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1 1 » ™ ° ^ , * °  ? ? U  I 6 ) % * f , ' r  2«  « ! « •  - f  c o o k in g  t h e  S . f  I t  ? L  f l i p .  
®aï  t r e a t m f ^ ?  f  o o l l a 6e n  un d e rg o u s  s o l u b i l i z a t i o n .  The tem p ,  used f o r  t h e r -
th* r e s u l t  i n t h e 1i n i - r p , i Ut h SeS ^he ?d d l t i o n  o f  b e e f  g u l l e t  meat t i s s u e  d o e s
£ •**«1  t r e a t m e n t  «  ¿ ï ï S i  d e s t r u ° Î 1° n o f  c o l l a g e n ,  ^ e n  a t  su c h  a s e v e r e
l n° t  den+S, ? s t e r i l i z a t i o n ,  a c e r t a i n  p a r t  o f  c o l l a g e n  i n  th e  raw m a t e r i a l
^a6en of  t 'h eUo t i V e l y a £ f a c t e d * The d e t e r m in e d  d e g r e e  o f  t h e r m a l  h y d r o l y s i s  o f  c o l -  
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le * 5 p r ° t e i n t i  1 f u n c t l o n s  and most P ro b a b ly  t h e y  a r e  due t o  m o l e c u l a r  n e tw o rk  o f

2 i? uS o S X2 l , 0 f Ht h e  Pr e a a n t  s t udy p rove  t h a t  t h e  b e e f  g u l l e t  r e q u i r e s  e f f e c t i v e  oom-
Œ6tldad a s ^ e l S g s t U u î ^  b e e f  ^ l l e t  “ e a t  l 1? “ “  can  be ie c o m -ne s u b s t i t u t e  o f  b e e f  in  th e  r e c i p e  o f  s t e r i l i z e d  p â t é .
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THE PROTEINS OF SQUID MEAT
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t ile io o n t t i o n
o id t a Qlean i® o f  t h e  t h r e e  m ain  f r a c t i o n s  o f  m u sc le  p r o t e i n s  i n  s q u i d  m a n t le  and
a i 9si» ic  n J * i f ? e r a  a  l i t t l e  from  t h a t  i «  f i s h ,  r e d  m e a t s ,  and p o u l t r y .  The s a r c o -  
jgUfthi P r o t e i n s make o n ly a b o u t 12 t o 20% o f t h e t o t a l p r o t e i n s i n Ommastrephes 
A eard in ! lc i i lcU8  and  ti le  s t r o m a  from  2 to  3% [ T l .  However, t h e  a v a i l a b l e  d a t a  
B v ^ u r a e f  . Pr o t e i n  f r a c t i o n s  i n  s q u i d  o f  d i f f e r e n t  s p e c i e s  a r e  r a t h e r  s c a r c e ,  
ih t e inaB r i 8 t i c  f e a 't u r e  ° f  th e  s a r c o p l a s m i c  f r a c t i o n  i s  a  h ig h  a c t i v i t y  o f  
f? the wh i c h b r i n g s a b o u t e x t e n s i v e d e g r a d a t i o n o f t h e m y o f i b r i l l a r p r o t e i n s
t ; ? 8h u r ? Urse ° f  f r a c t i o n a t i o n .  T h is  d e g r a d a t i o n  o f  m yosin  was r e p o r t e d  o n ly  i n  
Un na o f  r ° z ?n mU8cle ° f  Ommastrephes s l o a n i  p a c i f i c u s  [  2 J . The m y o f i b r i l l a r  p r o -  
»!b+1;o 85w8 q u id  d i- f f e r  from t h e s e  o f  f i s h  and mammals by b e in g  more w a te r  s o l u b l e ,  
ih, r  bv t ^ . f o t 31  p r o t e i n  i n  s q u i d  m a n t le  ca n  be  e x t r a c t e d  w i t h  d i s t i l l e d  
Ae^ee 't ebro+ ^aust ive  e x t r a c t i o n  [ 3 1 .  P a ra m y o s in ,  t h e  c h a r a c t e r i s t i c  component o f  
d e e d i n g .  + e musc:!-e s * makea up a b o u t  T4% o f  s q u i d  m y o s i b r - i l l a r  p r o t e i n s  ¡"4' ] .

mtura + i- 0 ^-suchi e t  a l .  i t  may be in v o lv e d  i n  d e c r e a s i n g  t h e  r a t e  o f  p r o t e i n  
<} The c o ] ? n l n  ?r o z e n  o f o r e d  s q u i d  f 5 j .

