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ABSTRACT

Mixtures of sodium and potassium chlorides
ye been found much more palatable than one
)uld anticipate from the tastes of the individual
lorides. Sodium chloride masks the disagreeable
war of potassium chloride, and in addition mix-
res are nearly as salty as equal weights of sodium
,loride. They are therefore proposed as potential
blacements for ordinary salt in the diets of hy-
.rtensive patients and others requiring sodium-
stricted diets. Even though they still contain
diutn, they may prove useful since (a) present
It substitutes are unsatisfactory from the taste
endpoint, and (b) the introduction of thiazide
ugs has eliminated the necessity of drastic so-
urn restriction for most hypertensive patients.
The similar physical properties of sodium and
tassium chlorides also render their mixtures at-

wave as salt replacements; mixtures are visually
distinguishable from ordinary salt. Applications
ay exist for industrial food processing as well as
r salting of food in the home.
The extra intake of potassium resulting from the
e of these mixtures should pose no physiological

.oblerns. The amount thus added to the diet does
' t bring the total intake beyond normal limits.
aassium chloride, when taken orally, is almost
m-toxic.

Salt is essential in human nutrition. The use of
dium chloride is so common that Americans con-
me an average of 10 grams daily and inhabitants

certain areas of Japan as much as 27 grams

(Dahl, 1958a, b, c, 1960, 1961b; Meneely, 1961a).
Although the actual level needed by the human
body has not been reliably established, Dahl
(1958b, c) has shown that daily ingestion of only
250-375 milligrams of sodium chloride (100-150
mg. sodium) by adults can be maintained without
any apparent signs of abnormalities. Salt intake is
not a concern of most people; however certain dis-
ease conditions for years have been treated by salt
restriction.

The most common of such diseases is hyperten-
sion or high blood pressure (Dahl, 1954, 1963;
Food and Nutrition Board, 1954; Pike, 1964;
Ambard, 1904; Allen, 1922; Kemper, 1944, 1948;
GrolIman, 1945; and Addison, 1928). Dahl (1958
b, c, 1961a) has stated that one-fourth to one-third
of hypertensive patients respond with a reduction
in blood pressure when put on a salt-restricted diet.
Various other diseases also respond to salt restric-
tion: edematous heart disease (Achard, 1901), con-
gestive heart failure (Wheeler, 1947; !seri, 1950;
Food and Nutrition Board, 1954; Pike, 1964),
renal diseases, cirrhosis of the liver, toxemias of
pregnancy and Meniere's disease (Food and Nutri-
tion Board, 1954; Pike, 1964).

The major difficulty encountered with salt re-
striction is one of taste. Unsalted food is unpalat-
able to most persons. For this reason various "salt
substitutes" have been developed. Those most
commonly used are based on potassium chloride,
which has an unpleasant, rather bitter taste. Com-
binations of potassium chloride with citric or other
acids, monopotassium glutamate, choline,
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ammonium chloride or spices are often used, but
these do not have the agreeable, salty flavor of
sodium chloride (Food and Nutrition Board, 1954;
Pike, 1964). Lithium chloride, both palatable and
salty is toxic to humans and cannot be used (Schou,
1957).

In an effort to reduce sodium intake in hyper-
tensive patients without depriving them of a palat-
able salty seasoning, we have studied mixtures of
sodium and potassium chlorides.

Sodium-potassium chloride mixtures.
Our experiments with different mixtures of so-

dium and potassium chlorides have shown that in
mixture the disagreeable flavor of the potassium is
masked. A panel of 72 students from Michigan
State University tasted solutions of potassium chlo-
ride alone and various mixtures of sodium and
potassium chloride solutions. The results (Fig. 1)

PER CENT NCI CONSTANT AT 0 i0V.

Figure L

show that a 0.064% solution of potassium chloride
was bitter to 67% of the panelists. A 0.4% solution
of potassium chloride alone was so bitter to all
panelists that it could not be accurately evalu-
ated—the complaint was that the bitter flavor
lingered and interfered with subsequent tasting.
However, this same concentration of potassium
chloride in mixture with 0.1% sodium chloride
tasted bitter to only 24% of the panelists.

Further tasting experiments revealed that potas-
sium chloride at concentrations above the taste
threshold of 0.025-0.050% contributes its own salt-
iness to almost the same extent as that of ordinary
salt (Fig. 2). Weight-for-weight, then, mixtures are
almost as salty as sodium chloride.
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Figure 2.

