and preferably 0.80 T
or less, more preferably 0.70 T or less, partitylareferably 0.60 T or less, of the antioxidant,
is eluted from the substrate into the distilledev&0 minutes after the start of immersion; and
(B) when the mass of the antioxidant per squarenata of the part in which the antioxidant
is present, of the surface of the substrate in rth@globin-containing food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention, is defined aand

a plate- or film-shaped sample piece of a squacenSon a side, of the myoglobin-
containing food freshness deterioration suppressiagerial or myoglobin-containing food
discoloration suppressing material, is attached tm¢ surface of skin (scale surface) or flesh
of fish meat (in particular, fillet of yellowtailomprising water, and the fish meat is placed
together with the sample piece into a vacuum panlalgag, vacuum-packaged at a pressure
in the chamber of a vacuum packaging machine, @ KPa (-1.0 bar) (gauge pressure), and

preserved at°L, the following characteristics are exhibited:
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when the sample piece is attached onto the sudfekin (scale surface), a mass of
0.01 T or more per square meter area of the paategably 0.20 T or more, more preferably
0.40 T or more, particularly preferably 0.50 T oone® and preferably 0.99 T or less, more
preferably 0.95 T or less, of the antioxidant, listed from the substrate into the fish meat
and/or the vacuum packaging bag 180 minutes diftestart of preservation, and

when the sample piece is attached onto the sudiftesh, a mass of 0.01 T or more
per square meter area of the part, preferably D.80more, more preferably 0.50 T or more,
particularly preferably 0.60 T or more, and prelidye0.99 T or less, more preferably 0.98 T
or less, of the antioxidant, is eluted from thesdrdie into the fish meat and/or the vacuum
packaging bag 180 minutes after the start of prasien.

In the characteristic (B), the followings are hat preferable:

when the sample piece is attached onto the sudfekin (scale surface), a mass of
0.01 T or more per square meter area of the paategably 0.20 T or more, more preferably
0.40 T or more, particularly preferably 0.50 T oon® and preferably 0.99 T or less, more
preferably 0.95 T or less, of the antioxidant, listed from the substrate into the fish meat
and/or the vacuum packaging bag 10 minutes aféestdrt of preservation, and

when the sample piece is attached onto the sudiftesh, a mass of 0.01 T or more
per square meter area of the part, preferably 0.80more, more preferably 0.50 T or more,
particularly preferably 0.60 T or more, and prelidye0.99 T or less, more preferably 0.98 T
or less, of the antioxidant, is eluted from thesdrdie into the fish meat and/or the vacuum
packaging bag 10 minutes after the start of presen.

The substrate in the myoglobin-containing foodslireess deterioration suppressing
material or myoglobin-containing food discolorati@uppressing material of the present
invention having the characteristic (A) and/or ti&racteristic (B) is preferably a substrate
comprising a polyolefin-based resin or polyesteseoh resin, the polyolefin-based resin
preferably comprises polyethylene, more preferdhpPE (linear low-density polyethylene),
and the polyester-based resin preferably comprigelyethylene terephthalate. The
antioxidant in the myoglobin-containing food freseka deterioration suppressing material or

myoglobin-containing food discoloration suppressmnagterial of the present invention having
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the characteristic (A) and/or the characteristif iBnot limited and is preferably a rosemary
extract or rosmarinic acid, and the rosemary ektiachere preferably a water-soluble
rosemary extract. The amount T of the rosemaryaeikimay be the amount obtained by
conversion based on the amount of the compoundegample, rosmarinic acid, carnosol, and
carnosic acid) comprised in the extract.

The myoglobin-containing food freshness deteriomatsuppressing material or
myoglobin-containing food discoloration suppressin@terial of the present invention
exhibiting the characteristic (A) and/or the ché&esastic (B) can allows the antioxidant to
efficiently permeate into the myoglobin-containifgod, and can suppress freshness
deterioration not only at the surface of the fdogt, also at the inside the food. In addition,
the migration rate of the antioxidant from the drdie to the myoglobin-containing food (a
particular moiety of it) can be controlled.

The myoglobin-containing food freshness deteriomatsuppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention can be
appropriately compounded with, besides the sulestatl the antioxidant, other compounds,
such as a pH adjuster (which may be an inorganicosan organic salt, and for example,
potassium carbonate, sodium carbonate, citratmabaite can be used therefor), a colorant, a
preserving agent, a flavoring agent, a spice, eetmer, an acidulant, a seasoning agent, an
antimicrobial agent (for example, nitrite), and extladditives (for example, tocopherol, citric
acid, dextrin, cyclodextrin, oligosaccharide, giyoeglycerin fatty acid ester, ascorbic acid,
erythorbic acid, a smoke solution, a fruit juiceda food material).

In one embodiment of the present invention, furtpeeferably, the myoglobin-
containing food freshness deterioration suppressiagerial or myoglobin-containing food
discoloration suppressing material contains, basile antioxidant, no agent which binds to
or interacts with myoglobin. The agent which bintds or interacts with myoglobin
specifically includes an agent which binds to aeiiacts with myoglobin to produce, maintain
or enhance a color derived from myoglobin. Thatinsone embodiment of the present
invention, the myoglobin-containing food freshnesterioration suppressing material or

myoglobin-containing food discoloration suppressimgaterial contains, besides the
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antioxidant, no agent which binds to or interacithwnyoglobin to produce, maintain or
enhance a color derived from myoglobin, in an amaounich can allow the color derived
from myoglobin to be produced, maintained or emkdnenore preferably includes, besides
the antioxidant, none of the agent. Here, the 'giotn" refers to a structure including
undenatured myoglobin present in fresh fish mewt,iacludes, for example, deoxymyoglobin,
oxymyoglobin, metmyoglobin, carboxymyoglobin andrini oxide myoglobin. The "agent
which binds to or interacts with myoglobin" and tlagent which binds to or interacts with
myoglobin to produce, maintain or enhance a cokmivdd from myoglobin" also include
precursors which supply such agents. The "agenthwlbinds to or interacts with
myoglobin" and the " agent which binds to or intgsavith myoglobin to produce, maintain or
enhance a color derived from myoglobin” include 'ttmyoglobin blooming agent" defined in
Patent Literature 7 and the "nitrogen oxide-comtgincompound” described in Patent
Literature 8. The "myoglobin blooming agent" des#d in Patent Literature 7 is specifically
at least one selected from the group consistin@g afitric oxide-donating compound, an
inorganic cyanide compound, an inorganic fluorid®thiocyanate, a bacterial culture that
fixes nitrogen to provide a source of nitrogen exibetanine, erythrocine, a cochineal extract,
a nitrogen heterocycle, a carbon monoxide-donatomgpound, a sulfur monoxide-donating
compound, a nitrous oxide-donating compound, an ammewrdonating compound and a
hydrogen sulfide-donating compound. The "nitroggitle-containing compound" described
in Patent Literature 8 specifically includes niteogoxide, a nitrite compound, and a nitrate
compound. The myoglobin-containing food freshnésterioration suppressing material or
myoglobin-containing food discoloration suppressngterial of the present invention further
preferably does not contain an agent which bindsrtmteracts with myoglobin to produce,
maintain or enhance a color derived from myoglabian amount which can allow the color
derived from myoglobin to be procuded, maintainedrthanced, regardless whether the agent
Is an antioxidant or not.

In one embodiment of the present invention, furipeeferably, the antioxidant is a
component other than at least one selected frormgrthe consisting of a nitric oxide-donating

compound, an inorganic cyanide compound, an inecgéuoride, isothiocyanate, a bacterial
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culture that fixes nitrogen to provide a sourcendgfogen oxide, betanine, erythrocine, a
cochineal extract, a nitrogen heterocycle, a canmomoxide-donating compound, a sulfur
monoxide-donating compound, a nitrous oxide-dogattompound, an ammonia-donating
compound, a hydrogen sulfide-donating compoundaanittogen oxide-containing compound.

In the present invention, the nitric oxide-dongticompound, the inorganic cyanide
compound, the inorganic fluoride, the isothiocyanaihe bacterial culture that fixes nitrogen
to provide a source of nitrogen oxide, the betgniine erythrocine, the cochineal extract, the
nitrogen heterocycle, the carbon monoxide-donatomgpound, the sulfur monoxide-donating
compound, the nitrous oxide-donating compound,amenonia-donating compound and the
hydrogen sulfide-donating compound each includedwseribed in Patent Literature 7. The
nitrogen oxide-containing compound includes onedlesd in Patent Literature 8.

(Nitric oxide-donating compound)

The nitric oxide-donating compound is a NO donbick provides a nitric oxide (NO)
molecule. The nitric oxide-donating compound reésa nitric oxide or is a precursor.
Examples of the nitric oxide-donating compound ude! nitrate, nitrosodisulfonate, such as a
Fremy's salt [NO (SeNa), or NO(SQK),]; inorganic nitrate (MNG@) including, as a suitable
counter ion (M), an alkali metal (for example, sodium or potasgitan alkali earth metal (for
example, calcium), a transition metal, a protongechary, secondary or tertiary amine, or a
quaternary amine or ammonium, such as saltpetdriremganic nitrite (MNQ) including, as
a suitable counter ion () an alkali metal (for example, sodium or potasgiuan alkali earth
metal (for example, calcium), a transition metapratonated primary, secondary or tertiary
amine, or a quaternary amine or ammonium.

Other nitric oxide-donating compounds include iaitoxide-donating compounds
disclosed in U.S. Patent Nos. 6706274, 5994444888569, and U.S. Patent Publication No.
2005/0106380.

Other examples of the nitric oxide-donating comqmbinclude the following: organic
nitroso compounds (containing a NO functional gratfached to carbon), such as 3-ethyl-3-
nitroso-2,4-pentanedione; organic nitro compoundsntaining a N@ functional group

attached to carbon), such as nitroglycerin andm®menzofi]pyrene; and organic nitrate (-O-
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NO,), such as ethyl nitrate, glyceryl mono-, di- oinitrate, pentaerythritol tetrainitrate,
erythrityl tetrainitrate, isosorbide mono- or drate and trinitrate.

Other examples of the nitric oxide-donating commbunclude the following: O-
nitrosylated compounds (-O-NO), such as alkyl taiyj for example, butyl nitrite, amyl nitrite
and dodecyl nitrite, and dicyclohexylamine nitrite:nitrosylated compounds (-S-NO) also
known as nitrosothiol, such as S-nitrosothioglyterd&-nitroso-penicillamine, S-
nitrosoglutathione, glutathione, S-nitrosylatedivigives of captopril, S-nitrosylated-protein,
S-nitrosylated-peptide, S-nitrosylated-oligosacleiand S-nitrosylated-polysaccharide; and
N-nitrosylated compounds (-N-NO), such as N-niteoame; N-hydroxy-N-nitrosoamine; and
N-nitrosoimine.

Further examples of the nitric oxide-donating coompd include nonoate compounds
containing a functional group N(O)-NO (also simareferred in the art to as N-oxo-N-
nitroso compound, N-hydroxy-N'-diazeniumoxide, @iammdiolate (diolates) and
NONOate"), such as 3,3,4,4-tetramethyl-1,2-diazetij2-dioxide.

Further examples of the nitric oxide-donating coommd include the following:
transition metal/nitroso complexes, such as sodnitroprusside, a dinitrosyl iron thiol
complex, iron-sulfur cluster nitrosyl, rutheniumtrosyl, a nitroso/heme/transition metal
complex and a nitroso ferrous protoporphyrin compfaroxan, such as 1,2,5-oxadiazole N-
oxide; benzofuroxan, oxatriazol-5-imine, such asang-1,2,3,4-oxatriazol-5-imine;
sydnonimine, such as molsidomine; oximes, suclyesliexanone oxime; hydroxylamine, N-
hydroxyguanidine, and hydroxyurea.

The nitric oxide-donating compound may donate amaecule of nitric oxide or
multiple nitric oxide molecules. The nitric oxidenating compound can also be a
polymeric material which contains one or more aitxide-donating sites and which can
release one or more nitric oxide molecules. Exaspf such a polymeric material include
one disclosed in U.S. Patent No. 5525357, oneadied in U.S. Patent No. 5770645, and one
disclosed in U.S. Patent No. 6087479. The polyeneraterial which can release a nitric

oxide molecule also includes a polymeric materialiding a nitric oxide-donating compound,
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and a polymeric material having a nitric oxide-damg functional group chemically bound to
a polymer chain.
(Inorganic cyanide compound)

The inorganic cyanide compound includes inorgaryanide compounds (MCN)
including, as a counter ion (1Y) an alkali metal (for example, sodium or potasgiuan alkali
earth metal (for example, calcium), a transitiontahjea protonated primary, secondary or
tertiary amine, or a quaternary amine or ammonium.

(Inorganic fluoride)

The inorganic fluoride includes inorganic fluori@elF) including, as a counter ion
(M™), an alkali metal (for example, sodium or potasgiuan alkali earth metal (for example,
calcium), a transition metal, a protonated primaggondary or tertiary amine, or a quaternary
amine or ammonium.

(Isothiocyanate)

Examples of the isothiocyanate include mustard oil
(Bbacterial culture that fixes nitrogen to provalsource of nitrogen oxide)

Examples of the bacterial culture that fixes m&n to provide a source of nitrogen
oxide include xanthine oxidase, nitrate reductaskratrite reductase.

(Nitrogen heterocycle)

Examples of the nitrogen heterocycle include tiieowing: pyridine, pyrimidine (for
example, dipyridamole), pyrazine, triazine, purimégotinamide, nicotinate, nicotinamide,
niacin (known as nicotinic acid), isoquinoline, dakole, and derivatives and salts thereof.
Such a nitrogen heterocycle may also be substitut8dich pyridine and isoquinoline also
include 3-carbonyl-substituted compounds. For eptarthe nitrogen heterocycle is pyridine,
pyrimidine or imidazole. Furthermore, the nitrogegterocycle is an alkali or alkali earth
metal salt or ester of nicotinic acid, and the resteompasses esters, such as methyl nicotinate,
ethyl nicotinate, propyl nicotinate, butyl nicotieapentyl nicotinate, hexyl nicotinate, methyl
isonicotinate, isopropyl isonicotinate and isopemgnicotinate. Furthermore, the nitrogen
heterocycle is an alkali or alkali earth metal saltester of nicotinamide, or imidazole. In

addition, the nitrogen heterocycle includes pyrdipyrimidine, histidine, N-acetylhistidine,
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3- butyroylpyridine, 3-valeroylpyridine, 3-caproyipdine, 3-heptoylpyridine, 3-

capryloylpyridine, 3-formylpyridine, nicotinamideN-ethyl nicotinamide, N,N-diethyl

nicotinamide, isonicotinic acid hydrazide, 3-hydypyridine, 3-ethylpyridine, 4-vinylpyridine,
4-bromoisoquinoline, 5-hydroxyisoquinoline or 3-ngayridine.

