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EFFECT OF TuICRO WAVES THAWING O N  BEEF QUA L I T Y

Our present knowledge of the nature and m e c h a n i s m  of 

microwaves as a source of high-fre q u e n c y  heat has indicated the 

p o s s i b i l i t y  of their application in meat technology, microwaves, 

owing to their length and a h i g h  quantity of energy, are c h a r a c 

terized by even dis t r i b u t i o n  and absorbtion in the environment 

w i t h  a higher moisture content. Since the muscle tissue, i.e. 

meat, is the environment w h i c h  meats these requirements for the 

application of microwaves, the study of the p o s s i b i l i t y  of a pplyin  

microwaves in thawing is of :reat interest.

A lot of r e s e a r c h  has been do n e  so far in studying the 

effects w h i c h  ultraviolet and other ionizing radiatons, high- 

f r equency current and X-rays have u p o n  the biochemical, p h y s i c o 

chemical and m o r p h o logical changes of meat, as well as upon 

colour changes and i n a c t ivation of enzymes (4, 1» 3, 7, S, l o ,

11, 12 and 13).

We have not found in the literature any information 

as regards the a p p l i c a t i o n  of microwaves in meat thawing, ine 

p urpose of our study was to examine the pos s i b i l i t y  of m i crowave 

thawing beef of various structure (without f a t t y  tissue - 

m . q u a driceps femoris, interpenetrated w i t h  fatty t i s s ue-neck 

and mus c u l a t u r e  w i t h  layers of f a t t y  and connective tissues 

- flank). In a d dition to det e r m i n i n g  the me t h o d  of
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a p p l ic a t io n  o f  m icrow aves and maximum tim e o f r a d ia t in g  f ro z e n  

m eat, we wanted to  f i n d  o u t i f  th e re  w ere  any d i f f e r e n c e s  i n  

: th e  r a t e  a t  w h ich  g l y c o l y t i c  changes o c c u r  in  th e  sam ples thawec 

by m icrow aves and th e se  thawed in  th e  u s u a l way -  i n  th e  air.>

' L ik e w is e , i t  was o f  in t e r e s t  to  d e te rm in e  i f  th e re  were any 

 ̂ d i f f e r e n c e s  i n  o rg a n o le p t ic  p r o p e r t ie s  o f th e  sam ples t e s t e d .

i
PROCESSING PROCEDURE

Raw M a t e r ia l . -  F o r  th e  e xp e rim e n t we em ployed f r e s h  

b e e f ,  i .e .m .  q u a d ric e p s  fe m o r is ,  f la n k  and n e ck . C o n n e c t iv e  

;■ and f a t t y  t is s u e s s h a d  been rem oved from  m .q u a d ric e p s  fe m o ris  

' and n e c k . The meat was c u t  i n  u n ifo rm , c ca  3 cm. t h ic k  p ie c e s ,  

• w e ig h in g  2oo gram s. I n  th e  p ie c e s  a lc o h o l therm om eters (w it h  

l th e  s c a le s  g ra ded  -5 o  to  +3o°C) were in s e r te d  (u p  ih e  g e o - 

t m e t r ic a l  c e n t e r ) .  The sam ples were f r o z e n  f o r  24 h o u rs  at 

th e  te m p e ra tu re  o f  -  lo  C*

Thaw ing was done b y  means o f  m icrow aves and by a i r ,  

a t room te m p e ra tu re  (c c a  2 2 ° C ). In  a l l  c a s e s , the th a w in g  

o p e ra t io n  was c o n tin u e d  u n t i l  th e  te m p e ra tu re  in  th e  c e n te r  

o f  th e  p ie c e  reached  -1°CV The tim e  r e q u ir e d  f o r  t h i s  was

m easured . Thaw ing b y  m icrow aves was c a r r ie d  o u t b y  means o f  

a c a l ib r a t e d  th e r a p e u t ic  g e n e ra to r  -  f re q u e n c y : 284o k H z, 

