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Summary

'To study the effect of pH and divalent cations such as Mg md Ca on dehydration 

of free-dried seat, a stodal system of freeze-dried myofibrils was designed»
The f ib r i ls  were dried at pH 5.1», 6.0, and 7.0 with and without addition of fig 

and C&, in the concent sat ions found in ¡neat. The freeze-dried fib r i ls  were re-* 

hydrated ( l )  after homogenization in the rehydrsting solution and (2) by 

diffusion of the solution into the dried f ib r i l  mass. When the f ib r i ls  were h»i>o- 
geaised the cations increased the water holding capacity of the sedimented fib r ils »  

An increase in water holding capacity with higher pH sms apparent only after the 

nations were added» When the f ib r i ls  were re 1: ye rated through diffusion» the 

cations decreased the hydration» Increased hydration capacity with higher pH was 

found with and without the cations.

Um die Wirkung von pH und divalenten Kationen wie Mg und Ca auf Rehydrierung von 

gefriertrocknetea Fleisch studieren zu können wurde ein Modeilsystem von gefrier« 

trockneten Myofibrilen konstruiert. Die Fibrilen wurden bei einem pH Von 5®i»,
6bÖ und 7,0 sowohl mit als ohne Zusatz von Mg und Ce getrocknet -  in Köncentra- 

tionen wie sie im Fleisch Vorkommen» Die friergetrockneten Fibrilen wurden rahy- 

driert (1 ) nach Homogenisierung in der Rehydric rungslßsung und (2 ) durch Diffusion 

der Lösung in die getrocknete fib r ile  Masse. Kach Homogenisierung der Fibrilen 

wurde die WasserbindungskapazitSt des fibrilen  Sediments durch die Kationen er« 

höht. Die Erhöhung der WaasexbindungskftpazitSt mit höherem pH wird® erst nach 

2«&str. der Kationen sichtbar* Als die Fibrilen durch Diffusion re hydriert waren, 

verminderten die Kationen die Hydrierung. Erhöhte HydrierongskapazitSt bei 

höherem pH wurde sowohl mit als ohne Kationen gefunden.

übersieht
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Introduction

Freeze-drying o f foods frequently resu lts in rehydrated products which 

are characterized as dry, spongy, tough, or o f decreased accep tab ility  

(Broetesn 1962)0 Rehydrated meat is  often tougher and d rier than the origin al 

s e a t, and in addition has a ch aracteristic "woody1* textureo These texture  

ch aracteristics are usually ascribed to  decreased a b ility  o f  the meat proteins 

to  tahe up moisture during rehydration (Connel 1957s Hamdy e t ale 1958S Hamm 

and Deatherage 1960)0

Penny d o  (1963) recently demonstrated that in jection  o f adrenaline in 

beef and rabbita before slaughter improved rehydration, v ith  mere tender, 

ju ic y , and a le ss  woody texture to  the rehydrated meato The e ffe c t  is  ascribed  

to  adrenaline which gives a higher ultimate pH in the meat as a resu lt o f  

glycogen depletion0

The decreased a b ility  o f  meat proteins to  rehydrate is  generally regarded as 

due to  the formation o f an excessive amount o f e le c tr o s ta tic  and hydrogen 

bonds between actin and myosin in the m yofibrillar filaments (Hamm and Deatherage 

i9605 Connel 1962)0 Formation o f these bonds might be counteracted by relaxation  

o f the muscle, as w ell as by an increase o f pH away from the iso e le c tr ic  point0 

Thereby, the le a st possible overlapping o f the actin  and myosin threads should 

occur®

Achievement o f  decreased bonding should be possible by treatment o f the muscle 

before drying with pyrophosphate or Ethylene-Diamine-Tetra-Acetic acid (EDTA) 

s a lt s 0 Bosler (1958) has shown that these compounds cause relaxation o f muscle 

fibers« With regard to  EDTA, the action appears to  be due to  i t s  a b ilit y  to  

chelate diiv& lent metal ions, s p e c ific a lly  Ca (Maruyama and Gergely 1961)« There 

is  no evidence th at EDTA is  bound to  the f ib r i l la r  proteins (Ebashi 1961)«

The purpose o f th is  study was to  in vestigate the e ffe c t  o f EDTA on whole muscle 

as w ell as on iso lated  m yofibril preparations before freeze-drying« The purpose 

o f using the m yofibrils was to  sim plify the system under study, whereas, the 

complexity o f vhole muscle may make resu lts d if f ic u lt  to  interpret«
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Experimental

