Description ENZYME PREPARATION FOR ADHESION-MOLDED FOODS AND METHOD FOR
PRODUCING ADHESION-MOLDED FOOD Technical Field The present invention relates to
enzyme preparations for bound and formed foods, and methods for producing a bound and formed
food. Background Art There are many reports concerning techniques on binding food raw
materials using transglutaminase. Japanese Patent No. 1927253 discloses a technique to produce a
bound and formed food with the use of only transglutaminase. The invention described in this patent is
groundbreaking in the sense that it developed a novel use of transglutaminase. However, because of
insufficient binding strength, techniques using®s Variéty ¢t dther components with transglutaminase
~ have been studied, and put into practical application. Japanese Patent Nos. 3353383 and
3353503 disclose inventions concerning bound and formed foods, in which transglutaminase and its
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meat, squid, and crab, and fishgﬁgﬁgegﬁé %BEE@ fgﬁ,‘_%ﬂ%{]oeﬁ,égged salmon roe, and salted cod

roe. The methods described in these patents are inventions concerning highly versatile binding and
forming methods that enable a food to be bound in the raw state without influencing taste and flavor.
Because of recent problems of food allergy, use of milk-derived proteins for processed foods is not
always possibles in this cennection, binding methods that use transglutaminase and non-casein
proteins have been studied. Japanese Patent No. 3407599 discloses a binding and forming method
that uses collagen antktiansgliutaminasenas the aetive ingredientswithputysing caseis. However,
because collagen has the property to develop high viscosity when dissolved in water, the method
requires theccallagenito e dissolveshincold water 0fh.20E of dess rantltherhondingpracaddre must
immediately follow the dissolving of collagen. The method is therefore problematic in terms of
handling. It Shoutke-alse be noted that the binding strength is weak in the absence of a salt, and
practical effects cannot be expected in this case. In this connection, International Publication NO
02/080700 discloses an enzyme preparation for binding food raw materials, and a method of
production of bound and formed food using the enzyme preparation. The invention described in this
publication G868 '<petffic’tbliagen in which the total number of hydroxyproline and proline residues
~ (hereinafter, also relerred to as "imino acids") is less than 20% of total amino acid residues in the

collagen, and the specific colisgBR Ak d FaNSgidtamnass Bre Sohfiined 45 fiie Aetiveiigradients.
Patent Document 6 describes suppressing gelling of collagen at low temperatures referably
blending, fo%%?(gmrp?a smaeiltt%f%50%‘%1%5%ulr;{n“c’clr%gri5(1:‘:,%1}%S %g%%l&ﬂgﬁde to ga%aanﬁseesi%a%oen%ining

tansglutamipase seolagenand salts (or.adound.anfenned dopg oweer.peraup g nvention

described in JP-A-2006-246716 uses calcium chloride to suppress gelling of collagen at low
temperatures, dhe invention of this.publicgtian, isicomplgtely differentn the-way caleiym chjpride is

used in the present invention, as will be described later. Accordingly, the invention described in
JP-A-2006-246¢16 eeas not suggesttherpresentinventiti-caking in the sense that
it developed a novel use of transglutaminase. However,
because of insufficient binding strength, techniques using a
variety of other components with transglutaminase have been
studied, and put into practical application.
Japanese Patent Nos. 3353383 and 3353503 disclose
inventions concerning bound and formed foods, in which
transglutaminase and 1its substrate caselns are used in

combination. The methods described in these patents are

applicable to a wide range of food raw materials, including



Further, the type of collagen that can be used as the specific collagen is essentially fishskin-derived
collagen. As such, there are cases where preparations that contain fish collagen are not usable for
livestock meat processed products that use pork, beef, and chicken, because the fish collagen has a
different protein origin from these products. Particularly in the European market where processed
foods that use raw materials originating in fish must be labeled with a listing of allergic ingredients, use
of fish collagen for livestock meat processed products is often more restricted than in other regions.
The binding techniques currently available all use specific protein materials in a blend, and no
technique iS*aVaffanié that ah Satishpther need folise b8 bEgiefent srotdinss DespitB #ke need for a

binding technique that does not use protein materials, no technique has been developed that can

3,

provide practitat fevels ot birfttirig Benbtts Fitotit Usiny protein MiaferiQe: DisdiéSUe dthe Invention

From these backgrounds, an object of the present invention is tg provide an excellent enzyme
preparation?gr‘&%éznsga;ﬁhé) For}ﬁ%ﬁg, 3ﬁ§ asp%?eiﬁé%j for prjf)%lﬁCingf E %or&%%neﬁwddsf FedtH6d “with which

food raw m§ggri§§ suc adscg@ggpieces can he sufficiently bound and.formed without using protein
materials. Theepre}s}ént invento?sr conducted extensive studies to s%f‘v%r%t & f‘éf?erg%#glr%r%oblems,

and found that fgod raw.materials such as;livastock meat can be baund with the yse of, . |

transglutaminase and calcium chloride or magnesium chloride. The present invention was completed

based on this-tinding. Specifically - the presentinventionis asdescrbed below, . (1) An enzyme

