lce crystal growth inhibiting agents The subject of the present invention
Is ice crystal growh inhibiting agents, a process for preparing such 5
agents and- a peecesystal grontht hekébigdnls agentishe nanufacture of a food
product. It is known that ice crystal growmh inhibiting agents called
"thermal hysteresis proteins" have the capacity 10 to bind to ice crystals
and to reduceThkei suljeok h ofBi bbhysinﬁenlnuinubntﬁenr uiss y iI:@Qlcryjstl@Q -
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has been i sol a ed i n ZoarCEi Vi Vi, arus i sh
t recrystallizati of 1ce crystals (Cryobiology,

vol. 25, 1988, p 55 - 60).

Furthermore, three types of ice crystal (growth

20 inhibiting agents have been demonstrated in certain
Arctic and Antarctic fish in particular (The FASEB
Journal, May 1990, p 2460 - 2468). These agents are of
a protein structure or of a glycoprotein structure.
They were isolated from the plasma or the serum of

25 these fish and then purified. However, they are also
present in other tissues.

It is also known to use ice crystal growth inhibiting
agents to improve the gquality of food products such as

30 frozen desserts, frozen pastes or fresh products, such
as tomatoes. DNA Plant Technology Corp has synthesized
an artificial protein which is an ice crystal growth
inhibiting agent similar to those which can be found in
certain fish or other organisms capable of living under

35 very 1low temperature conditions (Food Processing,
October 1992, p 55).

However, up until now, no ice crystal growth inhibiting
agent has been isolated in Zoarces viviparus, a fish
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-2- living in particular on the coasts of Norway and on the coasts of the
Baltic Sea. The aimof the present invention is to provide newice 5
crystal growth inhibiting agents havi ng-a remar kabl e | evel of activity and
capabl e of being advantageously used in particular in the freezing or

texturing of grQMuet %ﬁﬁ}tﬁ%\fl ;\%H%téoégis e$2MRbEwatOandOont #he

effect, the ice gr.owt It ng agents according to the

present i nventdosstar @%d’é\ﬁ @aé%tlfca(ﬁ@d from Zoarces vivi parus having a
nol ecul ar wei ght of 4-5.5 kDa, capable of bei ng obtained by a process in
whi ch Zoarces viviparus_serumis coll ected, the serum ,proteins are
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products suc Creans, sser rozen pastes for
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will be usedlnthe sense of “ice crystal growth_inhibiting agent”. I'n the
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process in which Zoarces viviparus serum is collected,
15 the serum proteins are 1isolated, the proteins are
separated by gel filtration and the protein fraction
having a thermal hysteresis of 1-1.8°C is isolated.

Preferably, these ice crystal growth inhibiting agents
20 exhibit a thermal hysteresis of 1.3-1.5°C.

It has been observed, surprisingly, that these ice
crystal growth inhibiting agents effectively make it
possible to reduce the size of the ice crystals during

25 the freezing of food products such as 1ice creams,
frozen desserts or frozen pastes for example and thus
confer a more unctuous texture on the latter.

In the remainder of the description, the expression
30 “crystal inhibiting agent” will be used in the sense of
“ice crystal growth inhibiting agent”.

in the remainder of the description, the expression
“typical size of the crystals” will be used in the

35 sense of “size of the ice crystals which is pre-
dominantly found”. -

In the remainder of the description, the expression
“equivalent diameter” will be used in the sense of



-3 "dianmeter of a circle which has the sane surface area as the imge of
the crystal considered”. In the process for preparing an extract of ice
crystal 5.growh inhibiting agents accordiBng to the present invention,
Zoarces viviparus serumcontaining the said agents is prepared. To do this,
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supernatant constituting the_Zoarces viviparus, serumcontaining the ice
crystal growﬂha$nﬁh%|%m%@eaeganenﬁ?Y%Ea%oFP%E%gﬁrﬁﬁd t hen t he supernat ant
may be frozen, for exanple. 15 The Zoarces vivi parus bl ood nay be-extracted

with the aid of a treated cap ar articul ar apidlary tre mnth
sodi um hepari ni® B# CeRIMTEES f%ﬁ¢2§§ﬂ§%§f v?%a?ﬁErBFg écﬁ%%ﬁiﬂ
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growt h i nhi bi tagentgenssprepgretie collected by centrlfuglng Zoarces

vi vi parus bl ood at 1000-5000 g at 0-5C for 5-15 mn, for exanple. To do
this, a Heraeus Mnifuge G type centrifuge, mar ket ed by Her aeus SA
23, route 30TOdES Yirfos ZCRrces 2 ¥ ERagUGe Thans ama iapeh cexfsrar e,

exanpl e. e syperfia) ae W@boﬁ%& rogge aky &ﬁa’eshet Ué@n@él)@@{:i\ﬁ?n the
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growth inhibiting agents may be collected and then the

supernatant may be frozen, for example.

15 The Zoarces viviparus blood may be  extracted with the
aid of a treated capillary, in particular a capillary
treated with sodium heparin, for example.

The Zoarces viviparus blood may be cooled to 0-5°C so

20 as to, in particular, inhibit the activity of the
pfoteases and peptidases .contained in the blood, for
example.

The supernatant constituting the Zoarces viviparus

25 serum containing the ice c¢rystal growth inhibiting
agents may be collected by centrifuging Zoarces
viviparus blood at 1000-5000 g at 0-5°C for 5-15 min,
for example. To do this, a Heraeus Minifuge GL type
centrifuge, marketed Dby Heraeus SA, 23, route

30 des Jeunes, CH - 1227 Carouge-Geneva, may be used for
example.

The supernatant may be frozen at a temperature of
between -15°C and -40°C, for example.

35
The present invention also relates-to a process for
reducing the size of ice crystals, in which at least
one ice crystal growth inhibiting agent extracted from
Zoarces viviparus is added to a food product. It is



one ice crystal growth inhibiting agent extracted from Zoarces viviparus is
added to a food product. It is 4- possible in particular to add 0.01-10%
of ice crystal growh inhibiting agents-aacerding to the present invention
to a food product during its preparation. 5 The food product thus prepared
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properties determ ne particu us tests bel ow.
The percentages are given by wei ght, unless otherw se stated. 15
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serum cont ai ntageco¥sbakweshi bib6P0gangents’ci.s added at various concen-
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under a Pol yvar type m croscope, narketed by Reichert-Jung, Harnal ser
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various tests below. The percentages are given by
weight, unless otherwise stated.