.Prepay at ion and f  reeze-drying o f  g^ o fib r i ls

The myofibrils were prepared as described by Pukazawa et ale ( 19 6 1 ) <>
A 2000 g sample of longissmus dorsi muscle from pigs slaughtered at 

approximately 200 lbs* live-weight in the MSU Meat Laboratory was used as 

the source of material. In the course of preparations the fib r ils  were 

treated with excess EDTA to remove Ca and Mg* Subsequent washing o f the 

f ib r i ls  with o*l M KC1 was performed so that the resulting f ib r i l  pre
paration was practically free of EDTA as well as Mg and Ca. The concentration 

of f ib r i ls  in the preparation was 8=10 mg f ib r i l la r  protein/ml. The pre
paration was divided into two equal parts* The firs t  part served as the 

control while MgCl  ̂ and CaCI^ (Baker analysed-Reagent grade) were added to 

the other part* The concentrations were adjusted to bring the Mg and Ca 

cone, to the levels expected in muscle homogenates,.that is 2  ejM and 0 .U 

nM/lp, respectively. Each part was then divided into 1$ portions. The pH 

of the three portions was adjusted to 6.0, and 7*0«respectively.The

fourth portion was adjusted to pH 7*0 after sodium pyrophosphate was added 

in an amount corresponding to 2 % of the f ib r i l la r  dry weight. The portions 

were poured into aluminum moisture dishes (E.H. Sargent Co.)® frozen in an 

air blast freezer at =29°C and stored for a few days wrapped in aluminium 

fo il until freeze-drying could take place. The freeze-drying was carried out 
in a Stokes laboratory freeze-drier using heated plates* The plates were 

heated to a maximum temperature of b2°C and the air pressure during drying 

was 135 ;au Tiie drying time was 23 hours. Along with the f ib r i l  preparations, 
a sample of unwashed muscle homogenate and a sample of the original meat 

wee dried. After the drying the samples were stored under nitrogen until 

used.

Rshydration of the fib r ils

During drying, the f ib r i l  mass in each dish was transformed into a spongelike, 
porous network. The rehydration studies were performed with this structure 

intact as well as after homogenisation in the rehydration flu id . In the latter 

case, the fib r i ls  were homogenized in 0.1 M KOI in. a Waring blendor (Three 

short bursts). After 3 h r., the homogenised mass was divided into 8 portions 

containing about 7-8 g of the f ib r i l  suspension. These portions were adjusted 

to a pH between U.6  and 7.0 by addition o f 0.1 H HC1 or HaOH. The portions
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were le f t  for three hours and then centrifuged for 20 min. at jfjproximstely 

2000 G. At the time o f centrifugation, the pH was recorded. The amount o f 

water bound pe>r g• o f protein was taken as an indication o f the water holding 

capacity o f the f ib r i l la r  protein. The protein was determined by multiplying 

the nitrogen content by 6, a fter determining nitrogen by the micro Kjeldahl 
procedure.

rehydration characteristics o f the intact aponga-like f i b r i l  network was 

studied by letting the rehydrating flu id  d iffuse into the mass. Wedge-shaped 

sections o f about 0.3-0.5 g were weighed on a micr©balance and rehydrated 

f o *  3 horn, at room temperature in a tube with 30 ml 0.1 M KC1. The number o f 

sections and pH adjustment were as described above. The excess flu id  was then 

carefully drained o f f  and the rehydrated mass weighed again on the microbalance. 

The amount o f water per g protein was taken as an indication o f the rehydration 

capacity of the f i b r i l  sponge.. The protein content was determined as above.

F ib rils  were isolated from the freeze-dried meat sample and meat homogenate 

as described by Bendall and Wismer-Pedersen ( 1962) ,  and the water holding 

capacity was measured as described above.

Results

°feSgf°bindina o f sedimented f ib r i ls

The impact o f sarcoplasmic proteins on the water holding o f freeze-dried

®yofife?i i E was studied by isolation o f m yofibrils from the freeze-dried meat

the freeze-dried meat homogenate. The water holding capacity o f these

ib r ile  were compared with that o f the myofibrils freeze-dried with added Mg

®hd Ca at the same pH as the meat ( 5 * 0 .  Results showed that these d ifferent

Preparations o f f ib r i l s  on sedimentation had about the same ab ility  to retain

moisture. Microscopic examination o f the f ib r i ls  showed no obvious difference •
iW T"hGir tendency to aggregate. This observation is  in line with that o f Cole 

and W ith ies  ( i 960) ,  who found very l i t t le  difference in the electrophoretic 

pattern o f sarcoplasmic protein as a result o f freeze-drying. These results 

boinfe out that any difference in the water holding capacity is  probably due 

°  alterations within the f i b r i l la r  proteins.

e e a
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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*

OO O
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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.

OOO
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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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gHg Q/g protein

o  p H  5 . 4  a  p H  7 . 0  

^pH7.0 * phosphate

fresh fibrils — Mg Ca
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4. 6 5 . 0  5 . 4 5 . &  6 . 2 6.6 pH

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