Additional tests were carried out to evaluate the
mixtures of sodium and potassium chlorides under
actual cooking and eating conditions. Twelve grad-
uate students majoring in foods and nutrition were
provided a noon meal for ten days. Each day all
panelists received the same meal. The same menu
was followed for five days. A different "salt" was
used on each day of each five-day period, both for
cooking and at the table. This salt ranged from
pure sodium chloride to mixtures of sodium chlo-
ride with increasing concentrations of potassium
chloride. Each panelist had an individual shaker,
and the weight of "salt" used from each shaker was
determined after each meal. The average amount of
the various "salts" used by each panelist was:
100% NaCl, 2.30 g.; 80% NaCI: 20% KCI, 2.25 g.;
70% NaCI: 30% KCI, 2.25 g.; 60% NaCl: 40% KCI,
2.25 g.; 40% NaCI: 60% KCI, 3.05 g. Individual
values, unlike these averages, showed a great deal
of variation, indicating that the panelists salted
their food by taste rather than habit. Mixtures con-
taining up to about one-half potassium chloride
thus appear to be as salty as sodium chloride. None
of the panelists in this study indicated unpleasant
or unusual reactions to foods prepared and sea-
soned at the table with mixtures of sodium and
potassium chlorides. In fact, none of the twelve
panelists guessed it was the table salt that was be-
ing varied.

The taste experiments have shown that mixtures
of sodium and potassium chlorides can be con-
sidered both palatable and salty and, as such, are
feasible in reducing sodium intake in salt-restricted
patients. These mixtures cannot be called "salt sub-
stitutes" because sodium is still present. However,
since the introduction of thiazide drugs for the
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treatment of hypertension, the hypertensive pa-
tient no longer needs such drastic salt restriction.
Consider for example use of a 1:1 mixture by
weight. This ratio may have some advantages since
it provides only half as much sodium as does ordi-
nary salt, yet its palatability is favorable to a large
percentage of the population. A salt-restricted pa-
tient using it at the table instead of salt can achieve
twice as much "saltiness" without affecting his
total sodium intake. Such a mixture contains
19.65% sodium and 26.20% potassium.

The physical properties of potassium chloride
make it technically an ideal substance for mixing
with ordinary salt. Both salts are colorless, trans-
parent cubic crystals with similar refractive indices
obtainable in any desired particle size. Thus, visu-
ally a mixture of the two is indistinguishable from
pure sodium chloride. The specific gravity of so-
dium chloride (2.16) is similar to that of potassium
chloride (1.99) so that mixtures will not segregate.
Critical humidities for sodium and potassium chlo-
rides (76% and 86% and 25°C) are such that mix-
tures can be protected from caking by the same
freeflowing additives as are used with sodium chlo-
ride. Mixtures can be readily iodized.

These similar properties make possible the use of
sodium-potassium chloride mixtures in food proc-
essing as a replacement for ordinary salt for die-
tetic purposes. Testing has shown this to be
possible even where salt has a functional use in
addition to its taste effect, as in baking bread and
curing meat. Loaves of bread made with sodium
chloride, potassium chloride or a 1:1 mixture of
these two salts were very similar in dough fermen-
tation, carbon dioxide retention, loaf volume, tex-
ture, crust and toasting properties. Panelists tasting
fresh and day-old breads indicated little or no pref-
erence between breads containing sodium chloride
and the 1:1 mixture; whereas all panelists disliked
the bread containing potassium chloride alone.'
Similar experiments with hams showed all three
salts effective in producing the visible effects asso-
ciated with curing. Again, ham cured with potas-
sium chloride was unpalatable, while that cured
with both ordinary salt and the 1:1 mixture was
palatable (unpublished observations).

Implications of extra potassium.
Practicable from the standpoints of taste and

physical properties, adoption of sodium-potassium
chloride mixtures is also unobjectionable taking
into consideration the additional dietary potas-
sium.

As a normal and essential dietary constituent
potassium occurs in as high concentration in the

human body as sodium (Forbes, 1956). The aver-
age intake of potassium according to a survey by
Michelson (1962) of teen-age and adult groups in
various cities is 4.6 grams (118 mEq) per day with
a range among groups of 2.5 to 7.7 grams. The
average daily intake as concerns sodium chloride is
about 10 grams (containing 4.1 g, or 180 mai so-
dium) with large individual variation (Dahl, 1958a,
b, c, 1960, 1961b; Meneely, 1961a). Approxi-
mately half the salt intake represents that which is
in the food as purchased (1.94 g. sodium), while
the other half is added during cooking and at the
table (Sherman, 1952). On the basis of these re-
ported average intakes, the dietary Na:K gram-
atomic ratio is about 1.53.