preparation for bound and formed foods, comprising transglutaminase, and calcium chloride or
magnesium chloridesas agtive ingredients, twherein the ameunt rof-calcium chlpride is;8.097 to 0.03 g
per 1 U of the transglutaminase in said enzyme preparation, or wherein the amount of magnesium
chloride is 0:02% t@i6:025<gipar Al of the transglptaminase:in saisbenzyme preparaiionays (2) A
method for producing a bound and formed food, comprising adding 0.6 g of calcium chldride and 75 to
100 units oftrartsgiutaminase perttod gaofrafoot raw, matérialing  (3)Amethodfar producing a
bound and formed food, comprising adding 0.7 to 0.9 g of calcium chloride and 25 to 100 units of
transglutamiriaseSpertion g o 8 food fawiiaterial 1 pY2)A nethbd for prottucitigia bednd and
formed food, comprising adding 1.4 to 1.6 g of magnesium chloride and 60 to 100 units of
transglutam?ﬁéé%'lﬁegrelgbdié%?g f38d raw ‘matérar 1 ¢ 1 5y rhetmetivtl Aot g8 Eny 6t (2) to (4),

~ wherein the foggraé{v:material is meat, and wherein the bound and formed food is bound and formed
meat. method that uses collagen and transglutaminase as Che active

ingredients without using casein. However, because collagen
has the property to develop high viscesity when dissolved in
water, the method reguires the collagen to be dissolved in cold
water of 10°C or less, and the bonding procedure must
immediately follow the dissolving of collagen. The method is
therefore problematic in terms of handling. It should also
be noted that the binding strength is weak in the absence of
a salt, and practical effects cannot be expected in this case.

In this connection, International Publication WO
02/080700 discloses an enzyme preparation for binding food raw
materials, and a methced of production of bound and formed food
using the enzyme preparation. The invention described in this

publicaticn uses a specific collagen in which the total number



The transgiutaminase to be used in this invention is an enzyme used for catalyzing an acyl-transfer
reaction in a y-carboxyamide group in a glutamine residue in a protein or peptide chain. An
6-(y-Glu)-Thys bond is formed in and between protein molecules by the action of the transglutaminase
as an acyl receptor exerted on an a-amino group of a lysine residue in the protein. An enzyme of any
origin can be used as the transglutaminase to be used in the present invention, as long as it has
transglutaminase activity. For example, enzymes that originate in microorganisms, such as those from
actinomycetes (see Japanese Patent No. 2572716), and from Bacillus subtilis (see Japanese Patent
No. 3873408 cahyBe téed rdrifst, feenkyme sy BE bt guiRga plepivet %@iéﬁﬁ(%ee Japanese

~ Patent No. 168_9614%, microorganism origin (see W096/06931), animal origin including cow blood and
pig blood, fi5h bfiginiAciidifg satfiof AndTedSeh Braan (Sed Saki etal. NipgontsurinEakkaishi,
1990, 56, 1%5(:-%32%@% .og/%esr %r{]gi%%e% UI$' Pgtenté\lo %%36’356 ..FﬂJirther, Tjg{ example, the enzyme
maybe those produced;L y genetic fecom mé%gn?éee,nf%r exgmsﬁfg, fapaﬁe%g atent No. 3010589,
JP-A-11-75876, W00 (23591, V0021081694, 211 WO2004/1078973). That I, gy ansglutarminase can
be used in the present invention, and the origin and method of production are not limited. However,
consideringgunetionality.for, fond _@p@'élo_ar‘j!f?%é@ds‘%%&%fs@i‘%”%éﬁtﬁiﬂ{ ferable fouse.
transglutaminases of microorganism origin (Japanese Patent No. 2572716), which can be
commerciallyrmass-psagiiced; and 2o qvailable at lan-0Qst4 1 ngThe-activibrnit.ofdhe « s,
transglutaminase used in the present invention is measured and defined as follows. Specifically, a
reaction is performeday using-henzy|oxycatbonyl:L-glitaminylglycine and hydroxdamine as a
substrate, and, after converting thus-generated hydroxamic acid into an iron complex in the presence
of trichloroacetic zicid,ran ameuat;éithenronscomplex 1S measusediatarn absdrbanegelof: 525 nm. An
enzyme amount that enables generation of 1 micromol of hydroxamic acid in one minute is defined as
1 unit whicheiscart activity driv of tralisgletamindses Detdlls ofthis ieasurement methodiwhich is called
hydroxamate method have already been reported (for example, see Registered No. 2572716).