15
Demonstration of the crystallization of ice crystals
from a 20% sucrose solution in the presence of Zoarces
viviparus serum.

20 6 samples of 1 ml of a 20% sucrose solution are
prepared to which Zoarces viviparus serum, containing
crystal inhibiting agents, is added at various concen-
trations.

25 The samples are kept in the refrigerator before being
placed under a Polyvar type microscope, marketed by
Reichert-Jung, Harnalser Hauptstrasse 219, AT - 1170
Vienna and being rapidly cooled down to a temperature
of -100°C with the aid of a Lincam type temperature

30 controller marketed by ILincam Scientific Instruments
LTD, Epsom Downs Metro Centre, Waterfield, Tadworth,
Surrey, KT20 5HT - UK.

Next, the samples are heated to a temperature of -9°C

35 and the size of the crystals contained in the samples
thus prepared is observed under a Polyvar type micro-
scope within a time interval of 30 to 120 min.



35 and the size of the crystals contained in the sanples thus prepared is
observed under a Polyvar type mcro- scope within a tinme interval of 30 to
120 min. . In parallel, a control sanpl & containing 1 m of a 20% sucrose
solution is prepared under the same conditions. The % of Zoarces vivi parus
serum cont ai ngRghaIqrst o ceddiubi thfgiaoeBheavhial ar aladsiedst poghe
sanples of a % sucrose ‘'solution are given in volunme. Sanple . 1: 1.3% of
Zoar ces vi vi paRGEoser geLsinndés Peepagrdotngderoithe SARSe c§6lldd'tt|l(9ﬁlsand t hen
the sanple is 10 prepared as indicated above. After 60 mn at -9C the
crystals have a typical size of |ess than Z‘hrgrr% No, vari ation i

observed in tRBesitz@fréqareas JetvARA IR S]Y 136 Eﬁyﬁia%oarces
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sanple is preggr%ed as i ndi cat bove. Af teer .30 %‘&rﬁm%t -9[err]C, the
crystal s have tﬂicc‘f&sems? 4 °Ine§§et AAVeS 3 “RoWSriation is observed in
the size of the crystals over time. Sanple 3: 0.1% of Zoarces viviparus

serumis adde o} 2 S n SAEP! ol S
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15 Sample 2: 1% of Zoarces viviparus serum is added to
1 ml of a 20% sucrose solution and then the sample is
prepared as indicated above. After 30 min at -9°C, the
crystals have a typical size of less than 2 pm. No
variation is observed in the size of the crystals over

20 time.

Sample 3: 0.1% of Zoarces viviparus serum is added to
1 ml of a 20% sucrose solution and then the sample 1is
prepared as indicated above. After 30 min at -9°C, the

25 crystals have a typical size of less than 135 pm. The
size of the crystals varies only very slightly over
time. After 120 min at -9°C, the typical size of the
crystals remains less than 15 pm and the crystals have
shapes with pronounced angles.

30 .

Sample 4: 0.02% of Zoarces viviparus serum is added to
1 ml of a 20% sucrose solution and then the sample is
prepared as indicated above. The size of the crystals
varies slightly between 60 min and 90 min at -9°C. The

35 typical size of the crystals is less than 20 um after
90 min at -9°C. The «crystals have shapes with
pronounced angles.



varies slightly between 60 mn and 90 mn at -9[err]C. The 35 typical size
of the crystals is less than 20 pmafter 90 mn at -9[err]C  The
crystals » have shapes wth pronounced éhgles. -6- Sanple 5: 0.013% of
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serum 15 Furthernore he crystal s have nore rounded shapes than for t he
sanmpl e prepar@8teFt 9. WS"/&Bf 'Z%aCthegh\% v?’ﬁ&?'&§1§er eTﬁgaP?& &R ze of
the crystals gdigheayerothanargigsafter 90 min at -9[err]C. 20 Control
sanple: A 20% sucrose solution is prepared as indicated above but w thout
addi ng Zoarces viviparus serumthereto. The crystals rapidly grow bigger.
Their shdge iSamgiledGandD HteroPWZoancas viyépakGs skeeumypdiscaddbdetof the

crystals is gyegjer [ 0 S L YLVi serum at
a concentratl%nﬁﬁéf ? &g %?é‘y)l S a?i’&LE' agrb%ooé%%rgée SO ﬁeonzf'£
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sample prepared with 0.013% of Zoarces viviparus serum.

15 Furthermore, the crystals have more rounded shapes than
for the sample prepared with 0.013% of Zoarces
viviparus serum. The typical size of the crystals is
greater than 25 um after 90 min at -39°C.

20 Control sample: A 20% sucrose solution is prepared as

~indicated above but without adding Zoarces viviparus
serum thereto. The crystals rapidly grow bigger. Their
shape is round and after 90 min at -9°C, the typical
size of the crystals is greater than 25 pm.
25
Thus, if Zoarces viviparus serum at a concentration of
1.3 to 0.013% is added to a 20% sucrose solutien,
relatively small ice crystals whose size varies only
very slightly over time are observed under a micro-
30 scope.

On the other hand, if a very low concentration of
Zoarces viviparus serum 1is added to a 20% sucrose
solution, the ice crystals grow bigger more rapidly.

35
Between sample 6 and the control sample is the limit
where very few differences are observed in the shape
and in the variation in the size of the ice crystals.



30 scope. On the other hand, if a very |low concentration of Zoarces
viviparus serum is added to a 20% sucrose solution, the ice crystals
grow bi gger nore rapidly. 35 Between sanpl & 6 and the control sanple is the
lTmt where very few differences are observed in the shape and in the

variation in the 1iegecehcbherattonr st alzdarces- 7vivipahes caegam radhon of
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t enper at ure cofit rokbetrodr Beflugiby aotf contrdehngcdhepypdidc $eMMe,  Box,
Hartford, US - New York, 12830 and a WId MZ8 type stereom croscope

mar keted by Leica A G, Verkaufsgesellschaft, Kanalstrasse 21, CH - 8152
G attbrugg. 1¥ezsuzementsof, thermpl; hysteg®Sdf a sanpl e of Zoarces

viviparus serumis collected at roomtenperature and it is deposited in a

receptacle placed in the tenperature controller. The ,said_ rec cle
contains  i-&bid S9JXPFf T ?%ﬁﬁ%?qr%&&iﬂbg?stﬁgrﬁ&qn§?f8If%ﬁggggy
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tabi 1126 {noBYsGibrtehal PR oo TOAERT of S g B iep ) &8, 3OneR L0
t enper at ure i ¥YorkenlA8B@dandhasWiddpMEat bypei stepeomicroscope marketed

by Leica A.G., Verkaufsgesellschaft, Kanalstrasse 21, CH -
8152 Glattbrugg. '