If the estimated average. 5 grams of salt con-
tributed to the 'diet by cooking and table use were
replaced by 1:1 mixture by weight of sodium and
potassium chlorides, then the average daily intake
of sodium would be reduced from 4.1 to 3.1
grams, the intake of potassium would be increased
from 4.6 to 5.9 grams, and the Na:K gram-atomic
ratio would change from 1.53 to 0.89. This in-
crease in potassium is well within the: normal range
cited by Michelson et aL, (1962) and the new Na:K
ratio would approximate the 0.97 ratio: as calcu-
lated from the sodium and potassium contents of
typical diets as purchased, before being salted in
the home (Sherman, 1952).

The increase in potassium intake associated with
the use of a 1:1 mixture should pose no toxicologi-
cal problems. Winkler (1939),: Keith (1942), Dar-
row (1945), and their co-workers have shown that
dangers from orally ingested potassium salts are re-
mote except in cases of severe kidney disturbances.
Even then, the condition of patients with kidney
disease must be extreme before there is any danger
from potassium. This was emphasized by Winkler,
Hoff and Smith (1941), who stated: "It is unlikely
that the conditions necessary for fatal poisoning by
oral potassium administration can occur in patients
with nephritis so long as urine is being excreted.
The relatively slow absorption, the vomiting when
large doses are given, the mode of distribution in
the body and most important of all, the continued
ability of the most severely damaged nephritic kid-
ney to excrete potassium all combine to make such
poisoning very difficult to bring about."

Furthermore, the potassium content of this salt
mixture may actually aid in reducing the incidence

1. This experiment was done by the W.E. Long Co.—I.B.C., Chicago,
EL, under the direction of Mr. Douglas J. Kirk, Director, Production
and Research.
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of some forms of hypertension. This suggestion is
based on reports from a number of clinicians on
the therapeutic uses of potassium for ameliorating
hypertension. Addison (1928) suggested treating
hypertensive patients with potassium salts as his
experiments showed a drop in the blood pressure
of patients receiving potassium salts. Priddle (1931,
1962; Nutrition Reviews, 1962) has routinely
treated large numbers of hypertensive patients with
a low-sodium regimen—supplemented with added
potassium salts. He noted that the drop in blood
pressure was greater than could be attributed to
the salt-restricted diet alone and further that the
clinical condition and well-being of the patient was
improved.

Animal experiments have corroborated these
clinical findings. Gordon (1956) reported a de-
crease in blood vessel damage as judged by intesti-
nal hemorrhages when hypertensive rabbits were
given a 1% potassium chloride solution to drink,
although the potassium supplement had no effect
on the blood pressure. Bach (1956) and Hilker
(1965) and their coworkers changed the dietary
sodium-to-potassium ratio in favor of potassium in
hypertensive rats and found the rise in blood pres-
sure to be moderated but not prevented. Similar
results with hypertensive dogs have recently been
reported in Japan (Nose, 1966).

Meneely and coworkers (1957, 1958, 1961b)
have demonstrated the protective effects of potas-
sium chloride on rats made hypertensive by feeding
of high levels of sodium chloride. While potassium
chloride reduced blood pressures only in the most
hypertensive rats, the survival times of all hyper-
tensive rats were significantly increased. For exam-
ple, the fifty-percent survival time for 37 rats fed a
ration containing 5.6% sodium chloride and 0.66%
potassium chloride was 20 months; for 43 rats fed
a ration containing 5.6% sodium chloride and 2.9%
potassium chloride, the time was 27 months; for
53 control rats fed a ration containing 1.1% so-
dium chloride and 0.66% potassium chloride, the
time was 22.5 months.'

Thus, the incorporation of potassium chloride
into ordinary table salt appears worthy of consider-
ation for therapeutic purposes.

Such mixtures provide a palatable seasoning
with a reduced sodium content while tasting as
salty as ordinary salt. Extra potassium for hyper-
tensives not only appears safe but may have a bene-
ficial effect per se. Tobian (1960, p. 308)
emphasized this when he stated: "An alteration of
the amounts of sodium and potassium in the diet
of populations susceptible to hypertension may be

the most practical way to decrease the incidence of
the disease."
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