








“ 5 -

SLAGTERIERNES FORSKNXNGSINSTXTUT80 juli 196U

3 3 0

FRYSEl̂ RRIKG
Manuskript nr, 280 E

Viheri the isolated f ib r i ls  were dried without Mg and Ca, pH made no difference 

to the sedimentation characteristics, and hence t© the water holding capacity. 

2hU8* the A b r i ls  could be dried at either pH or 7o0 without effect upon 

the f ib r i ls  as illustrated  in f ig ,  1. Fig, 1 shows that the isoelectric  

point and shape o f the pH~hy¿ration curves are overlapping. When sodium 

pyrophosphate was added to the f ib r i ls  before drying, the rehydrated f ib r i ls  

bad an increased water holding capacity and th® isoelectric point was shifted  

a s ligh tly  lover pHo The sh ift in isoelectric point indicated that the 

pyrophosphate ions were bound to the proteins„ However, the water holding 

capacity was not quite as high as that o f pH 7 f ib r i ls  with added Mg and Ca, 

Before the rater holding capacity o f the pyrophosphate treated f ib r i ls  was 

measured, the f ib r i ls  were washed with 0.1 M KC1 until no reaction for phosphate 

could be detected following the method o f Allen (I9li0).

When Magnesium and Calcium ions were added to the f ib r i ls  before drying, the 

water holding capacity a fter rehydration was considerably increased. This was 

©specially important in the f ib r i ls  dried at pH 7 as shown on fige 2 . The 

water holding capacity o f the f ib r i ls  dried at pH % h  achieved a water holding 

capacity only slightly  higher than the leve l o f the f ib r i ls  dried without 
addition o f Mg and Ca.

The leve l o f water holding capacity o f the original f ib r i ls  with and without 

^dded Mg and Ca is  indicated in f ig .  1 and 2. The added ions in the fresh 

f ib r i ls  increased water holding capacity. When the ions were not added the water 

bolding capacity o f the freeze-dried f ib r i ls  was below that o f the fresh f ib r i ls ,  

however, addition o f pyrophosphate increased water holding capacity above that 

° f  the fresh f ib r i l s .  With added Mg end Ca, the f ib r i ls  dried at pH 7 had the 

came water holding capacity as the fresh f i b r i l s ,  while those dried at pH 5.J» 

bad considerably leas. When Mg and Ca were added, the positive effect o f added 

Pyrophosphate on water-holding capacity appeared only when pH of the rehydr&ting 
solution was 6 or higher.

¿gbydrat ion o f the sponge-like f i b r i l  mass

positive effect o f Mg and Ca on the water holding capacity was found only 

Vhen the fifcr i l s  were homogenized into the rehydrating solution. Fig, 3 and k 

smona&rate that the f i b r i l  mass with added Mg and Ca had reduced rehydration 

opacity  at the two pH leve ls . The contrast in the results is  probably due to
ooe
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an adverse effect o f Mg and Ca on diffusion o f the rehydrating solution into 

the dried mass and/or ths wet ab ility  o f the dried f ib r i ls *  When the 

dried mass .us homogenised into the rehydrating solution, the f ib r i l s  sedi- 

Jsented on the bottom o f the flask rather quickly* When the mass was rehydrated 

without hosugenizafcion, i t  tended to float on top o f the solution and appeared 

t*3 contain a considerable amount ©f entrapped a ir  as occurs in rehydration 

t i f  whole dried meat* this situation prevails whether the ions ars added or 

ft©i and illu strates the two different sets o f conditions occurring* When the 

pyrophosphate is  present, the negative effect o f Mg and Ca on  .rehydration is  

feaianeed* \ .ble 1  as well as comparison o f  fig *  3 end U shows that a higher 

!>H during drying results in better rehydration regardless ©f whether the ions 

®**s added or net*

':' n w&sr to find out which o f the ions was responsible for the decrease in 

rehydration capacity, samples o f fresh f ib r i ls  were dried with only ©ne o f the 

ioas added in the concentration orig inally  applied* The rehydration capacity 

G? the samples at pH 7 are shown in table 2* Results indicate that Mg has given 

fche fu l l  e ffect, whereas, the decrease in rehydration capacity o f the f ib r i ls  

* i ib  added Ca is  much less*

However, as Mg was added in five times as high a concentration as Ca we may 

conclude that both ions participate in the effect*

Discussion<a*f ft* •a

Rehydration o f the sponge=like f i b r i l  mass with and without breaking o f the 

