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and a centrate. The salt substitute precursor includes water, a chloride salt, a
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a slurry. The salt substitute includes a chloride salt, a food grade acid, and an
anticaking agent. The salt substitute includes potassium chloride and is in the
form of a crystalline solid including at least 95 wt% of the chloride salt, up to
1 wt% of the food grade acid, and up to 1 wt% of the anticaking agent.
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LOW SODIUM SALT SUBSTITUTE WITH POTASSIUM CHLORIDE

CLAIM OF PRIORITY
[0001] This application claims priority to U.S. Patent Application No. 62/560,117
entitled “LOW SODIUM SALT SUBSTITUTE WITH POTASSIUM CHLORIDE”
and filed on September 18, 2017, which is incorporated herein by reference in its

entirety.

TECHNICAL FIELD
[0002] The present disclosure is related to a low sodium salt substitute with

potassium chloride.

BACKGROUND
[0003] Salt, or sodium chloride (NaCl), is well known. While salt imparts a
desirable flavor to food, too much use can result in long term adverse health risks.
Because of the proliferation of salt in prepared foods and other products found in
grocery stores, many people exceed the average recommended daily intake. Exceeding
the recommended daily intake of sodium is a significant risk factor in developing high
blood pressure and a cause or contributing factor in the rising incidence of heart
disease. As such, medical professionals and governmental authorities recommend a
reduction in per capita salt consumption of from about 10 to 12 g per day to alevel of
about 6 g per day, which is equivalent to 2400 mg of sodium.
[0004] The most recent Dietary Guidelines issued in the U.S. suggest a proposed
consumption limit of 2300 mg of sodium per day, and the American Heart Association
even suggests a more stringent limit of 1500 mg of sodium per day. The Institute of
Medicine also recommends a potassium consumption limit of 4,700 mg per day.
Typically, potassium consumption is less than half of that level.
[0005] Because of these and other reasons, there are a variety of salt substitutes on
the market. One approach to production of salt substitutes involves combining sodium
and potassium salts, or occasionally magnesium salts, in various ratios and adding a
wide variety of other additives to this mix. The other additives are typically added to

mask or at least partially reduce the metallic or bitter taste of potassium that has been
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associated with salt substitutes containing potassium. However, off flavors in salt

substitutes have limited their widespread acceptance.

SUMMARY
[0006] In a first general aspect, a salt substitute precursor includes a mixture of
water, potassium chloride, a food grade acid, and an anticaking agent. A pH of the salt
substitute precursor is between 2 and 4, and the salt substitute precursor is a saturated
or supersaturated solution, a suspension, or a slurry.
[0007] Implementations of the first general aspect may include one or more of the
following features.
[0008] The food grade acid may be citric acid. The anticaking agent may include
at least one of sodium aluminosilicate, sodium ferrocyanide, potassium ferrocyanide,
calcium carbonate, magnesium carbonate, tricalcium phosphate, and silicon dioxide.
The mixture may include sodium chloride. In some cases, the salt substitute precursor
is a homogeneous solution. A pH of the salt substitute precursor is typically in a range
between 3 and 4. The salt substitute precursor may include less than 80 wt% water,
less than 70 wt% water, less than 65 wt% water, or less than 60 wt% water.
[0009] In a second general aspect, a salt substitute includes potassium chloride or
solvated portions thereof, citric acid or solvated portions thereof, and an anticaking
agent or solvated portions thereof. The salt substitute includes at least 1 wt% citric
acid.
[0010] Implementations of the second general aspect may include one or more of
the following features.
[0011] The salt substitute may include at least 96 wt%, at least 97 wt%, at least 98
wt%, or less than 99 wt% potassium chloride. The salt substitute may include 0.1 wt%
to 2 wt% of the anticaking agent. The salt substitute may include 0.1 wt% to 5 wt%
citric acid. The salt substitute may include sodium chloride. An aqueous solution
formed by dissolving the salt substitute in water having a pH of 7 vields a solution
having a pH between 4 and 5.
[0012] In a third general aspect, making a salt substitute includes forming a salt
substitute precursor including a mixture of water, potassium chloride, a food grade
acid, and an anticaking agent. A pH of the salt substitute precursor is between 2 and 4,

the salt substitute precursor is a saturated or supersaturated solution, a suspension, or a
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slurry, and a temperature of the salt substitute precursor is less than 240 °F. The third
general aspect further includes providing the salt substitute precursor to a centrifuge,
and centrifuging the salt substitute precursor to yield a salt substitute in the form of a
solid and a centrate.

[0013] Implementations of the third general aspect may include one or more of the
following features.

[0014] The salt substitute may be a homogeneous composition. The salt substitute
may include less than 5 wt% water. Some implementations include washing the salt
substitute with the centrate and drying the salt substitute to yield a dried salt substitute,
wherein the dried salt substitute comprises less than 1.5 wt% water.

[0015] In a fourth general aspect, a salt substitute precursor includes water, a
chloride salt, a food grade acid, and an anticaking agent. The chloride salt includes
potassium chloride. A pH of the salt substitute precursor is between 2 and 4, and the
salt substitute precursor is a saturated or supersaturated solution, a suspension, or a
slurry.