wave le n g t h :  12 .5  cm. We em ployed th e  method o f  r a d ia t io n  

f i e l d  w it h  a u n i^ o JL a n / « ie c tro d e , The d is ta n c e  betw een the  

to p  o f  th e  em ission , àntehna  and th e  c e n te r  o f th e  meat p ie c e  

was 7 cm. The m icrow aves <5f f l u x  12© W w ere em ployed .
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P r i o r  to  r e f r i g e r a t i o n  and a f t e r  th a w in g , we de

te rm in e d  th e  sa m p le ;w e ig h t , th e  pH v a lu e ,  p e rce n ta g e  o f  

g ly c o g e n ; f r e e ,  t o t a l  and bound w a te r c o n te n ts  and made 

o rg a n o le p t ic , e v a lu a t io n s  o f  c o lo u r  as w e l l  as m ic ro s c o p ic  

e x a m in a tio n s ,

Measurem ents o f  th e  p H v a lu e  were made (m eat s w ater=

1 : 4 ) b y  means' o f  Pye ’ o p H -m e te r,

The g ly c o g e n  c o n te n t  was d e te rm in e d  b y  means o f
f•' /y'- • • •••• *

D ro zd o v  method (1 1 ) .

;/•' The p e rc e n ta g e  of  f r ee w a te r was d e te rm in e d  b y  G rauu o 

method ( 4 ) ,  m o d if ie d  by S o n ja  K a r a n - . u rd j i c  (7 )  • ^

M o is tu re  c o n te n t  was m easured by d r y in g  method up }  

to  th e  c o n s ta n t  w e ig h t ,  a t lo 5 ° 0 .

RESULTS OP ANALYSIS AND DISCUSSION

F ro z e n  meat exposed to  h ig h  f r e q u e n c y -c u r r e n t  thaw s 

v e r y  q u ic k ly  ow ing to  the le n g th  ( i n  cm .) and h ig h  e n e rg y  

c o n te n t  o f  m ic ro w a ve s . The th e rm a l e f f e c t  o f  m icrow ave e n e rg y , 

on w h ic h  i s  based i t s  a p p l ic a t io n  in  th a w in g , i s  due to  the  

a b s o rb t io n  o f  e n e rg y  in  th e  f i e l d  o f  . .e r a d ia t io n .  M u s c le s , i . e .  

m eat, as a t i e  su e ’) w h ic h  has a h ig h  l i q u i d  c o n te n t ,  a re  

c h a ra c te r iz e d  b y  good a b s o rb t io n  o f  m icrow ave e n e rg y , ow ing 

to  a h ig h  d i e l e c t r i c  c o n s ta n t ,  good c o n d u c t i b i l i t y  and r e f l e x io n



on limiting layers.
If we compare the time required f o r  thawing a beef 

cut by  means of microwaves and for tha w i n g  it in the air, we 

notice considerable differences, A s suming that t h a w i n g  b y  

means of m i c rowaves may, bring about c hanges in physico chemical 

processes, w e  made parallel organoleptic and chemical analyses 

of b e e f  cuts thawed; b y  means'icf microwaves a n d  cuts th a w e d

in the air (control samples).
O r g a noleptic changes caused b y  microwaves which,

occur in thawed m e a t , a r e i n e g l i g i b l e . There is p r a c t i c a l l y  no 

difference be t w e e n  the c o l o u r  of meat thawed b y  me a n s  of 

m i c rowaves an d  the c o l o u r  of f r e s h  meat, except for t h e - b r i l l r n o  

of the s urface w h i c h  is somewhat less intense. However, the 

control samples - tha w e d - i n  t h e  air, have a dar k e r  c o l o u r

w i t h  a s l i g h t l y  greyish shade.
The c o l o u r  differences b e t w e e n  the samples treated

in one and the oth e r - w a y  are to be expected, for the oxidation 

of the meat p igment depends on the length of exposure to air 

or o x y g e n , as well as on the temperature. D u r i n g  t h a w i n g  in the 

air, at the temperature of 22°C, there is m u c h  m o r e  time for 

these pro c e s s e s  to develop, tnan d u n .  t tha w i n g  b y  means of 

m i c r o w a v e s  which lasts a short time.

