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Some Fundamenta l  R e l a t i o n s h i p s  of Cooking L o s s e s ,

Tem pera tu re  and Time

L. Kormendy, T, Fenyes ,  I .  S z e r e d i ,  E. Zukal 

and Gy. G an tner

H unga r ian  Meat R esea rch  I n s t i t u t e ,  Budapes t

There  i s  no need  t o  s t r e s s  t h e  n e c e s s i t y  o f  i n v e s t i g a t i o n s  

i n t o  t h e  b a s i c  r e l a t i o n s h i p s  o f  cook in g  l o s s e s ,  t ime  and t e m p e r a t u r e ,  

I n  s t u d i e s  co n ce rn e d  w i th  t h e  w a te r  b i n d i n g  and h o l d i n g  c a p a c i t y  

of meat d e s c r i b e d  in  r e l a t e d  l i t e r a t u r e  t h e  samples  t o  be examined 

were t r e a t e d  g e n e r a l l y  a t  v a r i o u s  t e m p e r a t u r e s  f o r  t h e  same 

p e r i o d s  of t ime  / 1 - 9 / • No a t t e n t i o n  was p a i d  however to  t h e  b a s i c  

r e l a t i o n s h i p s  of c o o k in g  l o s s e s ,  t im e  and t e m p e r a t u r e .

and e x p r e s s i n g  i t  i n  m a th e m a t i c a l  t e r m s .  M athem at ic s  f u r n i s h e s  means

v a r i a b l e  f a c t o r s  a r e  i n v o l v e d .  The m a th e m a t i c a l  s o l u t i o n  th e n  can

The p rob lem  i n v o l v e d  may be a p p ro ach ed  t h e o r e t i c a l l y  in two 

d i f f e r e n t  ways: One of th e  methods  i s  t h e  s e t t i n g  up o f  a h y p o t h e s i s

^ ° r  t h e  e x p r e s s i o n  of t h e  fu n d a m e n ta l  laws and p r i n c i p l e s  i n  a 

1' e l a t i v e l y  s h o r t  and p r e c i s e  manner whenever r e l a t i o n s h i p s  of

v e r i f i e d  by a c t u a l  e x p e r i m e n t a t i o n .  A c h a r a c t e r i s t i c  example of 

i s  M ich a e l i s *  and M e r te n *s r e a c t i o n  k i n e t i c a l  law .  I n  t h i s  

SSe t h e  e q u a t i o n  was e v o lv e d  from th e  s im p le  h y p o t h e s i s  r e l a t e d  t *
•f U

G p r o c e s s  of enzyme r e a c t i o n .  I t  i s  p r o v e d  t h a t  t h e  r e s u l t s  of 

Cnz y m e ~ k i n e t i c a l  m easurem ents  w i l l  f i t  m a th e m a t i c a l  models .
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However so f a r  nobody succeeded  i n  e s t a b l i s h i n g  models 

r e l a t e d  t o  cook ing  l o s s e s  i n  meats  and meat p r o d u c t s  which may 

be e x p r e s s e d  i n  m a th e m a t i c a l  fo rm.  T h i s  cou ld  be a t t e m p te d  only  

i f  more d e t a i l e d  knowledge as  to  c o l l o i d - c h e m i c a l  and o t h e r  changes

o c c u r r i n g  on th e  h e a t j t r e a t r aen t  of meats  were a v a i l a b l e .
' "»

When p u re  m a th e m a t i c a l  c o n s i d e r a t i o n  f a i l s  or  when p u re  

t h e o r y  canno t  be a p p l i e d  r e a d i l y  to  t h e  p roblem i n  q u e s t i o n ,  em p ir ica l  

r e l a t i o n s h i p s  must be e s t a b l i s h e d  f o r  e x p e r i m e n t a l  d a t a .  The t h in k in g  

p r o c e s s  i s  r e v e r s e d  and i n s t e a d  of e x p e r i m e n t a l  v e r i f i c a t i o n  of a 

p o s t u l a t e d  t h e o r e t i c a l  r e l a t i o n s h i p ,  an e m p i r i c a l  r e l a t i o n s h i p  i s  

e s t a b l i s h e d  from e x p e r i m e n t a l  d a t e  a v a i l a b l e .

M a t e r i a l s  and Methods.

I n  th e  e x p e r im e n t s  m. q u a d r i c e p s  f e m o r i s  of p i g s  was 

u s e d .  Samples were o b t a i n e d  d i r e c t l y  from th e  s l a u g h t e r h o u s e ,  a f t e r  

t h e  p i g  h a l v e s  had been  i n  c o ld  s t o r a g e  f o r  48 h o u r s .

The muscle  trimmed of e x c e s s i v e  f a t  and c o n n e c t i v e  t i s s u e  

was p a s s e d  th ro u g h  th e  d i s k  o f  a meat g r i n d e r  w i th  p e r f o r a t i o n s  of 

2 mm d i a m e t e r .  The ground meat was t h o r o u g h l y  mixed and d i v i d e d  i n 0̂ 

two l o t s ,  2 , 5  % NaCl was added to one l o t  / s a m p l e s  marked? s /  and 

2 f 5 % NaCl and o , 4  % Na^P^O^ / s a m p l e s  marked; p /  t o  t h e  o t h e r .  Each 

l o t  was t h o r o u g h l y  homogenized and s t o r e d  i n  a r e f r i g e r a t o r  f o r  24 

h o u r s .  H e r e a f t e r  20 g samples  of th e  meat were packed i n  15 ,5  x 1° cin
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« U o t h e n e  / c e l l o p h a n e  and p o l y e t h y l e n e /  b a g s .  The camples  w e  

« l i e d  f l a t  and s e a l e d .  The t h i c k n e s s  o f  th e  sample ,  pouch i n -  

e lu d e d ,  d i d  n o t  exceed  1,2  ram.