[0016] Implementations of the fourth general aspect may include one or more of
the following features.

[0017] The food grade acid may include at least one of acetic acid, ascorbic acid,
benzoic acid, citric acid, fumaric acid, lactic acid, malic acid, tartaric acid, lemon
juice, hydrochloric acid, and phosphoric acid. The anticaking agent may include at
least one of sodium aluminosilicate, sodium ferrocyanide, potassium ferrocyanide,
calcium carbonate, magnesium carbonate, tricalcium phosphate, and silicon dioxide.
The chloride salt may further include sodium chloride.

[0018] The salt substitute precursor is typically free of a carrier. A pH of the salt
substitute precursor is typically between 3 and 4. In some cases, the salt substitute
precursor is a homogeneous solution. Water may comprise less than 80 wt%, less than
70 wt%, less than 50 wt%, or less than 25 wt% of the salt substitute precursor.

[0019] In a fifth general aspect, a salt substitute includes a chloride salt, a food
grade acid, and an anticaking agent. The salt substitute includes potassium chloride,
and is in the form of a crystalline solid including at least 95 wt% of the chloride salt,
up to 1 wt% of the food grade acid, and up to 1 wt% of the anticaking agent.

[0020] Implementations of the fifth general aspect may include one or more of the

following features.
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[0021] In one implementation, the salt substitute includes at least 98 wt% of the
chloride salt, up to 1 wt% of the food grade acid, and up to 1 wt% of the anticaking
agent. In one implementation, the salt substitute includes at least 99 wt% of the
chloride salt, up to 0.1 wt% of the food grade acid; and up to 0.1 wt% of the anticaking
agent.

[0022] In some cases, the chloride salt includes at least 99 wt% potassium
chloride. In certain cases, the chloride salt further includes sodium chloride, and the
salt substitute is in the form of a particulate combined crystalline solid, where each
particle of the combined crystalline solid includes a region consisting essentially of
potassium chloride in direct contact with a region consisting essentially of sodium
chloride. In some cases, the chloride salt includes 1 wt% to 90 wt% sodium chloride
and 10 wt% to 99 wt% potassium chloride.

[0023] The food grade acid may include at least one of acetic acid, ascorbic acid,
benzoic acid, citric acid, fumaric acid, lactic acid, malic acid, tartaric acid, succinic
acid, lemon juice, hydrochloric acid, and phosphoric acid. In some cases, the salt
substitute includes at least 0.01 wt% of the food grade acid (e.g., 0.01 wt% to 0.5 wt%
of the food grade acid, or 0.01 wt% to 0.1 wt% of the food grade acid). The anticaking
agent typically includes at least one of sodium aluminosilicate, sodium ferrocyanide,
potassium ferrocyanide, calcium carbonate, magnesium carbonate, tricalcium
phosphate, and silicon dioxide. The salt substitute may include at least 0.001 wt% or
at least 0.01 wt% of the anticaking agent. An aqueous solution formed by dissolving
the salt substitute in water having a pH of 7 yields a solution having a pH between 4
and 5. The salt substitute is substantially free of a metallic taste.

[0024] In a sixth general aspect, making a salt substitute includes forming a salt
substitute precursor, providing the salt substitute precursor to a centrifuge, and
centrifuging the salt substitute precursor to yield a salt substitute in the form of a solid
and a centrate. The salt substitute precursor includes a mixture of water, a chloride
salt, a food grade acid, and an anticaking agent. The chloride salt includes potassium
chloride. The salt substitute precursor is a saturated or supersaturated solution, a
suspension, or a slurry, and a pH of the salt substitute precursor is between 2 and 5.
[0025] Implementations of the sixth general aspect may include one or more of the

following features.
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[0026] The salt substitute may be washed with the centrate. The chloride salt may
further include sodium chloride. The salt substitute is typically in the form of a
combined crystalline solid including particles, wherein each particle of the combined
crystalline solid includes a region consisting essentially of potassium chloride in direct
contact with a region consisting essentially of sodium chloride. A temperature of the
salt substitute precursor provided to the centrifuge is typically less than 240 °F. A pH
of the salt substitute precursor is typically between 2 and 4.

[0027] The details of one or more implementations of the subject matter described
in this specification are set forth in the accompanying drawings and the description
below. Other features, aspects, and advantages of the subject matter will become

apparent from the description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS
[0028]  The patent or application file contains at least one drawing executed in
color. Copies of this patent or patent application publication with color drawing(s) will
be provided by the Office upon request and payment of the necessary fee.
[0029] FIG. 1 is a flowchart showing a process for preparing a salt substitute with
potassium.
[0030] FIGS. 2A and 2B show energy dispersive X-ray spectroscopy (EDS) and
scanning electron microscopy (SEM) images, respectively, of the salt substitute
prepared as described in Example 1.
[0031] FIGS. 3A and 3B show EDS and SEM images, respectively, of the salt
substitute prepared as described in Example 2.
[0032] FIGS. 4A and 4B show EDS and SEM images, respectively, of the

comparative salt substitute prepared as described in Comparative Example 1.