(Carbon monoxide-donating compound, Sulfur monoxideating compound, Nitrous oxide-
donating compound, Ammonia-donating compound anddrétyen sulfide-donating

compound)

Carbon monoxide (CO), sulfur monoxide (SO), nig@xide (NO), ammonia (Nh)
and hydrogen sulfide (HS) act as respective ligdadsnyoglobin. The carbon monoxide-
donating compound, sulfur monoxide-donating complgumitrous oxide-donating compound,
ammonia-donating compound and hydrogen sulfidedtlagpnacompound refer to respective
compounds donating such ligands (namely, carborowide, sulfur monoxide, nitrous oxide,
ammonia and hydrogen sulfide) or respective comg@elacting as substrates to form such
ligands, examples thereof include ligand/hemel/itiansmetal complexes and ligand/ferrous
protoporphyrin complexes, and include, for examplaen the ligand is carbon monoxide,
carbon monoxide/heme/transition metal complexes aoarbon monoxide/ferrous
protoporphyrin complexes. The carbon monoxide-tiogacompound, sulfur monoxide-
donating compound, nitrous oxide-donating compowr@i hydrogen sulfide-donating
compound also encompass respective polymeric raktdraving functional groups donating
carbon monoxide, sulfur monoxide, nitrous oxidepamia and hydrogen sulfide, chemically
bound to the polymer chains.

1.4. Application of myoglobin-containing food fresdss deterioration suppressing material or
myoglobin-containing food discoloration suppressimgterial of the present invention

The myoglobin-containing food freshness deterioratsuppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention, when
being in contact with the surface of a myoglobimtaining food, can supply the antioxidant
to the food, and can suppress freshness deteoioyand discoloration due to oxidation of

myoglobin in the food.
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In the present invention, the "myoglobin-contagnifmod” includes fish meat, whale
flesh, horse meat, beef and pork containing myoglobThe fish from which the fish meat
containing myoglobin originates is not limited, anthy be fish belonging to the family
Carangidae, Scombridae, Clupeidae, Scomberesocidae or Sparidae. In the family
Carangidae, fish belonging to the genu&riola of the subfamilyNaucratinae (hereinafter,
referred to asSeriola”) or fish belonging to the gendsachurus of the subfamilyCaranginae
is particularly preferable. As the fish belongitwythe genusseriola, yellowtail (Seriola
quinqueradiata) or ruderfish $eriola dumerili) is particularly preferable. As the fish
belonging to the genuSrachurus of the subfamilyCaranginae, jack mackerel Trachurus
japonicus) is preferable. In the famil$combridae, fish belonging to the gend&tsuwonus
of the family Thunnini or fish belonging to the genughunnus of the family Thunnini is
preferable. As the fish belonging to the gerlassuwonus of the family Thunnini, bonito
(Katsuwonus pelamis) is preferable. In the familZlupeidae, fish belonging to the genus
Sardinops of the subfamilyClupeinae is particularly preferable. As the fish belongiogthe
genus Sardinops of the subfamily Clupeinae, true sardine Sardinops melanostictus) is
preferable. In the familyScomberesocidae, fish belonging to the genu€ololabis is
particularly preferable. As the fish belonginghe genugololabis, saury Cololabis saira)
is particularly preferable. In the famifparidae, fish belonging to the genud®agrus of the
subfamily Pagrinae is particularly preferable. As the fish belongiiogthe genu$agrus of
the subfamilyPagrinae, red sea breamP@grus major) is particularly preferable. Herein,
while yellowtail may traditionally differ in nomithalesignation in Japan depending on the
stage of growth, the term "yellowtail" herein reféo species of organism classifiedSaiola
quinqueradiata, regardless of a traditional nominal designatiomhat is, the fish meat which
can be used as the myoglobin-containing food inpifesent invention includes fish meat of
yellowtail, bonito/Tunas, jack mackerel, true saglisaury, and red sea bream.

The fish meat typically includes a fish fillet,ilowhose surface is partially covered
with skin, loin from which skin is stripped, andskce of fish having a proper shape cut out
from fish. These types of fish meat are preferallffsh belonging to the familZarangidae,

and more preferably of fish belonging to the gesaisola, such as yellowtail and rudderfish.
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With reference to Figure 18, a typical exampldigii meat which can be of interest of
the present invention is described. Figure 18Awsha round 180 as the entire of fish.
Figure 18B illustrates a dress 181 which is fistabwehere the head, gills, internal organs and
fins are removed from the round 180. Figure 186wsha fillet 111 which is fish meat
where both sides of fish with the backbone beingrposed therebetween are cut out. When
no skin is stripped, one surface of the fillet Iidicovered with skin and the other surface
thereof is exposed. Figure 18D shows loins 182 E8®las fish meat, obtained by cutting
one fillet 11 in the direction of the backbone fexnto separate it to dorsal and ventral sides.
The loins 182 and 183 may be partially covered wiim, or the skin thereof may be stripped.
In the Figure, loin from which skin is strippedsisown as the dorsal loin 182, and loin having
skin is shown as the ventral loin 183. In the en¢snvention, the fish meat is preferably a
fillet 111 whose surface is partially covered wiakin, loin 183 whose surface is partially
covered with skin, loin 182 from which skin is pped, or a slice of fish (for example,
indicated by numerical reference 10 in Figure 1A).

A specific method of using the myoglobin-contaqifood freshness deterioration
suppressing material or myoglobin-containing foataloration suppressing material of the
present invention comprises, as described belowmging the myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material of the present invention odotact with the surface of a myoglobin-
containing food in a food package in which the migbm-containing food is packaged.

2. Food package, and preservation and transpagdhe

A first embodiment of the food package of the presnvention comprises at least:

the myoglobin-containing food freshness deterioratsuppressing material or
myoglobin-containing food discoloration suppressimgterial of the present invention, having
the above characteristics;

a packaging material; and

a myoglobin-containing food;

wherein the myoglobin-containing food freshnes®ieration suppressing material or

myoglobin-containing food discoloration suppressmgterial and the myoglobin-containing
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food are packaged by the packaging material soalsitrface of the substrate, covered with
the antioxidant, and/or a surface of the layer mcl the antioxidant is supported, of the
myoglobin-containing food freshness deterioratiampsessing material or myoglobin-
containing food discoloration suppressing mateeeg/is in contact with at least a part of the
surface of the myoglobin-containing food. The iime of the packaging material is
preferably degassed.

The shape of the packaging material is not limitedl may be a bag shape as shown in
the Figures or can be any shape. For exampleytbe a shape of a tray or a wrapping film.
The tray is preferably a container which can beantact with the myoglobin-containing food,
and the wrapping film is preferably a packagingnfilvhich can be in contact with the
myoglobin-containing food.

Specifically, as shown in Figures 1A and 1B, adfquackage 300 is prepared by
packaging a film-shaped myoglobin-containing foa@shness deterioration suppressing
material or the myoglobin-containing food discotaya suppressing material 100 of the
present invention and a myoglobin-containing fodd (& slice of fish of yellowtail) by a
packaging material 200 and degassing the interfothe packaging material 200. An
antioxidant layer 101 (see Figure 2) of each of filme-shaped myoglobin-containing food
freshness deterioration suppressing material omtjieglobin-containing food discoloration
suppressing material 100 is arranged so as to lgentact with the surface of the food 10.
When the film-shaped myoglobin-containing food fresss deterioration suppressing material
or the myoglobin-containing food discoloration stggsing material 100 and the food 10 are
packaged by the packaging material 200, the interidhe packaging material 200 can be
degassed for vacuum packaging, for example, tiglokgging. Such tight packaging can
discharge oxygen responsible for oxidation, thembye effectively suppressing discoloration
due to oxidation of myoglobin. The vacuum packggmethod comprises placing the
myoglobin-containing food in a bag-shaped packagogtainer through which air does not
substantially permeate, and degassing the intefitre packaging container. The degassing
step may be conducted, for example, by a nozzlas#agy method (comprising evacuating air

in a packaging container by a nozzle) and a chandegassing method (comprising
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depressurizing a chamber by a vacuum packaging ingcldegassing the interior of a
packaging container, and then sealing a mouth @orti Vacuum packaging is mostly
performed by the chamber degassing method. A nhamwautomatic rotary vacuum
packaging machine can be used as the vacuum pagkagichine. A water absorption sheet,
a drip-adsorbing sheet, and the like can be, iéseary, added into the package, in addition to
the myoglobin-containing food freshness deterioratsuppressing material or myoglobin-
containing food discoloration suppressing matemdl the present invention and the
myoglobin-containing food.

A second embodiment of the food package of thegmteinvention comprises at least:

a packaging material at least partially compristhg myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material of the present invention,ritathie above characteristics; and

a myoglobin-containing food;

wherein the myoglobin-containing food is packaggdhe packaging material so that a
surface of the substrate, covered with the antatidand/or a surface of the layer in which the
antioxidant is supported, of the myoglobin-contagnfood freshness deterioration suppressing
material or myoglobin-containing food discoloratisappressing material comprised in the
packaging material, aref/is in contact with at leagtart of the surface of the myoglobin-
containing food. The interior of the packaging enetl is preferably degassed.

The packaging material at least partially compgsthe myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material can have any shape, and oragxdmple, have a shape of a bag, a tray,
or a wrapping film, as long as it at least pangiabmprises the myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material. The tray is preferably ataioar which can be in contact with the
myoglobin-containing food, and the wrapping filmpeeferably a packaging film which can
be in contact with the myoglobin-containing food.

For example, the second embodiment, as shownguar&il0, can use a bag-shaped

packaging material 210 to package a myoglobin-coimiz food therein. The bag-shaped
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packaging material 210 is prepared by arrangingftiweshaped myoglobin-containing food
freshness deterioration suppressing materials oogholin-containing food discoloration
suppressing materials 100 so as to allow a surfacgaining the antioxidant to face the
interior of a bag, and then sealing the three sidés the second embodiment, no additional
myoglobin-containing food freshness deterioratiamppessing material or myoglobin-
containing food discoloration suppressing matel@f), besides the packaging material 210, is
necessary. However, such an additional materialrh@y be provided (see, for example, a
specific example shown in Figures 12A and 12B). e ifterior of the packaging material 210
can be appropriately degassed to package the foashder tight sealing, providing a food
package 300 having the same appearance as thdieofodd package 300 of the first
embodiment shown in Figure 1B. In the second ennbeck, a vacuum packaging method
can be used, and additional elements, such asex afasorption sheet and a drip-adsorbing
sheet, can be included in the package, in the saam@er as in the first embodiment.

In the food packages of the first embodiment dred decond embodiment, at least a
part of the surface of the myoglobin-containingdamay be covered with the myoglobin-
containing food freshness deterioration suppressiadgerial or myoglobin-containing food
discoloration suppressing material. When the ngluglcontaining food is a fish fillet or
loin partially having skin, it is preferable thatlaast a surface covered with skin of the fillet
or loin is covered with the myoglobin-containingotb freshness deterioration suppressing
material or myoglobin-containing food discolorati®uppressing material. When the
myoglobin-containing food is a fish fillet or lojpartially having skin, it is more preferable
that the entire surface of the fillet or loin isveced with the myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material, from a reason described later

The food packages of the first embodiment and deeond embodiment can be
performed in combination. A food package accordibga combination of the first

embodiment and the second embodiment comprisegst |
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a packaging material at least partially compristhg myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material of the present invention,ritathe above characteristics;

an additional myoglobin-containing food freshnédsserioration suppressing material
or myoglobin-containing food discoloration suppregsmaterial of the present invention,
having the above characteristics, different froat tomprised in the packaging material; and

a myoglobin-containing food;

wherein the additional myoglobin-containing foodshness deterioration suppressing
material or myoglobin-containing food discoloratisumppressing material and the myoglobin-
containing food are packaged by the packaging mahtso that a surface of the substrate,
covered with the antioxidant, and/or a surface to# tayer in which the antioxidant is
supported, of the myoglobin-containing food fresmdeterioration suppressing material or
myoglobin-containing food discoloration suppressimgterial comprised in the packaging
material, are/is in contact with at least a parthef surface of the myoglobin-containing food,
and the additional myoglobin-containing food fresés deterioration suppressing material or
myoglobin-containing food discoloration suppressigterial and the myoglobin-containing
food are packaged by the packaging material soalsitrface of the substrate, covered with
the antioxidant, and/or a surface of the layer mcl the antioxidant is supported, of the
additional myoglobin-containing food freshness detation suppressing material or the
myoglobin-containing food discoloration suppressingterial, are/is in contact with at least a
part of the surface of the myoglobin-containingdoo

Also in the combination of the first embodimentdaihe second embodiment, the
interior of the packaging material is preferablgassed.

Hereinafter, with reference to Figure 11A to Fegli83B, additional specific examples
of the food package 300 of the present inventiacomling to the first embodiment or the
second embodiment, or the combination thereof asertbed. Hereinafter, the "myoglobin-
containing food freshness deterioration suppressiadgerial or myoglobin-containing food
discoloration suppressing material" is simply deatgd as "myoglobin-containing food

freshness deterioration suppressing material”.
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Figure 11A and Figure 11B show one specific exampf the food package 300
according to the second embodiment. The spect@angle is an example where two film-
shaped myoglobin-containing food freshness detsian suppressing materials 100 are
arranged so as to allow antioxidant layers 10h¢e feach other, a myoglobin-containing food
111 is interposed between the layers, and the lpmigs of the myoglobin-containing food
freshness deterioration suppressing materials 1@0clased by a procedure such as heat-
sealing to provide a food package 300. The exarsptevn in the Figures is an example
where the two myoglobin-containing food freshnestedoration suppressing materials 100
are combined to form a packaging material, bubislimited thereto, and may be an example
where an integrated continuous myoglobin-containifgpd freshness deterioration
suppressing material 100 not separated forms aagagk material, or an example where three
or more myoglobin-containing food freshness detation suppressing materials 100 are
combined to form a packaging material. In additian example may be adopted where a
bag or tube partially opened is prepared in advagaene or more myoglobin-containing food
freshness deterioration suppressing materials &00ifig a packaging material, a myoglobin-
containing food 111 is then arranged therein, d&eddpening of the bag or tube is closed to
form a food package 300.

