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The melting point of ice becoms lower in high
pressure than o oc.  .rhis physica■  principle 、va s
applled  to  thaw  tlle  frozen  fi sll― blocks  and
suriml― blocks     Fish  or  Surilni― blocks  were
thawed at -5 °C ^ψ ―■5 C under about 196 MPa.
IIoweve r, the texture of fish lneat became lharder
by denaturation of protein in high pressure. Tlle
thawing time by this nlcthod became short and
depended  on  the  temperature  of  the  、vorking
fluld.
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Tokyo Unlversity of Flsheries,
Food Sclence and Technology,

Koonan , Mlnato-ku , Tokyo ( Japan )

■. INTRODUCT■ ON

The frozen food quallty after thawing depends on the
temperature of thawlng as welf as on the quallty of rDaterlals
before freezlng and storage temperature.

In thls study, we lntended to thaw the frozen food,ln
partlcular frozen tuna flsh meat and "surlml" blocks which are
the row materlal of "kamaboko", at lower temperature than the
f reezing polnt.

It ls clear that the temperature of the substance have
to be risen up to the lntrlnslc freezlng polnts of the sub-
stance ln order to thaw the frozen flsh meat or surlml
blocks. Freezlng polnts of theses foods are lower than the
pure water freezlng polnt. In general, the degree of these
depressions for food materlals are from 1 to 5oC The depend-
ence of the meltlng polnt of the pure water lce on pressure
can be descrlbed wlth the followlng equation

dT
dp

0

=-0.074 C/MPa,

thls equatlon was derlved from the Clapeyron-CIau s lus equa-
tlon/1/. The phase dlagram of water ln high pressure reglme 1s
shown in F19,1, whlch was measured by Brldgman /2/ and other
researchers. The boundary curve Llne between the flquld phase
and the sofld one, especlally from O to 2OO Mpa, was focused
on th 1s study.

Accordlng to thls dlagram, the meltlng polnt of pure water
lce decreases wlth pressure lncreaslng to 200 Mpa. Uslng thlsphysical prlnclple of the meltlng polnt depresslon by pres_
sure, we lntended to thaw frozen foods at low temperature
under h 1gh pressure.

2. MATERIALS AND METIIODS

■
■

Sample speclmen



a chest type freezer.
Ice blocks were 50mm S x 60mm length respectlvety. Tuna

Apparatus
The schematlc dlagram of apparatus is shown In Fig.2-]. and

1t conslsts of three parts. One 1s a hlgh pressure endurable
vessel, the other one 1s a manual, operatlng booster pump and
they are connected together wlth stainless steel tube , and
the last one 1s a temperature recorder whlch doesn't appear ln
thls flgure. The pressure ln the vessel 1s measured by a
Bourdon-tube pressure gauge belng measurable to 24sMPa.

The pressure endurabLe vessel(made by Hlkari Koatsu
Co.Ltd. ), whlch 1s fully shown ln FIg.2-2, Is cyllndrical
vessel and 1s about 350 mf of the test chamber. The free
piston whlch 1s set 1n the test chamber separates the worklng
fluld of the test sectlon from the manual booster pump's.
Thls vessef has two sapphlre glass observlng wlndows and they
are opposlte to each other. Thermocouple wlres are lead lnto
the test chamber through p1n hofes 1n the plug of the pressure
vessel . Hlch pressure ln the vessel 1s sealed by lnsulate
tapered Junctlons of thermo-couple fead wlres,

trigh pressure treatment
A speclmen whlch has been stored 1n the freezer was taken

out and suspended by the lead wlres 1n the test chamber. Just
before the sample belng set to the test sectlon, the tempera-
ture of the worklng ffuld ln the test chamber was controlled
through the temperature of the Jacket belng regulated. Start-
lng the temperature recorder , the manual pressure booster
pump was operated to malntaln the pressure to the flxed value.
The pump was sometlmes pressed ln order to keep the pressure
1n the vessel at the constant value whl]e the sample being
thawed. If the temperature of the speclmen would begin to
increase wlthout the pressure decreasing , the thawlng of
sampfe was determlned to reach the f1nal stage. Then, the
pressure valve was released for pressure purglng.

，

一

Pur.e water lce blocks, frozen tuna meat bl,ocks and surimi
blocks were subJected to thls studles. A copper-constantan
thermocouple was lnserted every sample at the center of 1t.
Theses samples were stored for more than one week at -30 C ln

fish meat bfocks were almost 26 x 24 x 70mm and welghed 30
4OC. Frozen surlml blocks were almost 54 x 42 x 27 mm and
welghed about 60 g respectlvely.



3. Resul-ts and dlscussion

Temperature hlstory ln thawlng: process
Typlcal temperature hlstorles 1n thawlng processes whlch

were operated on surlml blocks are shown ln Flg.3-1 and 3-2.
In flgure 3-1, the lnltlal temperature of the sample was

-13"C and the pressure was 98 MPa, The temperature suddenly
rose up by 2 oC Just after the pressure rlslng, and then it
fell down to -17oC by compresslng to 98 MPa. It was necessary
to add the pressure to keep the flxed vafue ln the test cham-
ber, because the pressure ln the vessel gradually decreased
with the volume of sample becomlng smalfer by thawlng. After
few minutes, the sample temperature began to rlse without
pressure decreasing. We declded that thls tlme was the finaf
polnt of the thawlng, slnce a varlatlon of sample volume
arislng from the thawlng dldn't appear ln the vessel. When
the pressure ln the vessel was relleved , the temperature of
the sample jumped up over 0 oC anrl the temperature of worklng
fIuld fel-l down to the sample's one. Thls phenomenon 1s
brought from the adlabatlc expanslon of the fluld and the
thermal volume expanslon coefflclents of water and o11 belng
opposlte to each other near OoC.