The essential’ cémpBRénts talciim ériride-ahd¥iaghesiuhs ehlctide prthe Present inventibn maybe of
any grade, provided that they are usable for food. Calcium chloride or magnesium chloride may be

used alone Gt 'caiiim Chidfide &itPMaghesitinir chitfiide Ardy 6& sl i ESmbiRatior: i use of

~ calcium chloride and/Jg‘)rénal ne§ium chloride.cong'derabl increases theﬁ indinI% effect. In the
enzyme prelpsaractcljénr’}D 0 S&e énﬁr%e%ﬁi%n?’?he tlire’raltio of thé' constitaéd ecdrﬁp&’?&ﬁs
transglutamjnase and calcium chloride or magnesium chloride is such that the calcium, chloride content

s preferabl;}%.og‘ﬁ(teo %385 %%CF 1 ﬁ]no‘%&t?%%cg%ﬁfam?nsasg f‘nlt e %r%pa%gt?c():nr, :b%?r%e rzg‘&r%ﬁsium chloride

content is pieferably 0.922,10.0.025,9 et 14| ofdansglutaminase e enzyme preparation. The

transglutaminase is mi in 1 to 200 units per gram of the enzyme preparation. The enzyme
preparationfgr binding-efithe ipresant invention camprisgs transglutaminase and calcium chloride
and/or magnesium chloride as the active ingredients, and may additionally comprise other
components, including; foreexample, knewn food-excipieats suchtas-lactaose, sder@sesmaltitol, sorbitol,
dextrin, branched dextrin, cyclodextrin, silicon dioxide, cellulose, starches, polysaccharides, gums, and
pectin. The gnzymeipreparfationanay alsoseamprise $odifiive h carthonate; isoditmcitiatg esadium
phosphate, calcined calcium, calcium phosphate, calcium carbonate, magnesium carbonate, sodium
chloride, potassiumnchloride oraagiotsolyphosphates sache s sodidm pyrophdsphaté isddium
ipolynhosphate or sodiummetaphosphate. It is also possible to appropriately mix components such as
flavor enhaf€ers28Ggarks: Spices, arificial colérs, Eofoting dnEifs fasesrbivsacits mnecsHits thereof,
emulsifiers, or fats and oils. The enzyme preparation for binding and forming of the present
invention is Tt netassatily fequifiiito d*frovitiéd &8'a mifiite of trahsgllrainasé sHéccalcium

chloride or tgaﬁgnesium ch# ride contained in the same container, and may be provided in the form of a

kit that contains thése S6mpDhERts in BBparate cotainets. The SRzynie préparation may be a powder

or a liquid. Particularly in the Eurcpean market where processed foods that
use raw materials originating in fish must be labeled with a
listing of allergic ingredients, use of fish collagen for

livestockmeat processed products isoftenmore restricted than



In the present invention, the bound and formed food refers to food products obtained by binding and
forming food raw material pieces measuring 3 mm or more, preferably 1 cm or more in the smallest
side, and excludes paste products, such as sausage and kamaboko, produced from minced or paste
“raw materials. Any food raw material may be used as long as the material is a protein-based food.
Examples of food raw material include meat such as beef, pork, horse, mutton, goat, rabbit, chicken,
duck, and domestic duck; various types of fish meat; shellfish; crustaceans such as shrimp and crab;
mollusks such as squid and octopus; and fish roe such as salmon roe, and salted salmon roe. These
are merely eXarfipleg fafd thePfodd raw material is not limited to these. Binding of food pieces or
small food materials_requires a tensile strength of 80 g/cm2 or more as measured with a rheometer
(Fudo Kougyou). A llé“h%ilebéf@rf’d}ﬁ les§ %%fcm’%ﬁ%%%%&?fed%?bﬂa%}ﬂégl ude; bedabse it

causes the materiaéﬁ to detggg lduri},@ig tgq,*: Pg%dsuction or&eé)ar,ation of a bo ndcgnd formed food.

As describe%pa%%jve, the] gresenﬁnven lon’is appﬁélab‘fi]e o] aﬁ%ihd%%? prrlo%in?bas%%j%gd Taw

materials, engbiing.proguetian o bound and formed pradusts witpaut.addinion ofprote nmpferials
(purified protein or extracted protein) such as casein and collagen. The present invention can therefore

solve the prgblem of,the W@@éfﬁq_@sﬁ{& industry Jooking for ways o he free of different, proteins, and

to be free of the need to put a labeling of allergic ingredients. The following methods can be used
to produce abounskandfeemed-foed by-pirdingfeed raw materialsy,c en nAyREHOd LSRG @an enzyme
preparation that comprises transglutaminase and calcium chloride or magnesium chloride as the active
ingredients can pAdnethodusing transgluaminase andealeiun €hiafigeronmagaesiu chlpride that
are separately purchased Either method is usable. In either case, the calcium chloride is used in
an amount pfrpreterablydicnn 026 20 0.9 g (inclusive), more preferably from 0.6 to 0.8 g, in terms of a
weight of dihydrate crystals, per 100 g of the food raw material. Above 0.9 g, the taste of calcium
chloride becomes strong, and the bound and formed food cannot have good taste. Below 0.6 g,
sufficient binding cannot be obtained even with the use of transglutaminase, and binding becomes
insufficient inithe Botindandformed ¥69E T L “The transglutaminase is used in an amount of
preferably 75 to 100 units, more preferably 90 to 100 units per 100 g of the food raw material when the
calcium chloride contentis 86§ perAbokg 6Pivet60d rall nfteia "widn thé Balditifiihidride content