In the specific example of the food package 3@shin Figure 11A and Figure 11B,
a thick fish fillet or loin shown in Figures 11A @&ril1B can be used as the myoglobin-
containing food 111. The fish fillet or loin magraprise skin (may include scale) on a part
of the surface thereof. A fillet or loin of fishelonging to the familyCarangidae (in
particular, the genuSeriola) generally abundantly comprises dark colored flésin the
vicinity of skin, as shown in the cross-sectiortte fillet in Figure 4. When the myoglobin-
containing food 111 is then a fish fillet or loiaving skin, it is preferably arranged so that the
antioxidant layers 101 of the myoglobin-containfiogd freshness deterioration suppressing
materials 100 are each in contact with, at leastréace of the fillet or loin covered with skin.
That is, a portion of the packaging material, imtagt with a surface of the fillet or loin, not
having skin, does not necessarily comprise theosidthnt, and the portion may be other

packaging material comprising no antioxidant layler, example, a substrate film 105. A
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surface of the fillet or loin, closer to skin, howee, is easily oxidized and the antioxidant in
contact with the surface is easily deactivated, taiefore the myoglobin-containing food

freshness deterioration suppressing materials i@Qeferably arranged so that the entire
surface of the fillet or loin is in contact withetlantioxidant layers 101.

Figure 12A and Figure 12B show one specific examgfl the food package 300
according to the combination embodiment of thet fisnbodiment and the second
embodiment. The specific example is an examplea dbod package 300 in which a
myoglobin-containing food 111 is packaged by a pgokg material formed from a film-
shaped myoglobin-containing food freshness deti@r suppressing material 100 and a film
120 comprising no antioxidant layer. In this exémpan antioxidant layer 101 of the
myoglobin-containing food freshness deterioratioppessing material 100 comprised in the
packaging material is in contact with the myoglebamtaining food 111, and the periphery is
sealed. Furthermore, an additional myoglobin-domg food freshness deterioration
suppressing material 100 of the present inventaifferent from that comprised in the
packaging material, is arranged so that an ant@mtithyer 101 thereof is at least partially in
contact with a surface of the myoglobin-containiagd 111 (which surface does not contact
with the myoglobin-containing food freshness dei@tion suppressing material 100
comprised in the packaging material), and is pae#tdggether with the myoglobin-containing
food 111 by the packaging material. The peripltdrthe packaging material is closed by a
procedure such as heat-sealing. The film 120 nmy fdm that can be used for a food
packaging material. For example, a substrate 1ibhais the same as the substrate used in
the myoglobin-containing food freshness deterioratsuppressing material 100 except for
comprising no antioxidant layer 101 can be usedHerfilm 120. In the example shown in
the Figures, one film-shaped myoglobin-containingd freshness deterioration suppressing
material 100 and one film 120 are combined to farmpackaging material, but the present
invention is not limited to this embodiment. Theyaglobin-containing food freshness
deterioration suppressing material 100 and the 1@ may be integrally formed, or at least
one of them is made of a plurality of films. Ind#tbn, an example may be adopted where a

bag or tube partially opened is prepared in advangethe myoglobin-containing food

48



freshness deterioration suppressing material 1@Dthe film 120 forming the packaging
material, the myoglobin-containing food 111 and #uglitional myoglobin-containing food
freshness deterioration suppressing material 16@h@n arranged therein, and the opening of
the bag or tube is closed to form the food packgge

In the specific example of the food package 3@shin Figure 12A and Figure 12B,
the substrate in the myoglobin-containing food Hresss deterioration suppressing material
100 comprised in the packaging material, and thestsate in the additional myoglobin-
containing food freshness deterioration suppressiaggrial 100 are different from each other.
For example, a substrate 105 comprising, on therisarface thereof, a layer of a polyolefin-
based resin, preferably polyethylene, which isafilé for heat-sealing, can be used as the
substrate 105 of the myoglobin-containing food Hre=ss deterioration suppressing material
100 comprised in the packaging material, and atgatks105 comprising a polyester-based
resin, preferably polyethylene terephthalate, wihsctelatively inexpensive and high-strength,
can be used as the substrate 105 of the additimyallobin-containing food freshness
deterioration suppressing material 100 differentrfithat comprised in the packaging material.

A modification example of the specific exampletbé food package 300 shown in
Figure 12A and Figure 12B includes an example withasing the additional myoglobin-
containing food freshness deterioration suppressiagerial 100 different from that comprised
in the packaging material. The modification exaenglan example of the first embodiment.
The modification example is suitable for the casene a partial surface of the myoglobin-
containing food 111 (for example, a surface coveveld skin of the fish fillet or loin having
skin) is selectively brought into contact with @natioxidant layer 101.

Figure 13A and Figure 13B show one specific exangblthe food package 300 of the
first embodiment. The specific example is an eXamyhere a myoglobin-containing food
111, and two film-shaped myoglobin-containing fofsdshness deterioration suppressing
materials 100 (1), 100 (2) are arranged so thapadant layers 101 of the two film-shaped
myoglobin-containing food freshness deterioratiapmessing materials 100 (1), 100 (2) are
each in contact with the surface of the myoglolmntaining food 111, and are packaged by a

packaging material formed by two films 120 (1), 20. While numerical references 100
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(1), 100 (2), and numerical references 120 (1), (0are each conveniently used in Figure
13A in order to distinguish the two films, both neimcal references 100 (1), 100 (2) are
designated as "100" and both numerical referen28s(1), 120 (2) are designated as "120"
when the two films are not required to be distisped. The film 120 is not limited as long
as it can be used as a food packaging materialfarekample, a substrate 105 which is the
same as that for use in the myoglobin-containingdféreshness deterioration suppressing
material 100 except for comprising no antioxidaayer 101 can be used therefor. The
example shown in the Figures is an example whereévwib films 120 are combined to form a
packaging material, but is not limited thereto, andy be an example where an integrated
continuous film 120 not separated forms a packaguaterial, or an example where three or
more films 120 are combined to form a packagingeni@t In addition, an example may be
adopted where a bag or tube partially opened isgpegl in advance by one or more films 120
forming a packaging material, a myoglobin-contagnfood 111 and a myoglobin-containing
food freshness deterioration suppressing mate@l dre then arranged therein, and the
opening of the bag or tube is closed to form a fpadkage 300. Furthermore, the example
shown in the Figures is an example where the tino-$haped myoglobin-containing food
freshness deterioration suppressing materials @é@0sed, but is not limited thereto, and may
be an example where an integrated continuous filaped myoglobin-containing food
freshness deterioration suppressing material 1@Geywarated, or three or more film-shaped
myoglobin-containing food freshness deterioratiopmessing materials 100 are in contact
with a myoglobin-containing food 111. Each of fhe-shaped myoglobin-containing food
freshness deterioration suppressing materials J0have a bag or tube shape containing the
myoglobin-containing food 111 inside.

A modification example of the specific exampletbé food package 300 shown in
Figure 13A and Figure 13B includes an example wiarieast one of the two myoglobin-
containing food freshness deterioration suppressimagerials 100 (1), 100 (2) is omitted.
The modification example is suitable for the caseene a partial surface of the myoglobin-
containing food 111 (for example, a surface covevél skin of the fish fillet or loin having

skin) is selectively brought into contact with @natioxidant layer 101.
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In each of the specific examples described in feigllA to Figure 13B and the
modification examples thereof, a vacuum packagirgghod can be used, and additional
elements, such as a water absorption sheet ang-ad$iorbing sheet, can be comprised in the
package, in the same manner as in the first emlsdim

In the food package 300 according to the first @edninent, the second embodiment or
the combination thereof, a part or all of the mypbgh-containing food freshness deterioration
suppressing material 100 can be replaced with tyeghabin-containing food freshness
deterioration suppressing material 400 including first resin layer 401 in which the
antioxidant is supported, shown in Figure 3. g tase, the description with respect to the
food package 300 according to the first embodimeéné second embodiment or the
combination thereof, or the specific example thestwuld be understood by replacing the
antioxidant layer 101 of the myoglobin-containirapd freshness deterioration suppressing
material 100 with the first resin layer 401 suppatthe antioxidant of the myoglobin-
containing food freshness deterioration suppressiatgrial 400.

The present invention also relates to a methodfeserving and/or transporting the
food package of the present invention, comprisiisgep of preserving and/or transporting the
food package under a temperature condition dfG30 +10C.

When the method comprises a step of preservinpatrdnsporting the food package
under a temperature condition of 80to -10C, the step preferably comprises a first step of
preserving the food package under a temperaturditcam of -5 to +8C for 0.1 to 10 hours,
preferably 0.5 to 7 hours, further preferably 15tdwours, and thereafter a second step of
preserving and/or transporting it under a tempeeatondition of -30C to -10C. The first
step can be performed before the second step whipbrformed under a freezing condition.
Performing the first step before the second stepfedaher suppress deterioration in color of
the myoglobin-containing food as compared with ¢hse where the second step is directly
performed. The reason is considered that perfartiie first step prior to the second step
allows the antioxidant to efficiently permeate intiee myoglobin-containing food, and
increases the effect of the antioxidant. In additithe myoglobin-containing food is

sufficiently cooled in the first step and then fazin the second step, and therefore the
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efficiency of freezing is high enough to allow theriation in freshness to be hardly caused in
the myoglobin-containing food.

The food package frozen of the present invent®rthawed by a proper thawing
method, and is then used for an eating applicatidrhe thawing method that can be used
may be a water thawing method (1), an air thawieghwd (2) or an electrical thawing method
(3). The water thawing method (1) may, for exampke water-immersion thawing (running
water thawing, foam thawing), spray thawing (watg)j or steam thawing. The air thawing
method (2) may, for example, be still air thawingflowing air thawing (air blast thawing).
The electrical thawing method (3) may, for examgde, ultrahigh frequency thawing (for
example, frequencies of 13, 27, and 40 MHz), mieeevthawing (microwave thawing, for
example, a frequency of 2,450 MHz (in Japan)). Agithem, thawing (still air thawing) by
standing in a refrigerator {€), thawing (water-immersion thawing) in flowing t®aor water,
where water is allowed to be touched with a packageen, or thawing (water-immersion
thawing) in which frozen fish taken out from a pagk is immersed in salt water (1 to 2%, 4
to 40°C) is preferable.

3. Quantitative determination of amount of anti@it comprised in myoglobin-containing
food freshness deterioration suppressing materiatyamglobin-containing food discoloration
suppressing material of the present invention

The amount of the antioxidant comprised in the ghylein-containing food freshness
deterioration suppressing material or myoglobintaiming food discoloration suppressing
material of the present invention can be determinedxtracting the antioxidant with a proper
solvent, and analyzing the amount of the cons@gutomponent of the antioxidant in the
extraction liquid. The extraction method of thai@idant and the measurement method of
the constitutive component are not limited.

The myoglobin-containing food freshness deteriomatsuppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention may
comprise a composition comprising a plurality omgmnents, such as a plant extract, as the

antioxidant. If the ratio of the components présernhis composition is known, the amount
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of the composition (antioxidant) can be calculdbydconversion based on the measurement
values of the components eluted from the matefidi@present invention.

The water-soluble rosemary extract comprisesgelamount of rosmarinic acid. The
oil-soluble rosemary extract comprises large anmwuot carnosol and carnosic acid.
Rosmarinic acid, carnosol and carnosic acid caexbected by sufficiently immersing the
myoglobin-containing food freshness deterioratiampmessing material or myoglobin-
containing food discoloration suppressing matananethanol, and the amounts thereof can
be quantitatively determined by a common methodhsas UHPLC (ultrahigh performance
liquid chromatography). The following section d#ses quantitative determination of the
amounts of rosmarinic acid, carnosol and carnosid an the myoglobin-containing food
freshness deterioration suppressing material or giopin-containing food discoloration
suppressing material in which one surface of a-flmaped or plate-shaped substrate is coated
with the water-soluble rosemary extract or thesoluble rosemary extract. The following
section also describes an example of convertingdhelts of the quantitative determination
into the amount of the water-soluble rosemary ekt the oil-soluble rosemary extract.
But this example is merely exemplary.

3.1. Quantitative determination of amounts of rosn@acid, carnosol and carnosic acid, and
plant extract comprising them

(1) Extraction method (Elution test method)

A film-shaped or plate-shaped myoglobin-containifupd freshness deterioration
suppressing material cut to a size of 5xmcm is placed in a thick zipper bag of 12 xrh7
cm. Furthermore, 10 mL of methanol is added tloelst injection, and the chuck of the
Zipper bag is closed so that air is evacuated ahras possible. The bag is shaken by hand
several times and the supernatant liquid is filtdog a non-aqueous Ot chromato disc.
The filtrate is appropriately diluted and subjedtedHPLC measurement.

(2) Measurement method

The elution test solution is subjected to UHPLCameement. The measurement

conditions are as shown below, and the concentrafisosmarinic acid in the test solution is
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determined with the standard peak area obtainedhbymatogram based on the calibration
curve, and calculated as the content per unit area.

Amount of rosmarinic acid (gAh = Measurement value (mg/L¥ Amount of
extraction liquid of 0.01 (L)/Sample area of 0.0q¢@8) x Dilution factor/1000

Herein, rosmarinic acid produced by Wako Pure Gtainndustries, Ltd. is used as
the standard substance for the calibration curve.

Carnosol and carnosic acid can also be detectetdHyLC under the following
conditions. The respective carnosol and carnasct @ncentrations in the test solution can
be determined using the calibration curves to ¢aleuhe respective contents per unit area
based on the same formula as that of rosmarinit aci

When the content of rosmarinic acid, carnosolasnasic acid in the rosemary extract
is known, it can be converted to the content ofrisemary extract based on the content per
unit area, measured, of rosmarinic acid, carnosataonosic acid. The present inventors
have separately confirmed that the water-solubsemary extract (RM-21A base) used in
Tests 2 and 3 contains rosmarinic acid in a conagon of 9.2% by mass, and the oil-soluble
rosemary extract (RM-21B base) used in Test 2 amtzarnosol in a concentration of 12%
by mass and carnosic acid in a concentration 86y mass.