15
To do this, a 20 ml fraction of a sample of Zoarces
viviparus serum is collected at room temperature and it
is deposited in a receptacle placed in the temperature
controller. The said —receptacle <contains liquid

20 paraffin. Rapid freezing is performed followed by
gradual thawing; the thawing of the crystals 1is
observed with the aid of a stereomicroscope. Next, this
thawing is slowed down and stopped so as to stabilize
the sole small-sized crystal remaining and the

25 temperature is then noted. This temperature is the
thawing point. Next, gentle cooling is performed and
the temperature at which the crystal begins to grow in
size 1is noted. This temperature is the apparent
freezing point.

30
The thermal hysteresis value is then calculated by
calculating the difference between the apparent
freezing point and the thawing point. The thermal
hysteresis value of the Zoarces viviparus Serum

35 fraction is 1.4°C, which corresponds to a high value

for a fish containing such agents. .



thawi ng point. Next, gentle cooling is performed and the tenperature at
whi ch the crystal begins to growin size is noted. This tenperature is the
apparent freezing point. 30 The thernal-H/steresis value is then cal cul ated
by calculating the difference between the apparent freezing point

and the thaw &aa&%'g%feﬁm%i%eré@' +tRUS eSS keys¥al Ugrdith t HANi BOREAGS

Vi vi parus serum raction is 1.4[err]C, which corresponds to a high
val ue for a fBgenEsnextFacied FonyAaasces VATIPETUS i zation of the ice
crystal growh inhibiting agents extracted from Zoarces viviparus The ice

crystal growh inhibiting agents extracted from5 oarces_viviparus _are
characteri zed Th¢ %ﬁ%@pﬂ@“&ﬁhlk@?&*%q%vﬁ%&% s%ﬁ?ﬁﬁﬂ%ﬁ B§Sm

pol yachrylsim dedraed] @bvipsass r apboctairacthrdzedndipgchphinetagabpbiis is
therefore first garr.ied Qut 0. do_ this, 1he protej :
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col um nmar ket déiley Bedr rdEict diphicests ik .G, DUbendorf, CH, With a Waters 519
punp and a DAD Waters 990 detector which are marketed by Waters A G

Vol ketswil, 15 CH To carry out the separation by liquid chronatog- raphy,
a 150 mM anmodi urhcemabearachief enadisiss is Ghegesorgonfirshngacraeda 1 ow

rate of 0@ Muln rd NG T piiive Bl4168 By R4 o6RLAGRANNN TRASUT e-
20 nment of thermal hysteresis is carried out as described in the tel\ét
| uting

"measur enent FOAIRESEYL RIS sPeTUNTRES SeParated he? FPRELCPSR
between 30 &¥dudkh NhaLkeseds byhaphahhadi£oBiaitesht fe. Zoar Débenidorfiar us

ce crystal CH,gr%fVJ\@tt}\ ;n%aE)ti_et:!'sngS19a e&‘:%é alilé at hBﬁD Waters 990
detector which are marketed by Waters A.G, Volketswil,
15 CH. To carry out the separation by liquid chromatog-
raphy, a 150 mM ammonium carbonate buffer pH 7.8 is
used as mobile phase at a flow rate of 0.5 ml/min.

Using the fractions eluted by chromatography, measure-

20 ment of thermal hysteresis is carried out as described
in the test “measurement of thermal hysteresis”. The
fact that the fraction eluting between 30 and
33 minutes is that which contains the Zoarces viviparus
ice crystal growth inhibiting agents is thus

25 demonstrated, and then that [sic] it is in this
fraction that the maximum thermal hysteresis is
measured.

This fraction which is active in thermal hysteresis is
30 concentrated and then separated by gel electrophoresis.
This separation is carried out at 100 V for 100 min on
a premanufactured gel, Ready gels, marketed by BIO-RAD,
Glattbrugg, CH, with a Mini Protean II apparatus
marketed by BIO-RAD, Glattbrugg, CH.
35
After staining, the molecular weight of the proteins
contained in this fraction is evaluated by comparison
with a range of molecular weight standards of between



25 denonstrated, and then that [sic] it is in this fraction that
the maxi mum thermal hysteresis is nmeasured. This fraction which is active
in thermal- hysteresis is 30 concentrated9and then separated by gel

el ectrophoresis. This separation is carried out at 100 V for 100 mn on a

premanuf act uregs g8l an&eady gehs, nBKeRRd Dy BIE-RAD, Ehatkbrugs, &)
with a Mni Protean |l apparatus narketed by BIC)hAD, d attbrugg, CH 35

After staini nfFeRIRHRA Rl e \EATMtIVE- t he proteins contained in this
fraction i s evgldlargetbytkdPahiesardtding Hangenef rAlesWnarwhetghtis
standards of between , -9- 26,6 and 1.4,kE§, mar ket ed b{ Bl O RAD,

G attbrugg, CHCEEfRriR ctRermehehEshRrgeis Hager aclolRgh FﬁewﬁP@g§|ﬁ§i n
the fracti en WMu3)6 ilDacCis vichud démsndtrdwysd eresi s have a nol ecul ar wei ght
of 5 4-5.5 kDa is thus denonstrated. Study of the influence of heat on the
activity of the crystal formation inhibiting agents contained in the

Zoar ces Vi vi pStsdpeefimthe dafdivenasd ¢Haheat vwnvithe usctivihyard et ed
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and then the t hysteresis o se s es IS nmeasure mal
hyst eresi s val4R3XEHS t KLEEPITRS OREFRNDl es 15 are conpared with the
thermal hygteresis value of a Zoarces viviparus serum sanpl e kept at room

tenpera- ture. To do this, the procedure is carried out as described 20 in
the test "measiAe?t B8f tA0G5ASS nYAYTHPRERE- serum are heated for 2 h

at 40°C, at 50°C, at 60°C, at 70°C and at 80°C and then
the thermal hysteresis of these samples is measured.
The thermal hysteresis wvalues of these various samples

15 are compared with the thermal hysteresis value of a
Zoarces viviparus serum sample kept at room tempera-
ture.