' We achieved (9) the best results w i t h  the m i c r o w a v e -  

of f l u x  12o W, because th e  quantity of heat wa s  sufficient 

f o r  th a w i n g  even 5 cm th i c k  pieces wit h o u t  c a u s i n g  thermal  

congealment of the surface layer. l ik e w is e ,  si n c e  o n  the basis 

of our p revious experience, the m o s t  convenient distance



be t w e e n  the r a d iation source and the treated m e a t  could be 

selected, no secondary thermal effect occurred on the surface

on meat taste a n d , o d o u r e We did not find any differences in 

taste and odour b e t w e e n  the cuts thawed b y  m i c rowaves and 

those thawed in the air*

We i g h t  l o s s *- The results obtained p r e v i o u s l y

and those obtained in the present experiment v a r i e d  to a 

great extent as regards the.weight loss - in d e p e n d e n c e  of 

the thawing method. The everange weight loss values in the 

mic r o w a v e  thawing m e t h o d  are less than p ercent - n a m e l y  

around o,5 percent. In contrast to this, t h a w i n g  in the air 

causes the greatest weight loss (the average loss is 3*4%

and the m a x i m u m  loss is 5*8%) (9). The drip loss has 

u n d o u b t e d l y  an effect u p o n  the quality of thawed meat* There- $

regards the content of to t a l  and free w a t e r  contents the

The p e r c e n t a g e  of the total vatcr c ontent is .higher 

in samples thawed b y  means of microwaves w h i c h  is in accord

in b o t h  thawing met h o d s  the w a t e r  lees is the highest in

of the irradiated cuts w h i c h  w o u l d  have an unfavorable effect

the other methods w h i c h  cause a mu c h  hi g h e r  weight loss d u r i n g ^

thawing.
C h  e m  i c a 1 analyses (table 1) sh o w  that in

the two thawing.methods there are c o n s iderable differences as

glycogen co n t e n t  and the p H  values

w i t h  the weight loss. The analysis of the m uscles shows that

m u s c l e s  wi t h  the lowest fa t t y  tissue content. The average



wa t e r  loss in m i c rowave thawing is obout o. 5 percent, while in 

the other method it is five to si:: 6, times higher.

The results of the analysis T the free w a t e r  content

are v e r y  interesting. The highest free w a t e r  c ontent is found

in meat cuts thawed by microwaves - up to 19-72 percent in

m.q u a d r i c e p s  femoris, w h i l e  in con t r o l s  it is cons i d e r a b l y  lower -f

m a x i m u m  15.46 p ercent in neck. It is w o r t h  po i n t i n g  out that r

free w a t e r  content in samples thawed in the a i r  varies because *
f

the mu s c l e  w i t h  the lowest f a t t y  tissue content - m.q u a d r i c e p s  

femoris - has the lowest free w a t e r  con t e n t  and the highest 

bound water content. The average volues of free w a t e r  contern; 

appear to be about six times hi g h e r  in samples thawed b y  m i c r o 

waves and about four times hi g h e r  in samples thawed in the 

air than th e y  are in fresh meat.

The results 'of the analysis of the p E  v a l u e  show 

that beef cuts treated b y  microwraves have in all cases higher 

p H  values than control samples thawed In the air. These 

differences are more r e a d i l y  observable in m . q h adriceps f e m o 

ris, while in n e c k  and fl a n k  th e y  are negligible. In c o m p a r i s o n  ^  

w i t h  the initial p H  values mea s u r e d  w i t h i n  3 hours after sl a u g h t e r  

in both t hawing methods the highest p H  r e d u c t i o n  is f o u n d  in

m . q u a d r i c e p s  femoris and the lowest one in fxank,
. . . y  • g l

The dec r e a s e  in the gly c o g e n  content is much greater

in samples thawed, in the air. In m i c r o w a v e  thawing, the

gly c o g e n  content is reduced on the average 13 times, w h i l e  in

t hawing in the air, it is r e d u c e d  18 times. Evidently, the

extent of gl y c o g e n  content r e d u c t i o n  as is to be expected, is

■ - 6 -
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in proportion with glycogen content in fresh muscles namely 
m.quadriceps femoris has the highest glycogen consent and 
flank the lowest, one.

