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Changes in protein solubility /PS/ and in hydration /WHO/ were followed in minced cod meat 
"ashed with distd. water and contg. added NaCl, KC1, MgCl2, OaCl2, and phoephatee. Water 
s*td. fresh mince has a high WHO, ca.21g HgO/g myofibrillar proteins. At 1-5 mM of added 
■alts per 100g, in the pH range 5,5-9,5 #HC drops markedly. In minces stored 24 hr at 4°C 
a»d pH 5,4-7,5 the PS decreases with increasing acidity. At pH 5,4 the drop is higher in 
Presence of chlorides in low concns. Larger addns. of salts decrease the PS also at higher 
PH‘ In water extd. and frozen minces after 2 weeks at -20°C at pH 7,2 and 6,4 the PS is by
pc / and 50/6 lower, reap., than before freezing. Low amts, of HaCI and ligCl2 />u-0,15/ added 
to the mince prior to freezing have no effect on PS at pH 6,0-7,2, while KC1 and CaCl2 at 
pB 7,2 deoreaee the PS, by 256 and 35*, resp. At jd > 0,25 KC1, phosphates, and KCl+CaOl- 
ave during 2 weeks a protective effect on PS. In water extd. mince PS decreases after 
day at -20°C by 15*, which corresponds to a drop in PS in unextd. samples at pH 6,9 only 
fter 3 weeks. A mixt. of salts added to the water extd. mince, corresponding in compn. 
an<1/i to those in cod flesh brings about after prolonged frozen storage a drop in PS much 
higher than that in extd. samples.
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ainl&alichkeit /PS/ und Hydration /WHC/ wurden im zerkleinerten Kabeljaufleisch /Paroe/
destilliertem Wasser extrahiert und mit NaCl, KCl, MgCl2, CaCl2 und Phosphaten ver-

worden war, gemessen. Prische extrahierte Farce hat ein hohes WHC, rund 21g Ho0/g
^  rillären Proteine, wlhrend Zugabe von 1-5 mH Salse pro 100g beim pH 5,5-9,5 die Hy-

latlon wesentlich herabsetzt. In Farcen nach 24 St. bei 4°C und pH 5,4-7,5 ist die PS
1 niedrigerem pH, insbesondere bei Salzzugabe. In extrahierten und gefrorenen
ist die PS nach 2 Wochen bei -20°C und pH 7,2 oder 6,4 um entsprechend 25'* und 50*
r ala ln “ngeforenen Proben. Kleine Zugaben von HaCl und MgClg ^«0,15/ vor dem

leren haben keinen Einfluss auf die PS bei pH 6,0-7,2, aber KCl und CaCl, bei pH 7,2 
"'»■ n die pq .«ntsprechend um 25* und 35* herab. Bei n> 0,25 stabilisieren KCl, Phosphatev**aCI {rps *
„2oo aC12 di* PS "ährend 2 Wochen bei -20°C. In extrahierten Paroen fällt die PS bei
^Itahi Da0h 1 Ta8<* ^  ln nlchtoxtrahlartan i*0*80 b8i PH *,9 erst nach 3 Woohen. In 
tu *n iar°8“» d** einer Salzmischung, die qualitativ und quantitativ etwa der

ü*gengsmaterialkl,•Iher entspricht, ist nach einer längeren Gefrierlagerung die PS wesentlich 
in den extrahierten Kontrollproben.
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Les changements de la solubilité /PS/ et de 1 hydratation /WHC/ dee protéines étaient ex®" 
minée dans la chair de merlu concassée qui était lavée dans l'eau distilleé, et à qui on 
ajoutait dee NaCl, MgCl2, CaCl2 et de phosphates. Lorsqu on ajoute 1-5 mM de sel par 100g
à pR 5,5-9,5, la WHC diminue considérablement. Dans la chair conservée à 4°C et è pH 5*4"