To do this, the procedure is carried out as described
20 in the test “measurement of thermal hysteresis”.

The thermal hysteresis values for these serum samples
are stated in Table I below.

25 Table I
Heat~treatad sample Thermal hysteresis value (°C)
Control sample treated 2 h 0.232
at 20°C
Sample treated 2 h at 40°C 0.208
Sample treated 2 h at 50°C 0.186
Sample treated 2 h at 60°C 0.204
Sample treated 2 h at 70°C 0.192
Sample treated 2 h at 80°C 0.204

The thermal hysteresis values thus measured demonstrate
the fact that the crystal inhibiting agents contained
30 in the Zoarces viviparus serum exhibit a very high heat



The thermal hysteresis values for these serumsanples are stated in Table |

below. 25 Table | Heat-treated sanple Thermal hysteresis val ue (
[err]C) Control sanple treated 2 h - 10 - 0.232 at 20[err] C Sanpl e
treated. 2 h at 40[err]C 0.208 Sanple treated 2 h at 50[err]C

0. 186 Sanpl e sttrad=itlcid @. hThﬁ.s601[$ra]1CadvantaQe for CtO4uSanpde suehted 2 h

gt 2(7)2[ '?'Lre] tCherq’rEﬁt%ys? er eS| S v]%fﬁ%g@* lﬁé’ ﬁé%‘gg?%%gﬁg%ﬁg 65’%’% i1gact t hat

the crystal itresigsingtreagetrage coin apmem@@larnlnhprzgasgeg mvpéam-ug serum

exhibit a very éjg ‘p% tion Hhagestability. This is an advantage for the
use of such agéent s nanufacturlng processes involving a high

terrper at u e st age, in part icular in pr ocesses i nvol vi ng_ a past euri zation
stage. Denongdniinstratiddicof n&hueaﬁﬂa‘e:zbbe SPONgeEt E8hbentoationr oFs

vi vi parus seryum on the, t her nal st er esi | es, of Zparc

vi vi par us ser%’fﬁ‘%ﬁees FARRAF Y, %‘mﬂ é‘ed%a}f II"T%SBWﬁ t?g"ﬁ‘ner nal
hysteresis value for these sanples is neasured in the manner described in
the test "ne nment t ernal hyst eresis” The t hermal hysteresi.s val ues
for these se ﬂpﬁfrfpl egff 1 rceessté’ S |arFuIsabISee I pé §w %E%dlel J‘%arrpl e
diluted 106 dcelthibe-e-Hhiestial led) stadreasi andatbe (Mprodadt hystereater v8dmer ol

gaggge for these samples id médsoPER! ¢ndidHd 6fadhér described

in the test “measurement of thermal hysteresis”.

The thermal hysteresis wvalues for these serum samples
15 are stated in Table II below.

Table II

Sample diluted in double- | Thermal hysteresis value (°C)
distilled water

Control sample 0.524
Sample diluted 1/2 0.276
Sample diluted 1/4 0.164
Sample diluted 1/8 0.094

20 The results thus obtained demonstrate the fact that the
thermal hysteresis value 1is dependent on the
concentration of the Zoarces viviparus serum sample.
This dependence is not linear.

25 Comparative study of the activity of crystal formation
inhibiting agents contained in a fish serum

The thermal hysteresis is measured for samples of serum
extracted from Gadus morhua, a fish living on the
30 coasts of Newfoundland, Pollachius pellachius, a fish
living on the Mediterranean coasts up to the north of
Norway, Gobiuscullus flavescens, a fish living on the



Sanple diluted 1/4 0.164 Sanple diluted 1/8

0.094 20 The results thus obtained denonstrate the fact that the thernmal
hysteresi s val ue S dependent ontl the concentration of the Zoarces
Vi vi parus serum sanple. This dependence is not linear. 25 Conparative
study of the Hatbpety of coastisal famdratican i nthei tiFgpageses coodataed in a

fish serum The, t her nal steresis.is nmeasured .far I o}

extracted f ro&yeﬁgﬁfpf?g%ﬁa,scgrﬁlgﬁ’l Vi ﬁ&hoﬁ'%‘ﬁ'gégypc%gestérggignénd

Newf oundl and, neRal | Bbéi usogats aclfi uSprwali shLiparhy dcrindwidkediet efiahean
coasts up 10 46;Rqr th AndRYRYAt FOPERACH! Und | B¥EReePa SpthaBnlbying on
t he European = coasts  an on_ the _ Japané€se coasts,

Myoxocephat usasd&dspi dsivindg ih the i Bayi aft Bdsaayt @@datP fer th@eneshlt s of

Norway, Liparpg |§Baphy. arhéshid idly oy dtieNilankial ueasisranghdpenachi a
spinachia, 5 a fish living in the Bay of Bu;&gg andtgﬁ to.the north gf
Norway. The t N@rABMShysBalBifE vaR¥Rs MR vdiditdus th&anpFBermal, e

conpared Wi thystehesist heamak hyster£sisampaldle offor Zeazeepl evaligaauses
viviparus serum 10 Al the fish were captured in winter in a Norwegi an
fjord and wer 8k"Med at nost 3 h before carrying out the thernal

hyst er esi) neasurenents using serum sanpl es extracted fromthese fish. 15

ost " Noasur chbht Giet pache HESt SPRLTLRd Dt "SRR 1675 WBBIeLTah 0, o
for these ser fifrsdnngt were killed at most 3 h before carrying out
the thermal hysteresis measurements using serum samples
extracted from these fish.
15
To do this, the procedure is carried out in the manner
described in the test  “Measurement of thermal

hysteresis”.