DETAILED DESCRIPTION
[0033] FIG. 1 shows process 100 for preparing a salt substitute with potassium.
[0034] In 102, a salt substitute precursor is formed. The salt substitute precursor
includes water, a chloride salt, a food grade acid, and an anticaking agent. The
chloride salt includes potassium chloride, and may also include sodium chloride. The
salt substitute precursor may be formed by combining components including water, a

chloride salt, a food grade acid, and an anticaking agent. Suitable food grade acids
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include organic acids and mineral acids. Examples of suitable organic food grade
acids include acetic acid, ascorbic acid, benzoic acid, citric acid, fumaric acid, lactic
acid, succinic acid, malic acid, tartaric acid, and compositions such as lemon juice that
include one or more organic acids. Examples of suitable mineral acids include
hydrochloric acid and phosphoric acid. Suitable anticaking agents include sodium
aluminosilicate, sodium ferrocyanide, potassium ferrocyanide, calcium carbonate,
magnesium carbonate, tricalcium carbonate, and silicon dioxide. In some
embodiments, the salt substitute precursor consists of or consists essentially of a
mixture of water, potassium chloride, a food grade acid, and an anticaking agent. As
used herein, the phrase “consists essentially of”” generally refers to a composition that
includes at least 99 wt% of the components that follow the phrase. In one example, for
a salt substitute precursor that consists essentially of a mixture of water, potassium
chloride, a food grade acid, and an anticaking agent, these components make up at
least 99 wt% of the salt substitute precursor. In some cases, the salt substitute
precursor includes sodium, and the salt substitute precursor is formed by combining
sodium chloride with other salt substitute precursor components. In some
embodiments, the salt substitute precursor consists of or consists essentially of a
mixture of water, potassium chloride, sodium chloride, a food grade acid, and an
anticaking agent. In some embodiments, the salt substitute precursor is free or
substantially free of a carrier. As used here, “carrier” generally refers cereal flours or
starches (such as wheat flour and rice flour), fruit flour or starches (such as banana
flour), root flours or starches (such as potato flour and tapioca flour),
monosaccharides, disaccharides, oligosaccharides, polysaccharides (such as
maltodextrin), and natural and artificial sweeteners (such as honey, cane sugar, beet
sugar, and Stevia), and “substantially free” of a carrier refers to 1 wt% or less of a
carrier. The salt substitute precursor may include one or more additional components,
such as one or more mineral salts. Examples of suitable mineral salts include
magnesium chloride and calcium chloride.

[0035] Forming the salt substitute precursor includes mixing the components of
the salt substitute precursor to yield a homogenous solution or a mixture including
suspended solids. Mixing the components of the salt substitute precursor may occur at
any temperature above a freezing point and below a boiling point of the salt substitute

precursor. In some cases, mixing the components of the salt substitute precursor
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occurs at a temperature between ambient temperature and 240 °F. In some examples,
mixing the components of the salt substitute precursor occurs at a temperature between
20 °F and 240 °F, between 80 °F and 180 °F, or between 100 °F and 160 °F

[0036] Forming the salt substitute precursor typically includes heating the
components of the salt substitute precursor. The salt substitute precursor may be
heated to a boiling temperature of the salt substitute precursor. In some cases, the salt
substitute precursor is heated to a temperature of at least 50 °F or at least 120 °F. In
certain cases, the salt substitute precursor is heated to a temperature of at least 140 °F,
at least 160 °F, or at least 240 °F. The salt substitute precursor may be heated to a
temperature suitable to achieve a total dissolved and suspended solids content of 25
wt% to 50 wt%, 20 wt% to 80 wt%, 40 wt% to 80 wt%, or 45 wt% to 75 wt% total
solids.

[0037] Mixing the salt substitute precursor, heating the salt substitute precursor, or
mixing and heating the salt substitute precursor typically occurs for a length of time
sufficient to form a homogenous solution, a suspension, or a slurry. In some cases, the
salt substitute precursor is heated and mixed for a length of time in a range between 1
and 100 minutes, between 10 and 90 minutes, between 15 minutes and 80 minutes,
between 20 minutes or 40 minutes, or between 20 minutes and 60 minutes.

[0038] The salt substitute precursor may include 0.1 wt% to 5 wt%, 0.1 wt% to 4
wt%, 0.1 wt% to 3 wt%, 0.1 wt% to 2 wt%, or 0.1 wt% to 1 wt% food grade acid. In
some cases, the salt substitute precursor includes 0.1 wt% to 5 wt%, 0.1 wt% to 4 wt%,
0.1 wt% to 3 wt%, 0.1 wt% to 2 wt%, or 0.1 wt% to 1 wt% anticaking agent.