a b o o t ? 8” - i n  t h e  m u 8 c le s  and s7c;i-h o f  s q u i d  c o n t a i n s ,  a c c o r d i n g  t o  p u b l i s h e d  
“W l  B iff-I  tw i ce  88 many h y d r o x y p r o l i n e  r e s i d u e s  p e r  1 000 r e s i d u e s  a s  t h e  cod 

;T ae ,  Bk?e n t  8amPl e a  o f  c o l l a g e n ,  p r e p a r e d  by e x h a u s t i v e  e x t r a c t i o n  from th e  
8- o r T  n ia tS S *  and “ a a c l * c o n n e c t i v e  t i s s u e  membranes o f  L o l ig o  and I l l e x ,  c o n t a i n

hydr o w n r n ? ? n B d l 2gB Sadowska [ 6 3  from 0 . 3  t o  4 . 9 « ,  3 .5  to  6 .1%, and  4 . 7  to  
^ f y p r o lm e ,  r e s p e c t i v e l y .  O th e r  r e s u l t s  o f  t h e  same a u t h o r  i n d i c a t e ' n r
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that the collagens in squid belonging to different species differ in their cross- 
-linking as determined by the number of bonds susceptible to hydroxylamine as wer 
as in solubility in salt solutions and buffers. There are only few published data 
on the properties of different fractions of squid proteins. As the proteins h0V? 
a great influence on the functional and rheological behaviour of squid meat it 1 
necessary to learn more about them.

Experimental .g
Tubes of squid Illex argentinus, 23-28 cm long, and whole Loligo patagonica, 13- ,
cm in length, frozen on board ship in blocks, glazed and packed in polyethylene a 
cordboard, stored about 1 year at -20°C were used in the experiments. Samples f0* 
the chemical analysis were minced in the frozen state. The main protein fraction» 
were separated by selective extraction (Pig. 1). Collagen was calculated from the 
amount of hydroxyproline using the factor 22.9 and 20.4, respectively, for l H e* 
and Loligo, after Sadowska [6J. The contents of myofibrillar nitrogen was calcui 
ted by subtracting the collagen nitrogen from the nitrogen of the myofibrill0r. , 0, 
proteins + stroma. The nonprotein nitrogen was calculated by subtracting the nrx 
gen of the sarcoplasmic proteins and of the soluble collagen from the nitrogen 01 
the supernatant (Pig. 1). The purity of the sarcoplasmic fraction was checked by 
classical SDS PAG electrophoresis. The proteolvtic activity of this fraction vvaS__ 
determined against hemoglobin during 2 h at 35°C by assaying the degradation Pr°" 
ducts soluble in 5'® trichloroacetic acid according to Polin and Cioceltau.

Results ^
The contents of proteins separated as the sarcoplasmic fraction according to Piß* 
is in frozen stored squid meat about 15'/». This result is in agreement with data 
known for fresh squid. The statistical significance of the differences in the co 
tent3 of sarcoplasmic and myofibrillar proteins in the respective body parts ol 
squid belonging to different species (Table 1) cannot be discussed yet as the 
number of the determinations was very limited and the biological factors like 
nutritional status and state of sexual development of the specimens could not be 
token into consideration. The significant differences in the contents of coll0Se 
in squid of different species may be in some extent connected with the eating 
quality of the respective species. However, as yet there are no published data 
regarding the influence of particular proteins on the sensory quality of squid* - 
although marked differences in the consumer preference towards various specieS 0 p 
squid are known to exist. The proteolytic activity of the sarcoplasmic fraction

Pig. 1. Flow sheet of protein fractionation

Frozen minced squid 
meat

P r e c i p i t a t e  o f  s a r c o p la s m ic  
p r o t e i n s



Tab],e 1, The p r o t e i n  and  n o n p r o t e i n  n i t r o g e n  m  s q u i a  m eat

b°dy part

jTlex, 
entaclea

*1:lex» mantle
mantle

T o t a l  
p r o t e i n  
n i t r o g e n  
g'N/10Og

P r o t e i n  f r a c t i o n s '  n i t r o g e n  
p r o t e i n  n i t r o g o ^

........  %

i n  t o t a l I l o n p r o t e in  
n i t r o g e n  i n . 

t o t a l
M y o f i b r i l l a r S a r c o p la s m ic C o l la g e n n i t r o g e n

