
There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate r emineralization.  Many studies hav e
focused on the direct role of these ions in these biological pr ocesses, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these miner alization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in pr ogressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliv a stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Saliv ary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times mor e soluble
than tooth calcium phosphate.  It has also been implicated as a sour ce of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to wher e it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allo wing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions ar e rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliv a bears upon the
Miller process.  It has also provided a basis for designing a pr oduct that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that pr omote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Ar ginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complex es when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base b y the dental plaque
bacteria to counter acid pr oduction.  At the same time, the ar ginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier , base producing, plaque microflora.
In the mouth, arginine is normally and mainly av ailable from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid pr oducing
environment.14  This means that it is better to use calcium r ather than phosphate as a way of maintaining
healthy teeth.  Additionally , in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may pr ovide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the r elease of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitr o demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and w ere able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate r aised the
pH immediately to 8.0 and abo ve, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohy drate was subsequently added. 15
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In a one-year, double blind, placebo contr olled, clinical study in 10 and 11-y ear-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  S tudy
participants took four mints daily , two in the morning after brushing their teeth and befor e eating
breakfast and two in the evening after brushing their teeth and befor e going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the childr en
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly few er caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which hav e evaluated the addition of ar ginine/bicarbonate
and calcium carbonate in non-confection pr oducts for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, w ere significantly effective in reducing dentinal sensitivity b y
plugging and sealing dentinal tubules. 17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice pr oducts, with and without fluoride, w ere shown to have
significant anti caries benefits. 20, 21,22

The role of saliva in protecting teeth has become clear er. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology , is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate remineralization.  Many studies have
focused on the direct role of these ions in these biological processes, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these mineralization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in progressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliva stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Salivary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times more soluble
than tooth calcium phosphate.  It has also been implicated as a source of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to where it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allowing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions are rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliva bears upon the
Miller process.  It has also provided a basis for designing a product that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that promote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Ar ginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complex es when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base b y the dental plaque
bacteria to counter acid production.  At the same time, the ar ginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier , base producing, plaque microflora.
In the mouth, arginine is normally and mainly available from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid pr oducing
environment.14  This means that it is better to use calcium r ather than phosphate as a way of maintaining
healthy teeth.  Additionally, in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may pr ovide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the r elease of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitro demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and w ere able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate raised the
pH immediately to 8.0 and above, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohydrate was subsequently added. 15
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In a one-year, double blind, placebo contr olled, clinical study in 10 and 11-y ear-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  S tudy
participants took four mints daily , two in the morning after brushing their teeth and befor e eating
breakfast and two in the evening after brushing their teeth and befor e going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the childr en
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly few er caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which hav e evaluated the addition of ar ginine/bicarbonate
and calcium carbonate in non-confection pr oducts for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, w ere significantly effective in reducing dentinal sensitivity b y
plugging and sealing dentinal tubules. 17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice pr oducts, with and without fluoride, w ere shown to have
significant anti caries benefits. 20, 21,22

The role of saliva in protecting teeth has become clear er. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology , is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5

Kleinberg I, A mixed-bacteria ecological approach to understanding the role of oral bacteria in dental caries causation:
an alternative to streptococcus mutans and the specific plaque hypothesis.  Crit. Rev. Oral Biol. Med. 13, 115, 2002.
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate remineralization.  Many studies have
focused on the direct role of these ions in these biological processes, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these mineralization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in progressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliva stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Salivary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times more soluble
than tooth calcium phosphate.  It has also been implicated as a source of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to where it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allowing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions are rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliva bears upon the
Miller process.  It has also provided a basis for designing a product that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that promote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Arginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complexes when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base by the dental plaque
bacteria to counter acid production.  At the same time, the arginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier, base producing, plaque microflora.
In the mouth, arginine is normally and mainly available from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid producing
environment.14  This means that it is better to use calcium rather than phosphate as a way of maintaining
healthy teeth.  Additionally, in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may provide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the release of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitro demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and were able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate raised the
pH immediately to 8.0 and above, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohydrate was subsequently added.15
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In a one-year, double blind, placebo controlled, clinical study in 10 and 11-y ear-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  S tudy
participants took four mints daily, two in the morning after brushing their teeth and befor e eating
breakfast and two in the evening after brushing their teeth and befor e going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the childr en
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly few er caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which have evaluated the addition of ar ginine/bicarbonate
and calcium carbonate in non-confection products for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, were significantly effective in reducing dentinal sensitivity b y
plugging and sealing dentinal tubules.17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice products, with and without fluoride, w ere shown to have
significant anti caries benefits.20, 21,22