[0039] A pH of the salt substitute precursor may be less than 7, less than 6, less
than 5, or less than 4. In some cases, a pH of the salt substitute precursor is between 2
and 4, between 2 and 5, between 3 and 6, between 4 and 6, between 3 and 5, between
3.5 and 5.5, between 3 and 4, or between 4 and 5. The salt substitute precursor may be
a homogeneous solution, or may include suspended solids. In some cases, the salt
substitute precursor is a saturated or supersaturated solution. In one example, the
solids content of the salt substitute precursor exceeds the saturation point by at least 10
wt%. The salt substitute precursor may include 20 wt% to 80 wt%, 40 wt% to 80
wt%, or 45 wt% to 75 wt% total solids. In one example, the salt substitute precursor
includes 30 to 45 wt% total solids. The salt substitute precursor typically includes less

than 80 wt% water. In some examples, the salt substitute precursor includes less than
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75 wt%, less than 70 wt%, less than 65 wt%, or less than 60 wt% water. In some
examples, the salt substitute precursor includes 5 wt% to 25 wt% water.

[0040] For a salt substitute precursor including, consisting of, or consisting
essentially of a mixture of water, potassium chloride, a food grade acid, and an
anticaking agent, suitable amounts of these components include 20 wt% to 75 wt%
water, 20 wt% to 75 wt% potassium chloride, 0.1 wt% to 5 wt% food grade acid, and
0.1 wt% to 5 wt% anticaking agent. However, embodiments include all combinations
of various component ranges disclosed herein.

[0041] For a salt substitute precursor including, consisting of, or consisting
essentially of a mixture of water, potassium chloride, sodium chloride, a food grade
acid, and an anticaking agent, suitable amounts of these components include 20 wt% to
95 wt% water, 2 wt% to 75 wt% potassium chloride, 2 wt% to 75 wt% sodium
chloride, 0.1 wt% to 5 wt% food grade acid, and 0.1 wt% to 5 wt% anticaking agent.
However, embodiments include all combinations of various component ranges
disclosed herein.

[0042] In 104, the salt substitute precursor from 102 is centrifuged to vield a
centrate and a salt substitute in the form of a solid. The salt substitute precursor may
be provided to the centrifuge continuously or intermittently via a conduit. A
temperature of the salt substitute precursor provided to the centrifuge is typically
above 20 °F and up to 240 °F. In some cases, the salt substitute precursor is at ambient
temperature before centrifuging. Suitable centrifuges include but are not limited to
pusher centrifuges, disc stack centrifuges, decanter centrifuges, and basket centrifuges.
The salt substitute may be in the form of a solid cake or in particulate form. The salt
substitute typically includes at least 90 wt% total solids or at least 99 wt% total solids.
In some cases, the salt substitute includes 90 wt% to 95 wt% total solids. A water
content of the salt substitute is typically less than 10 wt%, less than 5 wt%, or less than
2 wt%. Thus, the salt substitute with less than 10 wt%, less than 5 wt%, or less than 2
wt% water can be prepared from the salt substitute precursor without the addition of
heat to remove the water.

[0043] The centrate from 104 typically has a solids content between 20 wt% and
50 wt%, or between 30 wt% and 40 wt%. A pH of the centrate is typically in a range
between 2 and 4 or between 2 and 5, for example, between 2 and 3, or between 3 and

4,
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[0044] In 106, the salt substitute is washed. Washing the salt substitute typically
includes contacting the salt substitute with a wash liquid including water, with or
without one or more other solvents. The wash liquid may include one or more
additives. In some embodiments, the wash liquid includes a food grade acid, such as
citric acid. In one example, the centrate is collected and used as the wash liquid.
When the centrate is used as the wash liquid, salt substitute precursor components
remaining in the centrate may be added to the salt substitute, thereby increasing
recovery of the components in the salt substitute precursor. The salt substitute formed
during 104 may be washed while the salt substitute is being formed. That is, 104 and
106 may occur at the same time.

[0045] In 108, the salt substitute is dried to yield a dry salt substitute. Drying the
salt substitute may include heating the salt substitute to reduce a water content of the
salt substitute to less than 5 wt%, less than 4 wt%, less than 3 wt%, less than 2 wt%, or
less than 1 wt%. Examples of suitable dryers include fluid bed dryers, rotary dryers,
flash dryers, belt dryers, microwave dryers, and tray dryers.

[0046] In 110, the salt substitute is milled. Milling may include forming particles
or reducing a particle size of the salt substitute.

[0047] In 112, the salt substitute is sifted.

[0048] In 114, the salt substitute is packaged.

[0049] The salt substitute is in crystalline form. The salt substitute includes,
consists of, or consists essentially of a chloride salt, a food grade acid, and an
anticaking agent. In some cases, the salt substitute may be a chemically homogeneous
composition that includes, consists of, or consists essentially of potassium chloride or
ionic components thereof (e.g., potassium ions and chloride ions), citric acid or ionic
components thereof (e.g., citrate and hydrogen ions), and an anticaking agent or ionic
components thereof (e.g., anions, cations, conjugate acids, or conjugate bases of the
anticaking agent). In some cases, the salt substitute includes, consists of, or consists
essentially of potassium chloride or ionic components thereof, sodium chloride or
1onic components thereof (e.g., sodium ions and chloride ions), citric acid or ionic
components thereof, and an anticaking agent or ionic components thereof. For salt
substitutes including potassium chloride and sodium chloride, the salt substitute is

typically a combined crystalline solid in the form of particles, where each particle
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includes a region consisting of or consisting essentially of potassium chloride in direct
contact with a region consisting of or consisting essentially of sodium chloride.