The differences in the changes of pH values, 
glycogen content and free water content in samples thawed oy 
microwaves and those thawed in the air indicate that glycolytic 
changes develop faster in samples thawed i:i the air. This maj 
be due to the fact that, although microwaves are characterised , 
by a high heat energy, the exposure to the waves is very short 
(only a few minutes) compared with the exposure to air at 
22°C for 2-3 hours which has a favourable efiect upon the de
velopment of the above biochemical changes.

Thawing time.- Time measurements of microwave thawing 
show that at constantixrtdiation conditions thawing time 
depends both on the intensity of the source of irradiation and 
the quantity and distribution of connective and fatty tissues.
The mean values'obtained (Table 2) indicate that there are 
time differences in thawing of tested samples of beef cuts.

The relationship between th. thawing of beef cuts 
and the required, time (Table 1) shows that increasing 
exponential functions are involved. The rate of thawing ,
decreases between -1 and +1°C. The differences in required time X 
for thawing various beef, puts, m.quadriceps femoris, neck ?
and,flank, are caused by differences in fatty and connective .
tissue c o n te n t'. The longest thawing period is in cuts inter- 4
penetrated with: fatty tissue (neck) -5 minutes somewhat shorte^| 
in museles with lagers of fatty tissue (flank) -4 minutes J j
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and the shortest in muscles with th e  lowest fatty tissue 

content (m.quadriceps, femoris) -3 minutes. The fact that fatt 

tissue disperses and reflects centimeter waves is one of the 

principles of t h e  m e c h a n i s m  of mic r o w a v e  spreading. This 

causes excessive su r f a c e  he a t i n g  and a v e r y  slight heating of 

deeper layers of the tissue. Therefore, a large p..rt of mi  

energy is n e e d e d  for heating fatty tissue from which heat is 

transferred to the sur r o u n d i n g  tissues, which implies i n d i r e c t 

sec o n d a r y  - hea t i n g  of muscles. In meat pieces h a v i n g  a 
continuous layer of fatty tissue, there is a s t e a d y  heat transf, 

to the s u r r o u n d i n g  tissues. This is the ease even w h e n  the 

layer of fa t t y  tisuue is so th i c k  as to cause total reflexion 

of microwaves. In c o n t r a s t  to this, in ma r b l e d  m e a t  pieces 

there is a m u c h  greater d i s p e r s i o n  of m i c r o w a v e  ene r g y ^ o v e r  a 

larger area. Therefore, t h a w i n g  in the range -1 and + 1°0, 

requires the longest time.

At the thawing moment, w h e n  the temperature reaches 

0 to +1°C, the m o i s t u r e  content of the tissue becomes higher 

wh i c h  enables a b e t t e r  d i s t r i b u t i o n  and a b s o rbtion of mi c r o -  

wave energy. Since at +1°C, the e m i s s i o n  of m i c rowaves is 

discontinued, the re m a i n i n g  part of the absorbed e n e r g y  s t i 

mulates the development of biochemical processes in me a t 

(Q-lo). This m a y  account for the significant differences in 

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

microwaves.
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CONCLUSIONS

1. Hicrowaves of 284o MHz f r e q u e n c y  and wav e l e n g t h  

of 12.5 cm. can be employed for th a w i n g  beef cuts, exhibiting 

the force of 1 2 o W/min.

