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Sodium and potassium mixtures can
reduce sodium levels
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approximately 13% of the US popuiation
on a sodium-restricted diet (7).

Many consurners are reluctant to sacri-
fice taste for the health benefits of low-
sodium foods; corisequently, the chailenge
is to develop products that match the ac-
ceptahility of salted foods (8). Many stud-
ies indicate that commercially available
salt substitutes (9-14) could provide sub-
stantial reduction in sodiam levels without
affecting the acc‘eptabﬂity of food. We con-
ducted a series of experiments in which
consumers rated the acceptance and per-
ceived saltiness of food iterms that variedin
sodium contentaccording to combinations
of sodium chloride {(NaCl), potassiuri chlo-
ride (KCI), or a mixture of NaCl and KCL

METHODS

Subjects and Procedure

Subjects eonsisted of 348 military and ci-
vilian voluriteérs from the US Army Natick
Research, Development, and Engineering
Center in Massachusetts. They were ran-
domly selected from a panel of 500 volun-
teers, 21% women and 79% men, aged 17
to 70 years.

Thestudy consisted of four experiments.
The same procediire was followed for each
experiment. Subjects were asked to rate
two identical samples of mashed potatoes
or vegetable juice. Within each experi-
ment, type arid concentration of sait were
between-subject variables. Afier rinsing
their mouth with bottled water, subjects
rated each sample for saltiness and accept-
ability. Saltiness was rated on a scale from
Oto 9in which O=not at all, 1=low salt, and
B=extremely salty. Acceptance was rated
using a 9-point hedonic scalé in which
I=dislike extremely, 5=neither like nor
dislike, and 9=like extremely.

Materials

Test foods included & simple product
(mashed potatoes) and a complex one
(vegetable juice); this rating was based on
the number of ingredients (15). The levels
of sodium in mashed potatoes (0.03% to
0.14%) and vegetable juice (0.03t00.60%)
were based on studies indicating that the
mostacceptable sodiium concentrationnwas
0.14% for mashed potatoes and between
0.25% and 0.60% for vegetable juice (16).
Recipes for mashed potatoes were pre-
pared with (&) no added sal¢, {(b) NaCl (c)
a I:1 mixture of NaCl and KCi, or (d) KCL.
Vegetable juice was purchased with and
without added salt. Samples of vegetable
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juice included the added salt sarmple.

1:1 mixture of NaCl and KCi, or (¢) KClto
the juice with no ddded salt.

RESULTS

Saltiness and Acceptance
Figure 1 shows the effect of sodivm Con—

centration on saltiness and acceptability
ratings of mashed potatoes in experiments

1 and 2. No significant differences ir galti-

ness were found. The data show, however :
that the sample containing only KClsiwas.

rated lower than the sample with noadded
salt, although both contained approxi-
malely the same sodium. concentration.
Acceptability for mashed potatoes variad
considerably in experiment 1; however,
only the 0.14% NaCl sample was found to
be significantly different from the sample
withnoadded salt.[f(3,56)=3.11;P<.05}. In
experiment 2, neither the perception of
saltiness nor the acceptability of the prod-
ucts differed significantly.

Figure 2 shows the data for salmness and

acceptability ratings of vegetable juices n -

experiments 1 and 2. In experiment T, the
perception of saltiness increased-as the
concentration of sodiumincreased. Analy-
sis of variance showed a sigrificant main
effect of concentration on saltiness. The
Newman-Keuls posthoc test demonstrated
differences between the lower concentra-

tions, 0.03% to 0.14% soditm, and the

higher concentrations, 0.25% to 0.27%
sodium (f{4,125])=7.97;, P«<.001). Similar
differences were found in experiment 2
between the lower and higher concentra-
tions of sodium (fj4,145]=4.2; P<.01). Ac-
ceptability in experiment 1 was highest for
vegetable juice between 0.14% and 0.27%
sodinm. The same level of 0.03% sodium
using vegetable juice as the vehicle and
prepared either with no added salt or KC1
was less acceptable than vegetable juices
prepared with higher concentrations of
sodium—~0.14% to 0.27% (f14,135]=13.73;
P<.05). In experiment. 2, accepiance rat-
ings did not differ across concentrations.

Pearson # correlations performed  on
vegetable jiice resulted in the following
correlations: +0.69 (P>.001) for saltiness
and +0.64 (P<.001) for acceptance. These
dataindicate that consumers canusethese
scales consistently.

DISCUSSION
The range of sodium concentrations in the
mashed potato experiments was narrow,
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pand
those prepared by adding (&) NaCl;:(b)-a
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therefore, it is not surprising that only one
significant- difference was found. The

“sample containing the KCl was perceived
© aslesssalty than the sample with no added

-salt, which contained the same sodium
. concentration. These two samples were
© rated as less acceptable than the other

samples and so were excluded from the
second study. Experimenss 1 and 2 showed

“that the 0.09% sample was similar to the

0.14% inperceived saltiness, whether com-
posed of NaCl or NaCl and KCl.

" Sodium concentrations in the vegetable
juice experiments covered a broad con-
centrationrange, 0.03% to 0.60%. In con-
{rast to what was found for mashed pota-
toes, perception of saliiness varied signifi-

_cantly. At the higher concentrations, the

perception of saltiness was the same even
though the concentrations differed. Simi-
lar findings were reported by Lymnch (17).
The lower concentrations in each study

-differed significantly from the higher con-

centrations..

Acceptance was related to salt concen—
trations in these vegetable juice experi-
ments. The perception of saltiness was
lowet for prodicts containing KCland var-
ied amongthese containing.-NaGLerMaCl/
KCl. When comparing the same concen-

trations of sodium (0.14%) using either

NaCl or NaCIVKC] in the vegetable juice,
the perception of saliiness was sirilar and
the acceptability ratings did not differ from
the higher concentrations (0.26% to

. 0.60% ). Results indicate that a commercial

salt substitute containing equal concen-

“trations of NaCland KClcanreplace higher

concentrations of NaCl without affecting
consumeraccepiance, Ainsworthetal (18)
reported similar findings.

APPLICATIONS

The findings of this study have the follow-
ing implications for commercial process-
ing: (&) reduce added sodium by one third
or more without affecting acceptance, (b)
develop and revise recipes using 0.15% to
(0.30% sodium concentrationas thebaseline
for initial acceptance testing, and (c) re-
formulate food and beverage products by
reducing the sodinm content by 30% to
50%. Such food alterations and less re-
strictive low-soditm diets may result in
improved compliance. i

This work was performed while

S. O Adams was employed by the US
Army Natick Research, Development,
and Engineering Cenier.
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FIG 1. Mean saltiness and acceptarnce ratings for mashed potatoes. Key Na =
sodiurm NaCl = sodium chloride; KCl = potassium-chloride. :

Experiment %:

9 8
74
=
H %
= 2]
by £
-
el 3
5 <
- wh
0.0 0.0 .14 "oz 0.zt 003 003 14 0.2% 07
NaCl KOl Nabl NaKOL  NaGl NaGi bel NaGl  Na/KCL  NaC!
GNA BNA
Experiment 2:
ke 8
7]
=
z 2
- =3
[™ Z
& =
=] B
] -
2] <
- w
G
009 014 0.14 ik} o5 0.0¢ oM 014 0z 06
NaKC: NGl HaCl  NaC/ NaCl Na/KCt  Na/KC!  NaCl  NaCi NHatl
%NA %NA

FIG 2. Mean saltiness and acceplance ratings for vegetable juice. Key: Na =
sodiwm; NaCl = sodium chloride; KCl = potassium chloride.
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