%

1 .9 5 6 4 .8 15 .2 1 6 .0 38.8.
2 .01 ■ 7 4 .6 1 1 .5 11 .1 38.1
1 .8 5 7 9 .0 1 4 .9 3 .0 36 .2

-*eia on„ J’e p r e o e n t  mean v a l u e a  o f  r e s u l t s  o b t a i n e d  by a n a l y s i n g  
?9vTatin«D?t0h Pf “ i n c e  p r e p a r e d  from  t h e  m eat o f  s e v e r a l  s q u id  
^l'°Tine t h e  Kj e l d a h l  n i t r o g e n  d o e s  n o t  e x c e e d  1 . 51,3 and  t h

ft

4 s a m p le s  t a k e n  
The s t a n d a r !  

t h a t  f o r  h y d ro x y -

•th? ?a t hep3?n DqU+ t l haL \ ? harP  maximum. a t .P H  a b o u t  3 ( P i g .  2 ) .  I t  i s  p r o b a b ly  o f
ftoP1 a«d s e r i n « ® t h e r e  was no s i g n i f i c a n t  i n f l u e n c e  o f  t h e  i n h i b i t o r s  o f  
Iha® f r °aen  ( f a b l e .  2 ) .  The com ponen ts  o f  t h e  s a r c o p l a s m i c  f r a c t i o n
of +Pl e c t r o D h o r e t i ^ n a + + B ° s e p a r a t e d  by e l e c t r o p h o r e s i s  i n t o  20 d i s t i n c t  bands'.  
t jL the s q u id  +£ p* •1 S ‘ howeYe r » i?ore i n f l u e n c e d  by t h e  s t a t e  o f  f r e s h n e s s
f?® muS c le 1a ,,£pi o r  t 2uf r e Pz l *S ’ a3 v i a u a l l z e d by d i s o o l o u r a t i o n s  o f  t h e  s k i n  and
t ?he°"  « . a k i m e S  S o L n ^ l L T  ^  thU°  be UQed f ° r  ^ e o i e a  i d a n t i -
OQhh-hsaop'fnn + o1131, fr?Ciu°S’ obtained by Screening the collagen fibers from the
T h e ^ d6f a b l y a ^ r e na® ? i ! t h  f ? J l 0 ? ed  f t  ° X t r a c t i o n  ° f  t h e  s a r c o p l a s m i c  f r a c t i o n  i sth !  l o ss  o f  t h !  !  ao t h s  r e s i d u a l  c o l l a g e n  i s  n o t  d e t e c t a b l e  by e l e c t r o p h o r e s i s .

° a » L ^ L a y o i i b r m a r  com ponen ts  d u r i n g  i s o l a t i o n ,  r e p o r t e d  i n  t h e  l i t o r a -  
1 ! ebg th  0 1 7  £f  o t l Ye l y . p r e v e n t e d  by u s i n g  a p h o s p h a te  b u f f e r  a t  pH 6 . 8  and  i o n i c  
obe!a r  a t - 2 0 0 c f ^ r c o p l a s m i c  f r a c t i o n .  I n  I l l o x  m a n t le  s t o r e d

®rved. no Pr ° b s c l y t i c  a c t i v i t y m t h e c o u r s e o f p r o t e i n f r a c t i o n a t i o n was

*quidn!!ilenc# on proteolytic activity of
sarcoplasmic proteins against hemoglobin

T a b le  2 .  The i n f l u e n c e  o f  a c t i v a t o r s / i n 
h i b i t o r s  cn t h e  p r o t e o l y t i c  
a c t i v i t y  o f  s q u i d  s a r c o p l a s m i c  
p r o t e i n s  a g a i n s t  h em o g lo b in  a t  
pH 3 . 0 X

A c t i v a t o r / i n h i b i t o r ( axx i  g j  100
C o n t r o l 1 6 .2  ± 0 .3
liJDT A t 1 irjvl 15 .4  f  0 .4
lo d o a c e t a m id e ,  1 roll 1 4 .9  -  0 .4
Soybean t r y p s i n
i n h i b i t o r .  100 u e /d n r ___ 15.1  ± 0 .2

Tb e ° ^ sion

xmean v a l u e a  o f  r e s u l t s  from  6 d e t e r m i 
n a t i o n s  i n  or:o b a t c h  o f  s a r c o p la s m ic  
f r a c t i o n .