2. The thawing o p eration by means oi microwaves 

requires a few minutes and - w i t h  the conditions of irradiation 

kept constant - depends on the quantity and d i s t r i b u t i o n  of 

connective and fatty tissues.

3. The greatest energy c o n s u m p t i o n  occurs in tne 

rang -3 and +1°C which, at the constant emission of microwave 

e n e rg y , is manifested by the fact that longer t h a w i n g  is requi-

red in that range.

4. Heat cuts thawed by microwaves have the colour Oi 
fresh meat ; however, the surface brilliance is somewhat less 

intense. The colour of controls - outs thawed in the a i r  -

is darker w i t h  a slight gr e y i s n  shade.
5. Weight loss in samples thawed b y  microwaves is

negligible in c o m p a r i s o n  wi t h  weight loss in samples tnawed in 

the air.
6. The differences in the changes of the p h  values, 

g l ycogen and free wa t e r  content w h i c h  occur in samples thawed

by microwaves and those thawed in the air as compared w i t h  fresh  

meat indicate that glycolytic changes occur at a faster r a t e  m  

samples thawed in the air.



EFFECT OF MICROWAVES THAWING ON B E E F  QUALITY

Summary

A study on pos s i l i t y  of mi c r o w a v e  application, as the 

heat source of high frequency, in th a v a .ig  of beef cuts of 

different qualitative com p o s i t i o n  /without f a t t y  tissue - m. 

quadriceps femoris, interpenetrated w i t h  f a t t y  tissue - neck 

and m u s c l e  tissue w i t h  layers of fatty and con n e c t i v e  tissues - 

flank/ indicated that fo r  the purpose microwaves of 284o MHz 

frequency, r e s p e c t i v e l y  of wav e l e n g t h  12, o cm and of 12o W/min, 

power, m a y  be used. Mic r o w a v e  tha w i n g  lasts for several minutes 

and - at co n s t a n t  irradiation conditions - depends on qu a n t i t y  

and d i s t r i b u t i o n  of fatty and connective tissues. The highest 

quantum of spent energy is in the range -1 and +1°C and at 

constant e m ission of microwave energy, it is m a n i f e s t e d  by 

longer t h a w i n g  in the range.
The c o lo u r  o f  m eat p ie c e s  thaw ed b y  m ic ro w a ve s i s  as

t h a t  o f  f r e s h  m eat; o n ly  th e  i n t e n s i t y  o f  b r i l l i a n c e  i s  

som ewhat lo w e r .  The c o lo u r  o f  c o n t r o l s  -  p ie c e s  thaw ed i n  th e  

a i r  -  i s  d a r k e r  w it h  s c a r c e ly  re m a rk a b le  g r e y i s h  sh a d e . The 

w e ig h t  l o s s  o f  sa m p le s  thawed by m ic ro w ave s i s  n e g l i g a b le  i n  

r e l a t i o n  to  th e  w e ig h t  l o s s  o f  sa m p le s  thaw ed i n  th e  a i r .  

D i f f e r e n c e s  i n  pH c h a n g e s ,  g ly c o g e n  c o n te n t  and  f r e e  w a te r  

c o n te n t  betw een  sa m p le s  thaw ed by  m ic ro w ave s and  i n  th e  a i r  

i n  r e l a t i o n  to  th e  c o n te n t  o f  th e s e  com ponen ts i n  f r e s h  m eat 

i n d ic a t e  f a s t e r  de ve lopm en t o f  g l y c o l y t i c  ch a n ge s  i n  sa m p le s  

thawed i n  th e  a i r .