When the myoglobin-containing food freshness d®atation suppressing material or
myoglobin-containing food discoloration suppressingterial of the present invention
contains the water-soluble rosemary extract oothsoluble rosemary extract, the content per
unit area of the water-soluble rosemary extracther oil-soluble rosemary extract can be
obtained by conversion with the following formulased on the weight per unit area (9/of
rosmarinic acid, carnosol or carnosic acid, meakune the above procedure. When the
contents of rosmarinic acid, carnosol and carnasid in the extract are different, the amount
of the extract by conversion can be similarly cilted depending on the contents.

Amount of water-soluble rosemary extract conveitegrms of rosmarinic acid (gfn
= Amount of rosmarinic acid (g/i0.092

Amount of oil-soluble rosemary extract converted terms of carnosol (gfn =

Amount of carnosol (g/A¥0.12
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Amount of oil-soluble rosemary extract convertadtérms of carnosic acid (gfin=
Amount of carnosic acid (gfy10.074
(3) UHPLC measurement conditions
Apparatus: ultrahigh performance chromatographyaegips: Nexera X2 (manufactured by
Shimadzu Corporation)
Column: Kinetex 1.7um C18 100A (2.1 mmIl.Dx 50 mmL.) manufactured by TOSOH
Corporation
Column temperature: 4G
Mobile phase: 0.05% trifluoroacetic acid/acetotdts A/B
Mobile phase conditions:
0 to 2 minutes = solvent B (acetonitrile), concatidn: 20% to 45%
2 minutes to 10 minutes = solvent B, concentraé&yo
10 minutes to 10.1 minutes = solvent B, conceoma#5% to 20%
10.1 minutes to 13 minutes = solvent B, concenima20%
Flow rate of mobile phase: 0.6 mL/min
Pump temperature: room temperature
Measurement time: 13 minutes
Amount of injection: JuL

Detector: PDA detector (210 nm)

Examples
1.Testl
<Specimen sampling>

An unprocessed yellowtail weighing 3.5 kg was usethe yellowtail, delivered alive,
was immediately killed and filleted into three sic The fillet (about 1 kg) was cut in an
approximately perpendicular direction to a longitad direction to obtain the first fish meat
piece having an about 2 cm thickness (Fig. 4, 2@).part comprising the dark meat portion
(Fig. 4, part A) from the first fish meat piece 8@s saved to prepare the second fish meat

piece and the remaining parts (Fig. 4, parts Bewemoved. Subsequently, the second fish
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meat piece (an about 2 cm thickness) was cut wbospecimens (specimen A and specimen
B) having an about 1 cm thickness each to be usethé following tests. The specimen A
was used for a control test, whereas the specimeraBused for a test for confirming the
effect of different discoloration suppressing agantder the condition ofZ.

<Discoloration suppressing film>

An antioxidant was gravure printed on an LLDPEfate of a laminated film
composed of LLDPE (Linear Low Density Polyethyleaall PA (Nylon 6) laminated through
a PE (polyethylene) adhesion layer. This film e cut to a square, 10 cm each side, and
used as the discoloration suppressing film.

The laminated film of LLDPE and PA: the film usedd a structure of the §0m
thickness LLDPE (Linear Low Density Polyethylengyér, the 20um thickness PE
(polyethylene) adhesion layer and the b thickness PA (Nylon 6) layer laminated in this
sequence. The LLDPE surface of the laminated\iies not corona treated.

Fig. 2 is a schematic diagram showing the sectbrthe obtained discoloration
suppressing film. The discoloration suppressitgp fL00 consists of the antioxidant layer
101, the LLDPE (Linear Low Density Polyethylenelyda 102, the PE (polyethylene)
adhesion layer 103 and the PA (Nylon 6) layer 108he antioxidant layer 101 was formed
by gravure printing in the following procedures.

Gravure printing procedures: the antioxidant waédea to an ethanol aqueous solution
(90% or 95% aqueous solution) to produce a sluphytion (a slurry solution concentration
was adjusted so that the concentration of the @daat on the film shown in Table 1 was
achieved after a later step of transferring théoaistant onto the film.) The slurry solution
was affixed onto an image carrier to transfer thigoaidant on the film (roll printing). The
film on which the antioxidant was transferred wabsequently dried with hot air at @ to
130°C for 2 to 3 seconds.

Rosemary extracts and a tea extract were uség amtioxidants.

The rosemary extract used was a commercial rosensatract composition,
Mitsubishi-Kagaku Foods Corporation "RM-21A", (ras&y extract/dextrin = 10 mass%/90

mass%).
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The rosemary extract contained in this compositi@s obtained by being extracted
from leaves or flowers of rosemariRdsmarinus officinalis L.) belonging toLamiaceae and
purified. The effective components are phenolcgybo acids (including rosmarinic acid)
and flavonoids (including luteolins). The rosemartract composition is a powder, easily
dissolved in water, ethanol (an ethanol agueoustisal with a purity of 50% or less),
propylene glycol (a propylene glycol aqueous sotutwith a purity of 80% or less) and
insoluble in oils and fats.

The tea extract used was a commercial tea ext@uposition, Mitsubishi-Kagaku
Foods Corporation "Sunfood 100", (tea extract 100%)

The tea extract in this composition is green telyghenol extracted from leaves of
green teaCamellia sinensis (L.) Kuntze) and purified.

The amount of the rosemary extract and the temaxapplied to the discoloration
suppressing film and the concentration thereoheaqueous solution are calculated when the
entire weight of the above composition is consideifee weight of the extract. In other
words, when inactive components, such as dextria,cantained in the composition, the
inactive components are also considered as a pém @xtract and the amount applied and the
concentration are calculated based thereon.
<Vacuum packing>

A laminated film consisting of a 6im thickness LLDPE (Linear Low Density
Polyethylene) layer, a 2im thickness PE (polyethylene) adhesion layer anthaum
thickness PA (Nylon 6) laminated in this sequenes waut to be a 15 cm x 15 cm square film
piece, two such film pieces were prepared and ge@mno oppose against each other with the
LLDPE surface of each film piece facing inside, dhckbe sides thereof were heat sealed to
produce a 15 cm x 15 cm three-side sealed bage{tde sealed bag 200 shown in Fig. 1A),
which was used as a bag for vacuum packing.

Vacuum-sealing was achieved at 0.1 atm (101 hP&se using a REMACOM CO.,
LTD. vacuum packer chamber (RVM-C35).

<Measurement method for a* value>
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A yellowtail piece specimen was placed on a scaafter a predetermined storage
period has passed and an image was scanned irasuah that light does not come through
gaps of the scanner. The captured image was neegbfrthe visual chromaticity (a* value)
using Adobe photoshop CS5. The measurement far*talue was conducted at five spots
per piece. The spots for the measurement weréelimo the dark meat of the piece. The
average value of measured values at the spotsseasas the numerical value representing the
color of the dark meat.

(Example 1)

The discoloration suppressing films 100, on which rosemary extract composition
was printed in an amount applied of 5.25 g/mere affixed onto both cut surfaces of the
yellowtail specimen 10 as schematically shown i BEA in such a way that the antioxidant
layer 101 (the layer containing the rosemary eXtreantacts the yellowtail specimen 10, and
the film-affixed specimen was enclosed and vacuacked in the three-side sealed bag 200.
Fig. 1B shows the vacuum-packed package 300.

Of the yellowtail specimen A and the yellowtailespnen B obtained from a single
second fish meat piece, a package 300 enclosingdh@wtail specimen B, as the above
yellowtail specimen 10, was stored immediatelyratite package 300 was formed under an
atmosphere at°€ (refrigerator) for 5 days (120 hours). 120 holater from the start of
storage, the yellowtail specimen B was taken aunhfthe vacuum-sealed package, measured
for the a* value and observed for the shape.

The yellowtail specimen A obtained from the sameeosd fish meat piece as the
yellowtail specimen B was enclosed, as a contsil ta the three-side sealed bag 200 shown
in Fig. 1A and stored immediately after vacuum-edaht a temperature at which the
metmyoglobin formation does not proceed {(®p At the time of analyzing the yellowtalil
specimen B, the yellowtail specimen A was thawedeurrunning tap water for 5 to 10
minutes and taken out from the vacuum-sealed packaghe yellowtail specimen A was
measured for the a* value and observed for theeshfgng with the yellowtail specimen B.
The results are shown in Table 1 and Fig. 5.

(Example 2)
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The discoloration suppressing films 100, on whilch tea extract composition was
printed in an amount applied of 2.60 §/mwvere affixed onto both cut surfaces of the
yellowtail specimen 10 as schematically shown i BEA in such a way that the antioxidant
layer 101 (the layer containing the tea extract)tacts the yellowtail specimen 10, and the
film-affixed specimen was enclosed and vacuum-padkethe three-side sealed bag 200.
Fig. 1B shows the vacuum-packed package 300.

Of the yellowtail specimen A and the yellowtailespnen B obtained from a single
second fish meat piece, a package 300 enclosingdh@wtail specimen B, as the above
yellowtail specimen 10, was stored immediately raftemed under an atmosphere &C4
(refrigerator) for 5 days (120 hours). 120 hoated from the start of storage, the yellowtall
specimen B was taken out from the vacuum-sealelklaga¢c measured for the a* value and
observed for the shape.

The yellowtail specimen A obtained from the sameeosd fish meat piece as the
yellowtail specimen B was enclosed, as a contsil ta the three-side sealed bag 200 shown
in Fig. 1A and stored immediately after vacuum-edaht a temperature at which the
metmyoglobin formation does not proceed {(®p At the time of analyzing the yellowtail
specimen B, the yellowtail specimen A was thawedewurrunning tap water for 5 to 10
minutes and taken out from the vacuum-sealed pact@agneasure the a* value and observe
the shape along with the yellowtail specimen B. e Tésults are shown in Table 1 and Fig. 6.
(Comparative Example 1)

Of the yellowtail specimen A and the yellowtailespnen B obtained from a single
second fish meat piece, the yellowtail specimen d Veft to stand in a container made of
stainless steel together with a paper towel thdmyugvet with water for preventing from
drying, sealed using a food wrapping plastic filnuahen stored under an atmosphere®@t 4
(refrigerator) for 5 days (120 hours). 120 Howtet from the start of storage, the yellowtalil
specimen B was measured for the a* value and obddor the shape.

The yellowtail specimen A obtained from the sameosd fish meat piece as the
yellowtail specimen B was enclosed, as a contsi| ta the three-side sealed bag 200 shown

in Fig. 1A and stored immediately after vacuum-sdaht a temperature at which the
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metmyoglobin formation does not proceed {(®p At the time of analyzing the yellowtail
specimen B, the stored yellowtail specimen A wasvikd under running tap water for 5 to 10
minutes and measured for the a* value and obsdnrethhe shape along with the yellowtail
specimen B. The results are shown in Table 1 @&ondrF

(Comparative Example 2)

Of the yellowtail specimen A and the yellowtailespnen B obtained from a single
second fish meat piece, the yellowtail specimend® wmersed at°€ for 20 hours in an
agueous solution of the rosemary extract compaositontaining 0.1 mass% of the rosemary
extract composition to the total amount of aquesmlistion). After immersed, the yellowtall
specimen B was taken out, lightly drained off waseisequently vacuum-packed and stored
under an atmosphere atCl(refrigerator) for 100 hours. 100 hours latemirthe start of
storage, the yellowtail specimen B was taken auhfthe vacuum-sealed package, measured
for the a* value and observed for the shape. Huweivm-packing was achieved by the same
method as in Example 1, except that two sheetseofliscoloration suppressing film 100 were
not used.

The yellowtail specimen A obtained from the sameosd fish meat piece as the
yellowtail specimen B was enclosed, as a contsil ta the three-side sealed bag 200 shown
in Fig. 1A and stored immediately after vacuum-sdaht a temperature at which the
metmyoglobin formation does not proceed {(®p At the time of analyzing the yellowtalil
specimen B, the stored yellowtail specimen A wasvéd under running tap water for 5 to 10
minutes and taken out from the vacuum-sealed pact@agheasure the a* value and observe
the shape along with the yellowtail specimen B. e Tésults are shown in Table 1 and Fig. 8.
(Comparative Example 3)

Of the yellowtail specimen A and the yellowtailespnen B obtained from a single
second fish meat piece, the yellowtail specimend wnmersed at°€ for 20 hours in an
agueous solution of the rosemary extract compaosiontaining 1 mass% of the rosemary
extract composition to the total amount of aquesmlistion). After immersed, the yellowtall
specimen B was taken out, lightly drained off wasetbsequently vacuum-packed and stored

under an atmosphere atCi (refrigerator) for 100 hours. 100 hours latemirthe start of
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storage, the yellowtail specimen B was taken aunhfthe vacuum-sealed package, measured
for the a* value and observed for the shape. Huweivm-packing was achieved by the same
method as in Example 1, except that two sheetseodliscoloration suppressing film 100 were
not used.

The yellowtail specimen A obtained from the sameeosd fish meat piece as the
yellowtail specimen B was enclosed, as a contsil ta the three-side sealed bag 200 shown
in Fig. 1A and stored immediately after vacuum-edaht a temperature at which the
metmyoglobin formation does not proceed {(®p At the time of analyzing the yellowtail
specimen B, the stored yellowtail specimen A wasvéd under running tap water for 5 to 10
minutes and taken out from the vacuum-sealed pact@agheasure the a* value and observe

the shape along with the yellowtail specimen B. e Tésults are shown in Table 1 and Fig. 9.

(Results)
[Table 1]
Examples Comparative Examples
1 2 1 2 3
Method Vacuum-packed l;f;tntg Vacuum-packed
Film affixed None Immersed
Antioxidant Rosemary Tea extract - Rosemary extract
extract
0, 0
Amount applied/ 5.25 2.60 0.1% 1%
. 2 2 - Agueous Aqueous
Concentration g/m g/m ) )
solution solution
Discoloration
sUppressing Good Good Poor Fair Fair
After performance
storage (a* value)
for 120 h | Appearance Liaht
or 100 h | of dark meat Bright red Bright red Ocher Light red b 9
. . rown
at4°C portion
Specimen No change | No change Shrank Shrank Shrank
shape 9 9 (small)” (large)? (large)®

<Evaluation method of discoloration suppressindgqgrarance based on a* value>
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In each of Examples and Comparative Examples,ath@alues of the yellowtall
specimen A and the yellowtail specimen B were aeiteed and the a* value of the yellowtall
specimen B was shown in the relative value wherathealue of the yellowtail specimen A
(control test) was 100. The yellowtail specimenwBs evaluated for the discoloration
suppressing performance on a 3-point scale in daoge with the relative value of a* value.
Good: 80< a* (relative value)

Fair: 50< a* (relative valuex 80

Poor: a* (relative valuey 50

<Description on shape changes in Comparative Exesrpl

Y In Comparative Example 1, the specimen B afteestéor 120 hours was shrunk compared
with the specimen A after stored in the controt.tesHowever, the degree of shrinkage was
smaller than Comparative Examples 2 and 3.