[0050] As used herein with respect to content in a salt substitute precursor or salt
substitute, a component is understood to include its ionic and nonionic forms. As used
herein, “potassium chloride™ is understood to include any combination of potassium
chloride, potassium ions, and chloride ions); “citric acid” is understood to include any
combination of citric acid and its conjugate base(s) (e.g., citrate) and hydrogen or
hydronium ions; “sodium chloride” is understood to include any combination of
sodium chloride, sodium ions, and chloride ions); and “anticaking agent” is understood
to include any combination of the anticaking agent, and its nonionic and ionic forms,
including its conjugate acid(s), base(s), or both.

[0051] In some embodiments, the salt substitute includes at least 1 wt% citric acid.
In one example, the salt substitute includes 0.8 wt% to 5 wt% citric acid. In some
examples, the salt substitute includes 0.01 wt% to 2 wt%, 0.01 wt% to 1 wt%, 0.01
wt% 10 0.5 wt%, 0.01 wt% to 0.4 wt%, 0.01 wt% to 0.3 wt%, 0.01 wt% to 0.2 wt%, or
0.01 wt% to 0.1 wt% citric acid. In some examples, the salt substitute includes at least
96 wt%, at least 98 wt%, or at least 99 wt% potassium chloride. The salt substitute
may include 0.1 wt% to 1 wt%, 0.1 wt% to 2 wt%, 0.1 wt% to 3 wt%, 0.1 wt% to 4
wt%, or 0.1 wt% to 5 wt% of the anticaking agent.

[0052] In some cases, the salt substitute includes, consists of, or consists
essentially of potassium chloride, food grade acid, an anticaking agent, and sodium
chloride. The salt substitute typically includes up to 1 wt% or up to 0.1 wt% food
grade acid. As used herein, “up to” refers to “up to and including.” In one example,
“up to 0.1 wt%” includes values of 0.1 wt% and less. The salt substitute can include
up to 0.1 wt%, up to 0.2 wt%, up to 0.3 wt%, up to 0.4 wt%, up to 0.5 wt%, up to 1
wt%, or up to 2 wt% food grade acid. In some cases, an amount of food grade acid in
the salt substitute is 10% or less or 5% or less of the food grade acid in the salt
substitute precursor. The chloride salt may include 10 wt% to 99 wt% potassium
chloride and 1 wt% to 90 wt% sodium chloride, or 20 wt% to 99 wt% potassium
chloride and 0 wt% to 80 wt% sodium chloride. The salt substitute may include 0.1
wt% to 5 wt% of the anticaking agent. The salt substitute typically has a particle size
in a range of 25 um to 1000 um. The particle size can be adjusted by altering

processing conditions or milling the salt substitute to achieve a size desired for an
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intended application. A density of the salt substitute is typically in a range between 58
pounds/cubic foot (0.8 grams/cubic centimeter) and 72 pounds/cubic foot (1.2
grams/cubic centimeter).

[0053] The salt substitute, when dissolved in water having a pH of 7, typically
yields a solution having a pH between 2 and 5, between 3 and 5, or between 4 and 5.
[0054] In some cases, one or more of the operations in FIG. 1 may be omitted.
That is, one or more of the operations in FIG. 1 may be optional. In some examples,
110, 112, 114, or any combination thereof may be omitted. In certain cases, one or
more of the operations depicted in FIG. 1 is replaced or combined with another
operation, the order of one or more the operations is interchanged, two or more
operations occur simultaneously or continuously, an additional operation is added, or
any combination thereof.

[0055] The salt substitute described herein may be used as a substitute for salt (i.e.,
sodium chloride), or in addition to or blended with sodium chloride. The salt substitute
is advantageously substantially free of a metallic taste. The salt substitute described
herein may be used in a variety of applications as table salt, inclusion in processed
foods such as snack foods, baked goods, to season meats and poultries, and for other

food items that have included salt.

EXAMPLES
[0056] Example 1. In this example, 121 gallons of water was added to a batching
tank. The water was 180.0 °F when added. 500 pounds of potassium chloride was
added to the water to yield a slurry. 2.5 pounds of magnesium carbonate was added to
the slurry. 8.0 pounds of citric acid was added to the slurry. The pH was tested to be
3.79. The slurry was held for 1 hour, during which time the temperature fell to
between 110 °F and 120 °F. After 1 hour hold time, 500 pounds of sodium chloride
was added to the slurry, and the pH was retested and found to be 3.40. The slurry was
51.30 wt% solids. The slurry was then provided to a pusher centrifuge (BP Littleford,
Model S-200 Centrifuge) and dried.
[0057] FIGS. 2A and 2B show energy dispersive X-ray spectroscopy (EDS) and
scanning electron microscopy (SEM) images, respectively, of the salt substitute of
Example 1. The salt substitute is in the form of a combined crystalline solid

comprising particles 200. In FIG. 2A, red portions 202 of particles 200 correspond to
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potassium, and green portions 204 of particles 200 correspond to sodium. Thus,
particles 200 include regions 202 consisting essentially of potassium chloride and
regions 204 consisting essentially of sodium chloride, with regions 202 and 204 in
direct contact. The scale bars in FIGS. 2A and 2B are 100 um and 500 um,
respectively. The magnification in FIG. 2B is 150x.