20 The thermal hysteresis values for these serum samples
are stated in Table III below.

Table III

Sample of serum extracted| Thermal hysteresis value (°C)

from

Gadus morhua

Pollachius pollachius

Gobiuscullus flavescens

Myoxocephalus scorpius

Spinachia spinachia

Liparis liparis

PO 1O 10 | |o |o
B e N e

Zoarces viviparus

25
The thermal hysteresis values thus measured demonstrate
the fact that the crystal inhibiting” agents contained
in the Zoarces viviparus serum have an activity greater
than those for the crystal inhibiting agents contained



are stated in Table 11l below Table Ill Sanple of serum extracted
Thermal hysteresis value ([err]C from Gadus nor hua

0 Pol I achi~us pol | achi us - 12 G- Gobi uscul l us fl avescens
0.4 Myoxocephal us scor pi us : 0.1 Spi nachi a spinachi a

0.2 Liparis lijparighe serum of otheﬁ fish0- 41¢9RECCnMeY PR 1ar
1.4 25 The thermal hysteresis values thus neasured dénonstrate the fact

t hat the crywﬂqgnqiﬁﬁQﬂﬁing agents contained in the Zoarces viviparus serum
have an activiMeasiiaiditt bF theseifzyd blEe eh¢stide | BRyBERLBI Dyenide

cont ai ned -12- in the serumof other fish |living under simlar

condi ti ons. Nmmkﬁmt% g?%c"cﬁ ‘fﬁ'é‘f?i‘%"%ri)%f%s in ice cream

cont ai ni ngsZoar ces vivi parus serumb5 The size of the ice crystals in an ice
cream cont ai ni Zoar ce Vi Vi parus_seru Ls _measured and _then_.these
results are cc'fﬂ%arselaz% ‘?% the g??ecﬁysﬁ?:g]scﬂ}s?ﬁl &CFn CAR A EF S P oduced
under identicdloaxzuorel t iwnsipdiuts 18ernot dontmeasugedoaames thern pdiheseser um
To do this, an. e c Loing .Q..Q5% C ViVip u whi ch
was stored at r}-é etrcgr]%?éi g%@ggéal v%‘r#‘er%?%p%??%o%ssf ajfeé/é cg%ggﬁ?i%r omrrrll t he

m ddl e of thedtelds Gream nmecdugrd t nadsteridantiinal acerdityenar edputhanber

at -10[er§dC not containing Zoarces viviparus serum.

To do this, an ice cream containing 0.05% of Zoarces
viviparus serum, which was stored at -40°C, is used.
1 cm® portions are cut out from the middle of the ice

15 cream mass and transferred into a refrigerated chamber
at ~-10°C.

3 of silicone fat, 3 mm’ of one

A sample containing 3 mm
of the said portions and 7 drops of petroleum benzin is
20 prepared, at -10°C, in a silicone rubber tube. The tube
is closed at both ends and its contents are mixed with

the aid of a glass rod.

The sample is transferred onto a microscope slide and
25 it is covered with a second microscope slide.

The sample thus prepared is placed under an optical
microscope and its image is wvisualized on a video
screen. A binary image representative of the crystals
30 is obtained with the aid of the PC-IMAGE program
marketed by Gloor Instrumente AG, Brauereistrasse 10,
CH - 8610 Uster. With the aid of the said program, the
size of the crystals, expressed in equivalent diameter,
. is measured. '
35
The size of the ice crystals in a‘ control which is
prepared as described above using an ice cream not
containing Zoarces viviparus serum is measured.



A sanple containing 3 mierr] of silicone fat, 3 mmferr] of one of the said
portions and 7 drops of petroleumbenzin is 20 prepared, at -10[err]C, in a
silicone rubber tube. The tube is closediat-both ends and its contents are
mxed with the aid of a glass rod. The sanple is transferred onto a

m croscope sl jde and 25.i1. .S coyve i t.h Oond B} CLesCcones skidem The
sanpl e thus p#gﬁaggﬁﬁgﬁqﬂ%%ﬁﬁj %dégga#%§ﬁ§%i§§n1cpggcgﬁg and its 1mage is
vi sual i zed oncantadedngcr Bearcéshi nivipamage sepresdt athed ofoPRaredystal s
30 is obtained.wt he, . al f PG Q03 R ket ed by 4 oor

I nstrumente Al rgﬁérngF?§§s£5%§? gﬁ ¥%§Efgzuster. Wth the aid of the
said program the size of the crystals, expressed in equival ent dianeter,

s measur eg. %EeTfh%LsSexZi%ﬁi&heofcehsrﬁ%tealér'é\t@l@omhr eheticd tseamepar ed
as descri bed a S

ove using an ice cream not containin Zg@{c S viv%p@gu
serumis neasGPB§aining) Foampres)i &t FIRRFYHNSSFRhd S c & 3éh%ﬁs° n-tfe ice
cream cont ai nipa £LPEERSs Vi PRhES coettdl |(d)t,hebasedpased thiet hsihe
control based on the size criterion. 5. T | st Qut.i of the ice
crystals in tﬁ§1F8§18PéaﬁF@bﬁﬁghﬂﬁﬁﬁdz&gr?%gﬂﬁﬁ3$%§%ﬁ§ggerunl(a) and t hat
of the ice crystals in the control (b), based on the size criterion, are
indicateqvgn }%B ZD#¥-be|0“L 10 Table IV Size of the crystals

tTon

Di stribu stribution in ([err]m (a)
(b) 0-10 1 0 10-20 162
50 Size of the crystals| Distribution in Distribution in
(pm} (2) (b)
0-10 1 0
10-20 162 50
20-30 192 132
30-40 116 128
40-50 50 76
50-60 14 27
60-70 12 12
70~-80 0 4
80-90 3 0
90-100 0 0
100-110 0 0

_From the results stated in Table IV, it can be obse;ved
that the small-sized crystals are present in a larger
15 number in the ice cream containing Zoarces viviparus
serum (a). Indeed, it is possible to demonstrate the
fact that, in the ice «cream containing 2Zoarces
viviparus serum ({(a), the crystals are predominantly
distributed in a size range from 10 to 40 um, whereas,
20 in the control (b), the crystals are predominantly
distributed in the size range from 20 to 50 pm.
Furthermore, from the size values for all the crystals,
the mean size of the crystals in the ice cream
25 containing Zoarces viviparus serum -is calculated and