» * # . . .  7,5, la PS diminue au cours de 1 augmentation de 1 acidité. La diminution est pluB consi'
dérable à pH de 5,4 en présence des chlorides à basse concentration. L addition aoorue
de sel fait diminuer la PS également à pH plus élevés. Pour la ohair extractée de 1 eau
et congelée pendant 2 semaines à -20°C et à pH de 7,2 et 6,4 la PS est resp. 25£ et 5^
lnférieuere par rapport à sa valeur precedente. Les basses quantités de NaCl et MgClg
yu-0,15 ajoutées à la chair avant la congélation n ont p u  d éffets sur la PS dans pH de
6,0-7,2. Cependant, KC1 et CaCl2 à pH 7 font diminuer la PS resp. de 25^ et 35^ envir°n'
A jx  y 0,25 la KC1, les phosphates et les KC1+CbC12 exercent un éffet protéotif sur la pS'
Dans la ohair extractée de l'eau la PS diminue de 15^ après un Jour à -20°C. Un melang0
de sels ajouté à la chair traitée par 1 eau correspondant à la composition et à la fore®
ionique de celui de la chair de merlu provoque après une piua longue conservation sous f°r 
me congelée une diminution de la PS beauooup plus oonslderable que dans les écbantill°n8 
traitées par 1 eau.
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ileqprcwmecKiie cojih a .iyiiKmioHa.at.HUG cpoücTna cne;:Hx u iiopa-eiimi:; mupomhidc Ceju on

HJiOHA KQTiOALLCKA, SUICJÏAB il. CHiiOPCldl

Hncisty* XHumi n opr anime cicoil h nnnieBoii Texuo.ioniii

rAaiibciian noxnrexHHKa. rxaubCK. Ilojibua.

Il3MeHe”Hn paczBopHMOCTH OeJiKOD /P.E./ h rHApazaiyiH HCCJie.iOBajiHCb b paaxpoôJieiiHOM M«ce 
/  apc BUMUTHii BOAOii/ coaepsameii xoôobkh KC1, NaCl, MgCl2, CaCl2 u ùocOazoB. ;;odo»J,l’!"

co.115 Ha lOOrp. M.ica npn pii 5,5-0,5 ninninaez sn.’HHTeJibuoe yweiibneime riWXj0T' )'1111 
B . apae nocjie 24 vacoB npn 4°C ;ipH S ,4-7,5 PB ywciibnaeTcn c nomcxeivien pH . npnP® 5 *’ 
enax PC Biu'ie u npncyTcTBim xjiopimoa b miiskhx Koimenipoiynix. Bucn.ui Koiuieuzpuuiui coxei* 
xnez PC TüK»e npn ducoic: pH • D iinioitoh bo^o.. h 3 iuiopo.;ciniou ÿopao uocuc 2 HC/ic.'ib up1 ^  

npn pH 7,2 h 6,4 PE cooiDOtCTueinio iiaxacx ita 25IS n 50% . JloôanJiciiHe b î apn aap cA  jaMOi> ap- 
DUHHeM NaCl n MgCl2 äo /*■  » 0,15 lie Brimez lia PB npii P** 6,0-7,2 no cpanuei'*0' 0 ^  
non aanopoceEüoi! Ce3 co.i k . bazo KC1 u CaCl2 npn pH 7.2 ciutiaoT PE cooTucxci»eIinü 
2o, u 35... iipn yu )  0,25 KC1 , .oc.azu n KC1 ♦ CaCl2 oiuaiiUTi)! aaiiHTHU.. ^
b revenue 2 nexejib xpaucHHH npn -20°C. B ¡.apne buiiutom v o p ,o . PI na^aeT no 15,* cnyci'* > 

xpaiieima npn -2C°C. Coxh xodaioieiimic b opis mnano.. no;io. b koihobiihiui b  i:onuc:ixpiUl1 ^
Kotopo. Buczyna:jz d cBer.en nnco Tpeemi Biïnixa;** cuir enne PE mr c neu b nuaKCtp«-'-» * a 
npoôax.
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^ U afluotiofl

9 technological value of frozen musole foods decreases during long-term storage due to 
h«atli0raU°n °f th* "ateT and fat bindln« capacities and the ability to form gels after 
alte nS‘ The8a unde8lrabl# changes, especially pronounoed in fish minoes, are caused by 
19# ratlono ln Proteins which comprise both partial deoonformation of the native moleou-
Protei*1 Creati°n °f new bondB leadin« t0 tha formation of different protein-protein and 

•in-lipid aggregates. These adverse changes in muscle proteins have been investigated
in model systems as well as in different fro-fioi FRESH FISH MEAT