[0058] Example 2. In this example, 121 gallons of water was added to a batching
tank. The water was 177.4 °F when added. 500 pounds of potassium chloride, which
included 0.005 wt% or 2.5 pounds of magnesium carbonate, was added to the water to
yield a slurry. 8.0 pounds of citric acid was added to the slurry. The pH was tested to
be 2.98. The slurry was held for 1 hour, during which time the temperature fell to 118
°F. After 1 hour hold time, 500 pounds of sodium chloride was added to the slurry,
and the pH was retested and found to be 2.64. The slurry was 53.78 wt% solids. The
slurry was then provided to a pusher centrifuge (BP Littleford, Model S-200
Centrifuge) and dried.

[0059] FIGS. 3A and 3B show EDS and SEM images, respectively, of the salt
substitute of Example 2. The salt substitute is in the form of a combined crystalline
solid comprising particles 200. In FIG. 3A, red portions 302 of particles 300
correspond to potassium, and green portions 304 of particles 300 correspond to
sodium. Thus, particles 300 include regions 302 consisting essentially of potassium
chloride and regions 304 consisting essentially of sodium chloride, with regions 302
and 304 in direct contact. The scale bars in FIGS. 3A and 3B are 100 um and 500 pm,
respectively. The magnification in FIG. 3B is 150x.

[0060] Example 3. In this example, 665 lbs of potassium chloride, 3.325 Ibs of
magnesium carbonate, and 6.65 Ibs of citric acid were mixed in 766 Ibs of water and
blended at 120 °F to yield a slurry. The slurry contained 46.8% solids, and the pH was
3.25. The slurry was held in suspension by tank agitation. The slurry was fed to a
pusher centrifuge at 216.2 1b/min, and a solid cake was created at 52.2 1b/min and 2.5
wt% moisture. The cake was further dried in an infrared oven to reduce the moisture
content to less than 1 wt%. The salt substitute was sampled for taste, and reflected a
clean profile with little to no metallic aftertaste.

[0061] Example 4. In this example, 325 Ibs of potassium chloride, 325 Ibs of
sodium chloride, 3.25 lbs of magnesium carbonate, and 6.5 Ibs of citric acid were

mixed in 766 Ibs of water and blended at 120 °F. The slurry contained 46.3 wt%
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solids, and the pH was 3.2. The slurry was held in suspension by tank agitation. The
slurry feed rate to the pusher centrifuge was 171.2 Ib/min, and a solid cake was created
at 49 1b/min at 2.89% moisture. The cake was further dried in an infrared oven to
reduce the moisture content to less than 1 wt%. The salt substitute was sampled for
taste, and reflected a clean profile with little to no metallic aftertaste.

[0062] Table 1A lists components used to prepare Salt Substitutes A-O, as well as
properties of the salt substitute precursor, the salt substitute, and the centrate.
Examples 1 and 2 correspond to Tests D and E, respectively, in Table 1. Table 1B lists
components used to prepare Salt Substitutes P-U, as well as properties of the salt
substitute precursor, the salt substitute, and the centrate. The procedure used to prepare
Salt Substitutes A-U generally corresponds to procedures described in Examples 1-4.
For Salt Substitutes A-O, the salt substitute precursor was held for 1 hour between 105
°F and 125 °F before centrifugation. Salt Substitutes L1-L3 differed by the
temperature of the slurry provided to the centrifuge, with temperatures of 75 °F, 85 °F
and 95 °F, respectively. Salt Substitutes P1-P9 differed by the length of the hold time
in the slurry before centrifugation. The amount of citric acid (i.e., citric acid plus
citrate) in Salt Substitutes N, O, and S was measured three times, with the average
result being 400 ppm by weight (0.04 wt%), 1003 ppm by weight (0.10 wt%), and 684
ppm (0.07 wt%), respectively.
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Table 2 lists RO-TAP test results (particle size distribution by weight in

US20-US200 Mesh) for 100 grams of Salt Substitutes M and O. Table 3 lists RO-TAP
test results (particle size distribution by weight in US20-US400 Mesh) for 100 grams

of Salt Substitutes P-T.

Table 2. Particle size distribution for Salt Substitutes M and O.

