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application of micrawzves and maximum time of radiating frozen
meat, we wanted to find out if there were any differences in
the rate at which glycolytic changes occur in the samples thawcc
by microwaves and these thawed in the usual way = in the air,

' Likewise, it was of interest to determine if there were any

o

differences in organoleptic properties of the samples tested.

PROCESSING PROCEDURE

Raw Material.=- For the experiment we employed fres:

beef, i.e.m. quadriceps femoris, flank and neck. Connective
" and fatty tissues #nd been removed from m.quadriceps femoris
and neck. The meat was cut in uniform, cca 3 ecm, thick pieces,
. weighing 200 grams. In the pieces alcohol thermometers (with
the scales graded =50 1o +30°¢) were inserted (up vhe geo-

metrisal center), The samples were frozen for 24 hours at

R o

the temperature of - 10°Cs

Thawing was done by means of microwaves and by air,

. T =

' at room temperature (cca 22°C). In all cases, the thawing
operation was oontinuedluntil the temperature in the center
of the pilece reached -1OC; The time required for this was
measured, Thawing by microwaves was carried out by means of
a dalibrated therapeutic generator - frequencys: 2840 MHz,
wave length: 12.5 cme We employed the method of radiation
field with a unipgléfielecfrode,‘mhe distance between the
top of the emissiopLéﬁténna'and the center of the meat plece

was T cm. Thé-ﬂiOrOQaVés 6f Tlux 120 W were employed.




Prior to refrigeration and after thawing, we de=
termined the sample.weight, the pH value, percentage of
glycogen; ‘free, total and bound water contents and made
organoleptic. evaluations of colour as well =2s microscopic

examinations.,

Measurements of the pH value were made (meat : water=

1 s 4) by means of Pye ’s pli-meter,

The glycogen content was determined by means of

Drozdov metho&~(1l).

Moisturé content was measured by drying method up )

to the constant weight, at 1057°C.

RESULTS OF ANALYSIS AND DISCUSSION

Frozen mea’t exposed to high frequency current thaws
very quickly owing to the length (in cm.) and high energy
content of microwaves. The thermal effect of microwave energy,
on which is based its application in thawing, is due to the
absorbtion of energy in the field of :rradiation., Muscles, 1,¢.
meat, as-a tissuof@hich has a high liquid content, are
characterized by’gooi absorbtion of microwave energy, owing

to a high dielectric constant, good conductibility and reflexion




on limiting layers.

If we comparc tne time required for thawing a beef
cut by means of microwaves and for thawing 1% in the air, we¢

notice considerable differences. Assuming thet thawing by

means of microwaves mey. bring about changes in physico=chemical
processes, we made para ‘131 organoleptic and chemical analyses
of beef cute thawed. by meansgcf microwaves and cuts thawed
in the air (control semples).

Orjanoleptio changes caused by microwaves which
seccur in thawed meat, are negligible. There is practically no
jifference between the oélour of meat thawed by means of
microwaves and the colour of fresh méat, except for the-brillicnc
of the surface which is gomewhat less intense, However, the
control samples = thawed*in the air, have a darker colour

with a slightly greyish shade

Y

Tne colovr differences between thc samples treated
in one and the other way are to be expected, for the oxidation
of the meat pigment deperds on the lengith of exposure to air
L &> L &

or oxygen, as well as or the temperaiure. During thawing in thr

air, at the temperature of 22°C, there is muci more time for

these processes 10 develop, than duri..3 thawing by meansg of
microwaves which lasts a gshort time.