D ur ing  h e a t  t r e a t m e n t  o f  s a u s a g e s  th e  t e m p e r a t u r e  o f  t h e  

emuls ion  i n  each l o c a t i o n  w i t h i n  th e  c a s i n g  i s ,  among o t h e r s ,  a 

f u n c t i o n  of t h e  t e m p e r a t u r e  e n v i ro n m e n t ,  t ime and t h e  c o o r d i n a t e s  

° f  a p a c e .  I t  may be c a l c u l a t e d  t h a t  the  t h i n  l a y e r  o f  meat i n  the

P° “ch r e a c h e d  t h a  t e m p e r a t u r e  of t h e  c ook ing  w a te r  w i t h i n

2° s e c o n d s .  By t h i s  method t h e  c r o s s  s e c t i o n  of t h e  sample cou ld  be 

■«Pt d u r i n g  th e  whole p r o c e s s i n g  p e r i o d  a t  a known and c o n s t a n t  

t e m p e r a t u r e .  Cooking was c a r r i e d  o u t  i n  an u l t r a t h e r m o s t a t i c a l l y  

u o n t r o l l e d  w a t e r b a t h .  G re a t  c a r e  was ta k e n  to  e n s u r e  th e  w a te r  t o  

b* i n  d i r e c t  c o n t a c t  w i th  t h e  whole s u r f a c e  of each  pouch ,  d u r i n g  

t h e whole cook ing  p e r i o d .  A f t e r  t  c ook ing  p e r i o d  t h e  samples  were 

removed from t h e  w a t e r - b a t h  and im m e d ia te iy  c h i l l e d  i n  r u n n i n g  w a t e r ,  

“hen r e a c h i n g  room t e m p e r a t u r e  th e  c o o k in g  l o s s e s  were d e t e r m in e d ,  

im in a ry  e x p e r im e n t s  i n  t h e  t e m p e r a t u r e  ra n g e  between 50°  C to
so p

Pr o v j d t h a t  t h e  w a te r  s o l u b l e  •omponents  o f  t h e  meat d id  n o t  

fi>u s e t h ro u g h  t h e  f i l m  i n t o  th e  cook in g  w a t e r .

The d e t e r m i n a t i o n  o f  cook ing  l o s s e s  i s  t h e  s t e p  i n  the  

t  im e n tu l  p ro c e d u r e  t h a t  needs  the  g r e a t e s t  c a r e .  I t  was done in  

f ° U o w i n S each  pouch was opened,  th e  j u i c e  d r a i n e d  and

e r e s i d u a l  meat was p l a c e d  on a f i l t e r  p a p e r .  Both s i d e s  of t h e



sample  were b l o t t e d .  Th is  p r o c e s s ,  t a k i n g  about  25 t c  3o seco n d s ,  

was r e p e a t e d  w i th  a d ry  f i l t e r p a p e r .  Then th e  r e s i d u a l  meat was 

w eighed .  To a c h ie v e  g r e a t e r  a c c u r a c y ,  d e t e r m i n a t i o n  was a lways  

c a r r i e d  out  by th y  same person*

Cooking l o s s  / y /  i s  expressed ,  a s  f o l l o w s :

Cooking l o s s  %= l o o -
w e igh t  a f t e r  cooking  

w e igh t  b e f o r e  cook ing

R e s u l t s  of th e  s t u d i e s  r e l a t e d  to  t h e  e x p e r i m e n t a l  e r o r  

a r e  shown i n  Tab le  1 ,  R e s u l t s  were o b t a i n e d  by th e  f o l l o w i n g  procedure  

a t  th e  g iv e n  t e m p e r a t u r e  / T /  f o r  each  t im e  / t /  a p p l i e d ,  tv/o p a r a l l e l ,  

samples  were t e s t e d  / t = 360 min /  and th e  e r r o r  mean sq u a re  was 

e s t a b l i s h e d  by a n a l y s i s  of  v a r i a n c e .  As shown i n  Tab le  1.  th e  

e x p e r i m e n t a l  e r r o r  v a r i a n c e  a s  chan g in g  w i th  t e m p e r a t u r e  i s  n o t  

u n i f o r m .  The d i f f e r e n c e  i n  t h e  b e h a v i o r  o f  t h e  sam ples  t r e a t e d  i n  

v a r i o u s  ways d id  n o t  show any r e g u l a r i t y  /no  a d d i t i o n ,  sodium 

c h l o r i d e  added,  p h o s p h a te  a d d e d / .  No g r o s s  e r r o r  i s  t h e r e f o r e  

cornmited i f  e x p e r i m e n t a l  e r r o r  v a r i a n c e  i s  c o n s i d e r e d  in d e p en d e n t  

of  cook in g  l o s s  or  i n  o t h e r  words of t e m p e r a t u r e  and t i n e .
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p

E x p e r i m e n t a l  e r r o r  v a r i a n c e  /D  / y /  as a f u n c t i o n  o f  t e m p e r a t u r e

/T / .
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The p o o le d  e x p e r i m e n t a l  e r r o r  v a r i a n c e  of  sam ples  t r e a t e d  

Wl"th NaCl and w i th  t h e  c o m b in a t io n  of NaCl and N a ^ P ^  r e s p e c t i v e l y ,  

aRiounts  to  abou t  0.5 %, Thus t h e  e x p e r i m e n t a l  e r r o r  i s  y’ 0 , 5 ^  0. 71 ,

M a th e m a t ic a l  c o n s i d e r a t i o n s

An a t t e m p t  was made t o  f i t  e x p e r i m e n t a l  p o i n t s  by means
of

a u s u a l  g r a p h i c a l  method t o  one o f  th e  s i m p l e r  f u n c t i o n a l

^ i o n s h i p s ,  wrs e s t a b l i s h e d  t h a t ,  of  the v a r i o u s  f u n c t i o n a l
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r e l a t i o n s h i p s  / e x p o n e n t i a l ,  p a r a b o l i c  e t c , /  t h e y  were b e s t  f i t t e d
-» i ,

t o  t h e  y= 7- t ype  h y p e r b o l a ,  o r  i n  t r a n s f o r a a t i o n  i —~  v s .  t .
L  vV -#*

t h e  e x p e r i m e n t a l  p o i n t s  a p p ro x im a te d  a s t r a i g h t  l i n e  / y =  % cook ing  

l o s s ,  t=  c ook ing  t i n e ,  _a and _b = c o n s t a n t s  d e p en d e n t  on 

t e m p e r a t u r e / .