G3“iginal structure produced two sets o f results with regard to the effect o f 

Magnesium end calcium ions* Results showed that addition o f the ions resulted 

an increase in water holding capacity for the sedimented f ib r i l® , but a 

seduction in water holding capacity i f  the mass was not homogenised during 

^hydration*
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Apparently, the added ions may affect the packing density o f the sedimented 

f ib r i ls  in the centrifuge flask  whereby they retain more water. The same 

effect was also found with the fresh f ib r i ls  before fr@eza~drying and is  in 

line with observations by Wierbicki et a l . (1957), who studied the effects  

o f 8a lts  on the water binding capacity o f ground meat using shrinkage after  

heating to 70°C to evaluate the water binding capacity. They found that the 

positive effect o f Mg and Ca was neutralized by EBTA. Swift and E ll is  (1956) 

found that Mg increased but Ca decreased the water binding capacity o f ground 

ffieat. I t  is  interesting to note that the f ib r i ls  dried without addition o f  

the cations have a lower water holding capacity a fter rehydration and s@di~ 

mentation than the corresponding fresh f ib r i l s ,  regardless o f the pH before 

drying. However, when the ions were added, the pH before drying influenced the 

water holding capacity a fter rehydratien. At pH 7<>®9 the rehydr&ted f ib r i ls  have 

the same water holding capacity as the corresponding fresh f ib r i l s .  From these 

observations, one may speculate that the decreased water holding capacity o f  

the sedimented f ib r i ls  is  due to formation o f hydrogen and electrostatic bonds 

during the drying process, with the extent increasing as pH approaches the iso= 

electric point. Mg and Ca appear to counteract the formation o f these bonds so 

that when the pH is  7» there is  no decrease in water holding capacity. When the 

PH is  5 . 1», the cations are not as effective in preventing the decrease in 

water holding capacity. Henan and Deatherage ( i 960) suggested that freeze««drying 

causes formation o f new electrostatic and/or hydrogen bonds in the isoelectric  

PH renge o f the meat end causes cleavage of linkages between the bivalent cations 

^ d  the proteins. Their theory implies that the divalent cations do not have a 

negative effect on the rehydrated meat, and in this study a positive e ffect was 

^°bnd vith the sedimented f ib r i l s .

i^ess the point o f view o f maintaining the orig inal structure upon rehydration ©f 

freeze-dried meat, results from rehydration o f the sponge-like f i b r i l  mass is  

greatest in terest. Results show that the added ions have a negative 

effect on the rehydration capacity o f  the mass. This may be due to a negative 

effect on the veteb ility  and/or d iffusion o f water into the dried protein structure, 

^"oblems o f this kind in water penetration into dried meat has been touched ©n 

by k^yet ( 1962) .  He has thus shown that in whole muscle several obstacles to the 

Penetration o f the rehydrating solution exist such as occasionally occurring 

*ater repelling surfaces and impermeable membranes.
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On adding cations, a general increase in the rehydration capacity ©f tbs 
sedimented fibrils with higher pH was found» The same phenomenon occurred 
for the fibril mass as the pH was increased, which supports the findings of 
Penny et al.(l963). The effect of pH on the fibril mass may partly fee a 
consequence of better wetability of the proteins and an increased swelling 
of the wetted areas» By comparison of the hydrstion-pH curves ©f the intact 
fibril mass with the water holding eapacity-pH curves ©f the sedimented 
fibrils, it seems that the curves at higher pH values are net as steep for 
the former as for the latter. Thus, an increase in overall swelling with 
high pH in the rehydrating solution did not appear as marked for the fibril 
mass as for the sedimented fibrils. When intact freeze-dried meat is rehydrated 
the hydation-pH curve may be even flatter than these for the fibril mass as 
indicated in fig. 3. The pH of the rehydrating solution had little effect on 
the rehydration of freeze-dried slices of pork loin according to Sudenjst ajU 
{196U}. The flatness of the curve may be due to a closer structure in the 
original meat after freeze-drying than occurred in the fibril mass» The looser 
structure of the fibril mass appears to give considerably more physically bound 
water than is true in rehydrated meat.

General experience in freeze-drying suggests that a loose or open structure 
gives better and more thorough rehydration» The problems with diffusion and 
wettability may therefore carry more weight for freese-dried meat than for the 
fibril mass» Because of the relationship between the fraese-dried meat and 
fibril mass results suggest that a high pH before drying and removal of di­
valent cations, such as Mg and Ca, might bring about a better rehydration of 
freeze-dried meat»
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Table I Rehydration of f ib r i l  mass* without breaking structure, 
in 0.05 M succinate at pH 5»6 in g K^O/g protein

Fibrils dried at pH 5»4 

Fibrils dried at pH 6.0 

Fibrils dried at eH Y.O ̂~  ̂   -.-r- ' —   - -

With added Mg Without added
........end,Ca ions....... Mg and Ca .iona

5c TO 6.9?
6.8? 7.82

___________ _7_.6g.......... ......._____________

Table, 2 Rehydratien capacity of f ib r i l  mass without breaking of struct«!'1«

Fibrils without added ions 

Fibrils with 0.U siM Ca/kg 

Fibrils with 2 mM Mg/kg 

Fibrils with O.t mM Ca end

g H^O/g protein

9.98 

9.61}

9.05

.08
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Figure 1

Water binding capacity of sedimented fibrils
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Figure 2

binding of sedimented fibrils with Mg, Co
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Figure 3

Water binding of freeze -  dried pH5.4 f ib r i l  mass

7.0 pH
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Figure 4

6.6 6. d p H

Water binding of f r e e z e - dried p H 7 fibril m ass