20- 30 192 132 30- 40 116

128 40-50 . 50 76 50-60 14
27 60-70 - 12 - 14 %2 70-80 0
4" 80-90 3 0 90-100 0

0 100-110 = this valueOis compared with tHeFH@Ad hgizesyle seidated in
Table 1V, it can be _observed that the small-sized crystals are present in a

larger 15 nuRB¥StRA St héhi ceher SaRtESHt-ai APBy PBERCEILZR vidhar dSsettf (a) .
Indeed, it iscRQs%ahlse f10 €esDEer dkeahh@drAinilifl Zoardest bEvipgeusCr eam
contai ning Zoarces ylvgga us SEHﬂﬂQéED, th cr%stals +ahe predgg1nantly
distributed | FS59% A5 rdhg8 PRoAPfo TR0 m Rihet 88s Y63 tH: “E8ntrol
(b), the 5cryshalkrel drse 3¥.8dam.nantly distributed in the size range from
20 to 50 pm Furthernore, fromthe size values for all the crystals, the

mean size of the crystals in the ice cream 25 containing Zoarces viviparus
serumis cal cMeasvdement of ithe t$ize vafushes icenmuxstadis Hin htheridnesi ze

of the ice CfysklhS IdbdtiBdl | OkoadBEsT230 vipatua! %fﬁfﬂﬂ%g' gin

the ice cream containing Zoarces viviparus serumis 2
the ice cryst hexmal; @dogk control is 33.8 [err]m Measurenent of the size
of the icggcrystals in the ice cream containing Zoarces Viviparus serum

after a therngl shock 10 The ice crean1containing,Zoarces vikaarus serum
and The i1ce cream containing 2Zoarces viviparus serum and

the control are subjected to a thermal shock for 36 h.
The thermal shock consists in a temperature cycle
during which the sample is heated to -4°C and then
15 cooled to -20°C and finally heated and cooled in the
temperature range of between -4°C and -20°C.

The procedure is then carried out in the manner
described in the test above.

20
The distribution of the ice crystals in the ice cream
containing Zoarces viviparus serum is compared, based
on the size criterion, with that of the ice crystals in
the control.

25

The distribution of the ice crystals in the ice cream
containing Zoarces viviparus serum (c} and that of the
ice crystals in the control ({(d), based on the size
criterion, are indicated in Table V below.

30
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the control are subjected to a thermal shock for 36 h. The thermal shock
consists in a tenperature cycle during_wﬁicu the sanple is heated to
-4[err]C and then 15 cooled to -20C and Pinally heated and cooled in the
tenperature range of between -4[err]C and -20[err]C. The procedure is then

carried out i ¥anner described in the test above. 20 The distribution
of the ice crystals in the ice creamcontaining Zoarces viviparus serumis
conpar ed, baned ON TNe 51 Ze criterffon, WTIh that of yhe. ice.crystals 1n the
control . 25 TR&Z§ &f ithe iGysdrlihe Peereiatien im {nRiseellukipn in
containing Zqgarces Vi vigagr us serum (c) and¢gépat of the ice ctgptals injthe
control (d), {Pbased on [ he_SizZe crijterion, are indicated 1n Taple V Delpw.
30 -15- T4ahle \L Siz2-358 the cry tals MMstributioh in Di¥st i hJ_LtJ_gm in
g[igr£g) 10-£6) 1(d) 0-10 1 0
- T 1 20- 30 37
0 30-40 20530 375 40.50 0 61
8 50-60 30480 620 60-70 2 18
25.70-80 Z 20 80-90 ) TO
37 90- 100 40-54 6141 8
50-60 490 20
60~70 18 25
70-80 14 40
80-90 10 37
90-100 3 41
! 100-110 6 30
; 110-120 6 18
; 120-130 4 18
| 130-140 1 9
é 140-150 0 8
% 150-~160 0 6
: 160-170 0 8
170-180 0 1
180~190 0 3
130~-200 0 3

The results stated in Table V demonstrate the fact
5 that, after a thermal shock, the size of the ice
crystals in an ice cream to which Zoarces viviparus
serum containing crystal growth inhibiting agents is
added is smaller than that of the ice crystals in the
ice cream to which the said serum has not been added.

Indeed, in the presence of Zoarces viviparus serum, the
size of 76% of the ice crystals in an ice cream is less
than 60 pm, whereas in the control,.only 11% of the ice
crystals are less than 60 pym in size.'



100- 110 6 30 110- 120 6

18 120-130 4 18 130-140 1

9 140-150. 0 - 16 8 150-160 0
6°160-170 0 _ 8 170- 180 0

1 180-190 0
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that, after Seruheranly §foek, thehdcssigrystals the ancécer yaeals dne an
ice creamto which-LPargas Viog 1952” Y8 SEfAEN CQRERALALNG (£1 ¥AbalcdHP¥IN

i nhibiting agenis is added i's smaller than that of the ice crystals in the
ice cream to WBEE hERe FEYSER LI 288 FeratrenthametO0 | wRebl, 515t he
presence of Zoarces Vi VI par us serum the size of 76% of the ice crystals in

an ice cream e n 60 err eas in t ntrol,.onl % of
the ice crystaﬁs %f‘i\” eS8 nY }r[‘n f%r?’? PH SF’fea’H(i %%crﬁ’ﬁrt@;]re%/né?, in
the presence medn Eciaeceﬁ th\zl piazelsce sl sonlry ﬁﬂeofldé]ecreamcrqcst-al sin
an ice cream Q0 .lerrlmin. size ere | ntroI
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mean size of teR_EReler fheamseam give coft £bR. iPfe ¢restaizeinf thee Jr%

crystals in therd&f containing Zoarces viviparus serum is 50.8 pm and
that of the ice crystals in the control is 96.5 pm.

15 The fact that the recrystallization of the ice crystals
is partially inhibited in an ice cream to which Zoarces
viviparus serum coﬁtaining crystal growth inhibiting
agents has been added and which is then subjected to a
thermal shock is therefore demonstrated.

20
Analysis of the texture of a food product to which an
extract of Zoarces viviparus serum has been added

To analyse the texture of a food product, the energy

23 required to break it is measured with the aid of a
texture analyser, in particular Instron Food Testing
Instrument marketed by Instron Limited, Coronation
Road, High Wycombe, Bucks HP1l2 3S8Y, UK.