_is0.7t0 0'%‘38” ;OOg of th% food raw material, the Eins%utaminase is used in an amaunt of
10 nits: Moré 5r%?§§8® 30'to-90 onits

preferably Bér 186 76t thé FSOH Faw ifatéfidl. When the
transglutaminase.is ysed in amounts below these r ,binding does not develop sufficiently. Above
these rangng?sj,"%th(%céétao’géheg?rgﬁé&%farﬁfﬁ%sg b%%gr%%e%sst%l;n&%oégfl 4 factor: %OB? e%la%gnesium

chloride is used.n an-amount of preferablyel 4 4o, 1.6 g o derms af aweight of hexalydrate crystals,

per 100 g of the food raw material. Above 1.6 g, the taste of the magnesium chloride becomes strong,

and the boundhand:formed fead gangothave gopdaste - Below, 1.4, sufficient binding cannot be
obtained even with the use of the transglutaminase, and binding becomes insufficient in thebound and

formed foocsfhe-transglutaminase is used in an amount of preferably 60 to 100 units per 100 g of the
food raw material when the magnesium chloride content is 1.4 to 1.6 g per 100 g of the food raw
material. When the tlansglutaminase isvusedbin amnaunts beloiv this eangey bindingidees nat develop
sufficiently. Above this range, the cost of the transgluta inase becomes too much of a factor.

solve the foregoing problems, and found that food rawmaterials

such as livestock meat can be bound with the use of

transglutaminase and calcium chloride or magnesium chloride.

The present invention was completed based on this finding.

Specifically, the present invention is as described below.

(1) An enzyme preparafion for bound and formed foods,

comprising transglutaminase, and calcium chloride or

magnesium chloride as active ingredients, wherein the amount



Note that sufficient binding is the state in which the tensile strength as measured with a rheometer is
80 g/cm2 or more. Production of a bound and formed food by the binding of food raw materials
can use either a method in which the enzyme preparation for binding of the present invention is used
by being dissolved in a solvent, or a method in which the enzyme preparation is mixed with food raw
materials in powdery form. Specifically, the essential components transglutaminase, calcium chloride,
and magnesium chloride are mixed with the food raw materials either separately or at the same time in
the form of a solution or a powder. Both of these methods are confined within the method for

producing botndi nd foFmed 160as OF the preseftihvérition, Brief Besttiption of the Drawings

Fig.lisa dia%gm r prcesentin% the relatior&shi%between the binging strength ﬁmd the agwhounts of
calcium chloride'8Md tranSglitaminase Hdded BXAMple 1T " * iy 2 is Y didgram répresenting the

relationshipal?necg\{lvg%n tf%e (lélanx%n%ﬁt%n%tg ﬁndit & amounts 95 mtaé;n@:s c%_loléigg aIan
mple 1). n

: 1 T
transglutaminase added est Mode for Carrying Out the Inventio The%resent

invention isggécrgk}%q}%@% égﬂgg@éléoaégd%%xaéggw 'Qgggppg%tgv&li'xample. It should be

noted, however, that the technical scope of the present invention is not limited by the following

Example. Example 12, A geromercially-avajlable transglutaminage (Activa G Ajinemoto Co., Inc.;
specific activity, 1,000 units/g) of Streptomyces mobaraensls origin was used as the transglutaminase.

Note that Streptemycesdnebaraensis hag beerzcalledrStreptovericilium mobaraense hefore 1990.
Magnesium chloride hexahydrate (from Tomita Pharmaceutical Co., Ltd.) and calcium chloride
dehydrate (from:Tamitg Phasmaceuticab€0.,110d.) yveré usedoAs shewnria Tabie:1,.the
transglutaminase, calcium chloride, and magnesium chloride were weighed, and dissolved in 12 ml of
water. The resulting{mixell sofutiond were thencusediasierzyme préparationis ofithe present invention.
Table 1. Formulations of Enzyme Preparations
comprising adding 0.7 £to 0.9 g of calcium chloride and 25 to
100 units of transglutaminase per 100 g of a food raw material.
(4) A method for preducing a bound and formed food,
comprising adding 1.4 to 1.6 g of magnesium chloride and 60
to 100 units of transglutaminase per 100 g of a food raw
material.
(53) The method according to any of (2) to (4), wherein
the food raw material is mealt, and wherein the bound and formed
food is bound and formed meat.
The transglutaminase to be used in this invention is an
enzyme used for catalyzing an acyl-transfer reaction in a
y-carboxyamide group in a glutamine residue in a protein or
peptide chain. An e~ (y-Glu}l-Lys bond is formed in and between
protein molecules by the action of the transglutaminase as an
acyl receptor exerted on an €-amino group of a lysine residue