'We achieved (9) the besd resulvs +h the microwave:s
of flux 120 W, because the' quantity of heat was sufficient

for thawing even 5 cm thick pieces withouw cansing thermal
congealment of the surface leyer, Likewise, since on the baslc

of our previous-experienbo, +he most convenient distance
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between the radiation source and the treatcel nent could be

b 41 M) AP F A . e e A N e
gelected, no secondary thermel effect CUIrre n the surfac«
§ . kit < 4
of the irradiated cuts which would he rid rable effec

A A Ao We A1A neat £1 1 : r A% PP - KN
on meat taste and odour. We did nct iln ny differences in

taste and odour between the cuts thawed by microweves and

those thawed in the air,

Weight loss.~ The results obicincd previously

and those obtained in the present ex
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great extent as regards the weight loss = In dependance of
the thawing method. The everange weigh+ loss values in the

microwave thawing method .are 1less than percent -~ namely

c+

around o0,5 percen

. In contrast to this, thawing in the-air
causes the greatest weight loss (the average loss is 3.4%7
and the maximum loss is 5.8%) (9). The drip loss ha
undoubtedly an effect upon the quality of thawed meat. There=

fore, the application of microwaves has a great advantage over

-

the other methods: which cause a much higher weight loss during.

thawing.

(@)

Chemi 4 1 analyses (table 1) show tha tAn

regards the content of total and free water contents tqe
glycogen content and the pH values.

The percentage of the total water content is highex
in semples thawed by means of microwaves which is in accord

with the weight loss. The analysis of the muscles shows that
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muscles with the lowest fatty tissue content. The average
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water logs in microwave thawing is obout 0.0 PErcent, while 1t

the other method it is five to six 8 times higher.
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are very interesting. Thc highest free watcr conten
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in meat cuts thawed by microwaves = up to 19.72 percent in
m.quadriceps femoris, while in controls i% is considerably lower %
maximum 15.46 percent in neck., It is worta pointing out that j
free water content in samples thawed in the alr varies because ¢
the muscle with the lowest fatty tissuc content - m,quadriceéps
femoris - has the lowcst free water content and the hi
bound water content. The average volucs ol irec water content
appear to be about six times higher in samples thawed by micro-

waves and about four times higher in gamples thawed in thea

ct

air than they are in fresh mea

The results ‘of the analysis of wLé Dl value show

w
0

U

that beef cuts treated by microwaves tave in a2ll cases higherx
pH values than control samples thawec In the air. Theae e

differences are more readily sbservable in m.quadriceps femo=-

ris, while in neck and flank they are negligible. In comparison

with the initial pH values measured withir 3 hours after slaughter
in both thawing methods the highest pH reduction is found in
m,quadriceps femoris and the lowest one in fliank,

The decrease in the glycogen content is much greater
in sanmples thawed in the air, In microwave thawing, the
glycogen éontent ia rediuced on the average 13 times, while in
thawing in the air, it ig reduced 18 times, Bvidently, the

extent of glycogen content reduction as is to be expected, 1io
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in proportion with glycogen content in fresh muscles namely
m,quadriceps femoris has the highest glycogen content and

v

f1ank the lowest. one,

—

The differences in thc changes of pH values,
glycogen content and free water content in samples thawed 2y
microwaves and those thawed in the a’ indicate that glycolytic
changes develop faster in samples thawed in the ailr, This may
be due to the fact that, although microwavcia arc characterizcd

by a high heat energy, the exposure to the waves 1s very short

(only a few minutes) compared with the cxposurc to air at
2200 for 2-3 hours which has a favourabliec effect upon the de~ ?
velopment of the above biochemical changes.

Thawing time.- Time measurements of microwave thawiig
show that at constantixmdiation conditions thewing time
depends both on the intensity of the sourcc of irradiation
the quantity and distribution of connective and fatty tissues .
The mean values .obtalned (Table 2) indicate that there are
time différences in thawing of tested samples of beef cuts,