30 To do this, the food product is placed on a circular
tray, a disc 40 mm in diameter having been scooped out
of its centre, and a piston having a circular base
30 mm in diameter is pressed on the top surface of the
food product, while measuring the energy required to

35 Dbreak it.

The energy required to break thinly sliced cod fillets
to which 1 g of Zoarces viviparus serum extract con-
taining crystal growth inhibiting agents has been



cream cont ai ni ng Zoarces viviparus serumis 50.8 [err]mand that of the ice
crystals in the control is 96.5 [err]m 15 The fact that the.
recrystal li zation of the ice crystals i-sigartially inhibited in an ice
cream to which Zoarces vivi parus serunlcontaining crystal grow h

i nhibiting ag d%dpa Igge?Pgsdgq ¥BF§SISgk the géggeéo %?gggrmm

shock is there ore’dennns ure
product to V\hnmsarrw)etmasctam Zhanc@mpamqrhrustheﬁ@mﬂeasca)eemdd@@& To

anal yse the t Hip Tonddi ol anbflé?@ser%eﬁoufeqapagﬂlba bpgak it

is measured wt t e ad Ser, In ticu I nstron Food
Testing InstnﬁﬂﬁﬁCQﬁNW@ﬂlﬂﬁﬁﬁsI&ﬁﬁHMNﬁxﬁrﬁQ@d withebneerenaksad frAzgR

Wconbe, BiickgdPhheibod#eg 30 To do this, the food product is placed on
a circular tray, a disc 40 mmin dianeter having been scooped out of its

centre, and a piston having a circular base 30 nmin dianeter is pressed on
the top surfaCompladats veo akaupldict, while nmeasuring the energy required to
35 break it. The energy required to break thinly sliced cod fillets to
which 1 g of Zoarces viviparus serumextract con- taining crystal growh
i nhi biti.ng. agénigs bds Heances -wWiiipadded, semdmt hextfaozenisandhegeedse i s

nmeasur ed. he sur eggn e e r o] on
thinly sl |(?:-ed 05%%? #Iq ?% ﬁt%ou‘fll;"nl;%dlt%1 }}lsz\(l)%grbguéggﬁv Cs:r%%&gd Ltto
extract, which vser ec8l s@ml@zmltc@dcpﬂerf:ddm ’Cbﬁpaﬁmhevel%xaf#élle 19
of Zoarces vi VRIS i@ R XL 9¢HekS inRY P’ portions. Next, these

portions are frozen at -35°C.

15 By comparison, 25 g of water are mixed with 1 kg of
thinly sliced cod fillets which are then divided into
40 g portions, so as to prepare controls. These con-
trols are also frozen at -35°C.

20 These 40 g portions and the controls are placed in
plastic bags and then they are heated to a temperature
of 70°C.

Next, the energy required to break the portions and the
25 controls is measured. The measured wvalues are then
compared.

The energy required to break thinly sliced cod fillets

to which Zoarces viviparus serum extract has been added

30 is 10.9 +/- 0.3 J/100 g.whereas that required to break

" cod fillets without addition of Zoarces viviparus serum
extract is 12 +/~ 0.3 J/100 g.

These results demonstrate the fact that the thinly

35 sliced cod fillets, to which Zoarces viviparus serum
extract was added and which were frozen, have a more
tender texture after cooking than the thinly sliced cod
fillets frozen without addition of Zoarces viviparus
serum extract. )



10 mxed in 25 g of water and this solution is added to 1 kg of thinly
sliced cod fillets. The whole is well m xed and then divided into 40 g
portions..Next, these portions are frozeA8at -35C. 15 By conparison, 25 g
of water are mxed with 1 kg of thinly sliced cod fillets which are then

di vided into Micgoseopi®Sanalyssst @fr ehar ctaobire! of Thesoliah- fobd s are
al so frozen at -g?fz;r](; 20 These 40 g portions and the controls are
pl aced in pIa?fP bt gs and then they are heated to a tenperature of
70[err] C. Next, the energy required to break the portions and the 25
controls is a e S | ue . then he_ener gy
required to b?@a%%l §J§I iaggrg'«. coo%dcfo:ﬁ%éétgn??}g ?cﬁ%zézgl%ggg&g??ﬁ%ér Gs
serum ext ract redsigeas tad et Q@ sdopel 0.0 uged 0tQ gyabaate whkeeaszehaf
required to break fAipl i fhout addition of Zoarces viviparus.serum
extract is 121%%-c%&%tfff%gh§¥%#ﬁgse results denonstrate the fact that the
thinly 35 sliced cod fillets, to which Zoarces viviparus serum extract

was added andrehidd ¥RLS, f 10Zgn pdidviess NOE € chbandar itedd Udged akbakre@aki ng
t han t he thlnlﬁ$§llced cod fillets frozen wi thout additjon_of Zoarces

vi vi parus ser BfPext PEEP2EEd, \ dDyscbpec aMaPPers ofeiFethedt urd of t8%sol i d
food prodi®t Tompamayivd examEloOSEPPYe, aradldy/stsondint ha Eexpuleedaair
refrigerated hcr 0 i_s,used to eval uate tdhe size of ice crystals
present. To d?rt%ﬁi%%,% %8: g? 65%955;%”% Eod T%lﬁt Irtg‘ts and controls are

pr epar ed, in the manner described in the

Next, samples of these frozen 40 g portions and samples

of the frozen controls are observed under a
15 refrigerated microscope so as to evaluate and compare
the size of the ice crystals in these various samples.

The fact that the size of the ice crystals contained in
thinly sliced cod fillets, to which Zoarces viviparus
20 serum extract containing ice crystal growth inhibiting
agents has been added and then frozen, 1is less than
that of the ice crystals contained in the thinly sliced
cod fillets frozen without addition of Zoarces
vivaparus serum extract, is demonstrated.
25
The addition of Zoarces viviparus serum extract
therefore makes it possible to avoid the damage caused
by the increase in the size of ice crystals during
freezing, in particular of a solid or fibrous food
30 product.

The following example 1is ©presented by way of
illustration of one industrial use, in the food sector,
of crystal growth inhibiting agents according to the

35 present invention. In the example below, the
percentages are given by weight, . unless otherwise
stated.



10 conparative exanpl e above, and frozen in a pulsed air freezer at a
tenperature of -35[err]C. Next, sanples qf these frozen 40 g portions and
sanpl es of+ the frozen controls Ta ~ observed under a 15
refrigerated mcroscope so as to evaluate and conpare the size of the ice
crystals in tBxample ibus sanples. The fact that the size of the ice
crystals contained in thinly sliced cod fillets, to which Zoarces viviparus
20 serumextract containing ice crystal growth inhibiting agents has been
added and t herédaxzeh, VivEpasushaseri FORYRiniRg crgsvaraicomrawidd in

the thinly Sl'fﬁﬁiEEEhné'éééﬁés i§reses f&ktﬁﬂétmaﬁqghbtﬁﬂe off af0alees

vivaparus serumextract’, iS denpnstrated. 25 The addition of Zoarces
Vi Vi par us Ser fff%8® r act therefore nakes it possi ble to avoid the danmage
caused by the increase in the size of ice crystals during freezing, in

particul ar of S |Iq§1I fihrous foo duci., The foll n anpl e
is present ed 8 lg’Iz sfr at oﬁg&f“ﬁs e Thifhs BOVSERT usefg\q) 8t ﬁ)gxf ood
sector, of cryss:caios;—:r,owzﬁ 2n@| bift iglgicagentsyage camld n§ gootfhendd s iffriegent

i nventi on. are ch 18 0182 %%4 bgelo "ba E;Ergeatpeé§eé1t ages are given by

wei ght, unl ess ermnse s at anpl € 17 Zoar ces vi vi parus
serum conifining crystal growth inhibiting agents is used for the

manuf act ure ofg gp bfevénﬂgsmfﬁ%%% HHS z?@ 53 @ 8?. %&b%ﬁ%dﬂﬂé&n&wer
150 g of sucrose, 26 ' ucose syrup and enul sifier
35% fat are added thereto.