2 In Comparative Example 2, the specimen B afteestfor 100 hours was shrunk compared
with the specimen A after stored in the control.te§ he degree of shrinkage was greater than
Comparative Example 1. The specimen B was alsodfda have been soggy (swollen) at

the time of immersion completion in the rosemaryaoct agueous solution.

® In Comparative Example 3, the specimen B afteestfor 100 hours was shrunk compared

with the specimen A after stored in the control.ted he degree of shrinkage was greater than
Comparative Example 1. The specimen B was alsodfda have been soggy (swollen) at

the time of immersion completion in the rosemariyaot agueous solution.

2. Test 2

2-1. Freshness deterioration suppressing materiahyoglobin-containing food

(1) Base material

A laminated film 105, used as the base mater&, 4 structure of a 6@m thickness
LLDPE (Linear Low Density Polyethylene) layer 1@G220um thickness PE (polyethylene)
adhesion layer 103 and a B thickness ON (oriented nylon) layer 104 laminaitedhis
sequence as the laminated structure shown in FigTBe LLDPE surface of the laminated
film 105 was not corona treated. Hereinafter,|#iminated film 105 on which an antioxidant

layer 101 was not formed is sometimes referredstdbase material film". The specific
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gravity of this base material film is estimatecb®about 92 g/ffrom standard values of the
resins constituting each layer.
(2) Antioxidant

The antioxidants used were rosemary extractsa axract and an ascorbic acid. The
following three kinds of rosemary extract were janeal.

Rosemary extract A: Mitsubishi-Kagaku Foods Coagpion "RM-21A base" (water-
soluble rosemary extract 100 mass%).

Rosemary extract B: Mitsubishi-Kagaku Foods Caapion "RM-21A", (water-soluble
rosemary extract/dextrin = 10 mass%/90 mass%).

Rosemary extract C: Mitsubishi-Kagaku Foods Capon "RM-21B base" (oil-
soluble rosemary extract 100 mass%).

The water-soluble rosemary extracts containethénrosemary extracts A and B were
both obtained by being extracted from leaves awdis of rosemaryRosmarinus officinalis
L.) belonging toLamiaceae and purified. The effective components are phzarbbxylic
acids (including rosmarinic acid) and flavonoidsc{uding luteolin derivatives, such as
luteolins and luteolin glucosides). The rosemaxyraet is a powder, easily dissolved in
water, ethanol (an ethanol aqueous solution wiplirity of 50% or less), propylene glycol (a
propylene glycol aqueous solution with a purity86f6 or less) and insoluble in oils and fats.

The oil-soluble rosemary extract contained inrbgemary extract C was obtained by
being extracted from leaves or flowers of rosem@&gsmarinus officinalis L.) belonging to
Lamiaceae and purified. The effective component is phendliterpenoids (including
rosmanol, carnosol and carnosic acid). This rosg®sract is a powder, easily dissolved in
oils and fats but insoluble in water.

The tea extract used was a commercial tea exttddsubishi-Kagaku Foods
Corporation "Sunfood 100", (tea extract 100%).

The tea extract is green tea polyphenol extrafttad leaves of green te&£dmellia
sinensis (L.) Kuntze) belonging torheaceae and purified. This tea extract is water-soluble.

The ascorbic acid used was FUSO CHEMICAL CO., LTWitamin C".
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(3) Preparation of a freshness deterioration siggprg material for myoglobin-containing
food

The antioxidant layer 101 was gravure printed lantinated on the LLDPE surface of
the laminated film 105 to prepare the freshnes®eriubeation suppressing material for
myoglobin-containing food 100 in the form of filns @hown in Figure 2. The freshness
deterioration suppressing material for myoglobinteming food 100 is the film consisting of
the antioxidant layer 101, the LLDPE layer 102, B#te adhesion layer 103 and the ON layer
104 laminated in this sequence. Hereinafter, films 100 is sometimes referred to as "the
film of the present invention”.

Gravure printing procedures: the antioxidant waddea to an ethanol aqueous solution
(90% or 95% aqueous solution) to produce a sluohyti®n (a slurry solution concentration
was adjusted so that the concentration of the xidaot on the film shown in Table 7 was
achieved after a later step of transferring théoaistant onto the film.) The slurry solution
was affixed onto an image carrier to transfer thigoaidant on the film (roll printing). The
film on which the antioxidant was transferred wabsequently dried with hot air at 9D to
130°C for 2 to 3 seconds.

The amount of the antioxidant applied (printed)the film was calculated by the

weight difference before and after gravure printing

Amount applied (amount printed) [gftr= film weight after gravure printing [g/fh- film
weight before gravure printing [gfin

In Table 7, the amount of the effective componeglied in Examples 210 to 215,
wherein the rosemary extract B was applied, isthetamount of the rosemary extract B
applied but the amount of the water-soluble rosgreatract applied, contained in a 10 mass%
concentration in the rosemary extract B. The arhofithe water-soluble rosemary extract
was converted from the amount of the rosemary exBaapplied determined by the above

formula.
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The rosemary extract A, rosemary extract C, teaaeixand ascorbic acid are the
effective components in their entirety, and thues d@mounts applied determined by the above
formula are shown as the amounts of the effectweponents applied in Table 7.

2-2. Preparation of Specimen

An unprocessed yellowtail weighing about 5 kg wasd. The yellowtail, delivered
alive, was immediately killed and cut to obtairefis of left and right (about 1.7 kg each).
With each of the fillets, one of the main surfaesovered by the skin and the other main
surface has the fish meat exposed as the filletshbivn in Figs. 13A and 18. Hereinafter,
the side covered with the skin of the fillet 11ls@netimes referred to as the "skin side" and
the side with the exposed fish meat is sometimiesresl to as the "meat side”. In each test
plot (Examples and Comparative Examples), one eftio fillets obtained from the same
individual was used as the sample to be treateé@ruth@ conditions of each test plot. The
other was used to determine the KO value descridted as a control sample to which the
conditions of each test plot was not applied.

Hereinafter, the "fillet" whenever simply usedamfto the above fillets obtained from a
yellowtail.

2-3. Vacuum-packing

The vacuum-sealing for vacuum-packing was achiess#tg a REMACOM CO., LTD.
vacuum packer (RVM-300B) with the pressure inside thamber at -100 kPa (-1.0 bar)
(gauge pressure).

During vacuum-packing, the fillet (myoglobin-comiag food) 111 was arranged
between two sheets of the film 120 in which theicaadant layer was not comprised,
respectively on the skin side and the meat sideetiieas shown in Fig. 13A and the margin
was heat sealed to achieve the vacuum-sealing uhdesbove conditions. In the present
Test 2, two sheets of the base material film 10%bich the antioxidant layer 101 was not
laminated were used as the film 120 in which thioaidant layer was not comprised, and
these films were arranged in such a way that theRE layers 102 were opposed against each
other. Moisture on the surface of the fillet 1blbe packed was wiped off using a paper

towel at the time of vacuum-sealing. Hereinaféer example of using the base material film
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105 is described as the specific example of time iP0. The base material film 105 to be
arranged on the skin side of the fillet 111 is dedas the base material film 105 (1), whereas
the base material film 105 to be arranged on that side is denoted as the base material film
105 (2). When the film 100 of the present invemttmntacts the skin side of the fillet 111,
the film 100 of the present invention is furtheraziged between the skin side of the fillet 111
and the base material film 105 (1) in such a way the antioxidant layer 101 thereof contacts
the skin side surface of the fillet 111 and thewsm-sealing was achieved. When the film
100 of the present invention contacts the meatdiidiee fillet 111, the film 100 of the present
invention is further arranged between the meat sig#ace of the fillet 111 and the base
material film 105 (2) in such a way that the antiaxt layer 101 thereof contacts the meat
side surface of the fillet 111 and the vacuum-sgalvas achieved. In Fig. 13A, the film 100
of the present invention arranged on the skin eifdine fillet 111 is denoted as the film 100
(1) of the present invention, whereas the film BdGhe present invention arranged on the
meat side is denoted as the film 100 (2) of thagmeinvention. The films 100 (1), 100 (2)
of the present invention, at this operation, wesslensmaller than the base material films 105
(1), 105 (2) arranged on the outer sides so thatrhrgins on the LLDEP surfaces of two
sheets of the base material films 105 (1), 1053q2)e arranged on the outer sides can directly
contact each other. Fig. 13B shows an example eiinéhe antioxidant layers 101 of the
films 100 (1), 100 (2) of the present invention t@mh both of the skin side and meat side of
the fillet 111.

2-4. Evaluations

(1) Measurement of swelling ratio (Comparative Egbas 203 to 205)

In the test plots of Comparative Examples 2036 @herein the fillet was immersed
in an aqueous solution of the rosemary extract,'shelling ratio” was determined from the
weight changes of the fillet.

Swelling ratio (%) = (weight (g) after immersedigig (g) before immersed) x 100
(2) Measurement of K value

The K value is the freshness indicator of myogietmntaining fish meat and indicates

that the larger the value, the lower the freshness.
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The K value obtained by measuring a sample treageoredetermined to suppress the
freshness deterioration is K1 value, whereas theakie obtained by measuring a sample
blank-treated with the predetermined treatmentOsvKilue. The details of samples used for
measuring the K1 value and the KO value are agitdescin (2-4) below.

The KO - K1 value is a valid indicator indicatitige degree of suppression of freshness
deterioration rendered by the predetermined trestme

The KO - K1 values were evaluated using the faltmaB-point scale categorization.

When the K value is only either KO value or K1lualthe 3-point scale evaluation was

not conducted.

[Table 2]
Poor Good Very good
KO0-K1 Value -5% or less More than -5% and 1.0% or more
less than 1.0%

K Value (%) was measured by the following method.

(2-1) Extraction method

The fillet 111 as the sample was cut in an appnakely perpendicular direction to a
longitudinal direction to obtain the first fish mgaiece 20 having an about 2 cm thickness
shown in Fig. 4. 5 g of the parts B free of thekdaeat portion (regular meat) were cut out
from the first fish meat piece 20. 5 g of the pdtwas put in a 100 mL stainless steel cup,
manufactured by NISSEI Corporation, and 20 mL 6t4N perchloric acid aqueous solution
was added thereto. The cup was set in Ace homogreAM-3, manufactured by NISSEI
Corporation, and the contents thereof were homageni{ground) at 10,000 rpm for 10
seconds. The obtained ground meat solution wasechéw a 50 mL centrifuge tube and
centrifuged at 25,000 G (14,400 rpmyC2for 15 minutes using a KUBOTA Corporation
high-speed refrigerated centrifuge 7930. 5 mLhefdupernatant obtained by centrifuge was
moved to a separate 50 mL centrifuge tube, 1 mla & N potassium carbonate aqueous
solution was added thereto and shaken by handsni€s.t The resulting solution was

centrifuged again at 25,000 G (14,400 rpmjC 2for 15 minutes using a KUBOTA
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Corporation high-speed refrigerated centrifuge 7880 the supernatant was filtered using an
agueous 0.4pm chromatodisc to measure the obtained elutiorstéstion by HPLC.

(2-2) Measurement method

The above elution test solution was measured HydHP The measurement conditions
are as described below. Using the standard pesk @btained by the chromatogram, a
hypoxanthine concentration (Hyp), an inosine cotregion (Ino), an inosinic acid
concentration (IMP), an adenosine monophosphatecerdration (AMP), an adenosine
diphosphate concentration (ADP) and an adenosipkeosphate concentration (ATP) in the
test solution were determined respectively from ¢hébration curve and the K value was
calculated using the following formula.

K Value (%) = (Hyp + Ino)/(Hyp + Ino + IMP + AMP ADP + ATP) x 100

(2-3) HPLC Measurement conditions

The HPLC measurement in the above (2-2) was peddrunder the following
conditions.

Apparatus: Shimadzu Corporation LC-10Avp

Column: Shinwa Chemical Industries Ltd. STR OD&B0 mmL. x 4.6 mm 1.D.)

Column temperature: 4G

Mobile phase: 100 mmoL/L phosphoric acid (triedmgine) buffer solution (pH
6.8)/acetonitrile = 100/1 (v/v)

Mobile phase flow rate: 1.0 mL/min

Pump temperature: room temperature

Measurement time: 35 minutes

Injection volume: 2QuL

Detector: UV detector 260 nm
(2-4) Samples for K1 and KO value measurements

In each test plot of Examples 201 to 222, ondeftivo fillets obtained from the same
yellowtail individual was used to carry out eachatment described in detail under "2-5.
Description of test plots" (1) to (6). The K valabtained by measuring the treated one of

the fillets was used as the K1 value. The otHkt fivas subjected to the same treatment as

68



in each test plot, except that the fillet was vawtpacked in such a way that, without using
the films 100 (1), 100 (2) of the present inventitthre LLDPE layers 102 of the base material
film 105 (1) and the base material film 105 (2) tzmn respectively the skin side and the meat
side of the fillet 111 in the same manner as in Qamative Example 202. The K value
measured from the other fillet sample was usedea&0 value.

In Comparative Example 201, the fillet treated described in detail under "2-5.
Description of test plot" (7) was measured for khe&alue which was used as the K1 value.
In Comparative Example 201, the KO value was naisueed.

In Comparative Example 202, the fillet treated described in detail under "2-5.
Description of test plot" (8) was measured for hgalue which was used as the KO value.
In Comparative Example 202, the K1 value was naisueed.

In Comparative Examples 203 to 205, one of the fillets obtained from the same
yellowtail individual was used to carry out eachatment described in detail under "2-5.
Description of test plots” (9) and the K value wasasured to be used as the K1 value. The
other fillet was subjected to the same treatmernih &ach Comparative Example, except that
the immersion in the rosemary extract aqueous isalwwas not carried out. The K value
measured from the other fillet sample was usetde@&0 value.