in the protein. An enzyme of any origin can be used as the

transglutaminase to be used in the present invention, as long



Testgroup 123456 Transglutaminase(U) 90 90 90 90

as 1t has transglutaminase activity. For example, enhzymes
that originate 1in microorganisms, such as those from
actinomycetes {(see Japanese Patent No. 2572716}, and from
Bacillus subtilis {see Japanese Patent No. 3873408) can be used.
Further, the enzyme may be of guinea pig liver origin isee
Japanese Patent No. 168%614), microcrganism origin (ses
W096/06831), animal origin including cow blood and pig blood,
fish origin including salmon and red sea bream (see Seki et
al., Nippon Suisan Gakkaishi, 1990, 56, 125~132), or oyster
origin (see U.S. Patent No. 5,736,356). turther, for example,
the enzyme may be those produced by genetic recombination (see,
for example, Japansese Patent No. 301058%, Jp-A-11-75876,
WO0L1 /23591, WO002/0816%94, and W02004/078973). That is, any
transglutaminase can be used in the present invention, and the 77
origin and method of production are not limited. However,
considering functionality for food applications and ease of
hancdling, 1t 1s preferable to use transglutaminases of
microorganism origin (Japanese Patent No. 2572716}, which can
be commercially mass-produced, and are available at low cost,

The activity unit of the transglutaminase used in the
present invention 1is measured and defined as follows.
Specificalily, a reaction is performed by using
benzyloxycarbonyl-L~glutaminylglycine and hydroxylamine as a
substrate, and, after converting thus-generated hydroxamic

aclid into an iron complex in the presence of trichlorocacetic



90 180 180 180 Calcium chloride(g) 1.21.51.82.12.4 1.2 Test group

acid, an amount of the iron complex is measured at an absorbance
of 525 nm. An enzyme amount that enables generation of 1
micromol of hydroxamic acid in one minute is defined as 1 unit
which is anactivityunitof transglutaminase. Detailsof this
measurement method which 1s called hydroxamate mebthod have
already Dbeen reported (for example, sse Registered No.
2572716) .

The essential components calcium chloride and magnesium
chleride in the present invention may be of any grade, provided
that they are usable for food. Calcium chloride or magnesium
chloride may be used alone, or calcium chloride and magnesium
chloride may be used in combination. The use of calcium
chloride and/or‘magnesiUHlchlbride considerably increases the
pinding effect.

In the enzyme preparation of the present inventieon, the
mixture ratio of the constituent components transglutaminase
and calcium chloride or magnesium chloride is such that the
calcium chloride content is preferably 0.007 to 0.03 g per 1
U of transglutaminase in the preparation, or The magnesium
chleride content is preferably 0.022 to 0.025 ¢g per 1 U of
transglutaminase in the enzyme preparation. The
transglutaminase is mixed in 1 to 200 units per gram of the
enzyme preparation.

The enzyme preparation for binding of the present

invention comprises transglutaminase and calcium chloride
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and/or magnesium chloride as the active ingredients, and may
additiconally comprise other components, including, for
example, known food exclplents such as lactose, sucrose,
maltitol, sorbitol, dextrin, branched dextrin, cyclodextrin,
silicon dioxide, celluloée, starches, polysaccharides, guns,
and pectin. The enzyme preparation may also comprise sodium
bicarbonate, sodium citrate, sodium phosphate, calcined
calciﬁm, calcium phosphate, calcium carbonate, magnesium
carbonate, sodium chloride, potassium chloride or various
polyphosphates such as sodium  pyrophosphate, sodium
tripeclypnosphate or sodiummetaphosphate. Tt isalsopossible
to appropriately mix components such as flavor enhancers,
sugars, spices, artificial colors, coloring agents, ascorbic
acids and salts thereof, emulsifiers, or fats and olls.

The enzyme preparation for binding and forming of the
present invention 1s nolt necessarily required to be provided
as a mixture of transglutaminase and calcium chloride or
~magnesium chloride contained in the same container, and nay
be provided in the form of a kit that contains these components
in separate containers. The enzyme preparationmay be a powder
or a liguid.

In the present invention, the bound and formed food

refers to focd products obtained by binding and forming food

et

raw materlal pleces measuring 3 mmn or more, preferably cm

or more in the smallest side, and excludes paste products, such



270 270 Calcium chloride(g) 1.8 2.1 2. Test group 16

as sausage and kamaboko, produced from minced or paste raw
materials. Any food raw material may be used as long as the
material is a protein-based food. Examples of food raw
material include meat such as beef, pork, horse, mutton, goat,
rabbit, chicken, duck, and domestic duck; various types of fish
meat; shellfish; crustaceans such as shrimp and crab; mollusks
such as sguid and octopus; and filsh roe such as salmon roe,
and salted salmon roe. These are merely examples, and the food
raw material 1s not limited to these.

Binding of food pieces or small food materials reguires
a tensile strength of 84 g/cm2 Oor more as measured with a
rheometer {Fudce Kougyou). A tensile strength less than 80
q/cm? is nct suited for practical use, because it causes the
materials to detach during the production or preparation of
a pound and formed fcod.

As described above, the present invention 1s applicable
to all kinds of protein-based food raw materials, enabling
production of bound and formed products without addition of
protein materials (purifiedprotein or extracted protein) such
as caseln and collagen. The present invention can therefore
solve the problem of the meat processing industry locking for
ways Lo be free of different proteins, and to be free of the
need to put a labeling of allergic ingredients.