Mesh
Test Pan [ Sum
US20 | US30 | US40 | US60 | US80 | US100 | US200 | (8) (8)
(8) (8) (g) (8) (8) (8) (g)
M 0.00 1.80 | 9.00| 38.40| 25.70| 9.00| 14.20|1.60 | 99.70
0 0.10 6.20 | 12,50 | 35.70 | 21.80| 8.40| 14.20|1.30] 100.20
Average 0.05 400 | 10.75| 37.05| 23.75| 870| 14.20|1.45| 99.95
Table 3. Particle size distribution for Salt Substitutes P-T.
Mesh
Test US20 | US40 | US60 usso US100 | US200 | US400 Pan
(8) (g) (8) (8) (g) (g) (8) (8)
P1 0.5 2.5 6.6 9.7 8.1 63.8 8.4 0.8
P2 0.6 3.8 7.0 8.9 7.6 59.8 11.5 1.0
P3 0.6 2.5 6.9 9.9 8.2 50.4 17.2 4.4
P4 3.8 5.4 9.9 14.6 11.3 47.3 8.0 0.9
P5 3.1 6.0 11.1 13.4 9.6 38.5 16.2 1.2
P6 0.5 3.3 11.1 13.9 10.1 37.1 20.9 2.9
P7 3.8 3.0 8.0 13.1 11.0 42.7 14.8 4.4
P8 0.6 1.3 10.1 16.9 12.9 44.3 11.3 2.6
P9 1.2 1.8 6.7 14.1 10.9 53.9 9.7 1.7
Q 0.1 3.3 8.8 13.5 11.2 45.4 14.4 2.4
R 0.4 4.1 9.1 10.3 8.4 44.6 18.7 3.7
S 0.1 2.2 11.2 11.7 9.9 43.3 17.7 2.8
T 0.0 3.9 20.7 14.1 8.7 32.1 15.9 3.3
[0064] Table 4 lists average bulk density (tapped and untapped) for 100 g of Salt

Substitutes P-T in g/cm?® and Ib/ft’. The bulk density ranges from about 60 1b/ft* to
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about 80 1b/ft’ (tapped and untapped) for these samples, which is similar to the

reported ranges of various types of commercially available sodium chloride.

Table 4. Bulk density of Salt Substitutes P-T.

10

15

Test Average | Average Bulk Bulk Bulk Bulk

Volume | Volume Density Density Density Density

{cm?3) Tapped (g/cm®) | Tapped (Ib/ft3) Tapped

(cm®) (g/cm?) (Ib/ft?)
P1 108.67 80.67 0.92 1.24 59.29 79.87
P2 110.33 81.00 0.91 1.23 58.39 79.54
P3 111.33 87.33 0.90 1.15 57.87 73.77
P1 118.67 97.33 0.84 1.03 54.29 66.19
P1 102.00 83.33 0.98 1.20 63.16 77.31
P1 103.00 81.00 0.97 1.23 62.55 79.54
P1 109.33 91.67 0.91 1.09 58.93 70.29
P1 107.00 91.00 0.93 1.10 60.21 70.80
P1 122.00 98.33 0.82 1.02 52.81 65.52
Q 108.67 88.67 0.92 1.13 59.29 72.66
R 105.67 83.67 0.95 1.20 60.97 77.01
S 104.67 84.00 0.96 1.19 61.56 76.70
T 102.67 83.33 0.97 1.20 62.75 77.31

[0065] Comparative Example 1. Water (35 pounds, 15.9 kg) was heated to 180 °F

(82 °C) in a stirred, jacketed kettle. To the heated water, potassium chloride (6 pounds,
2.7 kg) and sodium chloride (9 pounds, 4.1 kg) were added, stirred, and dissolved.
Next, citric acid (0.22 pounds, 100 g) was added followed by the slow addition of
maltodextrin (6 pounds, 2.7 kg) in small amounts, which dissolved slowly into the
solution. The pH of the formulation was measured at 2.16. The completed solution was
then transferred to a stainless steel vessel, through which it was pumped into the spray
dryer. The spray-dried formulation was packed and stored in plastic, resealable bags.
[0066] FIGS. 4A and 4B show EDS and SEM images, respectively, of the salt
substitute of Comparative Example 1. The salt substitute is in the form of
homogenous particles 400, where red portions of particles 400 correspond to
potassium, and green portions of particles 400 correspond to sodium. Particles 400 do

not include regions consisting essentially of potassium chloride and regions consisting

17
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essentially of sodium chloride in direct contact. The scale bars in FIGS. 4A and 4B
are 90 um and 200 um, respectively. The magnification in FIG. 4B is 150x.

[0067] A number of embodiments have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit
and scope of the disclosure. Accordingly, other embodiments are within the scope of

the following claims.
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WHAT IS CLAIMED IS:

1. A salt substitute precursor comprising:
water,
a chloride salt, wherein the chloride salt comprises potassium chloride;
a food grade acid; and
an anticaking agent,
wherein a pH of the salt substitute precursor is between 2 and 4, and the salt

substitute precursor is a saturated or supersaturated solution, a suspension, or a slurry.

2. The salt substitute precursor of claim 1, wherein the food grade acid comprises
at least one of acetic acid, ascorbic acid, benzoic acid, citric acid, succinic acid,
fumaric acid, lactic acid, malic acid, tartaric acid, lemon juice, hydrochloric acid, and

phosphoric acid.