In Comparative Example 206, the fillet treated described in detail under "2-5.
Description of test plot" (10) was measured for khealue which was used as the KO value.
The fillet treated in Comparative Example 206 whtamed from the same individual as the
fillet used in Example 222. For this reason, th& W&lue of Comparative Example 206 is
equivalent to the KO value of Example 222.

In Reference Example 201, the fillet treated ascdeed in detail under "2-5.
Description of test plot" (11) was measured for khealue which was used as the K1 value.
In Reference Example 201, the KO value was not oreds

In Reference Example 202, the fillet, immediatafier blood was drained while alive,
was measured for the K value which was used aKihealue. In Reference Example 202,
the KO value was not measured.

(3) Sensory Evaluations
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The specimen was evaluated for the shape, texdarell, color and amount of drip in
accordance with the following criteria.

(3-1) Specimen shape

The specimen shape was evaluated based on chfamigegre-stored state to the post-
stored state of the fillet specimen.

(3-2) Texture

The texture was evaluated on the following 5-peugdle. The texture of meat pieces
cut out from the fillets in each test plot was ee#d on a 5-point scale with "5" representing
the texture of a meat piece cut out from a filletained immediately after blood was drained
while a yellowtail was alive (Reference Example R@Ad "1" representing the texture of a
fish meat cut out from a CO-treated fillet (RefexerExample 201) which had the worst

texture among the meat pieces cut out from thetdilin each test plot.

[Table 3]
1 2 3 4 5
Bad Rather bad Fair No abnormality Good
Very tender, Tender Rather hard, Hard, chewy,
sticky slightly chewy lean
(3-3) Smell

The smell was evaluated on the following 5-pogals. The smell of the fillet used in
each test plot was evaluated on a 5-point scale 'witrepresenting the smell of the fillet with
the weakest fishy smell distinctive to the fish in@axamples 201 to 204 207, 217, 222) and
"1" representing the smell of the CO-treated fillgth the strongest fishy smell (Reference
Example 201) among the fillets in each test pldtote that "3" is equivalent to the smell of
fillet obtained immediately after blood was draineldile the yellowtail was alive (Reference

Example 202).

[Table 4]
1 2 3 4 5
Bad Rather bad Fair No abnormality Good
Very fishy smell, | Very fishy smell Fishy smell Slightly fishy No fishy smell,
foul odor smell odorless
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(3-4) Color

The dark meat of a fillet was evaluated for théocon the following 7-point scale.
The color of a meat piece cut out from the filleteach test plot was evaluated on a 7-point
scale with "7" representing the color of a meatc@ieut out from the CO-treated fillet
(Reference Example 201) and the color of a meatepmut out from the fillet obtained
immediately after blood was drained while the ystlil was alive (Reference Example 202)
and "1" representing the color of a meat pieceauutfrom the fillet with the worst color

(Comparative Example 206) among the colors of rpesates cut out from the fillets in each

test plot.
[Table 5]
1 2 3 4 5 6 7
Very bad Bad Rather bad | Slightly bad No Good Very good
abnormality
Grayish Greenish Brown, Discolored Light red Red Bright red,
brown, brown partly pink
partly brown
grayish
brown

(3-5) Amount of drip

The amount of drip was defined, in Examples 2022t and Comparative Examples
202 to 205, to be the combined amount of, whenfitle¢ was taken out from the vacuum-
packing bag onto a tray after stored for 24 hour8hours at 4C, a liquid oozed from the
meat on the tray and a liquid oozed in the vacuacking bag. In Example 222,
Comparative Example 206 and Reference ExampletB8lamount of drip was defined to be
the combined amount of, when the fillet was takahfoom the vacuum-packing bag onto a
tray after stored for 1 month at “Z5and thawed for 15 hours &C} a liquid oozed from the
meat on the tray and a liquid oozed in the vacuacking bag. In Comparative Example
201, the amount of drip was defined to be the casdiamount of, when a fillet was stored on
a tray for 24 hours at’€ and taken out onto a separate new tray, a ligozeéd from the meat

on the new tray and a liquid oozed on the origitnay. In Reference Example 202, the
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amount of drip was considered absent since thevie$ used immediately after blood was
drained while alive.

The amount of drip was evaluated on the followsrgoint scale. The amount of drip
of fillet in each test plot was evaluated on a Wpscale with a numerical value "5"
representing the case of no drip from the filletediately after blood was drained while alive
(Reference Example 202) and "1" representing tee o&the fillet with the largest amount of

drip among all the test plots (Comparative Exan20lé, Reference Example 201).

[Table 6]
1 2 3 4 5
Large amount Considerable Small amount Very small None
amount amount

2-5. Description of test plots
(1) Examples 201 to 209

The films 100 of the present invention providedhvthe antioxidant layer 101, which
contains the rosemary extract A in an amount of8g2.5g/nf, 1g/nf, 0.5g/nf on a basis of
a water-soluble rosemary extract, were producedhe Water-soluble rosemary extract (RM-
21A base) was confirmed by the present inventorscaatain rosmarinic acid in a
concentration of 9.2 mass%, and the extracts imraount of 5g/fy 2.5g/nf, 1g/nf and
0.5g/nf are respectively equivalent to, on a rosmarinid dasis, 460 mg/fm 230 mg/r, 92
mg/nf, 46 mg/m.

In Examples 201, 203, 205, 208, the base film (l)%nd the base film 105 (2) were
arranged on the skin side and the meat side ofiltee111 in such a way that each of the
LLDPE layers 102 faces inside, the film 100 (1)tbé present invention was arranged
between the base material film 105 (1) and thetfill1l1l in such a way that the antioxidant
layer 101 contacts the skin side of the fillet 14dd the fillet 111 was vacuum-packed in such
a way that, without using the film 100 (2) of thegent invention, the LLDPE layer 102 of the
base material film 105 (2) contacts the meat sidh@fillet 111 to obtain the food package

300 of the present invention.
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In Examples 202, 204, 207, 209, the base film ()%nd the base film 105 (2) were
arranged on the skin side and the meat side ofiltee111 in such a way that each of the
LLDPE layers 102 faces inside, the film 100 (1) tbé present invention was arranged
between the base material film 105 (1) and thetfilll1l in such a way that the antioxidant
layer 101 contacts the skin side of the fillet 1thk film 100 (2) of the present invention was
arranged between the base material film 105 (2) thedfillet 111 in such a way that the
antioxidant layer 101 contacts the meat side offittet 111, and the fillet 111 was vacuum-
packed to obtain the food package 300 of the ptéseantion.

In Example 206, the base film 105 (1) and the Wid®el05 (2) were arranged on the
skin side and the meat side of the fillet 111 iohsa way that each of the LLDPE layers 102
faces inside and that, without using the film 10Pdf the present invention, the LLDPE layer
102 of the base material film 105 (1) contactsgkia side of the fillet 111, and the film 100
(2) of the present invention was arranged betwbkerbase material film 105 (2) and the fillet
111 in such a way that the antioxidant layer 10dtacts the meat side of the fillet 111, and
the fillet 111 was vacuum-packed to obtain the fpadkage 300 of the present invention.

Each of the fillets 111 in the state of being wantpacked was stored for 24 hours at
4°C. After stored, the package was opened and eealdar each item shown in Table 7.

(2) Examples 210 to 215

The films 100 of the present invention providedhvthe antioxidant layer 101, which
contains the rosemary extract B (RM-21A) in an antaf 0.5g/mi, 0.25g/n4, 0.1g/nf when
converted to the water-soluble rosemary extract{RM base) (equivalent to 46 mgin23
mg/nt, 9.2 mg/n respectively on a rosmarinic acid basis), weredpced and used for the
following vacuum-packing.

In Examples 210, 212, 214, the base material 1ibb (1), the film 100 (1) of the
present invention, the fillet 111 and the base ratélm 105 (2) were arranged in this
sequence as in Example 201 and vacuum-packed Imnasu@y that the skin side of the fillet
111 contacts the antioxidant layer 101 of the fl@® (1) of the present invention and the meat

side contacts the LLDPE layer 102 of the base nahfdm 105 (2).
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In Examples 211, 213, 215, the base material 1ibb (1), the film 100 (1) of the
present invention, the fillet 111, the film 100 (#)the present invention and the base material
film 105 (2) were arranged in this sequence asxaniple 202 and vacuum-packed in such a
way that the skin side and the meat side of thet fll11 contact the antioxidant layers 101 of
the films 100 (1), 100 (2) of the present invention

The samples of each test plot were stored anduateal in the same manner as in
Examples 201 to 209.

(3) Examples 216 and 217

The films 100 of the present invention providedhvthe antioxidant layer 101, which
contains the rosemary extract C in an amount ahigh a basis of an oil-soluble rosemary
extract, were produced and used for the followirecuum-packing. The oil-soluble
rosemary extract (RM-21B base) was confirmed bypitesent inventors to contain carnosol
in a concentration of 12 mass% and carnosic aca @aoncentration of 7.4 mass%, and the
extract in an amount of 1 gfris equivalent to 120 mg/on a carnosol basis and 74 mg/m
on a carnosic acid basis.

In Example 216, the base material film 105 (1) film 100 (1) of the present
invention, the fillet 111 and the base materiahfll05 (2) were arranged in this sequence as in
Example 201 and vacuum-packed in such a way tleatkim side of the fillet 111 contacts the
antioxidant layer 101 of the film 100 (1) of theepent invention and the meat side contacts
the LLDPE layer 102 of the base material film 125 (

In Example 217, the base material film 105 (1g fiim 100 (1) of the present
invention, the fillet 111, the film 100 (2) of th@esent invention and the base material film
105 (2) were arranged in this sequence as in BExag( and vacuum-packed in such a way
that the skin side and the meat side of the fillet contact the antioxidant layers 101 of the
films 100 (1), 100 (2) of the present invention.

The samples of each test plot were stored anduaeal in the same manner as in
Examples 201 to 209.

(4) Examples 218 to 219
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The film 100 of the present invention providedhwibe antioxidant layer 101, which
contains the tea extract in an amount of 2.5°gimas produced and used for the following
vacuum-packing.

In Example 218, the base material film 105 (1 film 100 (1) of the present
invention, the fillet 111 and the base materiahfll05 (2) were arranged in this sequence as in
Example 201 and vacuum-packed in such a way tleatkim side of the fillet 111 contacts the
antioxidant layer 101 of the film 100 (1) of theepent invention and the meat side contacts
the LLDPE layer 102 of the base material film 125 (

In Example 219, the base material film 105 (1) film 100 (1) of the present
invention, the fillet 111, the film 100 (2) of th@esent invention and the base material film
105 (2) were arranged in this sequence as in BExag(® and vacuum-packed in such a way
that the skin side and the meat side of the fillet contact the antioxidant layers 101 of the
films 100 (1), 100 (2) of the present invention.

The samples of each test plot were stored anduateal in the same manner as in
Examples 201 to 209.

(5) Examples 220 and 221

The films 100 of the present invention providedhvthe antioxidant layer 101, which
contains ascorbic acid in an amount of 2 g/mere produced and used for the following
vacuum-packing.

In Example 220, the base material film 105 (1 film 100 (1) of the present
invention, the fillet 111 and the base materiahfll05 (2) were arranged in this sequence as in
Example 201 and vacuum-packed in such a way tleatkim side of the fillet 111 contacts the
antioxidant layer 101 of the film 100 (1) of theepent invention and the meat side contacts
the LLDPE layer 102 of the base material film 125 (

In Example 221, the base material film 105 (1) film 100 (1) of the present
invention, the fillet 111, the film 100 (2) of th@esent invention and the base material film
105 (2) were arranged in this sequence as in BExag(® and vacuum-packed in such a way
that the skin side and the meat side of the fillet contact the antioxidant layers 101 of the

films 100 (1), 100 (2) of the present invention.
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The samples of each test plot were stored anduateal in the same manner as in
Examples 201 to 209.

(6) Example 222

In Example 222, the fillet in the state of beiraguum-packed in the same procedure as
in Example 207 was stored for 1 hour 24 Subsequently, the fillet was stored for 1 month
at -25C and thawed over a period of 15 hours°&.4 After thawed, the package was opened
and evaluated for each item shown in Table 7.

(7) Comparative Example 201

The fillet was left to stand on a tray, the tragswsealed using a food wrapping plastic
film and stored for 24 hours at@, and subsequently evaluated for each item showralble
7.

(8) Comparative Example 202

In Comparative Example 202, the base material 10 (1), the fillet 111 and the base
material film 105 (2) were arranged in this seqeerand vacuum-packed in such a way that
the LLDPE layers 102 of the base material film 10p and the base material film 105 (2)
contact the skin side and the meat side of thet filL1.

The fillet in the state of being vacuum-packed waged and evaluated in the same
manner as in Examples 201 to 209.

(9) Comparative Examples 203 to 205

Aqueous solutions containing the rosemary exttatt water in the form of a water-
soluble rosemary extract in 0.01 mass%, 0.1 mas&ld anass% were prepared.

In Comparative Examples 203, 204 and 205, thet fillas immersed respectively in the
agueous solutions containing 0.01 mass%, 0.1 massPd mass% of the rosemary extract A
for 2 hours at 2C. After immersed, the fillet was taken out frone taqueous solution and
vacuum-packed in such a way that the LLDPE lay8gsdf the base material film 105 (1) and
the base material film 105 (2) respectively conthetskin side and the meat side of the fillet
111 as in Comparative Example 202.

The fillet 111 in the state of being vacuum-packeats stored for 22 hours atGl

After stored, the package was opened and evaltateach item shown in Table 7.
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(10) Comparative Example 206

In Comparative Example 206, the fillet in the stat being vacuum-packed in the same
procedure as in Comparative Example 202 was sforedlmonth at -28C and thawed over a
period of 15 hours at°€. After thawed, the package was opened and eedldar each
item shown in Table 7.

(11) Reference Example 201

The CO-treated fillet can be prepared by the ¥alhg method. An unprocessed
yellowtail weighing 5.0 kg is used. The yellowtalklivered alive, is immediately killed and
filleted into three slices. The obtained fillebb¢at 1.5 kg) is immersed in a 20% saline
solution for 15 minutes, then immersed in fresh ewvafor 10 minutes and dried.
Subsequently, smoke is injected using a needlefillbeis stored in the smoke-injected bag
for 2 hours at 4C and taken out of the bag.

In Reference Example 201, the CO-treated fillefppred by the above procedure was
vacuum-packed in such a way that the LLDPE lay8gsdf the base material film 105 (1) and
the base material film 105 (2) respectively conthetskin side and the meat side of the fillet
111 as in Comparative Example 202.