S in c e  t h e  t r u e  e x p e r i m e n t a l  e r r o r  i s  c o n s i d e r e d

i n d e p e n d e n t ’ of  t e m p e r a t u r e  and t i m e , h y p e r b o l i c  r e g r e s s i o n  a t

c o n s t a n t  t e m p e r a t u r e  i s  e x p r e s s e d  »y t h e  s o l u t i o n  o f  t h e  f o l l o w i n g

optimum v a l u e  p rob lem :  

n
■p ’— /, a t  /2 .
f  = V  S ~ b + t^  = a i n - I .

To s o l v e  t h e  p r o b le m ,  t h e  p a r t i a l  d e r i v a t i v e s  b e l o n g i n g  

t o  a_ and _b have t o  e q u a l  0,

y  f  r  f
1 =• aod = 0

2  b

The s o l u t i o n  i s  a s  f o l l o w s  
:  y t

b + ta =
' V
—/ b + t / ^

Z t  „ V n *
/ u t / 2 7 H 1 7 2 “

_XL
t + t / b + t / 3 = 0,

, 11 .

.III.

S in c e  i t  i s  a lm o s t  i m p o s s i b l e  t o  s o l v e  t h i s  p ro b le m  by 

manual l a b o u r ,  the n u m e r i c a l  v a l u e s  o f  a_ and l_ i n  equations

II. and III, were computed w i th  the 8o3 e l e c t r o n i c  computojl



/ ImCR E l e c t r o n i c s ,  N a t i o n a l  Cash R e g i s t e r  Co . ,  L ondon / ,  E q u a t io n s  

I I ,  and I I I ,  i n  a s e r i e s  of e x p e r i a e n t s  c o n s i s t i n g  of n= 10 -  I 5 

e x p e r i m e n t a l  v a l u e s  were computed th ro u g h  i t e r a t i o n  i n  l o  s e c o n d s .

The s t a n d a r d  e r r o r  of c o n s t a n t s  a, and b may b e '  

d e t e r a i n e d  as  f o l l o w s :

n2/y/= c2/y/
2a

T -

r
y \ y

_ / b + V 2

• • • • • • . IV .

D2 / V r  ~ 2
' f ~ —  B2/ y /  = H2/ y /

• U — 2
>_ï___ -

_ / b + t / ¿

2
— I
b+t

2 y

Whore D /  a /  and D / b /  a r e  t h e  s t a n d a r d  e r r o r s  of a and 

— r e s p e c t i v e l y ,  and P / y /  i s  t h e  e x p e r i m e n t a l  e r r o r .  The, y v a l u e s

E r r i n g  i n  e q u a t i o n s  IV, and V, do n o t  r e p r e s e n t  e x p e r i m e n t a l  
d S10. V> +

■ > u t  s t a n d  f o r  p o i n t s  on t h e  r e g r e s s i o n  h y p e r b o l a .

For  t h e  d e t e r m i n a t i o n  of t h e  h y p e r b o l i c  r e g r e s s i o n  l i n e a r

*o n • y v s ,  ^ | c o u ld  n o t  be  u s e d ,  s i n c e  i n  t h i s  c a s e
the  s t a n d ' j  . .

a d e v i a t i o n . a b o u t  t h e  r e g r e s s i o n  c u rv e  i s  n o t  i n d e p e n d e n t

'nd i n  t h e  d i r e c t i o n  o f  i n c r e a s i n g  t  v a l u e s  i t  w idens  i n  a 
£unnel- . ]4 i ,0;, v

s h a p e .  T h i s  means t h a t  t h e  a p p l i c a t i o n  o f  t h e  l e a s t  

p r o c e d u r e  becomes t o o  e l a b o r a t e .



The s t a n d a r d  d a v i a t i o n  o f  e x p e r i m e n t a l  p o i n t s  abou t  the  

r e g r e s s i o n  cu rve  -  t h e  l a c k  c f  f i t  t e rm  ~ i s  e x p r e s s e d  as f o l l o w s

V I.
n -  2

where a p p l i e s  t o  t h e  e x p e r i m e n t a l  v a l u e s  

cu rv e  and n = t h e  number of measurem ents .

and Y, ~-i t o  t h e  r e g r e s s i

I f  t h e r e f o r e  some e s t i m a t e  o f  e x p e r i m e n t a l  e r r o r  v a r i a n c e  

i s  a v a i l a b l e  / T a b l e  1 . /  and i f  the  h y p o b o l i c  r e g r e s s i o n  i s  s u i ­

t a b l y  chosen ,  com par ison  of _S w i th  th e  e x p e r i m e n t a l  e r r o r  v a r i a n c e  

e n a b l e s  t h e  r e s e a r c h e r  t o  o b t a i n  some c o n c e p t i o n s  of  t h e  goodness  

o f  f i t  of t h e  p o s t u l a t e d  e q u a t i o n ,  t h a t  i s  t o  s ay ,  i t s  r e p r e s e n t ­

a t i o n a l  adequacy i n  t h e  p a r t i c u l a r  c i r c u m s t a n c e s  o f  th e  exper iment*

E q u a t io n s  I V . ,  V. and VI.  were a l s o  computed i n  th e  

e l e c t r o n i c  c o n p u t e r .  The a p p r o x im a t io n  of e x p e r i m e n t a l  v a l u e s  

by y= r e g r e s s i o n  cu rv e  means t h a t  a t  t  = 0 t h e  v a lu e  of

y e q u a l s  0 and l o s s e s  i n c r e a s i n g  / y /  w i th  i n c r e a s i n g  cook ing  t im es  

a r e  o f  monotonie  c h a r a c t e r .