The role of saliva in protecting teeth has become clearer. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology, is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate remineralization.  Many studies have
focused on the direct role of these ions in these biological processes, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these mineralization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in progressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliva stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Salivary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times more soluble
than tooth calcium phosphate.  It has also been implicated as a source of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to where it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allowing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions are rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliva bears upon the
Miller process.  It has also provided a basis for designing a product that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that promote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Arginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complexes when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base by the dental plaque
bacteria to counter acid production.  At the same time, the arginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier, base producing, plaque microflora.
In the mouth, arginine is normally and mainly available from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid producing
environment.14  This means that it is better to use calcium rather than phosphate as a way of maintaining
healthy teeth.  Additionally, in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may provide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the release of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitro demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and were able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate raised the
pH immediately to 8.0 and above, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohydrate was subsequently added.15
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In a one-year, double blind, placebo controlled, clinical study in 10 and 11-year-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  Study
participants took four mints daily, two in the morning after brushing their teeth and before eating
breakfast and two in the evening after brushing their teeth and before going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the children
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly fewer caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which have evaluated the addition of arginine/bicarbonate
and calcium carbonate in non-confection products for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, were significantly effective in reducing dentinal sensitivity by
plugging and sealing dentinal tubules.17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice products, with and without fluoride, were shown to have
significant anti caries benefits.20, 21,22

The role of saliva in protecting teeth has become clearer. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology, is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate remineralization.  Many studies have
focused on the direct role of these ions in these biological processes, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these mineralization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in progressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliva stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Salivary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times more soluble
than tooth calcium phosphate.  It has also been implicated as a source of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to where it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allowing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions are rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliva bears upon the
Miller process.  It has also provided a basis for designing a product that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that promote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Arginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complexes when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base by the dental plaque
bacteria to counter acid production.  At the same time, the arginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier, base producing, plaque microflora.
In the mouth, arginine is normally and mainly available from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid producing
environment.14  This means that it is better to use calcium rather than phosphate as a way of maintaining
healthy teeth.  Additionally, in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may provide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the release of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitro demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and were able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate raised the
pH immediately to 8.0 and above, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohydrate was subsequently added.15
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In a one-year, double blind, placebo controlled, clinical study in 10 and 11-year-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  Study
participants took four mints daily, two in the morning after brushing their teeth and before eating
breakfast and two in the evening after brushing their teeth and before going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the children
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly fewer caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which have evaluated the addition of arginine/bicarbonate
and calcium carbonate in non-confection products for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, were significantly effective in reducing dentinal sensitivity by
plugging and sealing dentinal tubules.17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice products, with and without fluoride, were shown to have
significant anti caries benefits.20, 21,22

The role of saliva in protecting teeth has become clearer. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology, is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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There is compelling evidence that alkali generation by bacteria on tooth surfaces can have significant
benefits in maintaining healthy teeth.  More than 100 years ago, Miller identified and described the acid-
decalcification theory as a two-step process.1  In the first step, oral bacteria metabolize fermentable
carbohydrates (sugars and starches) to produce acid, which demineralizes tooth tissue in the second
step. Researchers recognized the need to develop oral care products that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Landmark studies by Kleinberg identified that the
bacteria in plaque are able to produce base from nitrogenous substrates, which are provided mostly
from saliva.  The key nitrogenous substrate involved in base formation is arginine.  Another important
way in which saliva exerts its significant supportive activity is by providing minerals that inhibit
demineralization and facilitate remineralization.  These discoveries have provided a basis for designing
natural ingredients that behave like saliva. This has led to the development of the Alkagen Technology™,
which provides a new way of maintaining healthy teeth and supporting a normal pH on tooth surfaces.

The primary source of carbohydrate substrates metabolized by the oral bacteria is the diet.  It provides
sucrose and other sugars (glucose and fructose) and food starches. Salivary glycoproteins can also
provide fermentable carbohydrates, but the amounts are small by comparison.  Nonetheless, they may
be important in determining the number and in selecting the types of acidogenic bacteria that prevail
in the mouth.  Studies on pure cultures of oral bacteria have shown that carbohydrate fermentation is
mostly carried out by the Gram-positive bacterial component of the oral microflora and far less by the
oral Gram-negatives.2  The latter bacteria, particularly those that are anaerobic, are involved more in
putrefaction and periodontal disease.3