The following methods can be used to produce a bound and

formed food by binding food raw materials.
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- A method using an enzvme preparation that comprisses
transglutaminase and calcium chloride or magnesium chloride
as the active ingredients

- A methced using transglutaminase and calcium chloride
or magnesium chloride that are separately purchased

Either methed 1s usable.

In either case, the calciumchloride is used in an amount
of preferably from 0.6 to 0.2 g {inclusive), more preferably
from 0.6 to 0.8 g, in terms'of a weight of dihydrate crystals,
per 100 g of the food raw material. Above 0.9 g, the taste
of calcium chloride becomes strong, and the bound and formed
food cannot have good taste. Below 0.6 g, sufficlent binding
cannot be obtained even with the use of transglutaminase, and
binding becomes insufficient in the bound and formed food.

The transglutaminase i1s used in an amount of preferably
75 to 100 units, more preferably 90 to 100 units per 100 g of
the food raw material when the calcium chloride content is 0.6
gper 100 gof the food rawmaterial., When the calclumchloride
content 1s 0.7 to 0.% ¢ per 100 ¢ of the food raw material,
the transglutaminase is used in an amount of preferably 20 to
100 units, more preferably 30 to 90 units per 100 g of the food
raw material. When the transglutaminase is used in amounts
below these ranges, binding does not develop sufficiently.
Above these ranges, the ccst of the transglutaminase becomes

teoo much of a factor.

10



Magnesium chloride(g) 2.7 3.0 3.3 3.6 3.9 4.2 Each enzyme preparation so prepared was
thoroughly mixed with small pieces of pork ham (about 2 cm cube, a total of 300 g), and the mixture
was packed into a casing tube that had a folding width of 75 mm. The tube was left at 5C for 18 hours
to allow the transglutaminase reaction to proceed. Thereafter, the tube was placed in a -40C freezer,
and preserved therein for later evaluation. The frozen bound pork was then sliced into a thickness of 9
mm and a width of 25 mm. Figs. 1 and 2 show the results of tensile strength measurements

performed in the raw state with a rheometer (Fudo Kougyou) after thawing. In contrast to the tensile
strength The magnesium chloride is used in an amount of preferably

1.4 to 1.6 g, in terms of a welght of hexahydrate crystals,
per 100 ¢ of the food raw material. Above 1.6 g, tThe taste
of the magnesium chloride becomes strong, and the bound and
formed food cannot have good taste. Below 1.4 g, sufficient
binding cannot be obtained even with the use of the
transglutaminase, and binding becomes insufficient in the
pocund and formed food. The transglutaminase is used in an
amount of preferably 60 to 100 units per 100 g of the food raw
material when the magnesium chloride content is 1.4 to 1.6 g
per 100 g of the food rawmaterial. When the transglutaminase
is used in amounts below this range, binding does not develop
sufficiently. Abcve this range, the cost of the
transglutaminase beccmes too much of a factor.

Note that sufficient binding is the state in which the
tensile strength as measured with a rheometer is 80 g/cm® or
more.

Production of a bound and formed food by the binding of
food raw materials can use elther a method in which the enzyme
preparation for binding of the present invention is used by
being dissolved in a solvent, or a method in which the enzyme
preparation is mixed with food raw materials in powdery form.
Specifically, the essential components transglutaminase,
calcium chloride, and magnesium chloride are mixed with the

food raw materials either separately or at the same tTime in
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of 80 g/cm2 as the conventional index of a practical binding strength measured in the same manner,
the values of binding strength measured in this evaluation were above this reference value (80 g/cm2)
in the test groups that had the calcium chloride content of 2.1 g (0.7 g per 100 g of the food raw
material) or more from among the test groups 1 to 5, and 6 to 10 in which the transglutaminase was
added in 90 U and 180 U (30 U and 60 U per 100 g of the food raw material). the values of binding
strength also exceeded the reference value in the test groups that had the calcium chloride content of
1.8 g (0.6 g per 100 g of the food raw material) or more from among the test groups 11 to 15 in which
the transgluraiRifasewas &dded 276! (06G PREFE00 g &rthe @éd%ﬁﬁﬁdﬁﬁg}ﬁ%ﬂ@, the value
of binding strength was above the reference value in the test group that had the magnesium chloride

content of 42§ (145§ pEr 1007y ‘ot THEF508 FabP mAEREN Or MroRS HBM Abhg TS te4CG1dEps 16 to 21

in which ma(%ge%if%n chloride was added. As these results demonstrate, practical binding strength can

be obtained by using %gﬁ:lsuen%%hfb?i\ég?mja%rﬁésium chloride, and transglutaminase in the appropriate
ranges. Comparative Example 1 Calcium oxide (calcined calcium),an inorganic salt of calcium as

is calcium chloride, is known to bind food materials when added in appropriate amounts. Thus, it was

investigatquM@h@e%quc@gﬂmo@(iq%yogpawﬂy% the same effect obtained with the use of
S

calcium chloride. Comparisons using various other salfs were also made. Each salt presented in Table