In figure 3-2, the proflle of the temperature ls slmifar
to the previous one, except the 1nit1a] temperature of the
sampfe was hlgher than the Flg.3-1,. Thls caused the sample
temperature not to rise up just after the pressure loadlng.
Increaslng the pressure 1n the vessel ,the temperature of the
sample fe11 down to the equlIlbrlum temperature which was
determlned to 196 MPa in the vessel. The worklng fluid temper-
ature rose up at flrst and then feII down gradually to the
lnitlal temperature In thls case, the flnal polnt of the
thawlng stage was declded by the same manner.

Phase diagram of food materlals
Applying: the above method, the meltlng polnts(thawing

temperature) of pure water 1ce , tuna fish meat and surlml were
measured ln high pressures. Flgure 4 shows the phase diagram
of pure water lce and other materlals. Open clrcles and solld
Ilne was derlved by Bridgman's/2/ d,ata for pure water 1ce and
lower part sol1d clrcles were measured 1n thls work for the
pure water. The results from thls works were Ilttle b1t
Iower than the Brldgman's ones. However, they were consistent
with each other wlth1n the experlmental accuracy. Solld clr-
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cles and half solld clrcles of rlght part show the meltlng
points of the surimi blocks and tuna fish meats belng deter-
mlned 1n thls work, respectlvefy. These experlmentaf data are
represented by broken 11ne.

On thls phase dlagram, lf a frozen flsh meat block would
be pressed at -7oC ,lts meltlng polnt moved down along the
broken Ilne 1n Flc.4. Thls broken Ilne 1s afmost parallel to
the pure water phase boundary J.lne.

Requiring time for thawlng
Figure 5 shows the thawing curve of surlml bfocks in

varlous pressure conditlons for thawing. The solld llne rvhlch
has not clrcfes shows the thawlng curve 1n the atmospherlc
pressure at 25oC. The temperature rose up steeply at the flrst
stage and then lt rose up slowly between -5 and ooc, Thls
reglon 1s the so-calfed 'maxlmum crystal growth zone' . The
requlrlng tlme for thawlng 1n hlgh pressure was shorter than
the tlme 1n the atmospherlc pressure at room temperature.
Addition to the requlrlng tlme cut down, the temperature of
the samples were malntalned at lower temperature than 5 "C
whl l- e they were thawlng.

By using the hlgh pressure for thawing , the temperature
of materials could be held at lower and the process of thaw-
ing could be compfeted w1thln shorter tlme than under the
atmosphere pressure. However, the hlgh pressure led to the
denaturatlon of proteln of the speclmens , and so the color of
the flsh meat changed from the naturaf bright red to graylsh
brown. Texture of the ftsh meat and surlml blocks became
harder than the row materla]'s texture , that has been studied
ln detall by Taguchl et aL/4/.

4 Concludlngi remarks
The appllcatlon of hlgh pressure for thawlng to the

frozen food could keep the temperature of the food lower than
the maxlmum crystal growth temperature and can reduce the time
for thawlng, but the denaturatlon occurred 1n the test sam-
p1es. It may be concluded that ln appfylng the hlgh pressure
for thawlng ,1t 1s necessary that the pressure treatment wlIl
be completed as soon as posslble ,and 1f there would be any
senslbte materlafs for pressure , it was necessary to keep the
pressure low ln the vessef. In concfuslon, thls treatment may
be useful to apply not for thawlng the frozen food ,but for
processlng the food materlals under the freezlng temperature
of the food stuff, let's say the seasonlng of frozen food ln
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freezlng condltlon.
The authors are grateful to

for their energetlc experlmental
Mr. Y. Shlmabe and Ms.M.Mltsul
works.
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Le d6e6lcment i temp6rature basse sous haute presslon

n6suu6: Nous avons d6se16 de fa glace et de Ia chalr de pols-
son congel-ee stock6e a -LOt. Les 6chant11lons ont -e t-e mls dans
un petlt contenant i presslon et d6gel-6s dans Ia hu1]e, en
6tat statlque et d presslon de 196MPa. Le contenant utl11s6 a
une fen€tre et un thermocouple pour mesurer Ia temp-erature des
-echantlIlons.

A mesure que La presslon augmente, 1a temp6rature de Ia
glace balsse; avec }a presslon de 196MPa, elle balsse jusqu'i
-2dc.

Pour tenir E L96 MPa Ia pression E 1'lnt6r1eur du conte-
nant, on doit de temps en temps y donner presslon. Cette
decompresslon resulute de 1a fonte de Ia glace qul provoque Ie
changement de ]a denslt6 1nt-er1eure. La fin du d-egEf ement
s'annonce avec t'arrGt de Ia dGcompression et Ia Ia lente
mont-ee de Ia temp6rature E I'1nt6r1eur.

Le temps du d6gElement d-epend de ta grandeur des 6chan-
tillons et de I'6cart entre la temp-erature de d-ebut des -eihan-
tillons et celle de I'hul1e dans Ie contenant.

La chair de polsson, aprds J"e d-egElement, perd sa telnte
originale. C'est que 1a haute presslon a d6natur6 Ia prot6tne
qui y est contenue.

『

）

(3) N.ll . Fletcher;
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