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Table 1 Comaparison of water activity estimated from Eq. 2[(aw)o] and Eq. 3[(aw)u].

Temperature(°C) | (@), (@), | Deviation(%)
-1 0.99033| 0.99036| 0.0030333
-2 0.98067| 0.9808 0.013254
-5 0.95186| 0.95261 0.078732
-10 0.90435| 0.90727 0.32185
-15 0.857501] 0.86391 0.74198
-20 0.811371 0.82247 1.3496
-25 0.76602| 0.78289 2.1548
-30 0.72149| 0.74512 3.1713
-35 0.67784| 0.70911 4.4098
-40 0.63513| 0.67479 58774
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Table 2 Comaparison of waler activity measured by relative humidity (0°C) and

freezing point depression for various aqueous solutions.

AqQueous solution | Relative humidity | Freezing point depression
Urea(2M) 0.951 0.956
NaCl(0.87M) 0.933 0.929
Formamide(2M) 0.957 0.963
Sucrose(2M) 0.904 0.905
PEG200(30%) 0.937 0.939
1.0

0.95 |

0.90 |

Aw

0.85 |

[l*TTTl
/s
o

0.80 |

0.75 ' '

0.0 0.050 0.10 0.15
Xs

Fig.1 Water activity of agueous solutions of monovalent ions
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Fig.2 Activity coefficient of water for aqueous

solutions of monovalent ions
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Fig.3 Relationship between o and B-coefficient of
viscosily for aqueous solutions of monovalent ions.
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Table 3

Comparison of water activity measured and that predicted

by Ross equation for ternary system with organic acid.

NaCl | Acetic acid | NaOH | Aw(measured) | Aw(predicled)
0.9649
10.0% 0.9233
10.0% 0.8934
Mix 0.8788 0.8908
Mix 0.8733 0.8620
NaCl | Citric acid | NaOH
10.0% 0.9858
10.0% 0.9233
10.0% 0.8934
Mix 0.9120 0.9102
Mix 0.9328 0.8807

Table 4 Comparison of water activily mcasured and that predicted by—Ross
equation for ternary systems with PEG, NaCl, and waler.

Temp.(°C) | 30%PEG | 5% NaCl| Mixture Predicted | %error
PEG200 0 0.937 0.933 0.895 0.874 -2.346
25 0.939 0.976 0.905 0.925 -2.210
PEG400 0 0.956 0.933 0.906 0.892 -1.545
25 0.970 0.976 0.937 0.947 1.067
PEG4000 0 0.973 0.933 0.919 0.907 -1.305
25 0.981 0.976 0.951 0.957 -0.630
PEG15000 0 0.968 0.933 0.939 0.903 -3.834
25 0.976 0.976 0.967 0.953 -1.448
PEG20000 0 0.961 0.933 0.918 0.897 -2.288
25 0.967 0.976" 0.942 0.943 -0.106
PEG35000 0 0.972 0.933 0.944 0.907 -3.919
25 0.980 0.976 0.950 0.956 -0.632
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Fig.4  Temperature-dependency of water activity for
ternary systems with NaCl, xanthan, and water.
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Fig. 5 Temperature-dependency of water activity far
ternary systems with NaCl, pectin, and water.
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Solution thermodynamical analysis of +the interaction
between salts and food components

Osato Miyawaki and Hitoshi Kumagai
Department of Applied Biological Chemistry,
The University of Tokyo

Summary

The mutual interaction of salts and food components were
investigated through the analysis of ‘the water activity measured
by the freezing-point depression. The measurement of freezing-
point depression, as compared with the measurement of the
relative humidity, is easier, rapid in the measurement time, and
applicable to the system including volatile components.

The concentration dependency of the water activity (aw) of
aqueous solutions of salts, such as NaCl, KC1 and LiCl, was
described well by the following two parameter equation for the
activity coefficient of water (yuw).

auw =Xu Yu (2)

Inyu =aXs? +0Xs 3 (3)
where, Xu and X: are the molar fraction of water and solute,
respectively. Although the concept of water activity is useful
in the food preservation through the effect on the growth of
microorganisms, no information on the solution structure is
given by the water activity. Therefore, the relatinship between
the activity coefficient of water and the solution structure was
analyzed. The parameters o and # in the Eq.(2) were proved to
have a good correlation with the B-coefficient of viscosity for
the solutions of monovalent ions. As the B-coefficient of
viscosity is established to be an index of the solution
structure, the parameters o and f in Eq.(2) can be a new index
of the solution structure.

The solute-solute interaction was analyzed from the
difference in the water activities measured and predicted by the
theory neglecting the solute-solute interaction for multicompo-
nent systems including salts. Apparently the solute-solute
interaction was very weak for the solution of salt mixed with
sugars and nonelectolytic polymers while it was strong for the
system with salt mixed with organic acids (acetic acid, citric
acid) or polyeclectrolytes (xanthan, pectin).
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