EFFET DE DEGEL PAR M ICRO-ONDES SUR LA QUALITE DE LA V IA N D E

DE BOEUF

Résumé

L ’examen des possibilités de l ’application des m i c r o 

ondes, e n  tant que source de chaleur à haute fréquence, sur 

le dégel des m o r c e a u x  de viande de c o m p o s i t i o n  qualitativement 

différente (sans tissus a dipeux - m . q u r d r i c e p s  f e m o r i s , untra- 

lacé de tissus adieux - cou, et muscles avec des couches ae 

tissus adipeux et de ligaments - ventre) ont dé m o n t r é  q u ’on 

peut se s e r v i r  dans ce bu t  des mic r o - o n d e s  de la fréquences de 

284-0 MHz, c ’est à dire d ’une longueur d ’onde de 12,5 cm.avec 

la force de 12o W/min. La durée du dégel par micro-ondes dure 

quelques minutes et - dans les conditions d ’u n  r a y o nnement aux 

conditions constantes - dépend de la quantité et de la 

d i s p o s i t i o n  des tissus adipeux et des ligements. La plus grande 

c o n s o m m a t i o n  de l ’énergie se situe dans la période entre - 1  

et + 1 °C| ce qui se m a n ifeste dans les conditions de l ’émission 

constante de l ’énergie des mic r o - o n d e s  par une durée plus

longue d u  dégel a ce m o m e n t .
les m o r c e a u x  de v i a n d e  degelé3 pa r  de s  m i c r o-ondes

ont l a  c o u l e u r  de la v i a n d e  fraîche, ule l'i n t e n s i t é  du b r i l 

lant d e  la su r f a c e  est quelque p e u  réduiio, La  c o u l e u r  des 

échantillons de c o n t r ô l e  - m o r c e a u x  dégelée a  1 a i r  ”  e B t ï 11' 3 

sombre avec un e  teinte grisâtre 'a peine sensible. L a  pe r t e  en

poids des échantillons dégelés p a r  des mic r o - o n d e s  est
. a~ i n r\py>+p oyi i oids des échantillonnégligeable, en c o m p a r a i s o n  c.e le. P
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dégelés à l ’air. Les différences dans les changements des 

valeurs pH, d u  co n t e n u  en glicogène et en eau libre entre les 

échantillons dégelés par micro-ondes et à l ’air, par rapport 

aux composantes dans la vi a n d e  fraîche démontrent un 

processus plus rapide des changements glycolytiques dans les 

échantillons dégelés a l ’air.

fl

- I
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» H p O B O Ô  T K a H H  H  C O O H H H H T 0 J l b H & S  ¿’K  O H  '• i— ■ ■'G E M K â ) IIOKaSaJlH, 

■qTO C  3 TOÍI HGJIBIO M O r y T  HCIIOJIb 3 0 B 8 T B 0  f ".KpOBCÎIHH H a C  -

T O T O Ë  b  2840 \2fru, t c g . b .j i h h o A  b c j i i ’ a 1-:,!? c m ,, m c z j -  

H O C T B I O  B 120 B T  i B M H H  * M H K p O B O J I H C D C C  O\0Ta K B E H H Q  nP'J- 

HOJlSCaQTCH H e c K O J I B K O  M H H y T  H  npll nOCTOiT'IlBEC y c n O B H H X  o 6 ~

j i y ^ e H M H  3a B H C H T  O T  k o j i h h g c t b  a  h  p a o n  c:i oxee f  h  ä  >.cKpoBon h  

c o q h h h h t g j i b h o î ï  Ti:aHH, HaMôojiBnioji M a c e a  3 H 0 p r i î K  S a T p a H K  

B a G T C i I  MGMCay '-1 H  + 1 ^ 0 ,  H T O  B p H  K O H O  T B H  T H  OV. I I B n y U G H K H  

M H K p O B O J l H O B O S  DHeprKrjhpOjTBJÏ ne  TC  d O E G G  " B U T G J I B H O M

B p Q M G H H  H G $ p O C T H p O B a T.IMH B 3 TOT i I O p i - ¿

K y c K H  flefàpoc x p o B  p h f h g  S H C p r n o n  m k k p o b o b f

COXpaHfÖOT liBeT C B G J K G r O  M H C a s JiKEB K H T O H C H B K O C T B  Ô J I G C K B  

nOBGpXHOCTH HQCKOJ1BKO y M G H B H G H a  ■ -PJOT ICOHTpOJIBHBIX ÎCyC- 

K O B  B Q ^ p O C T H p O B a H H H X  H a  D 0 3 ß y X G  T G W H G C , C  G A B a  3 a M 0 T H H M  

cepoBaTBiM HioaHCOM. H o t  opa Beca b Kp c k g x  s p o ó)p oc t  hp o b  an • ■

H  BIX M H K p O B  OJIH a M H  H G  3H a H H T G J I B H O G  H O  DTK OBIGIIHIO K  ITOTep<? 