2 was dissolved in 12 gl of wateryvith, 18Q waits-of fransghiamipase; andoafterithesolytion was
thoroughlymixed with small pieces of pork ham (about 2 cm cube, a total of 300 g), the mixture was

packed intowheasing dubesthat hads folding width @45 mim. Jhedube was leftat 5CGiforlv7shours to
allow the transglutaminase reaction to proceed. Thereafter, the tube was placed in a -40C freezer, and
preserved thereirsfor latenévalvationi ddereafierntensile strength was measured in the same manner
as in Example 1, and comparison was made. The results are presented in Table 2. As shown in
Table 2, of all groupstin whicls 2. 11gof salt (01 geperr 100 g of rew food) Wassadde thciidingrwas
sufficient only in the calcium chloride-added group, and sufficient binding strength could not be
obtained in §PGups teat A Sther g4lts aTRe lCatciine BXitle-added grewp hadbirding trentth close to
a sufficient value; however, the meat turned white in color, and was not desirable in terms of
appearance- THetscbi6rRatiBa 7€ corsiére 8 B st d because calcium oxide is alkali. The results
therefore demonstrated that the binding technique using calcium oxide being a calcium salt as well
was completely different from the binding technique using calcium chloride and transglutaminase, and
that calciun]?géigle %Od.leld pot. b% é#%%?z ggga @@{a%%r%e@noé ézgg:i%m chic Table 2 Salts Amount added
(for300go meatfq

The present invention 1s described below in detail based
on Example and Comparative Example. It should be noted,
however, that the technical scope of the present invention is

not limited by the following Example.

Example 1

A commercially available transglutaminase {Activa TG;
Ajinomoto Co., Inc.; specific activity, 1,000 units/g} of
Streptomyces mobarasnsis origin Was used as the
transglutaminase. Note that Streptomyces mobaraensis had
been <callied Streptoverticillium mobaraense before 1990,

Magnesium chloride hexahydrate (from Tomita Pharmaceutical

12



Binding strength Note Calcium chloride 2.1 g 104.9 glom/ Good appearance Calcium oxide 2.1 g 75.7
g/cm2

Co., Ltd.) and calcium chloride dehydrate (from Tomita
Pharmaceutical Co., Ltd.) were used. As shown in Table 1, the
transglutaminase, calcium chloride, and magnesium chloride
were weighed, and dissolved in 12 ml of water. The resulting
mixed solutions were then used as enzyme preparations of the

preseant invention.

Table 1. Formulaticns of Enzyme Preparations

Test group 1 2 3 4 3 6 7 8
Transglutaminase (U) 90 90 a0 a9 90 [ 180 ¢ 180 ] 1890
Calcium chloride (g) 1.2 01.5 1872010 2.411.211.5,1.8
Test group 9 10 11 12 13 14 15
Transglutaminase (U) 180 | 180 270 | 270 {270 | 270 ) 270
Calcium chloride (g) 2.0 2.4171.271.511.812.1]2.4
Test group 16 17 18 19 20 21
Transglutaminase (U) 180 1 180G 1 180 | 180 1 180 | 180
Magnesium chloride (g) | 2.7 3.0 3.3|3.6{3.9|4.2

Each enzyme preparation so prepared was thoroughly mixed
with small pleces of pork ham {about 2 cm cube, a total of 300
g), and the mixture was packed intc a casing tube that had a
folding width of 7% mm. The tube was left at 5°C for 18 hours
toallow the transglutaminase reaction to proceed. Thereafter,
the tube was placed in a -40°C freezer, and preserved therein
for later evaluation. The frozen bound pork was then sliced
into a thickness of 9 mm and a width of 25 mm.

Figs. 1 and 2 show the results of tensile strength
measurements performed in the raw state with a rheocmeter (Fudo

Kougyou) after thawing. In contrast to the tensile strength

13



Turnedwhite; undesirable Calcium lactate 2.1 g -(Not bound) - Calcium gluconate 2.1 g -(Not bound) -

of 80 g/cm” as the conventional index of a practical binding
strength measured in the same manner, the values of binding
strength measured in this evaluation were above this reference
value {80 g/cm®) in the test groups that had the calciumchloride
content of 2.1 g (0.7 g per 100 g of the food raw materiall
cr more from among the test groups 1 to 5, and 6 to 10 in which
the transglutaminase was added In 90 U and 180 U (30 U and &0
Uper 100 g of the food raw material). the values of binding
strength also exceeded the reference value in the test groups
that had the calcium chloride content of 1.8 g (0.6 g per 100
g of the foed raw material) or more from among the test groups
11 to 15 in which the transglutaminase was added 1n 270 U (90
U per 100 g ¢f the food raw material}. Further, the value of
binding strength was above the reference value in the test group
that had the magnesium chloride content of 4.2 g (1.4 g per
100 g of.the food raw material) or more from among the test
groups 16 Lo 21 inwhich magnesiumchloride was added. As these
results demonstrate, practical binding strength can be

obtailned by using calcium chloride, magnesium chloride, and

transglutaminase in the appropriate randges.