R e s u l t s  and D i s c u s s i on.

Table  2,  and F i g u r e s  2 ,  and 3 .  show t h e  r e s u l t s  of a: 

s e r i e s  o f  e x p e r i m e n t s .  I n  Table  2 .  t h e  a and b_ v a lu e s /+ .  

s t a n d a r d  e r r o r /  and t h e  l a c k  of f i t  t e rm s  / S /  a r e  g i v e n .  The 

p r o c e s s i n g  t im e s  and t e m p e r a t u r e s  were as  f o l l o w s :  60 m in u te s  a t
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55° C, 360 m in u te s  a t  60, 65, 70, 75 and 8o° C, r e s p e c t i v e l y  

and 3oo m in u te s  a t  90 C. The h y p e r b o l i c  r e g r e s s i o n  i s  v a l i d  

on ly  w i t h i n  th e  g i v e n  e x p e r i m e n t a l  r a n g e ,  and e x t r a p o l a t i o n  

would be h a z a rd o u s .

T ab le  2 .

_a and _b c o n s t a n t s  /+_ s t a n d a r d  e r r o r /  as  r e l a t e d  

t o  t e m p e r a t u r e .  The l a c k  of f i t  t e rm s  b e lo n g i n g  t o  

v a r i o u s  t e m p e r a t u r e s  / S / .

F===
i

p=_
1
i s /P.H= 5 . 9 1 /

11111111n

P /pH:=6.24/

z:zzz~ =====-

1
n a b S a b

■
i

--------—

s

¡55°
1

!

2 14.57 16.00
i

1 4 .78  33 ,3  •
“ 1

~ i
¡60°
1

6
" !

18, 81+0.61 12 . 18+2 . 2 ;0.681 15 .2 7 + 0 .3 16 . 92+1 .62 0 .1 4 6j
f e " 8 : 24. 02+0.41 6 .5 8 + 0 .7 : O.617 1 9 .4 4 + 0 .4 ? 8.43+1 .17 0 .7 1 9
!?o° 8 I 27. 60+0 .64

j
3 . 22̂ 0. .  |
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s t a ^  A The l a c k  o f  f i t  t e r a s  / V  were d e r i v e d  of E q u a t io n  VI,  
P o in+ a r  e r r o r s  of E q u a t io n s  IV« and V, n= number of e x p e r i m e n t a l  
0 he? nieat 2 , 5 % NaCl added,  p= meat w i th  2.5% NaCl and

^  Na4 P2°7 a(id e d .

*



I n  Tab le  2 .  th e  l a c k  of f i t  t e r n s  / S /  a r e  a l s o  shown«

S in c e  th e  e x p e r im e n t a l  e r r o r  v a r i a n c e  i s  -bout o«5 / T a b l e  1 . /  th e

l a c k  of f i t  t e r n s  f o r  sam ples  n a rked  _s p r o c e s s e d  a t  60, 65 and

8o° C, and f o r  sam ples  n a rk e d  £  p r o c e s s e d  a t  60, 65 and 70° C

r e s p e c t i v e l y  are n o t  s u b s t a n t i a l l y  l a r g e r  th a n  t h e  e x p e r i m e n t a l

e r r o r  v a r i a n c e .  Thus i n  t h i s  c a se  th e  e x p e r i m e n t a l  d a t a  and p r e d i c t e d

e q u a t i o n  f i t  v/e 11.  The e x p e r i m e n t a l  v a l u e s  o b t a i n e d  f o r  samples

n a r k e d  _s a t  7®» 75 and 9o° C and f o r  samples  marked a t  75»

80 and 9oC C, r e s p e c t i v e l y  do n e t  f i t  e q u a l l y  w e l l .  Thus p r e d i c t i o n

th r o u g h  t h e  r e g r e s s i o n  h y p e r b o la  nay no t  be  c o n s i d e r e d  f r e e  of b i a s

i n  each  c a s e .  In  t h e  ab se n c e  of m a t h e m a t i c a l  models  b a se d  on

p r e l i m i n a r y  h y p o t h e s i s ,  however ,  th e  r e g r e s s i o n  h y p e r b o la  nay  be
»

u s ed  f o r  c a l c u l a t i o n .  I f  t h e  e x p e r i m e n t a l  v a l u e s  were shown c n ly  

g r a p h i c a l l y  w i th o u t  t a k i n g  i n t o  c o n s i d e r a t i o n  any t h e o r e t i c a l  

r e l a t i o n s h i p ,  we would have  t o  g iv e  up t h e  a d v a n ta g e  f u r n i s h e d  by 

m a th e m a t i c s .  M a th e m a t i c a l  r e l a t i o n s h i p s  o f f e r  such  s y s t e m a t i z i n g  

p r i n c i p l e s  which h e lp  t o  o r i e n t a t e  i n  the  complex p ro b lem s  i n v o l v e d ,  

even  i f  t h e s e ,  n e c e s s a r i l y  s i m p l i f i e d ,  nay f u r n i s h  on ly  g r o s s  

a p p r o x i m a t i o n .  The y= ■ r e l a t i o n s h i p  may be g iv e n  a g r a p h i c  

. i n t e r p r e b t i o n  / F i g u r e  1 . / ,  Nov/ i f  t  00 , y= a and _a i s  th e  

a sy m p to te  of t h e  h y p e r b o l a .  Thus t h e  v a l u e  of  _a may be c o n s i d e r e d  

a s  th e  "boundary  l o s s " .  The s m a l l e r  t h e  b_ v a l u e s  a r e  t h e  more the  

h y p e r b o l a  a p p r o x im a te s  a n e a r  s t a t i o n a r y  r e g i o n ,  i . e .  ¿ h e  "boundary 

l o s s "  / a / .  B ro ad ly  s p e a k in g  _b t h e r e f o r e  may be c o n s i d e r e d  a s  t h e
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■ 'slope11 o f  the  c u r v e .