Ehe relationship between t thawing of beef cuts
and the required time (Table 1) shows that increasing
exponential functions are jnvolved. The ratc of thawing
decreases between -1 and +1°C. The differences in required time -
for thawing werious beef.cuts, m.quadriceps femoris, neck
and.flank, are‘oaﬁsed‘by differences in fatty and connective ,

tissue dontentu'Thc'longest thawing pericd is in cuts inter= R

penetrated with?fatty tigsue (neck) =5 minutes somewhat shortcrﬁﬁ
; 4

in museles with 1lagers of fatty tissue (flank) =4 minutes

& 4
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and the shortest ih muscles with the lowest fatty tissue
content (m.quadriceps femoris) =3 minutes. The fact that fatt”
tigsue disperses and reflects centimeter waves is one of the
principles of the mechanism of microwave spreading, This
causes excessive surface heating and a Very glight heating of
deeper layers of the tissue. Therefore, & large part of microv
energy is needed for heating fatty tissuc from which heat 18
transferred to the surrounding tissues, which implies indirect-
gecondary = heating of muscles., In mcat picces heving a
continuous layer of fatty tissue, there is & steady heat transicy
to the surrounding tissues. This is the case cven when the

layer of fatty tisuue 1is SO thick as to cause total reflexion

of microwaves. In contrast to this, in m nled meat pleces

there is a much greater dispersion of microwave energy over
larger area, Therefore, thawing in tbé renge -1 and +1°¢,

requires the longest time.

At the thawing moment, when the temperature reach e
0 to +1OC, the moisture content of the tissue becomes higher
which enables a better distribution and absorbtion of micro~
wave energy. Since at +1°¢, the emicsion of microwaves 1is
discontinued, the remaining part of the absorbed energy s¥i-

mylates the development of biochemical processes in meat

(Q=1l0). This may account for the gignificant differences in

the pH values in cuts thawed in the eir and those thawed by

microwaves.
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EFFECT OF MICROWAVES THAWING ON BEEF QUALITY

N7
A study on possility of microwave application, as the
MR AT TR e s S NS 2 5% R . P oonP =% P
heat source of high frequency, in th ig ‘of ‘beel cute ol

different qualitative composition /without fatty
quadriceps femoris, interpenctrated with fatty tissue - neck
and muscle tissue with layers of fatty and connective tissues =
flank/ indicated that for the purpose microwaves f 2840 MHz
frequency, respectively of wavelength 12,5 cm and of 120 W min.,
power, may be used. Microwave thawing lasts Tor several minutes-
and = at constant irradiation conditions = depends on quantity

o
5

and distribution of fatty and connective tissues. The highest
quantum of spent energy is in the range =i and +1°¢ and at
constant emission of microwave energy, it is manifested by
longer thawing in the range.

The colour of meat pieces thawed by microwaves is as
that of fresh meat; only the intensity of brilliance is
somewhat lower. The colour of controls = pieces thawed in the
air = is darker with scarcely remarkable greyish shade, The
weight loss of samples thawed by microwaves 1S negligable in
relation to the weight loss of samples thawed in the air,
Differences 1r pH changes, glycogen content and free water
content between samples thawed by microwaves and in the air
f these components in fresh meat

in relation to the content oif

indicate faster development of glycolytic changes in samples

thawed in the air,
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I’ examen des possibilités de 1l’appllicavion micro=
~ 3 " o P e x| p > ~ - o~ s
ondes, en tant que source ae C leur ¢ fréquence, sux

n qualitativement

I. différente (sans tissus adipeux = m.qu iriceps femoris, entra-
t

ventre) ont démontré qu’on

~ s A . 3 . e+ Ao Mmicy AN o il = RS iy
yeut se s jang ce bubt des micro=onaes dc¢ la fréquences de

2840 M

@y Bt . A ae i = i -
1la force de 120 W/min, La duree au Q€ el par 1 rndes dux
quelques minutes et = dans les conditions d’un rayonnel aux

conditions constantes = dépend de la quantité et de la
disposition des tissus adipeux et des 1irements. La plus grande

‘ consommation de 1?énergic se situe Gcans 1a période entre -]

