












Each 2g of the dialyzed homogenate was lyophilized and then 
employed for the determination of the total carboxyl groups of 
meat proteins in beef.

Another each 10g of the dialyzed homogenate was homogenized 
again for 3 minutes in the same manner to prepare 100ml of a 
secondary dialyzed homogenate, which was separated into two 
fractions, i.e. the insoluble residue and the sol by centri­
fuging for 10 minutes at 10,000 rpm and then filtering through 
glass wool.

Each insoluble residue was homogenized over again as before 
to prepare 100ml of a homogenate of insoluble residue, and 20g 
of which was lyophilized, then employed for the determination 
of carboxyl groups of meat proteins in insoluble residue.

Each 20ml of the sol prepared by the procedure described 
just above was also lyophilized, and then employed for the 
determination of carboxyl groups of meat proteins in the sol 
in each beef sample.

According to the method of Fraenkel-Conrat and Olcott , 
each lyophilized sample was first treated with methanol and 
hydrochloric acid at 4*0 for 48 hours to esterify the carboxyl 
groups to form methoxycarbonyl groups, and then according to 
the method of Mathers and Pro19\  the methoxycarbonyl groups 
formed from the carboxyl groups were hydrolyzed with sulphuric 
acid to liberate again the methanol used for the esterifica­
tion, then the amount of methanol liberated again from the 
methoxycarbonyl groups was determined colorimetrically follow­
ing the procedures described in detail in the previous 
paper20^, and from which the amount of carboxyl groups of meat 
proteins was calculated.

6. Determinations of Ca2+, Mg2 and Zn2 ions in beef
The amount of each of the above bivalent metal ions in 

each beef sample and that in each of the dialyzed homogenate 
samples prepared by the procedure described above were 
determined by the procedures described in detail in the 
previous paper21^, and the former was expressed as the total 
amount of each of the bivalent metal ions and the latter was 
expressed as the amount of each of the bound bivalent metal
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ions in beef. The amount of each of the free bivalent metal 
ions in beef was calculated by subtracting the latter from 
the former.

Results and Discussion

It has been observed in the present work that the WHG of 
beef was improved in the order treated with 0,10,2 and 5 ft of 
sodium chloride, as was to be expected.

The results given in Table 1 indicated that the difference 
in the amount of sodium chloride added did not seem to bring 
about any appreciable changes in the total amounts of acidic 
and basic polar groups of meat proteins in beef, but the amount 
of total sol protein nitrogen and also the amounts of acidic 
and basic polar groups of the sol meat proteins in beef evi­
dently increased with the increase in the WHG of beef.

Each amount of the sol meat proteins determined in the 
present work, as shown in Table 2, increased with the increase 
in the WHC of beef, and of all of them the amount of sol acto- 
myosin did seem to have the most close relation to the varia­
tion in the WHC of beef resulted from the addition of varied 
amounts of sodium chloride, viz., the WHC of beef obviously 
increased with the increasing amount of sol actomyosin.

The behaviour of carboxyl groups of meat proteins shown in 
Table 3 seemed to be substantially similar to that of acidic 
and basic polar groups of meat proteins shown in Table 1, 
namely, the total amount of carboxyl groups of meat proteins 
in beef remained almost unchanged by the addition of varied 
amounts of sodium chloride, while the amount of carboxyl groups 
of sol meat proteins in beef increased manifestly as the WHG 
of beef increased.

According to the results given in Tables 4,5 and 6, the
amounts of free Ca2+ and Mg2+ ions in beef increased by the
addition of sodium chloride up to 5 accompanying the
decreases in the amounts of bound Ga and Mg ions. A similar

2+tendency was also observed in the case of Zn ions, though
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Table 1. Effect of sodium chloride on the W HC of beef, the  am ount of total sol protein nitrogen in beef 
and the  binding-amount of dye to beef and the  sol in beef

- 
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b) Expressed as the figure for absorbance at 520mp  per 0. 2mg of each beef sample.
c) Expressed as the figure for absorbance at 480mfi per 1. Omg of each beef sample.





Table 3. Effect of sodium chloride on the distribution of carboxyl groups in beef

Sample

A

B

Sample

A

NaCl
added

( ° 6 )

Cardoxyl groups (m moles/lOOg beef)

Total Insoluble
residue Sol

None 38.26 34.02 3. 34
2 38.10 31.16 6.11
5 37.99 29.81 7.38

10 38.08 32.61 4.78

None 39.15 34.77 3.48
2 39.43 32.86 5.77
5 39.68 30.90 8.08

10 39.39 34.17 4.62

* Treated at 4°C for 72 hours.