/ W it h  i n c r e a s i n g  s l o p e  d e c r e a s e s  b ,  and v i c e - v e r s a . /

From d a t a  c o n t a i n e d  i n  T a b l e  2 .  and F i g u r e s  2 .  and 3,  

the  f o l l o w i n g  c o n c l u s i o n s  may be drawn.

1 .  I n  the c o o k i n g  l o s s - t i n e  r e l a t i o n s h i p ,  a t  c o n s t a n t  

t e m p e r a t u r e ,  two p h a s e s  nay be d i s t i n g u i s h e d .  I n  t h e  f i r s t  ph ase  

c o o k i n g  l o s s  / a s  a f u n c t i o n  o f  t im e /  shows a s t e e p  r i s e ,  which 

s l o w l y  d i m i n i s h e s  i n  t h e  se co nd  p h as e  and a p p r o x i m a t e s  a n e a r  

s t a t i o n a r y  r e g i o n .  T h i s  r e g i o n  i §  d e t e r m i n e d  by th e  a sy m p to te

/c, v a l u e /  o f  th e  h y p e r b o l a ,

2 ,  The "b o und ary  l o s s "  / a /  i s  not  in d e p e n d e n t  o f  t e m p e r a t u r e  

i n  t h e  e x p e r i m e n t s  d e s c r i b e d ,  showed a n o n o t o n i c  i n c r e a s e  w i th

' n c r ^ a s i n g  t e m p e r a t u r e .  The "b o und a ry  l o s s "  i n  meats  p r o c e s s e d  a t  a

° Wer / c o n s t a n t /  t e m p e r a t u r e  d i d  n o t  r e a c h  t h a t  o f  meats cooked  a t

h i g h e r  / c o n s t a n t /  t e m p e r a t u r e s ,  b u t  a f t e r  r e a c h i n g  th e  n e a r  s t a t i o n a r y

rGg i o n ,  the  c u r v e s  become a p p r o x i m a t e l y  p a r a l l e l .  / T h i s  Iqw i s  v a l i d ,

e r ,  o n ly  w i t h i n  the  t im e l i m i t s  a s  a p p l i e d / .  For t h i s  r e a s o n ,

bo und ary  l o s s "  o f  n e a t s  cooked a t  v a r i o u s  t e m p e r a t u r e  l e v e l s

n ° t  i d e n t i c a l .  T h i s  c h a r a c t e r i s t i c  i s  n o t  a t  a l l  o b v i o u s .  I t  c o u l d

e Presumed t h a t  meat sam ples  cooked a t  low er  and h i g h e r  t e m p e r a t u r e s ,

A s y m p t o t i c a l l y  a p p r o x i m a t e  t h e  same " b o u n d a r y  l o s s "  / s i m i l a r l y  t o  
the

■ viable c e l l  c o u n t  o f  s u s p e n s i o n s  p r o c e s s e d  a t  t e m p e r a t u r e s  above
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60 C and a p p r o x im a t in g  0 / .  H o ,o v e r  w i th  cook ing  t i n e s  a s  a p p l i e d  in

p r a c t i c e  / 8  t o  10 h o u r s /  t h i s  i s  no t  the  c a s e .  Cooking l o s s e s

o c c u r i n g  on th e  a p p l i c a t i o n  of e x t r e a e l y  I o n -  coo- in , -  +■j  j-ung cooLm g t im e s  were
n o t  i n v e s t i g a t e d .

3 '  Th6 -  Val" e d eC re0se s  “ i t h  i n c r e a s i n g  t e m p e r a t u r e .  l e s s
time i s  needed t h e r e f o r p  i.-

n e r e t o r e  a t  h i g h e r  t e m p e r a t u r e s  to  r e a c h  t h e  n e a r
s t a t i o n a r y  r e g i o n .

I t  aay  be seen  i n  F i g u r e  4 tho  + + a -#** xn a t  th e  d i f f e r e n c e  between

th e  a and b v a l u e s  o f  s a b l e s  s and £  r e s p e c t i v o l y , / a t  .  g iTen

a p e r a t u r e /  i s  no t  i n d e p en d e n t  of tho  cook ing  t e n p e r a t u r e .  At lower 

t e m p e r a t u r e s  / 5 5 °C /  th e  d i f f e r a n o e  between ..boundary  l o s s o s „ l g

s m a l l e r ,  t h a n  a t  h i g h e r  t e m p e r a t u r e s .  I n  r e l a t i o n  to  b v a l u e s  th e  

s i t u a t i o n  i s  tho  r o v e r s o .  Tho d i f f e r e n c e  i s  l a r g e  a t  low er  t e m p e ra tu re s  

and i t  i s  sm al l  a t  h i g h e r  o nes .  Prom a l l  t h e s e  i t  map ho c o n c e d e d ,  

t h a t  th e  cook ing  i o s s  r e d u c i n g  e f f e c t  o f  N a ^  i s n o t  in d e p en d e n t  

of th e  t e m p e r a t u r e .  At low t e m p e r a t u r e s ,  where th e  cook in g  ! o s s e s  a re  

s n a i l ,  t h e  e f f o e t  of p h o s p h a te  i s  n e g l i g i b X e .  However i n  sam ples  

p r o c e s s e d  a t  h ig h  t e m p e r a t u r e s  g r e a t e r  J e s s e s  occu r  h u t  t h e s e  a r e  

s u b s t a n t i a l l y  r e d u c e d  by t h e  a d d i t i o n  o f  p h o s p h a t e .