Comparative Example 1
Calcium oxide (calcined calcium},an inorganic salt of
calcium as is calcium chloride, is known To bind food materials

when added in appropriate amounts. Thus, it was investigated

14



Magnesium sulfate 2.1 g -(Not bound) Potassium chloride 2.1 g -(Not bound) - Sodium chloride 2

whether use of calcium oxide would provide the same effect
obtained with the use of calcium chleoride. Comparisons using
various other salts were also made. Fach salt presented in
Table 2 was dissclved in 12 ml of water with 180 units of
transglutaminase, and, after the solution was thoroughly mixed
with small pieces of pork ham {about 2 cm cube, a total of 300
g}, the mixture was packed into a casing tube that had a folding
width of 75 mm. The tube was left at 5°C for 17 hours to allow
the transglutaminase reaction to proceed. Thereafter, the
tube was placed in a -40°C freezer, and preserved therein for
later evaluaticon. Thereafter, tensile strength was measured
in the same manner as in Example 1, and comparison was made,
The results are presented in Table 2.

As shown in Table 2, of all groups in which 2.1 g of salt
(0.7 g paer 100 g of raw food) was added, biding was sufficient
cnly in the calcium chloride-added group, and sufficient
binding strengih could not be obtained in groups that had other
salts. The calcium oxide-added group had binding strength
close to a sufficient value; however, the meat turned white
in color, and was not desirable in terms of appearance. The
discoloration 1s considered to be caused because calcoium oxide
is alkali. The results therefore demonstrated that the
binding technique using calcium oxide being a calcium salt as
well was completely different from the binding technigue using

calcium chleoride and transglutaminase, and that calcium oxide
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g -(Not bound) Industrial Applicability

According to the enzyme preparation and the method for
producing bound and formed food of the present invention, food raw materials such as meat pieces
can be bound and formed sufficiently, without using casein, collagen, or other protein materials as
auxiliary agents, and therefore it is highly useful in the field of food. Claims 1. An enzyme preparation
for bound and formed foods, comprising transglutaminase, and calcium chloride or magnesium
chloride as active ingredients, wherein the amount of calcium chloride is 0.007 to 0.03 g per 1 U of the
transglutaminase in said enzyme preparation, or wherein the amount of magnesium chloride is 0.022
to 0.025 g peft ofthe thghsgfitdmirfase i SaicRenzyane praparation. v2. Amethiédfor producing a
bound and formed food, comprising adding 0.6 g of calcium chloride and 75 to 100 units of
transglutaminase per 100 g of a food raw material. 3. A method for producing a bound and formed
food, comprisigg:adding 0.7 to 0.9 g of calcium chloride and 25 to 100 units of transglutam nase per

100 g of a fpod raw material. 4.A mgﬂ&q{ogQ_MUQmQ a boundandf
ts of

1.4 to 1.6 giafamagnesium chloride arfd 603to; 1§04mn
material. 5, The method according to anysaftdlaim 2

rmed food, comprising adding

jgzﬂisl‘gltﬁk}aminase pend0Q g of a food raw
to 4, wheréin the food raw material is meat, and

wherein thel fadad w@hd fermedgood is bourid and for|

med fndaty/ cm’

Good appearance

Turned white;

Calcium oxide 2.1 g 75.7 g/cm” andesirable
Calcium lactate 2.1 g - {Not bound) -
Calcium gluconate 2.1 g - (Not bound) -
Magnesium sulfate 2.1 g ~ {Not bound} -
Potassium chloride 2.1 g - (Not bound) -
Sodium chloride 2.1 g - (Not bound) -

Industrial Applicability

Accerding to the enzyme preparation and the method for

producing bound and formed food of the present invention, food

raw materials such as meat pieces can be bound and formed

sufficiently, without using casein, collagen, or other protein

materlals as auxiliary agents,

useful in the field of food.
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Claims

1. An enzyme preparation for bound and formed foods, comprising
transglutaminase, and calcium chlcoride or magnesium chloride
a3 active ingredients, wherein the amount of calcium chloride
is0.007 tc 0.03 gper 1 Uof the transglutaminase in said enzyme
preparation, or wherein the amount of magnesium chleride is
0.022 to 0.02% gper 1 Uof the transglutaminase in said enzyme
preparation,

2. A method for producing a bound and formed food, comprising
adding 0.6 g of calcium chloride and 75 to 100 units of
transglutaminase per 100 g of a food raw material.

3. A method for producing a bound and formed food, comprising
adding 0.7 to 0.9 g of calcium chloride and 25 to 100 units
of transglutaminase per 100 g of a food raw material.

4. A method for producing a bound and formed food, comprising
adding 1.4 to 1.6 g of magnesium chloride and 60 to 100 units
of transglutaminase per 100 g of a food raw naterial.

5. The method according to any of claim 2 fto 4, wherein the
food raw material is meat, and wherein the bound and formed

food is bound and formed meat,
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