The vacuum-packed fillet of Reference Example @@% stored for 1 month at -25
and thawed over a period of 15 hours a€.4 After thawed, the package was opened and
evaluated for each item shown in Table 7.

(12) Reference Example 202

The yellowtail immediately after blood was draineldile alive was evaluated for each
item shown in Table 7.

2-6. Results

The evaluation results of each test plot are showrable 7. The sensory evaluations
(texture, smell, color, amount of drip), as theralleevaluation, were categorized as follows.

Very good: 16 points or more

Good: 13 to 15 points

Poor: 12 points or less
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Overall evaluation (points) = texture (1 to 5)medl (1 to 5) + color (1 to 7) + amount
of drip (1 to 5)

In Example 202, the KO value was 10.7%, the KLueabvas 7.3% and the KO-K1 value
was 3.4. In Example 204, the KO value was 13.8%,K1 value was 9.7% and the K0O-K1
value was 4.1. In Example 207, the KO value wa®%0 the K1 value was 8.0% and the
K0O-K1 value was 2.0. In Example 219, the KO vales 11.0%, the K1 value was 10.0%
and the KO-K1 value was 1.0. In Example 221, ti@evidlue was 10.5%, the K1 value was
8.4% and the K0-K1 value was 2.1. In Example 2B8,KO value was 6.2%, the K1 value
was 5.1% and the KO-K1 value was 1.1. In Compaaiixample 205, the KO value was
9.0%, the K1 value was 15.5% and the KO-K1 valus v#&5. In Reference Example 201,
the K1 value was 31.1%. In Reference Example 2@2K1 value was 1.6%.

In each test plot of Examples 201 to 222, it heanbverified that the deterioration of
fillet freshness was suppressed by the use of ithe f00 of the present invention. In
particular, when the fillet was vacuum-packed iclsa way that the antioxidant layers 101
contact both surfaces of the fillet as in Exam@6g, 204, 207, 217, 219, 221, 222, the K
value which is the freshness indicator or/and thlveral evaluation values of sensory
evaluations had comparatively high results, notahblypressing the deterioration of freshness.
However, the freshness deterioration was not sgpptk as evident from the overall
evaluations of sensory evaluations in Comparatixaniple 201 wherein the fillet was left to
stand on the tray and Comparative Example 202 awdp@rative Example 206 wherein the
vacuum-packing was achieved without using the fil@0 of the present invention. In
Reference Example 201 wherein the fillet was C@téa@, the color retained even after stored
in a freezer but the freshness deterioration wassappressed. In Comparative Examples
203, 204, 205 wherein the fillet was immersed m dlqueous solution of the rosemary extract
and subsequently vacuum-packed, the fillet wasiooatl to have been swollen due to the
agueous solution. The images of fillets afteresian Comparative Examples 203, 204, 205
are shown for reference in Figs. 14A, 14B, 14Qpeesvely. The swelling of fillets can also

be confirmed from these images.
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In Examples 201, 202, the contents of antioxidas¢mary extract A were so large that
the fillets were confirmed to have been coloregdthow. In Examples 203, 204, the fillets
were confirmed to have been yellow-tinted althonghas much as in Examples 201, 202.

[Table 7]

Examples
201 ‘ 202 ‘ 203 ‘ 204 | 205 ‘ 206 ‘ 207 | 208 | 209
Vacuum-packed
Storage conditions Film affixed
Refrigerated (4°C), 24 h
Effective component Rosemary extract A
Amount of effective
component 5 g/m? 2.5 g/m?2 1 g/m2 0.5 g/m2
Antioxidant . )
applied/concentration
Affixed Skin side Affixed | Affixed | Affixed | Affixed | Affixed - Affixed | Affixed | Affixed
surface Meat side — Affixed — Affixed — Affixed | Affixed - Affixed
Swelling ratio [%] — — — — — — — — —
K0-K1 (3-
. Very Very Very
K Value point scale Good Good Good | Good Good | Good
. good good good
evaluation)
Specimen No No No No No No No No No
shape change | change | change | change | change | change | change | change | change
Texture (5-
point scale 4 4 4 4 3 3 4 3 3
evaluation)
Smell (5-point
scale 5 5 5 5 4 4 5 4 4
Evaluation )
results evaluation)
Color (7-point 4 4 4 4 6 6 7 6 6
Sensory
i scale . . Bright
evaluations i Yellow | Yellow | Yellowish | Yellowish | Red Red Red Red
evaluation) red
Amount of
drip (5-point
PP 4 4 4 4 4 4 4 3 3
scale
evaluation)
17 17 17 17 17 17 20 16 16
Overall Points | Points Points Points | Points | Points | Points | Points | Points
evaluation Very Very Very Very Very Very Very Very Very
good good good good good good good good | good
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[Table 7 (continued)]

Examples

210 | 211 | 212 | 213 | 214 | 215 | 216 | 217

Vacuum-packed

Storage conditions Film affixed
Refrigerated (4°C), 24 h
, Rosemary Rosemary
Eff
ective component extract B extract C
. Amount of effective component
Antioxidant , , 0.5g/m2 0.25 g/m2 0.1 g/m2 1 g/m?
applied/concentration
Affixed Skin side Affixed | Affixed | Affixed | Affixed | Affixed | Affixed | Affixed | Affixed
surface Meat side - Affixed Affixed - Affixed Affixed
Swelling ratio [%)] - - - - -
K0-K1 (3-point
K Value (3 ”.] Good | Good | Good | Good | Good | Good | Good | Good
scale evaluation)
Sbecimen shape No No No No No No No No
P P change | change | change | change | change | change | change | change
T -
exture (5 pgmt 3 3 3 3 3 3 3 4
scale evaluation)
Il (5-poi
Smell (5-point 4 4 4 4 4 4 4 5
, scale evaluation)
Evaluation
, 6 6 5 5 5 5 5 5
esulls | qensory | Coler (7-poit Light | Light | Light | Light | Light | Light
Y scale evaluation) Red Red g g g g g g
evaluations red red red red red red
Amount of drip (5-
point scale 3 3 3 3 3 3 3 3
evaluation)
16 16 15 15 15 15 15 17
. Points | Points | Points | Points | Points | Points | Points | Points
Overall evaluation v v v
ey ey Good | Good | Good | Good | Good &y
good | good good
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[Table 7 (continued)]

Examples
218 219 220 221 222
Vacuum-packed
Film affixed
Storage conditions Frozen
Refrigerated (4°C), 24 h (-25°C),
1 month
R
Effective component Tea extract Ascorbic acid osemary
Extract A
A t of effecti t
Antioxidant | oo O S1ECHVE componen 25 gim? 2 gm? 1 gim2
applied/concentration
Affixed Skin side Affixed Affixed Affixed Affixed Affixed
surface Meat side — Affixed — Affixed Affixed
Swelling ratio [%] — — — — —
K0-K1 (3-point
K Value scale evaluation) Good Very good Good Very good | Verygood
Specimen shape | Nochange | Nochange | Nochange | Nochange | Nochange
I -
exture (5 pollnt 3 4 3 4 4
scale evaluation)
Evaluation Smell (5-point 4 4 4 4 5
scale evaluation)
results :
Sensory Color (7-point 6 7 5 5 6
evaluations | scale evaluation) Red Bright red Light red Light red Red
Amount of drip (5-
point scale 3 4 3 3 3
evaluation)
) 16 Points 19 Points 15 Points 16 Points 18 Points
Overall evaluation
Very good | Very good Good Verygood | Verygood
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[Table 7 (continued)]

Comparative Examples

Reference Examples

201 202 203 ‘ 204 205 206 201 202
Vacuum-packed Immediately
Leftto | Vacuum Vacuum- | Vacuum- after blood
stand | -packed Immersed (4°C, 2 h) packed packed drainage
. while alive
Storage conditions :
Immediately
. Frozen Frozen
Refrigerated (4°C), ) after blood
Refrigerated (4°C), 22 h (-25°C), (-25°C), ,
24 h drainage
1 month 1 month o
while alive
Effective component Rosemary extracts
Amount of effective 0.01% 0.1% 1%
None None None | CO-treatment
o component Aqueous | Aqueous | Aqueous
Antioxidant ) ) . . !
applied/concentration solution | solution | solution
Affixed Skin side — — — — — — — —
surface Meat side — - — - — - — -
Swelling ratio [%)] — - 102 102 102 - — -
K0-K1 (3-point
K Value scale - — Good Good Poor — - —
evaluation)
) Swollen | Swollen | Swollen
Specimen Shrank No
(large) | (large) | (large) | Loose | Notably loose -
shape (small) | change
Soggy | soggy Soggy
Texture (5-
point scale 2 3 2 2 2 2 1 5
evaluation)
Smell (5-point
Evaluation mell(5-poin
scale 2 2 4 4 4 2 1 3
results )
s evaluation)
enlso?' 3 3 3 3 4 1 7 7
evaluations _00i
Color (7-point Partly
scale Partly | Partly | Partly | Partly Vel h Bink Briaht red
i ellow rayis in right re
evaluation) brown | brown | brown brown gy g
brown
Amount of drip
(5-point scale 3 3 2 2 2 1 1 5
evaluation)
10 11 11 1 12 6 ) .
Overall ) ) ) i ) ] 10 Points 20 Points
) Points | Points | Points Points Points Points
evaluation
Poor Poor Poor Poor Poor Poor Poor Very good
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3. Test3
3-1. Film

The film A and the film B used in the present tst as follows, respectively.
(1) Film A

The film A is the same film as used in the abowariples 205 to 207 and has the
structure of film 100 of the present invention shoiw Fig. 2. Specifically, the film A is
provided with, as the base material, a laminated fi05 having the structure of a §@n
thickness LLDPE (Linear Low Density Polyethylen@ydr 102, a 2Qum thickness PE
(polyethylene) adhesion layer 103 and a b thickness ON (oriented nylon) layer 104
laminated in this sequence and an antioxidant |a@ércomposed of the rosemary extract on
the surface of the LLDPE layer 102 of the lamindikd 105. The surface of LLDPE layer
102 is not corona treated.

Mitsubishi-Kagaku Foods Corporation "RM-21A baseas used as the rosemary
extract.

The antioxidant layer 101 composed of the roseraainact was formed by the printing
method described under "2-1. Freshness deteriaratippressing material for myoglobin-
containing food" (3) in Test 2. The amount of tosemary extract applied (printed) was
calculated by the conversion method of the watbrbde rosemary extract (RM-21A base)
described in the section "3.1. Determination ofmasnic acid, carnosol and carnosic acid,
and a plant extract containing the same" under ¢b@son of Embodiments."”

Film A (1) to be used for the elution test to #ien side surface of the fillet piece
below (an amount applied of 0.71 gjiFilm A (2) to be used for the elution test te teat
side surface of the fillet piece below (an amouptliad of 0.67 g/rf) and Film A (3) to be
used for the elution test to water (an amount applif 0.70 g/f) were prepared as the films
A.

(2) Fiim B
The film B has the structure of the film 100 oé thresent invention shown in Fig. 15.

Specifically, the film B is provided with, as theade material 105, a single layer film
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consisting of a 3@um thickness PET (polyethylene terephthalate) anargioxidant layer 101
composed of the rosemary extract on one surfadkeobase material 105. The surface of
base material 105, on which the antioxidant layHr i formed, is not corona treated.

The rosemary extracts used, the method for forntiveg antioxidant layer and the
method for measuring the amount of the rosemamaetxapplied are the same as the Film A.

Film B (1) to be used for the elution test to #ken side surface of the fillet piece
below (an amount applied of 1.04 gjnFilm B (2) to be used for the elution test te theat
side surface of the fillet piece below (an amoupyilied of 1.09 g/f) and Film B (3) to be
used for the elution test to water (an amount applif 1.00 g/f) were prepared as the films
B.
3-2. Yellowtall fillet

A fillet, weighing about 1.5 kg with one side cosé with the skin and the other side
had the meat exposed, was prepared from a yellowtthe same way as Test 2. The fillet
was cut to a 10 cm-width in an approximately pediarar direction to a longitudinal
direction to obtain a specimen in the form of fijiéece.
3-3. Antioxidant elution test
(1) Evaluation on amount of antioxidant elutedhe skin side surface or the meat side surface
of the yellowtalil fillet

The film A or the film B cut out to size 5 cm xcn was affixed onto the above fillet
piece in such a way that the antioxidant layer @@itacted the skin side or the meat side of
the fillet piece. The fillet piece onto which then A or B was affixed was enclosed in a
vacuum-packing bag composed of a film consisting 60um thickness LLDPE (Linear Low
Density Polyethylene) layer, a 20n thickness PE (polyethylene) adhesion layer ah8ljan
thickness ON (oriented nylon) laminated in thisusetpe with the LLDPE layer arranged to
face inside, and vacuum-sealed.

The vacuum-sealing was achieved using a REMACOM, @€OD. vacuum packer
chamber (RVM-300B) with the pressure inside thendber at -100 kPa (-1.0 bar) (gauge
pressure). The obtained vacuum-packing bags weredsunder an atmosphere &C4

opened 10 minutes, 1 hour, 3 hours, 6 hours anftbBds later and the film A or film B was
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removed from the fillet piece. Amounts of the mosey extract remaining on the film A or
film B removed at each time were measured by tbequture described later. The difference
obtained by subtracting a measured residual amuafuthie rosemary extract from the amount
of rosemary extract pre-applied on the film A dmfiB was considered an amount of the
rosemary extract eluted into the fillet piece wihiaa film A or film B contacted the fillet for a
predetermined period of time. The amount of theenaary extract eluted is shown in the
amount per unit area of the film A or film B.
(2) The antioxidant elution test to water

The film A or film B, 5 cm x 5 cm, was immersed &C in a polypropylene pan
(dimension: length x width x height = 320 mm x 28@h x 52 mm) filled with 1000 mL of
distilled water, removed 10 seconds, 10 minutesnBtutes, 1 hour, 3 hours, 6 hours and 24
hours later and dried. Amounts of the rosemaryaektremaining on the removed film A or
film B were measured by the procedure describedr.lat The difference obtained by
subtracting a measured residual amount of the ragesxtract from the amount of rosemary
extract pre-applied on the film A or film B was &ifered an amount of the rosemary extract
eluted into water when the film A or film B was irensed in water for a predetermined period
of time. The amount of the rosemary extract eliseshown in the amount per unit area of
the film A or film B.
3-4. Method of measuring amount eluted

Amounts of the rosemary extract remaining on tlme A or film B after each of the
elution tests were measured by the following praced
(1) The elution method

The 5 cm x 5 cm film A or film B after each of tekition tests was putina 12 cm x 17
cm thick zipper bag. Subsequently, 10 mL of methaas added and the zipper was closed
in such a manner that the air was removed as msighossible. The bag was shaken by
hands several times and the supernatant was filtesieg a non-aqueous Quéh chromatodisc.
The filtrate, without being diluted, was measurgdHPLC under the following conditions.
(2) Measurement method

(2-1): Method for creating calibration curve
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A 100 ppm standard solution was diluted with methiaising an automatic dilutor to
create a 4-point calibration curve at 50 ppm, 1@ pp ppm and 2 ppm.