Table 4. Effect of sodium chloride on the  distribution of calcium ion in beef

NaCl
added
(96)

Total Ca2+ 
(mg/lOOg beef)

Bound Ca2* 
(mg/lOOg beef)

Free Ca2* 
(mg/lOOg beef)

None 3.62 1.65
2

5.27
2.85 2. 42

5 2. 47 2.80
10 2.43 2.84

None 3.83 1.93
2

5.76
2.97 2.79

5 2.66 3.10
10 2.58 3.18

* Treated at 4°C for 72 hours.
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Table 5. Effect of sodium chloride on the distribution of magnesium ion in beef

Sample

A

B

Sample

A

B

I ,

NaCl
added

( % )

Total M g2t 
(mg/lOOg beef)

Bound M g2t 
(mg/lOOg beef)

__  ____

Free M g2f 
(mg/lOOg lieef)

None 18.81 6.72
2 25.53

15.63 9.90
5 12. 45 13. 08

10 11.83 13. 70

None 18.51 8.36
2 26.87

16. 47 10. 40
5 13. 23 13. 64

10 13.07 13. 80

* Treated at 4°C for 72 hours.

Table 6. Effect of sodium chloride on the  distribution of zinc ion in beef

NaCl Bound Zn2+added
(96) (mg/100g beef) (mg/lOOg beef)

Free Zn2+ 
(mg/lOOg beef)

None
2
5

4.73

10

None
2

5
10

5.15

3.85 
3.70 
3. 62 
3.60

4.54
4.48
4.40
4.37

0.88 
1.03 
1. 11 
1.13

0.61 
0. 67 
0. 75 
0. 78

* Treated at 1°C for 72 hours.
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the amounts of which found in both free and bound forms were
fairly smaller. These observations are in good agreement with

11)those observed by Berman and Swift ' .
In each case of the above bivalent metal ions, however, 

any appreciable increases in the amounts of both of their 
free and bound ions could hardly be observed when the amount 
of sodium chloride added increased from 5 to 10 % .

Since the WHO of beef markedly decreased by increasing the 
amount of sodium chloride added from 5 to 10 % accompanied by 
the considerable decreases in the amounts of sol meat proteins, 
especially sol actomyosin, and the acidic and basic polar 
groups of sol meat proteins in beef, in the present case the 
behaviours of the above bivalent metal ions did not seem to 
have played any substantial role in the change in the WHO of 
beef, whereas the salting-out effect of the undesirably in­
creased amount of sodium chloride added may have principally 
been responsible for the significant decrease in the WHO of 
beef.

Since the pH values of the beef samples used in the present 
experiments were higher than the isoelectric point of meat 
proteins and the addition of sodium chloride shifts the iso­
electric point of meat proteins to a lower pH range in general, 
the amount of charged acidic polar groups of meat proteins may 
have increased by the addition of sodium chloride. According­
ly, it may be considered possible that not only Cl" ions but
also Na+ ions bind to the respectively counter charged polar9 10)groups of meat proteins, as reported by Sherman ' , and this
may conceivably lead to the cleavage of the electrostatic 
linkages between positively and negatively charged polar 
groups of meat proteins, viz., the salt linkages in meat 
proteins.

Further, it has been observed in the previous work of 
Berman and Swift ’ and also in the present work that the addi­
tion of a favourable amount of sodium chloride seems to have 
been appreciably effective in increasing the amount of free 
bivalent metal ions in meat presumably liberated from meat 
proteins by the cleavage of cross linkages in meat proteins
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possibly due to an ion exchange reaction with Na+ ions from 
sodium chloride added, and this may have conceivably promoted 
the loosening of the structure of meat proteins as pointed 
out by Hamm22-2^  .

Taking the above facts into consideration, it may be sug­
gested from the results of the present experiments that the 
addition of a favourable amount of sodium chloride may have 
resulted in the increase in the amount of sol meat proteins 
and the increases in the amounts of adidic arid basic charged 
polar groups of sol meat proteins presumably resulting from 
the loosening of the structure of sol meat proteins due to 
the increase in the electrostatic repulsion between positively 
and negatively charged polar groups of sol meat proteins and 
the cleavage of the salt linkages between positively and nega­
tively charged polar groups of sol meat proteins and also the 
cleavage of cross linkages in sol meat proteins, and conse­
quently the binding-amount of water molecules to those 
increased charged polar groups of sol meat proteins by hydro­
gen bonds may have possibly increased, which may have led to
the increase in the hydrophilic affinity of those increased 
sol meat proteins.

The mechanism of the WHO of meat is certainly much compli­
cated and the details of which still remain obscure, but the 
above facts may presumably be considered at least partly re­
sponsible for the improvement in the WHO of meat by the ad­
dition of a favourable amount of sodium chloride.

Furthermore, it has also been observed in our laboratory 
that the addition of sodium nitrite at the amount usually 
used in processing meat products, i.e. 0.02 i> sodium nitrite, 
caused a slight but appreciable increase in the WHO of meat, 
and the effect of nitrite on the WHO of meat seems particu­
larly of great interest in special connection with the inter­
action of nitrite and the g-amino groups of lysyl residues 
of meat proteins. Preparing bovine myosin and actomyosin, 
an investigation in the effect of nitrite on certain charac­
teristics of myosin and actomyosin is now in progress.
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