0 : e >
et +1°C, ce qui se manifeste A

constante

longue

Les morceaux Q€ viande degelE€s par «ES nicro=ondes

ont la couleur de la viande frafiche, ule 1?intensité du bril=-

lant 1a surface est quelque Ll ré&duitc, La couleur des

&chantillons de contrbfle = morceauvx 1égel X 1%air = est plus

sombre avec une teinte srisftre A peinc scnzible. La perte ¢n

poids des Eoelés par s micro-ondes est
|
négligeable. en comparalson la perte en poids des échantillon
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dégelés & 1l'air,
valeurs

échantillons dégelés per

aux composantes dans la viande

processus plus rapide des

chantillons dégelés a 1’air,

pH, du contenu en glicog
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gene et en 1 libre entre l1¢
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fratche dénontrent un




AOBEKT MUKPOBOJHOBOTO IESPOCTUPOBAHIA HA KAUECTBO
TOBAXBEITO MACA
PE 3B X
lcenenonaug BO3MOKHCCTCII g B Ka—
yec TDEe BHCOKOYACTOTHOIC MCTOUHMIR 0 MUKDOBONH N4
nedpoc TMPOBAHMS KYCKOB TODENMHE PaA3nAUHOrd KAueCTBEHHO
ro cocrtana (6es3 xmponoit TKagM - dricens :
NPONUTaHHOTO XUPODBOIl TKAHEO-LEHA OTCICCHMEM
KUDPOBOHE TKaHU M COCOMHUTENBLHOLI Wil - b IGKa3aln,
yTO ¢ B3TOH 1EeNApHn MOILYT MCIONB30DAT O THE Uac -
roToft n 2840 ¥ru, T:G. LOAHHOL DCT CM+qy MO@-
gocTs B 120 BT: B MMH. MUKDOBOJHCDBM \WDOHMIe IPu-—
NONXaeTCH HEeCKONHLKO MMHYT M IDM IOCICEIHHX FCIOBRAX 6O
NYUYEHNU S B3aDUCUT OT KOJAYSCTDA M DACICIOKEHNI WUDPODOH 4
COSIMHUTENnBHON Tranu. Hambonpllag Macca HHODPIN aTpau
BaeTca Mexny -1 u +1°C, uTo npUM KOHCTORTH MY UYSHN
MUKDOBOJIHOBON BHEPIUIHIPOSDH A ITeNBHO!
BpeMeHM nedpocTUpORatiMg B 270 [GDION .
Kycku medpoCcTAPOBESHNNG BHCD] {IKDOBOTH

COXPaHANT LBET CBCXCIO MACA,JiMIb KiTRHCKIHICTE 6necKa
NIOBEPXHOCTN HECKOJNBKO JMCHDBINIHA IGT KOHTPORSHEX KYyC-
KOD nedpOCTMPOTLHHEX Ha BO3NYXE TeNHEeC,C eIDa 3aMeTHEHM
ceponaTHM HKWAHCOM. lI0TApa peca X ¥, 10OPOC TUPOB &K

HX MUKDODONHEMM HESHAUUTENBHOE [0 oG K norepe

jeca KycEOB INe@pOCTMUPOBSHHEIX {2 32
MeHEHUIX TH,COlepxaHMag I'MAKOINIA
ny of6pasnamy He@pPOCTUDOBDEHHHX IDM Ol
Ha BO3NYXe,N0 OTHOIEHM K CONEDPKAHNI

D CDOXeM MACe,VKasHDanT Ha 00jiee OHCTDS

IMUKOIU TUUSCKAX MBMEHGHMI T o6nas3rax

Ha BO3AYXEs

‘ASHKI& B N3=

DTNX
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IHOU BOIH MeEx-

UKDOBONH M
KOMITOHEH T OD
IPOTGKaHNES

TVDPCDaHHHX
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TEMPERATURE CHANGES IN-TESTED BEEF CUTS DURING MICROWAVES

MIITAWT N
’_‘.\ a tL‘lV E N\

Table 2,
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FIG. 1. TEMPERATURE CHANGES IN RELATION TO TIME
DURING BEEF THAWING
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