. n sy a l s o  bo proved  tho+ n+p i  uvea t n n t  a t  g iv e n  t e n p e r a t u r e  the

d i f f e r e n c e  i n  th e  co o k in g  l o s s e s  b e l o n g i n g  t o  sam ples  s and £  

r e s p e c t i v e l y  /m e a s u r e d  a t  e q u a l  t i m e s /  has  ex t rem e  v a l u e .

A  y = y c -  y = —
s P b + t VII.
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The maximum of ■ h y  i s  by

The t  , v a lu e  b e l o n g i n g  to  A yopt  max

/ . V /
d t = 0 .

i s  o b t a i n e d  f r o n  Equ. V I I I .

b \l a b -  b \ / a b s \  p p p ' / s s
' o p t W a bs s

Ij____ E_
-  /a b "

> P P
» ♦ • * « f • » v' i  1 i  »

The / \  y v a l u e s ,  t h u s  c a l c u l a t e d ,  show n o n o to n ic  

i n c r e a s e  w i th  i n c r e a s i n g  t e m p e r a t u r e  / T a b l e  3 . / »  Hence t h e  

r e l a t i v e  e f f i c i e n c y  of  p h o s p h a te  as  r e l a t e d  to  c ook ing  l o s s e s  i s  

h i g h e r  a t  h i g h e r  t e m p e r a t u r e  l e v e l s .

Tab le  3.

Ci y mnx -  t e m p e r a t u r e  r e l a t i o n s h i p

p-==

1 T ■^nax
i : / i n  n i n u t e g /

55° 2 .55
1 1 T 

2 2 .2
!60° 3 .7 . 6 4 .0

65° 4 . 6 11 .0

70° ! 5 .8 5 8 .8

75° 6 .7 Î 8 -2  |OoCO 7 .3 9 4 . 4 5

11
O 

II 
O

 
II 

a\ II

i 7 .5 8 3 .5 3

S in c e  i n  g e n e r a l  p r a c t i c e  t h e  t e m p e r a t u r e  of t h e  n e a t  

P r o d u c t ,  p r o c e s s e d  a t  c o n s t a n t  e n v i r o n n e n t a l  t e m p e r a t u r e  i s  a f f e c t e d  

by b o t h  t i n e  and space  c o o r d i n a t e s  th e  q u e s t i o n  a r i s e s ,  what laws



-  14- -

nay be e s t a b l i s h e d  i n  r e l a t i o n  t o  

e x p e r i m e n t a l  sa m p le s ,  p r o d u c t s  of  

I n v e s t i g a t i o n s  were not y e t  e x ten d

cook ing  l o s s e s ,  i f  i n s t e a d  of t h i n  

l a r g e r  d i a m e te r  a r e  examined? 

ad i n  t h i s  d i r e c t i o n .  I t  i s  i n t e n d e d

t o  approach  t h i s  p rob lem  by a p p l y i n g  th e  sam ples  o f  minute  t h i c k n e s s  

a s  i n  the  p r e s e n t  e x p e r im e n t s  and v a r y i n g  th e  t e m p e r a t u r e  of t h e  

w a t e r b a t h  a c c o r d i n g  t o  a p r e d e t e r m i n e d  p rog ram ,  I f  the  t e m p e r a t u r e  

i s  i n c r e a s e d  g r a d u a l l y  cook ing  l o s s e s  may f o l l o w  th e  c u r v e ,  as  shown 

i n  F ig u r e  5 .  T h i s  would mean t h a t  cooking  l o s s e s  a r e  o f  a d d i t i v e  cha­

r a c t e r  and to  a g iv e n  y v a l u e  b e lo n g s  an i d e n t i c a l  p h y s i c c -  chem ica l

c o n d i t i o n  of th e  m a t e r i a l  / a f f e c t i n g  t h e  cook ing  l o s s /  i n d e p e n d e n t l y  

of  t h e  th e rm a l  h i s t o r y  o f  th e  y v a l u e  / f o r  i n s t a n c e :  h i g h e r  t e m p e ra tu re  

and s h o r t e r  t im e ,  o r  lower  t e m p e r a t u r e  and lo n g e r  t i m e / .  T h i s  means 

f u r t h e r ,  t h a t  i f  t h e  t e m p e r a t u r e  of t h e  w a t e r b a t h  v a r i e s  a c c o r d i n g  to

some c o n t i n u o u s  T= T / t /  f u n c t i o n  t h e  cook ing  l o s s e s  may be d e r iv e d  

from

dY~  S / - 2 ~ J  /,3 t  /  v
J ' y= y  .............................. ix

d t

where j  i s  r e l a t e d  t o  the c o o k i n g  l o s s  measured a t  c o n s t a n t  tem p era tu re»  

o r  i n  o t h e r  words to  t h e  i s o t h e r m s  and Y to  th e  h e a t  t r e a t m e n t  

a c c o r d i n g  t o  T= T / t /  program / F i g u r e  6 . /

Equ, IX. i s  shown g r a p h i c a l l y  i n  F ig u r e  6 .  I t  may be d e r iv e d

from  th e  d i f f e r e n t i a l  e q u a t i o n  t h a t  t h e  t a n g e n t  of cu rve
d t

Y= Y / t /  i s  a lways  e q u a l  to  t h e  t a n g e n t  ■ of t h e  c o r r e s p o n d i n g  

i s o t h e r m  a t  y= Y. I t  may be p roved  by m a th e m a t i c a l  means t h a t  the

f
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above d i f f e r e n t i a l  e q u a t i o n  a t  t h e  known y= ■ r e l a t i o n s h i p

l e a d s  to  t h e  R i c c a t i  ty p e  d i f f e r e n t i a l  e q u a t i o n .  I t  i s  i n t e n d e d  to  

s o l v e  R i c c a t i ’ s d i f f e r e n t i a l  e q u a t i o n ,  i n  th e  knowledge of the  

e x p e r i m e n t a l  v a l u . s ,  w i th  th e  a i d  o f  an ana logue  com pute r .