B G C a  K y C K O B  n e ÿ p O C T H p O B C H H H X  HO. B O 3 TCfX G c P o S H K I i a  B  H 3 -  

m g h g h h h x  ï E , c o n e p J K a H H i i  r n u K o r o i i a  h  c b o o o a h o ô  b o j t b i Mexc- 

A y  o 6p a 3u a M H  H e ^ p o c T H B O B a H H H X  n p n  i ï c m o p î k  m h k p o b o j i h  h

H a  B 0 3 n y X G , n 0  OTHOEIQHHIO K  C O A G p SCaHHIO D T H X  k o m i i o h g h t o b  

B  C B G K G M  MHCe.,yKa3BIB0I0T H a  6 OJIG0 Ô H C T p O O  H p O T G K a H H G  

r j l M K O j I H T H H G C K H X  H 3 M e H G H H Í Í  B 0(5pa3 B & X  S O â j p O C T H p C B a H H H X

&v'*‘ •
H a  B 0 3 A y X G o



TOT,1L ,-l.ND FREE VL'I'ER co:NTENT , pH, KD GLYCOGEJ:T OJNTEKT IN TES'l1ED s:ulJiPLES BEFORE 
,,ND .. FTER 'fiu1NING 

'I1'J.bl8 1. 

t·t1l w1t.-r ( /) fr.,,t.: \T t r (/) p't v....,luc glyc ""gc:n (mg%) 
t i:: st .:: d SQ;~:ples --------------------· ., 

_Li r1~·11r •. ·T .. ,, . 
.• J MNT •• '11 :'Iv NI 11 T ·~ ·r F!. r "T a'I' 

------
m. qu'.ldri cens 75 , 29 75,74 73 ,6 -· 4 , c3 19, 72 13 , 7c:, ,- :z:5 5 , 53 5 J38 427 25 16 f c.m ris 0 ' _..) 

n 1..: ck 75 ,41 75 , o3 7j1lJ 3 , 35 19 ' _,8 15,46 6 , 32 5 '61-t 5 ,61 242 19 15 

fl rJ r..k 71 ,15 71 , s2 68 , 30 3 , 06 16, 84 14,84 6 ,19 5.55 5 , 5.? 228 23 17 
-------------·-
av ,r ') gv v~ lu s 72 , ?8 73,93 71 , 83 3 ,48 18,54 14,55 6,28 5 , 59 5 , 5 .) 299 22 16 

FM fr.:· sh 1!1 :'J. t 

iiiiW·r = r::. i er :·,•:.v-:. s t h:J.wi ng 

HT == o.ir th::nvi ng 



T E M P ERATURE CHANGES IN-TESTED BEEF CUTS DURING MICROWAVES
THAWING

Table 2„

m.quadriceps neck flank

Temperature
t°c>

time 
(m i n . )

temperature 
' (°G).

time
(min.)

temperature
X°G)

time 
(min,)

-8 0 -7 0 -7 0

-5 0 3° 1 -6 o 30

~4 0 4o • r2 2 -> 1
-3 1 -1 3 -4 1 3 °

-2 l 30 ? .0 3 V
2 3°

-1 2
* "• • 1 / 

t :+l 8 -2 4 3 °
0

+1
3
5-

' . • a
+i

63 °
8 3o

RG. 1. TEM PERATURE CHANG ES IN R ELA T IO N  TO Time  
DURING B E E F  THAWING
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