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In Hungary, at the Central X'ood Research lnstitute experiments were calriecl
out on the investigation of the liquid nitrogen spray freezing system.

Now, briefly I should like to review the experimental results of fi'eezing of
beef cuts.

The freezing experiments with beef cuts were aimed on the one hand, at the
comparison of liquid nitrogen spray freezing rvith air blast freezing and, on
the other, at the investigation of the effect of freezing rate on meat qua-
lity.

Liquid nitrogen spray freezing was performed in a tunnel system experimen-
tal equipment. The slices of meat were frozen first by reducing their tempera-
ture to 

- 
I "C by the introduction of cold nitrogen gas, and then adjusting

the final temperature to - 30 'C by spraying liquid nitrogen on the surface of
the slices.

For air blast freezing too, a, tunnel system experimental equipment rvas used.
in which the air temperature was - 

40 oC, and the florv rate of air was 1.8
m/sec. The final freezing temperature of the meat slices 'was the same as in
the experiment, with liquid nitrogen, namely 

- 
30 "C.

In the freezing experiments the thickness of the sliced beef 'vr,-as 2 cm, their
rveight was between 170 and 200 g. The slices were frozen without preliminarv
cooking or packing.

In order to determine and to compare the effects of freezing rates on meat
quality we investigated the wight loss, dripp loss, cooking loss, colour', texture
and sensory evaluation. To compare the liquid nitrogen freezing and the air
blast freezing systems, the freezing time and the avelage linear freezing rate
rvere invest'igated.

\\reight loss during freezing was determined br- rveighing the individual
slices before and after freezing.

For the determination of drip loss, frozen slices of meat of knou'n u'eights
l-ele packed into moisture proof plastic pouches. Thtrrving temperature \y&s
I 'C. thar,ving period lvas 48 hours.

Fol the determination of cooking Ioss, t'he frozen meat slices were packed
ir:to aluminium foil bags. After thawing the slices were heat treated at 180'C,
for one hour. Loss of cooking was determined from the rveight loss during
heat treatment.
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The colour of samples \\'as determined before and after freezing using
Gardner's Colour Difference Meter.

The texture of the samples was determined before and a,fter freezing, using
thc Instron equipment. Before the experiment the slices 'ivere sealed bags,
then the samples were heated to 80 oC, for one hour. After heat treatment
t x I X 2 cm sect'ions of samples were compressed between I cm jaws.

The sensory evaluation of cooked. meat was performed by a panel of
ten members, using the triangular testing procedure. Appearance, taste.
tenderness and juiciness were investigated.

The freezing time was determined by the temperature the core of slices
lretrveen f ten and 

- 
30 'C.

The average linear freezing t,ate v'as determined from the freeziirg
cLuves b)t th" temperature of the coLe betu'een 0" and -5 "C.

From the Jreez'ing erpteri,ments the follozuing more important renLlts were obtainecl:

-\t first: The freezing times and freezing rates obtained. The freezing time
u'rs 20 minutes in the case of liquid nitrogen spray freezing, and 40 minute-q
iri the case of air blast fteezing.

'Ihe average linear freezing rate u'as l5 cm/houl in the case of liquid nitrogen
and + cm/hour in the case of air blast freezrng.

Secondly:The effect of freezing rate on the qualitS. of frozen sliced beef.
'I'ire results of the experiment's have shou'n that rveight loss duling fieezing

ri ns signifi.cantly lorver u'hen liquid nitrogen spra5r flgs2ing \r'as used, namelt-
l (t!/n, than in the case of air blast freezing, namely l.5o/o.

No significzrnt difference 1'yas found in tha'wing drip losses applied the liquid
rritrogen and air blast freezing systems, namely 3.9o/o and 4.3o/".

\\Ihile the loss on cooking of meat frozen by liquid nitrogen process \r-as
somes'hat higher than of the meat processed by the other s;rstem.

The total u'eight loss during freezing, thawing and cooking \\-as placticall5-
sane in the range of 4 to 15 cm/hour ayerage linear freezing rates.

After thawing the colour of the meat, frozen by liquid nitrogen sprav system
l'as according to the results of instlumental measurement slightlv paler, but
tlic clifference lvas not perceptible to the naked eye.

Tlaere was no sigrrificant, difference in the textures tr,nd eating qutr,lities of the
rneat slices fiozen by the two different systems.

From these results it, has been found that in the case ofliquid nitrogen spral-
fr:eczing system, the freezing time rvas 50o/o shortet, and it gave about fotu'
times faster freezing rate than the air blast freezing.

No difference \,\.as found in the quality of sliced beef betrveen 4 and 15 cm/
'hour average linear freezing rates.

Zmrazovantie kvapalnym dusikom
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prirde chladniho vzcluchu. Slctloval
, farbu, kvalitu tkaniva a senzoricli6
bola doba 2-razv litatija a lincdrna
iia. V ostatnfch ul<azovatclocir boli

vi-slcrll<v zhrubi.r, rovr r :rh6.

Chla tliarsiry automobil

llulropi.t;+ilrnanue c rrorloulbro t+irrr]ioro aBolit

lir,rno;tL,r

-\nro|, lrit-ourun JJr:nrpa;rr.uo|o 11rt.\:rTTr0-11( (..Ie;loBaTe;r-r,f Hol.o rlH('T-rrT\-T;r lrrrrqrct,ii
rrpo\rrirru;r(,HHO('rl B l ll.\,.(anerrrre, rJrJiBulllr !oB)/.rrrTtrrr,r 3aMopaF(rIBanur lotsrrifir,u\ or-
irrrnulr r rior.llcr, ro,'rrilrnoii n 2 t'lt r necou n 170 20() r'. i3artopa)fiI,IBarflle npou( \Lli-(il.,lo
( rroMolur,rc J)zt('lrTn.,lflrorucr.o ]]irl;tTio|o aBorit I1 B crp-ve ro,iro:lHo|o Bo3.ll xit Ort ill;.5'.rrt,t
IIJ)O;tO.l7ttllTe"'ll-HOi'Tl) Bpcr,IeHn ilili\,IoptlE{IIBaIIII'1,;tIlTIOnH\-IO t'tiopO('Tb, rIOTep}I B Ret{r ILBOT,

Fiit'rclTBo Tr.r.,H-11 rr op|aH0;1eilT]trrc(ri\'R) orlellEv. Jlpu ilaNropai+t-r.lBilrlrrr E(rr;(RrtM ir,j(,Toxr
11])o]o.),IirTc;rbHO('Tt, lrTleMeg1l 6r,l"rii B;(Ba palla lioportO..-TllIIcr'rIlttfl ctiopo(Tr, BricTBCl'rr,-rr!.il,-
rrc rr rrorel)lr B Bc('c Iril J() !i, r"rensnrc. I'ot'ra,;rlur,rx uona:arereri peBy;rr,TirrT,T 6u.rr rrlluir;rl-
::l11TLr, I I)H(l OJIIII;rli(l tsl)t.
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