A?ratlVe oban®88 in frozen protein systei
•tr

aen meat and fish products. The current con
cept is that they are caused by concurrent 
action of several factors inherent in diffe
rent degrees in various raw materials /Flg.1/. 
There is considerably large pool of experi
mental evidence regarding the effeots indu
ced in froxen systems by lipids with their 
oxidation produets and formaldehyde produced 
by decomposition of trimethylamlne oxide in 
fish, as well as on the protective action 
exeouted by many highly hydrophilio additi
ves, antioxidants, and neutral lipids. The

*98reti*'*WAV° 0nan€®8 ln froz8n Protein systems are considered also to be oaused by didin- 
°“ °f tl88U8 oompartmentlzation, the aetlon of les arrêtais, alterations in water*^OtUY* * mv eawu w* 4VV I f  UVOrAVlOQI 1(1 WAXAr

*lng.0 **• *nd in^ uonc* of lnorganio salts which undsrgoe oonoentration due to free
ze, °f "at8r* Tb8 complex interactions of tissue salts with muscle proteine and other 
^Veati *>0nen*8 Participating in the freezing ohanges have been, however, less thoroughly 
**9 rat^atSd’ malnly in Protein solutions as model systems /Snow 1950, Buttkus 1970/ and 
iartB>anner °nly g8nerally treat8d in recent reviews /Sikorski, Olley and Koetuoh, 1976, 
Qibg the 1977 '̂ Thi8 8tudy wa8 undertaken to furnish more evidenoe on the factors influen- 
dUHn~ * P^tloipation of inorganic salts in the deteriorative ohanges in muscle proteins 

8 rrozen storage.

V o ue *nounta of inorganio salts were added to washed or unwashed Baltio ood minoe of

SKNLESS COO FILETS H a l THE MRLUBNCE OF OMC STRENGTH. pH. AWJ TWi OF 
STOWAGE ON FWOTEM EXTRACTAMtTY M COO FLESH 
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FNU T>€ »FlUENCE OF CHOREES 
MO GLUCOSE ON TIC WATER 
HOLOMG CAPACITY OF WASTED 
COO MNCE

FIGS THE INFLUENCE OF pH ON TVC WA
TER HaDINO CAPACITY OF WASTED 

COO MINCE CONTAINING LOW 
ADDITIONS OF CHLORIDES

different pH and their influ
ence on protein solubility 
/rs/ and water holding capa
city /WHC/ was determined in 
the fresh state or after fro
zen storage. The PS was ass®" 
yed in homogenized samples el 
constant pH 7.5 and ionic 
strength 0.9. WHC was deter
mined by centrifuging the mo- 
attwater slurries /9«1/. The 
flow sheets of the experi®en" 
tal procedures are given in 
fig.2 and 3. All results pra- 
sented below are given as tae" 
an values of at least 4 d e t e r  
minatlone in samples taken 
from 1 portion of mince.

Results and discussion
Water extraoted fresh mines has a high WHC, about 21g I^O/g proteins. The decrease of WHC 
observed in samples containing added salts /Pig.4/ apparently does not depend upon the oS" 
rnotic pressure, eis addition of up to 20 mM glucose/100g of mince hae no significant influ" 
ence on the measured values. Lower WHC in samples containing added ealte, as compared to 
those in washed control /Pig.5/ may result in the alkaline range of pH by neutralization 
of ionized groups in the side chains of proteins. The observed very low hydration of ths

F»i r m  mimics or pM on wrote* extractamjty . 
rn COO MMCC KEPT 24 hr AT 4*C

F07 THE tFLUENCE OF pH ON PROTEN 
EXTRACTAM.ITY M COO K#CE CON- 
TANNG ADDED CH.0RCES. AFTER 
24 hr AT i t

meat in presence of CaCl2, however, is probably caused addi 
tionally by crosslinking via chelate formation with carboxyl 
and imidazole groups of proteins /Marguerie, Chagniel, an<* 
Susoillon, 1977/. In minces stored 24 hr at 4°C PS decreas00 
with the change in pH from 7.2 to 5.5 /Pig.6/. The same i0 
aleo true in samples containing 0.2M of added NaCl or KCl/ 
g, while in the presence of MgCl2 and CaCl2 in the earns 0°n̂  
centration PS is very significantly lower than in the con 
and does not depend so much upon acidity of the mince /RiS* 
The lose in solubility in the low range of pH ie probably
caused by interference of the added salts with water atrue'