This preparation is homogenized in a Rannie type

15 homogenizer marketed by Kindler Maschinen AG, Postfach
297, CH-8021 Zurich, in two successive runs, the first
at 140 bar and the second at 40 bar.

The homogenized preparation is pasteurized at 83°C for
20 30 s in a plate exchanger.

It is cooled to 4°C and allowed to stand for 12 h at
this temperature before adding 0.05% of Zoarces
viviparus serum and carrying out the freezing in a

25 HOYER MF50 type freezer marketed by APV TECHNOHOY, Axel
Kiers Vej 28-30, DK-8270 Aarhus-Hojbjerg.

An ice cream having a foamy texture is thus obtained.

30 This ice cream is then hardened in a pulsed air cooling
cell and it is stored at -35°C.

After tempering at -18°C, this ice cream has a smooth
and unctucus texture.



are dissol ved,j r at 65[err]C. 10 4 g of vanilla flavour and
228.5 g of cr{a“ﬂl@&‘“ﬁ!ﬁbﬂﬁiﬂﬁ%fat are added thereto. This preparation is
honogeni zed i nsa +15 honogent Z&F -marketed by Ki ndl er Maschi nen
AG Postfach 297, CH 8021 Zurich, in two successive runs, the first at 140
bar and the secbadmfit 40 bar. The honogeni zed preparation is pasteurized at
83[err]C for 20 30 s in a plate exchanger. It is cooled to 4[err]C and
allowed to stand for 12 h at this tenperature before adding 0.05% of
Zoarces Vi Vi patus ser u{)nandrgalta)li ngroatth t ﬂlﬁlhfibeelhgg dgerie 25hHRY M50
type freezer e y APV TECH Y i ers Vej ,28-30, DK-8270

Aar hus- Hoj bj e;}g‘sf%%‘?f%% c?’géﬁg avi a4r'§zﬁyk QXturct?éasbz"I%usogbt AHEE 30
This ice cbeamehtaimed bhyur depeddessa ipul wietchi Zoapokbsnyicdpla rasd sdruns
stored at -35[gLr] te ri - . this.dc ream has a
snoot h and uncﬁjou‘%ltlgétﬁe{dé. IE}?I%CI §?ﬁ§5‘1_5§g€55{‘§e %rréf/stlaﬁo ga?%ev@’h h;%e

i nhi bi ting ag@ieteEs ngaEe nosepatratedei it gel4- 5i3tkBaiopapalmde dfhebei ng

5 obtai db j i Rl : I_l4e )
obt ai ne ypr@aémsmatmcﬂagfﬁgfﬁztgé¥ma§r U9 sEREETY; IS o £CQ dx.fatb‘;td ool

the serumproteins _are isolated, roterns” are separate

filtration and ¥3RI$tREein fracti on having a thernal hysteresis of
1-1.8[erriC i 1] sol at exke 18rydtal growthe Tin/Sdatidy odgBntBhiddidd g mgent s
according to '§]a|81a1m 3hlch has g thern%huﬁggstere5|s of .
1.3-1.5[err] C.53. Mpr Gees RO pripari Ay 4 3act NgPTRTESEFy s

1.3-1.5°C.

3. Process for preparing an extract of ice crystal

growth inhibiting agents, in which Zoarces viviparus

15 serum containing the said agents is prepared.
4, Process according to Claim 3, in which:

Zoarces viviparus blood is extracted,
- it is cooled,
- the supernatant constituting the Zoarces viviparus

20 serum containing the ice crystal growth inhibiting
agents is collected,

- and then the supernatant is frozen.
5. Process for reducing the size of ice crystals,
in which at least one ice crystal growth inhibiting

25 agent extracted from Zoarces viviparus according to one
of Claims 1 and 2 or obtained by the process according
to Claims 3-4 is added to a food product.

6. Process according to Claim 5, in which 0.01-10%
of ice crystal growth inhibiting agents is added.

30 7. Process according to Claim 5, in which the food
product, to which at least one . ice crystal growth
inhibiting agent has been added, is frozen.

8. Process according to Claim 7, [lacuna] the food
product is frozen at a temperature of between -15°C and

35 ~-40°C.



e

growth inhibiting agents, in which Zoarces viviparus 15 serum contai ni ng
the said agents is prepared. 4. Process according to Caim3, in

whi ch: - Zoarces viviparus blood is extra®&led; - it is cooled, - the
supernatant constituting the Zoarces viviparus 20 serunlcontaining the ice
crystal growth Abdtdddt ng agents is collected, - and then the supernatant
is frozen. 5. Process for reducing the size of ice crystals, in which
at |east one ice crystal growh inhibiting 25 agent extracted from Zoarces
Vi vi par us accoribtengcrystaie gfowliiniirhibiiichg ayerobs ai ned by the process
according to Clains 3-4 is added to a food product. 6. Process
according to Caim5, in which 0.01-10% of ice crystal growh inhibiting
agents is abBdediceS0crystal grdwidresshabitidignpdeniC aemds, proceds ciforhe
food product, t, e i aly has
been added, is"f égmlcﬂlg ah %§tt53%§es&siea€%%$ 8%?@& i ”\Qf}f.’btl acuna) the
food product i SVEFigRat hl‘P@@rpeiatuﬁé‘té‘laqi‘@meerﬂ-t 15{-%rr]‘-‘€0 fid, 35 theqoC.

supernatant constituting the Zoarces viviparus serum

containing the ice crystal growth inhibiting agents is
10 collected, and then the supernatant is frozen.

The present invention also relates to a process for

using these agents for the manufacture of a food

product.