3. The salt substitute precursor of claim 1, wherein the anticaking agent
comprises at least one of sodium aluminosilicate, sodium ferrocyanide, potassium
ferrocyanide, calcium carbonate, magnesium carbonate, tricalcium phosphate, and

silicon dioxide.

4, The salt substitute precursor of claim 1, wherein the chloride salt further

comprises sodium chloride.

5. The salt substitute precursor of claim 1, wherein the salt substitute precursor is

free of a carrier.

6. The salt substitute precursor of claim 1, wherein a pH of the salt substitute

precursor is between 3 and 4.

7. The salt substitute precursor of claim 1, wherein the salt substitute precursor is

a homogeneous solution.
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3.

The salt substitute precursor of claim 1, wherein the water comprises less than

80 wt% of the salt substitute precursor.

9.

The salt substitute precursor of claim 8, wherein the water comprises less than

70 wt% of the salt substitute precursor.

10.

The salt substitute precursor of claim 9, wherein the water comprises less than

50 wt% of the salt substitute precursor.

11.

The salt substitute precursor of claim 10, wherein the water comprises less than

25 wt% of the salt substitute precursor.

12.

13.

14.

15.

A salt substitute comprising:

a chloride salt, wherein the chloride salt comprises potassium chloride;

a food grade acid; and

an anticaking agent,

wherein the salt substitute is in the form of a crystalline solid comprising:
at least 95 wt% of the chloride salt;
up to 1 wt% of the food grade acid; and

up to 1 wt% of the anticaking agent,

The salt substitute of claim 12, wherein the salt substitute comprises:
at least 98 wt% of the chloride salt;

up to 1 wt% of the food grade acid; and

up to 1 wt% of the anticaking agent.

The salt substitute of claim 12, wherein the salt substitute comprises:
at least 99 wt% of the chloride salt;

up to 0.1 wt% of the food grade acid; and

up to 0.1 wt% of the anticaking agent.

The salt substitute of claim 12, wherein the chloride salt comprises at least 99

wt% potassium chloride.
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16. The salt substitute of claim 12, wherein the chloride salt further comprises
sodium chloride, and the salt substitute is in the form of a combined crystalline solid
comprising particles, wherein each particle of the combined crystalline solid comprises
a region consisting essentially of potassium chloride in direct contact with a region

consisting essentially of sodium chloride.

17. The salt substitute of claim 16, wherein the chloride salt comprises:
1 wt% to 90 wt% sodium chloride; and
10 wt% to 99 wt% potassium chloride.

18. The salt substitute of claim 12, wherein the food grade acid comprises at least
one of acetic acid, ascorbic acid, benzoic acid, citric acid, fumaric acid, lactic acid,
malic acid, tartaric acid, succinic acid, lemon juice, hydrochloric acid, and phosphoric

acid.

19. The salt substitute of claim 12, wherein the salt substitute comprises at least

0.01 wt% of the food grade acid.

20. The salt substitute of claim 19, wherein the salt substitute comprises 0.01 wt%
10 0.5 wt% of the food grade acid.

21. The salt substitute of claim 20, wherein the salt substitute comprises 0.01 wt%
10 0.1 wt% of the food grade acid.

22. The salt substitute of claim 12, wherein the anticaking agent comprises at least
one of sodium aluminosilicate, sodium ferrocyanide, potassium ferrocyanide, calcium

carbonate, magnesium carbonate, tricalcium phosphate, and silicon dioxide.

23. The salt substitute of claim 12, wherein the salt substitute comprises at least

0.001 wt% of the anticaking agent.
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24, The salt substitute of claim 12, wherein the salt substitute comprises at least

0.01 wt% of the anticaking agent.

25. The salt substitute of claim 12, wherein an aqueous solution formed by
dissolving the salt substitute in water having a pH of 7 yields a solution having a pH

between 4 and 5.

26. The salt substitute of claim 12, wherein the salt substitute is substantially free

of a metallic taste.

27. A method of making a salt substitute, the method comprising:
forming a salt substitute precursor comprising a mixture of:
water,
a chloride salt, wherein the chloride salt comprises potassium chloride;
a food grade acid; and
an anticaking agent,
wherein a pH of the salt substitute precursor is between 2 and 5, the salt
substitute precursor is a saturated or supersaturated solution, a suspension, or a
slurry,
providing the salt substitute precursor to a centrifuge; and
centrifuging the salt substitute precursor to yield a salt substitute in the form of

a solid and a centrate.

28. The method of claim 27, wherein a temperature of the salt substitute precursor

provided to the centrifuge is less than 240 °F.

29. The method of claim 27, further comprising washing the salt substitute with the

centrate.

30. The method of claim 27, wherein a pH of the salt substitute precursor is

between 2 and 4.

22



WO 2019/055082 PCT/US2018/037857

31. The method of claim 27, wherein the chloride salt further comprises sodium
chloride, and the salt substitute is in the form of a combined crystalline solid
comprising particles, wherein each particle of the combined crystalline solid comprises
a region consisting essentially of potassium chloride in direct contact with a region

consisting essentially of sodium chloride.
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