alWtures, while in the alkaline range it is induced additi°n' 
by the binding of divalent cations to ionized and polar 81 ^ 
ups in proteins /Hippel and Sohleioh, 1969» Kolodziejska 
Sikoraki, 1976/. The observed larger effect caused by kC1 
than by HaCl /Pig.8/ may result from the fact that Na, 
a smaller cation, can leee effectively change the native 
tein-water structure /Lewin, 1974/. A similar relation0̂ ^|+ 
was found aleo in minces containing divalent cations - 
exhibits a lower effect them Ca2+ at the same concentre ^  
In water extracted and frozen minces after 2 weeks at  ̂
at pH 7.2 and 6.4 the PS ie by 25* and 50* lower, respeCtion 
vely, than before freezing /Pig.9/. Apparently by ioniz8̂ ^  
of the side chain groups in the higher pH range and ih° 
eed binding of water by proteins the deteriorative ^^j^ced 
changes axe more effectively retarded than they are e
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HO 8 THE mUENCE OT pH ON PROTEIN 
EXTRACTABIIITY IN COO MINCE CON
TAINING ADDED SAITS. AFTER 2thr AT 4'C

FIG9 THE NFLUENCE OF pH ON PROTEN 
EXTRACTABKTY N WASHED COO 
MNCE KEPT V. DAYS AT -20t

VAMM - OCTEMMCO IN CTFFEPFNT LOTS OF COO 
1 - PWO* TO FHCtZINO 
*- ATTCT FROZFN STONAOC

FK)10 THE INFLUENCE OF CHLORIDES 
(*.0.151 ON PROTEIN EXTRACT- 

|  ABILITY OF WASHED COD MINCE 
J AFTER U  DAYS AT -20*C

£ w

FNOTCIH SOLUBILITY 
A -A F T E * F HE E ¿NO 
•  M E M E  r*C E Z »tt

be °f fatty ecids /Hanson and Olley, 1965/. In unwashed samples such results could
^so attributed to inhibition of déméthylation of THAO and binding of formaldehyde by 

a ?teinB /Sikoreki, Kostuch, and Kolodziejska, 1975. Kostuch and Sikoreki, 1977/. Inorganic 
str 3 &<̂ 9<* Prf°r to freezing to the washed mince in low amounts, corresponding to ionic 
r 8 °«15, induce changes in PS, The decrease in PS depends both on the valence and the
0 Ue of the cations. /Pig.10/ and is independent on pH in the range 6.0-7.2. At higher
1 Centrations ^1^0.25/ KC1, phosphates, and a mixture of KC1 + CaCl2 have during 2 weeks

a protec+ive effect on PS 
/Pig.11 and 12/. This phenome
non is apperently related to

» "  TTC FFIUENCE OF KMC STRENGTH 
»1 T *  PROTEN EXTRACTABUTY 
** CASHED COO MNCE KEPT U

F1Q12THE NFLUENCE OF KMC STRENOTH 
AND Coa, ON PROTEN EXTRACT-  
ABLITY N WASHED COO MNCE KEPT 
U  DAYS AT -20lC

S t be

the favourable influence of 
salts on hydration of proteins 
as well as the Increase in vis
cosity and retardation of cry»* 
tallization of water /Pennema, 
1973/. A mixture of salts ad
ded to the water extracted 
mince, corresponding in com
position and ionic strength to 
those in cod flesh, caused 
after prolonged frozen storage 
a drop in PS much higher than 
in extracted samples /Pig.13/. 
Higher decrease in PS in was
hed mince as compared to that 
in unwashed samples or fillets

 ̂°auaed in part by extraction of different inherent cryoprotective substanoea, lnolu- 
"*fonn#0me 8alte* although washing removes also known denaturing agents, especially TMAO- 
fl#9fa d®hyde. The mixture of salts coarsely similar to those originally present in the 
the * added to the washed mince, apparently cannot, however, occupy the original sites in 
thq ° e-*-n“*ater etruoture and thus does not play the same role in the system. Purthermore, 
Hijg Ur° U8ed in our experiments was not identical in composition with that removed du- 

nohing. Finally, our results may indicate that in samples containing salts the deore-
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a«e in PS after prolonged frozen atorage may be alao due to promotion of autoxidation by 
the oationa /Pig.14/. Preliminary obaervatione from experlmenta to be reported eleewhere 
/Kotodzlejaka, 1979/ lndioate, that In aamplea containing added mixture of ealta autoxida- 
tlon proceeds at a higher rate than in washed oontrola.
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