A = A, - A0
A-j and  a„ = a b s o r b a n c y  o f  t h e  i n v e s t i 
g a t e d  and  b la n k  sa m p le ,  r e s p e c t i v e l y .

q i !Sbdeaar ° pl?oret;Lc p a t t e r n  o f  t h e  s a r c o p l a s m i c  p r o t e i n s  from  s q u i d  d i f f e r i n g  i n  
'Bh * SeVp ! r i ° r  t o _f r e e z i n g  c a n n o t  be u se d  f o r  s p e c i e s  i d e n t i f i c a t i o n  o f  t h e  mus- 
p6hber  th p l a d  P,lb l i s h o d  d a t a  r e g a r d i n g  c o l l a g e n  i n  f i s h  and  s q u i d  m eat r e p r e s e n t  

Tn Cn~c o n b e n ta  o f  i n s o l u b l e  p r o t e i n a c e o u s  m a t e r i a l  ( s t r o m a )  t h a n  t i u e  c o l l a -  
(SQd h„+e f r o z e n  t i s s u e s  t h e  s t ro m a  may be composed n o t  o n ly  o f  c o l l a g e n  and 
th! ®tora “„ a i 80 o f  vf r : ! o u s * w a in ly  m y o f i b r i l l a r ,  p r o t e i n s  d e n a tu r e d  uue to  p r o lo n -  
h a p ^ d a c iS r*  ^ u r  r e s u l t s  b aaed  on t h e  c o n c e n t r a t i o n  o f  h y d r o x y p r o l i n o  i n d i c a t e  t h a t  
Sloped t o !  o f  some s q u i d  a r e  in d e e d  v e r y  r i c h  i n  c o l l a g e n .  F u r t h e r  r e s e a r c h  i s  

and Gui 'P i jr more d a t a  on t h e  c o n t e n t s  o f  c o l l a g e n  i n  v a r i o u s  body p a r t s  o f  
f U>!i f f e r e « ?  t h c  r o l e  o f  t h e  cor> n ec t iv e  t i s s u e s  i n  th e  s e n s o r y  p r o p e r t i e s  o f  s q u id  

b lah  v ! ? .  s p e c i e s .  The f r a c t i o n a t i c n  p r o c e d u r e  a p p l i e d  i n  o u r  e x p e r im e n t s  can  
li6 r e l i a b l e r e s u l t s ,
1> iia?bcea

° t °  J . J .  s S t u d i e s  on m u sc le  p r o t e i n s  o f  t h e  s q u i d .  B u l l .  Tokai l ieg .  F i s h .
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4 - 1 3 EFFECT OF 00NIC STRENGTH ON EXTRACTABILITY AND ELECTROPHORETIC
PICTURE OF PROTEINS IN A CHICKEN BROILER MUSCLE TISSUE.

Aeeoc.Prof .Teresa Smolirtska, M.Sc.Wieslaw Kopec
Department of Food Technology of Animal Origin,Agricultural
University of Wroclaw, Wroclaw,Poland.

9t *nd
The extractability of proteins.mainly actomyosin of broiler chickens b r e a ^  
thigh muscles during comminuting and salting was determined.The muscle 3 5;0, 
homogenate prepared using a common CBlt solutions of ionic strength 't10n* rm
and 0 .5 5 was centrifuged and 3 fractions were obtained, i.e. colloid tho * j.0
nrotein sol and the residue.The increase in actomyosin extractability in aea 
of colloid solution and protein sol was observed as resulted from the i th«'1in 
ionic strength.The actomyosin extractability of breast muscles was hi92efoUnd * 
that of thigh muscles. A remarkable part of thigh muscle actomyosin was l0« 
the fraction of protein colloid solution, whereas actomyosin of breast d f
was determined mainly in protein sol. The electrophoretic analysis indie o

. __ j  ̂ -i n f  r\ n r  f H n act flflnfindfint OH lOnlC SI 1 „ tz O'* ■
was determined mainly in protein sol. i ne elect ropnoreye
various quantitative ratio of myosin to actin as dependent on ionic - . t r ^ g , ^ , ,
salt solutions used for homogenization. The ratio of myosin to a^tln ed
when the ionic otrenght increased.The electrophoretic analysis also gfwueo loe  ̂ j ______  Jr, rh, a r t M u n j  n COHlOh’*w h e n  the i o n i c  o t r e n g n t  i n c r e a s e u  . i no  uxov... .... = . — -----  0 t
ficant differences In the content of .<-actlnin in the actomyosin compl 
colloid fraction in comparison with actomyosin complex in protein sol.
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