In  t h e  e v a l u a t i o n  of th e  r e s u l t s  o b t a i n e d  w i th  the  method 

d e s c r i b e d ,  d i f f i c u t i e s  and p rob lem s  were a l s o  e n c o u n t e r e d .  The 

r e s u l t s  of one e x p e r i m e n t a l  s e r i e  i s  g iv e n  i n  Tab le  4 .

Tab l e 4 ,

_a and Ta c o n s t a n t s  / +  s t a n d a r d  e r r o r /  e s  a f u n c t i o n  

of  t e m p e r a t u r e .  S= l a c k  of f i t  t e rm  / E q u . V I . / ,  n= 

number of / e x p e r i m e n t a l /  p o i n t s .

r ===
s/pH= 5 . 85/ P / PH= 6. 28/

Lt a b s a b s n

p5° : 16 .2 + 0 .6 7 3 7 .2 + 7 .0 9 0.62 1 4 .2 + 1 .4
. . .  

1 1 3 .5 + 3 4 .0  : 0.83 6
:6o° 14 .7 + 0 .7 2  , 14 .5 + 3 .6 6 0 .8 9 12 . 7+1.28 30. 4+ 11.8  1,74 6

,65° 2 2 .4 + 0 .7 1  j 9 .2 + 1 .6 5 1.61 i 18 .3+1 .01 21 .3 + 5 .4 1  1.96 i 8
70° 2 4 .4 + 0 .8 3 4 .1 + 1 .0 1 ¡2.84 ' 18 .7+0 .81 11.3+ 2,62 : 1.85 8

0< P 28, 9+0.72 ; 4 . 0 + 0 .6 7 ¡1.76 . 2 1 .3 + 0 .5 6 8.9+ 1 .2 2  I 0.81 7
Bo"5
1 i 2 8 .3 + 0 .3 2  ! 2 .9 + 0 .2 5

i
0 .3 6 2 1 .5 + 2 .5 1 1 . 0+ 6.39 1 4 .6 7

9o° ; 24 ,4 + 0 .4 5 1 .7 + 0 .2 3
i '
¡0,25 ! 1 8 .4 + 0 .3 8 3.7+  0 .3 7  i 0 .1 4 4
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As shown m  Table  4 ,  _a v a l u e s  do n o t  i n c r e a s e  w i th  

i n c r e a s i n g  t e m p e r a t u r e  i n  a monotonic  way. I n  sam ples  marked s 

t h e " b o u n d a ry  l o s s - v a l u e  a t  90° seems t o  be s m a l l e r  th a n  t h a t  a t  

80° C. V i e r b i c z k i  e t  a l .  / 2 /  enrne a l s o  t o  th e  c o n c l u s i o n  t h a t  i n  

g e n e r a l ,  t h e  amount of m o i s t u r e  l o s t ,  i n c r e a s e s  w i th  i n c r e a s i n g  

t e m p e r a t u r e ,  b u t  n o t  u n i f o r m ly  s o .  " I t  - is  h i g h l y  s i g n i f i c a n t  t h a t  

i n  t h e  t e m p e r a t u r e  r a n g e  of 55°  -  65 ° C minima o ccu r  i n  t h e s e  curves  

i n d i c a t i n g  t h a t  r e a c t i o n s  a r e  t a k i n g  p l a c e  t o  c o n t e r a c t  l o s s  of water 

by th e  p r o t e i n s " .  A l l  t h i s  p r o v e s  t h a t  th e  i n v e s t i g a t i o n  of th e  

q u a l i t y  of  meat and th e  t i m e - t e m p e r a t u r e  r e l a t i o n s h i p  of  cock ing  

l o s s e s  n e ed s  s p e c i a l  a t t e n t i o n .  I t  i s  c o n c e i v a b l e  t h a t  even th e  

y= f  / t /  r e l a t i o n s h i p  may v a r y  on, c e r t a i n  o c c a s i o n s ,  a c c o r d i n g  to  

th e  q u a l i t y  of raw meat and t h e r e f o r  t h e  r e g r e s s i o n  h y p e r b o la  nay 

n o t  be s u i t a b l e  t o  d e s c r i b e  t h e  r e l a t i o n s h i p s .  When • o o k in g  l o s s e s  

f r e s h  o i i l l e d  meat were i n v e s t i g a t e d  somet imes  t h e y  were found as 

sm a l l  a s  and t h u s  t h e  i t  became p r a c t i c a l l y  i m p o s s i b l e  t o

d e te r m in e  e x a c t l y  t h e  c o n s t a n s  a and b of t h e  h y p e r b o la  o r  to  

e s t a b l i s h  any r e l a t i o n s h i p .  I t  may be co nc luded  t h e r e f o r e  t h a t  the  

method d i s c r i b e d  above i s  s u i t a b l e  o n ly  i n  t h e  c a se  of r e l a t i v e l y

l a r g e  cook ing  l o s s e s  where th e  r e l a t i v e  e r r o r  of  t h e  method . i s  n o t 

t o o  h i g h .

of

*
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Grundle gen de Zusammenhänge z w i s c h e n  G e w i c h t s ­

v e r l u s t  , Tem peratur  und Z e i t d a u e r  beim Kochen

L ,  Körnend , T. F e n y e s ,  I .  S z e r e d y ,

E.  Zukäl  und Gy. Gantne r

U n g a r i s c h e s  F o r s c h u n g s i n s t i t u t  f ü r  F l e i s c h w i r t s c h a f t ,

B u d a p e s t .