(2-2): Calculation method

The amount of rosmarinic acid remaining on then flA or film B per unit area was
determined from the measured value of the rosntaaicid concentration by UHPLC using the
following formula.

Amount of rosmarinic acid (mgfnh= measured value (mg/L) x extracted volume 10
(mL)/sample area 0.0025 fjrx dilution rate/1000

The present inventors, as described earlier, atggrconfirmed that the rosemary
extract A (RM-21A base) used, i.e., the water-slelubsemary extract, contained rosmarinic
acid in a concentration of 9.2 mass%. Accordingig amount of water-soluble rosemary
extract per unit area was calculated using theoviotlg formula based on the amount of
rosmarinic acid per unit area (mdjnealculated above.

Amount of water-soluble rosemary extract convefteth the rosmarinic acid (gfin=
amount of rosmarinic acid (mgf0.092/1000
(3) UHPLC Measurement conditions
Apparatus: Shimadzu Corporation Ultra high-perfanoliquid chromatograph Nexera X2
Column: Kinetex 1.70m C18 100A (50 mmL. x 2.1 mm 1.D.)
Column temperature: 4G
Mobile phase: 0.05% trifluoroacetic acid/acetotdts A/B
Mobile phase conditions:

0 to 1 minute = solvent B (=acetonitrile) concatitm 20%

1 minute to 2 minutes = solvent B concentratiamfr20% to 45%

2 minutes to 10 minutes = solvent B concentradis¥

10 minutes to 10.1 minutes = solvent B from cotregion 45% to 20%

10.1 minutes to 13 minutes = solvent B concemma?0%
Mobile phase flow rate: 0.6mL/min
Pump temperature: room temperature

Measurement time: 13 minutes
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Injection volume: JuL

Detector: rosmarinic acid (PDA = 210 nm)
3-5. Results

(1) Elution into yellowtail fillet

Table 8 shows the amount (upper row) of the amtant eluted to the skin side surface
or the meat side surface of the yellowtail filletdathe elution ratio (bottom row) thereof
evaluated by the method described in "3-3. Antiamidelution test" (1). In Table 8, 0.17
hours under Elution time refers to 10 minutes. €hdion ratio shown in Table 8 is also
depicted as a graph in Fig. 16A.

It is verified that both film A and film B, whenoatact the skin side surface and the
meat side surface of the fillet, can provide theetfiwith a half or more of the applied
antioxidant in a comparatively short time of 10 oigs and the elution ratio increases up to 6
hours but tends to slow down thereafter. Withfilme B in which the antioxidant layer 100
was formed on the PET surface, the most part opteeapplied antioxidant was eluted after
24 hours have passed, whereas with the film A irclwthe antioxidant layer 100 was formed
on the LLDPE surface, the elution ratio was abddo7even after 24 hours have passed.
Both film A and film B were confirmed that, whenntacted the meat side surface of the fillet,
the amount of the antioxidant eluted tended tcabgelr.

[Table 8]
Elution into fish fillet pieces

<Amount eluted [g/m?]>

. Affixed Amount Elution time (h)
Film Saliwrtfi?)iiedggp fillet applied || 547 | 3 6 | 24
surface [g/m?] :

A() LLDPE Skin 0.71 0.00 | 0.37 | 0.38 | 0.41 | 042 | 0.47
A(2) LLDPE Meat 0.67 0.00 | 045 | 047 | 047 | 051 | 051
B(1) PET Skin 1.04 0.00 | 057 | 0.71 | 0.85 | 0.93 | 1.01
B(2) PET Meat 1.09 0.00 | 094 | 1.02 | 1.02 | 1.04 | 1.06
<Elution ratio [%]>
i Surface with AIifIII):d Elution time (h)

antioxidant surface 0 0.17 1 3 6 24
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A1) LLDPE Skin 0 52 53 58 59 66
AQ2) LLDPE Meat 0 67 70 70 75 75
B(1) PET Skin 0 55 68 81 89 97
B(2) PET Meat 0 86 94 94 95 97

(2) Elution into water

Table 9 shows the amount (upper row) of the amant eluted into water and the
elution ratio (bottom row) thereof evaluated by thethod described in 3-3 (2). In Table 9,
0.003 hours under Elution time refers to 10 secodds hours refers to 10 minutes and 0.50
hours refers to 30 minutes. The elution ratio shawTable 9 is also depicted as a graph in
Fig. 16B.

It is verified that both film A and film B, wheroatact water, can elute a half or more
of the applied antioxidant in a comparatively shorte of 10 seconds and the elution ratio
increases up to 6 hours but tends to slow dowred#iir.

[Table 9]
Elution into water

<Amount eluted [g/m?]>

Surface with Amount Elution time (h)
Film antioxidant a[gmg]d 0 0.003 | 0.17 | 0.50 1 3 6 24
A3) LLDPE 0.70 0.00 | 0.37 | 0.38 | 040 | 0.37 | 0.38 | 0.40 | 0.39
B(3) PET 1.00 0.00 | 0.33 | 046 | 047 | 048 | 0.50 | 0.52 | 0.56
<Elution ratio [%]>

Eilm Surface with Elution time (h)

antioxidant 0 0.003 0.17 0.50 1 3 6 24
A(3) LLDPE 0 53 54 57 53 54 57 56
B(3) PET 0 33 46 47 48 50 52 56

Advantageous Effects of Invention
The freshness deterioration suppressing mateniahioglobin-containing food of the
present invention can efficiently suppress thehiness deterioration since the suppressing

material can selectively contact a desired part revhgiscoloration, foul smell, texture

88



deterioration and the amount of drip need to bepmagsed in myoglobin-containing food
items.

The discoloration suppressing material for myoglatontaining food of the present
invention can efficiently suppress the discolomatisince the suppressing material can
selectively contact a desired surface where disabém needs to be suppressed in myoglobin-
containing food items.

The use of the freshness deterioration suppressatgrial for myoglobin-containing
food and the discoloration suppressing materiahigoglobin-containing food of the present
invention enables the antioxidant to contact a nomg-containing food item without
changing the shape of the food item.

The method for suppressing the freshness detgadorar discoloration of myoglobin-
containing food by the use of the freshness detiam suppressing material for myoglobin-
containing food or the discoloration suppressingemia for myoglobin-containing food of the
present invention is simpler, more hygienic and ldsely to affect the taste of a food item
than the method of immersing a food item in ancaiidiant solution. The method also does
not need a solvent, such as water, and thus tliaigtion of liquid wastes is suppressed.

The use of the freshness deterioration suppressatgrial for myoglobin-containing
food and the discoloration suppressing materiahigoglobin-containing food of the present
invention can suppress the freshness deteriorabiorthe discoloration of myoglobin-
containing food items without the need of spediiailities.

The food package of the present invention enalblesstorage or the transport of a
packed myoglobin-containing food item without freebs deterioration or the discoloration

caused by oxidation even under conditions witmapterature exceeding -30.

Industrial Applicability
The present invention relates to the freshnessridestion suppressing material for
myoglobin-containing food, the food package contgnthe suppressing material and the

method for storing or transporting the food packafm suppressing the freshness
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deterioration, such as discoloration, foul smelil &exture deterioration, and for suppressing

the amount of drip from myoglobin-containing fooeins.

All publications, patents and patent applicatioited herein shall be incorporated per

se by references in the specification.

90



CLAIMS

1. A myoglobin-containing food freshness deterioration suppressing material for
suppressing freshness deterioration of a myoglobin-containing food, comprising:

a substrate comprising a polymer; and

a layer of an antioxidant with which at least a part of a surface of the substrate is
covered, wherein the layer of the antioxidant is an outermost layer of the myoglobin-
containing food freshness deterioration suppressing material; wherein

the material comprises 0.01 g/m? or more and 20 g/m? or less of the antioxidant relative
to the area of the part in which the antioxidant is present, of the surface of the substrate,
wherein

at least the portion covered with the layer of the antioxidant of the substrate is
formed by a layer of at least one resin selected from the group consisting of a polyester-based
resin, a polyamide-based resin, a polyolefin-based resin and a polyvinyl-based resin, and

the antioxidant comprises a polyphenol compound or ascorbic acid.

2. A myoglobin-containing food freshness deterioration suppressing material for
suppressing freshness deterioration of a myoglobin-containing food, comprising:

a substrate comprising a polymer; and

a layer of an antioxidant with which at least a part of a surface of the substrate is
covered, wherein the layer of the antioxidant is an outermost layer of the myoglobin-
containing food freshness deterioration suppressing material; wherein

the antioxidant comprises a polyphenol compound or ascorbic acid,
at least one of the following conditions:

(1) the antioxidant comprises 0.92 mg/m? or more and 1840 mg/m? or less of rosmarinic
acid relative to the area of the part in which the antioxidant is present, of the surface of the
substrate;

(1) the antioxidant comprises 1.2 mg/m? or more and 2400 mg/m? or less of carnosol
relative to the area of the part in which the antioxidant is present, of the surface of the

substrate;
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(1) the antioxidant comprises 0.74 mg/m? or more and 1480 mg/m? or less of carnosic
acid relative to the area of the part in which the antioxidant is present, of the surface of the
substrate; and

(1V) the antioxidant comprises 0.01 g/m? or more and 20 g/m? or less of ascorbic acid
relative to the area of the part in which the antioxidant is present, of the surface of the
substrate;
is satisfied, and

at least the portion covered with the layer of the antioxidant of the substrate is formed
by a layer of at least one resin selected from the group consisting of a polyester-based resin, a
polyamide-based resin, a polyolefin-based resin and a polyvinyl-based resin.

3. The myoglobin-containing food freshness deterioration suppressing material according
to claim 1 or 2, wherein the antioxidant comprises a rosemary extract and/or a tea extract
comprising a polyphenol compound.
4. The myoglobin-containing food freshness deterioration suppressing material according
to claim 3, wherein the antioxidant comprises a water-soluble rosemary extract comprising a
polyphenol compound.
5. The myoglobin-containing food freshness deterioration suppressing material according
to any one of claims 1 to 4, wherein when the mass of the antioxidant per square meter area of
the part in which the antioxidant is present, of the surface of the substrate, is defined as T, and
one plate- or film-shaped sample piece of a square 5 cm on a side, of the myoglobin-
containing food freshness deterioration suppressing material, is immersed in a volume of 1000
mL of distilled water at a temperature of 4°C,

the following characteristics are exhibited:

a mass of 0.05 T or more per square meter area of the part, of the antioxidant, is eluted
from the substrate into the distilled water at 10 seconds after the start of immersion, and

a mass of 0.15 T or more per square meter area of the part, of the antioxidant, is eluted
from the substrate into the distilled water 30 minutes after the start of immersion.

6. A food package comprising at least:
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the myoglobin-containing food freshness deterioration suppressing material according
to any one of claims 1 to 5;

a packaging material; and

a myoglobin-containing food; wherein

the myoglobin-containing food freshness deterioration suppressing material and the
myoglobin-containing food are packaged by the packaging material so that a surface of the
substrate, covered with the layer of the antioxidant, of the myoglobin-containing food
freshness deterioration suppressing material, is in contact with at least a part of a surface of the
myoglobin-containing food.
7. A food package comprising at least:

a packaging material at least partially comprising the myoglobin-containing food
freshness deterioration suppressing material according to any one of claims 1 to 5; and

a myoglobin-containing food; wherein

the myoglobin-containing food is packaged by the packaging material so that a surface
of the substrate, covered with the layer of the antioxidant, of the myoglobin-containing food
freshness deterioration suppressing material comprised in the packaging material, is in contact
with at least a part of a surface of the myoglobin-containing food.
8. A food package comprising at least:

a packaging material at least partially comprising the myoglobin-containing food
freshness deterioration suppressing material according to any one of claims 1 to 5;

an additional myoglobin-containing food freshness deterioration suppressing material
according to any one of claims 1 to 5; and

a myoglobin-containing food; wherein

the additional myoglobin-containing food freshness deterioration suppressing material
and the myoglobin-containing food are packaged by the packaging material so that a surface of
the substrate, covered with the layer of the antioxidant, of the myoglobin-containing food
freshness deterioration suppressing material comprised in the packaging material, is in contact

with at least a part of a surface of the myoglobin-containing food, and
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the additional myoglobin-containing food freshness deterioration suppressing material
and the myoglobin-containing food are packaged by the packaging material so that a surface of
the substrate, covered with the layer of the antioxidant, of the additional myoglobin-containing
food freshness deterioration suppressing material, is in contact with at least a part of a surface
of the myoglobin-containing food.
9. The food package according to any one of claims 6 to 8, wherein the myoglobin-
containing food is fish meat containing myoglobin.
10.  The food package according to claim 9, wherein the fish meat is meat of fish belonging
to the family Carangidae.
11.  The food package according to claim 9 or 10, wherein

the fish meat is a fillet whose surface is partially covered with skin, loin whose surface
iIs partially covered with skin, loin from which skin is stripped, or a slice of fish, and

the packaging is made in the packaging material so that a surface of the substrate,
covered with the layer of the antioxidant, of the myoglobin-containing food freshness
deterioration suppressing material comprised in the packaging material and/or the myoglobin-
containing food freshness deterioration suppressing material separate from the packaging
material, are/is in contact with at least a part of a surface covered with skin of the fillet, at least
a part of a surface covered with skin of the loin whose surface is partially covered with skin, at
least a part of a surface from which skin is stripped of the loin from which skin is stripped, or
at least a part of a surface of the slice of fish.
12. A method for preserving and/or transporting the food package according to any one of
claims 6 to 11, comprising:

a step of preserving and/or transporting the food package under a temperature condition

of -30°C to +10°C.
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