Es werden d i e  Zusammenhänge z w i s c h e n  G e w i c h t s v e r l u s t ,  

Tem peratur und Z e i t d a u e r  beim Kochen u n t e r s u c h t ,  V e r f a s s e r  s t e l l e n  

f e s t ,  d a s s  d i e  Messpunkte z w i s c h e n  dem K o c h v e r l u s t  / Y /  und der 

K o c h z e i t  / t /  b e i  k o n s t a n t e r  Tem peratur s i c h  der  R e g r e s s i o n s ­

h y p e r b e l  y  z i e m l i c h  g u t  a n p a s s e n .  Die K o n s t a n t e n  a und

b und damit  d i e  L i d e r u n g  des K o c h v e r l u s t e s  i n  A b h ä n g i g k e i t  von 

d e r  Z e i t  können a n s c h a u l i c h  e r k l ä r t  werd en.  Es wird  d i e  U n t e r ­

suchungsmethode e in g e h e n d  b e s c h r i e b e n ,  d e r  F e h l e r  der  Bestimmung 

a n a l y s i e r t  und d i e  A r t  d e r  Anpassu ng,  f e r n e r  d e r  Zusammenhang 

d e r  K o n s t a n t e n  a und b i n  A b h ä n g i g k e i t  von der  Tem pe ratur e r ö r t e r t .  

Auf das  V e r h a l t e n  des  mit  und ohne Phosphat  wärmebe handelte n 

F l e i s c h e s  und a u f  d i e  Probleme d e r  Änderung d e s  G e w i c h t s v e r l u s t e s  

d e s  b e i  n i c h t  k o n s t a n t e n  A u s s e n t e m p e r a t u r  g e k o c h t e n  F l e i s c h e s

w ird  auch e i n g e g a n g e n



Some Fundamenta l  R e l a t i o n s h i p s  of Cooking 

L o s s e s ,  Tempera ture  and Time.

L. Kormendy, T. Fenyes ,  I .  S z e r e d i ,  E. Zukal 

and Gy. G an tner

Summary.

The o b j e c t  of the  i n v e s t i g a t i o n s  was t o  e s t a b l i s h

r e l a t i o n s h i p s  of cook ing  l o s s e s  t ime and t e m p e r a t u r e .  I t  was

found t h a t  a t  a g iv en  t e m p e r a t u r e  t h e  e x p e r i m e n t a l  p o i n t s

be tween cook ing  l o s s e s  / y /  and t ime / t /  f i t  q u i t e  w e l l  t h e  
a t

~ +  "t type  r e g r e s s i o n  h y p e r b o l a .

C o n s t a n t s  _a and b_ and t h e r e b y  t h e  cook ing  l o s s  as 

chang ing  w i th  t ime may be g r a p h i c a l l y  i n t e r p r e t e d ,  A d e t a i l e d  

d e s c r i p t i o n  i s  g iv e n  of  t h e  e x p e r i m e n t a l  p r o c e d u r e .  E x p e r im en ta l  

e r r o r  and goodness  of f i t  a r e  ana ly sed '  and th e  t e m p e ra t u re  

r e l a t i o n s h i p  of _a and b c o n s t a n t s  i s  g i v e n .  The b e h a v io u r  

of  meat on a d d i t i o n  of p h o sp h a te  was s t u d i e d .  Problems r e l a t e d  

t o  cook ing  l o s s e s  i n  meat as  c au sed  by p r o c e s s i n g  a t  n o t  c o n s t a n t  

t e m p e r a t u r e s  were touched  upon.



HEKO TO PblE OCHOBHblE B3AKM HHE CB33H t l M E M E C f l  M E E M  

IIO TEPEvl B B E C E  T O  B A P E H M . TELlilEPATyP Q p j H 

n P O flO M T E flB H O C T B K ) B A P E H H fl.

KepivieHflM JI, QeHLem T, CepeflM M, 3yKaji E, TaHTHep £b . 

PocyflapCTBeHHHH HCCJieaOBaTeJIBCKMii HHCTKTyT 
mhchom npoMHiiijieHHOCTM, EyaaneniT.

A H H 0 T  A  I U 1  H

W c c j i e a o B a j m  B3anMHyio c b h 3 b  HMeioniyiocH M e s s y  n o T e p e p i  b  B e c e  

npw BapeHHH, T e M n e p a T y p o f i  BapeHi/ta h n p o f lo j ir a T ej iB H O cT B io  

s a p K H .  ycTaHOBMJiM, s t o  M e s s y  n o T e p e i i  b  B e c e  r ips  B a p e H r a  

Ha nocTOHHHow T e M n ep a T y p e  ( Y  ) m npososm Tej iBH O C TB io  BapKH 

("t ) t o s k h  H3MepeHMH s o b o s b h o  xo p o n io  n p i i s e r a i o T  k  p e r p e c -

a.  x
b+t

chMhoM runepdojie TPiria y =

KoHCTaHTaM "a" H "b"

" ^PWOMJW®« nowpi, b se te  bo . ¿¿mo iaTB ;uraTO_
Hoe noHHTHe. Ilocse nospodHoro ormcaHMH npoipecca xccseso- 

aHMH> SHasM3a ouiHdoK onpeaeseHHH h sodpoTti npiuieraHHH, 
0(5cysHSH 3aBHCHM0CTB TeMIiepaTypH KOHCTaHTOB "a" PI "b" 

PoaHajiH3MpoBajiPi Tose noBeseHPie iiaca TepivioodpadoTaHHoro
c ^°c$aTOM ii d e 3  $ o c $ a T a .

^ ° K j i a s  3 a i p a r n B a e T  npodjiei.ibi odpa30BaHMH noTeppi  b B e c e

napeHPiH MHca, BapeHHbix nppi HenocTOHHHoM BHeiHeM 
TeMneP a T y p e .