Studies carried out in the 1940s by Stephan showed that the bacterial communities that grow on poorly
accessible surfaces of the teeth as dental plaque are able to rapidly convert sugar substrates to acid and
cause the pH of the plaque and underlying tooth surface to rapidly fall.4  Subsequent studies demonstrated
that lactic acid is the dominant acid produced when sugar substrate is in abundance.  When less sugar
is available, other acids (including acetic, propionic, formic and succinic acids) are observed.   An important
finding was that restriction in the flow of saliva from the major glands resulted in a lower and more
prolonged acidic pH being produced than when the flow of saliva is normal.5
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Investigators have tried with varying degrees of success to reduce acid production by the microorganisms
in dental plaque. This has included methods that tried to reduce the availability of fermentable
carbohydrate from the diet, reduce the amount of plaque and acidogenic bacteria in dental plaque,
interfere with specific bacteria, and interfere with bacterial glycolysis (the metabolic process by which
the plaque bacteria make acid from carbohydrates).  It has also included methods that have tried to
neutralize the acids formed during glycolysis and have tried instead to stimulate the formation of base
by the plaque bacteria to counter acid formation.6  These methods have had variable degrees of
success.

Researchers have had better results in protecting teeth by combating the second step of the Miller
process with fluoride.  This effect is accomplished mostly by fluoride inhibiting the rate of acid
solubilization of the calcium phosphate that constitutes most of the mineral in enamel, cementum,
and dentine, and by fluoride favoring remineralization of these tissues.7

Early on, dental researchers recognized the need to develop agents that can simultaneously affect the
acid production and the enamel remineralization processes.  Numerous observations made it evident
that saliva was capable of significantly affecting both.  Therefore, it was logical to try and understand
how this was accomplished, and develop compositions that could do the same thing.  Many studies
have been directed toward finding the basis of the substantial protective effect of saliva.  These have
included studies showing that saliva contains buffers (mostly bicarbonate and phosphate) that help
neutralize the acids produced by the plaque bacteria.6

Landmark studies by Kleinberg identified that the bacteria in plaque are able to produce base from
nitrogenous substrates, which are provided mostly from saliva.8  In this way, it becomes possible to
raise the pH or counter the pH lowering ability of the plaque when it is producing or has produced acid
from fermentable carbohydrate.  This led to the concept of plaque being a collection of microbial
communities throughout the mouth, each engaged in a common acid-base metabolism.9

The key nitrogenous substrates involved in base formation are urea and arginine with saliva as the
main intraoral source.8  They play different roles in base formation, but arginine and the bacteria
responsible for their catabolism are the more important elements involved in this process.  This is
because continual presence of arginine favors selection of acidogenic Gram-positive bacteria that are
also arginolytic.  Absence of arginine favors their acidogenic nonarginolytic counterparts.  Both types
of bacteria produce a pH decrease when exposed to sugar substrate, but only those that are arginolytic
have the ability to lessen the pH fall and return the pH from acidity to its starting pH condition.10

Simply stated, arginine is crucial in ecologically favoring more of these bacteria as normal components
of the oral microbiota.

Unlike nonarginolytic acidogens, arginolytic acidogens are able to readily produce base from arginine
because these bacteria, as part of their enzymic repertoire, contain a series of enzymes that constitute
the arginine deiminase pathway.11  A later study by van Wuyckhuyse, et al, showed that individuals
with elevated levels of salivary arginine, have the healthiest, base generating, oral microflora.12

Another important way in which saliva exerts anticaries activity is by providing calcium and phosphate
ions to inhibit demineralization by mass action and facilitate remineralization.  Many studies have
focused on the direct role of these ions in these biological processes, but an indirect and more effective
way whereby saliva can provide calcium and phosphate for these mineralization and remineralization
purposes was found.

When saliva is secreted into the mouth, several salivary components come together in progressively
greater amounts as the pH rises above neutrality.  A rapid rise in the pH occurs during saliva stimulation
and can reach as high as 8.3.6  As a result, a complex of glycoprotein and calcium phosphate forms,
which readily becomes incorporated into dental plaque.  The calcium phosphate is amorphous or poorly
crystalline in nature.  This complex has been named Salivary Precipitin, and its chemical composition
and some of its properties have been determined.13  One extremely important property is that the
calcium phosphate of Salivary Precipitin is very soluble.13  In fact, it is almost 8 to 10 times more soluble
than tooth calcium phosphate.  It has also been implicated as a source of ions for remineralization of
decalcified tooth tissue and for raising the levels of these ions in plaque fluid to where it can prevent
tooth demineralization.  The calcium phosphate raises the buffering ability of the plaque, allowing for
the neutralization of plaque acids at the same time that its calcium and phosphate ions are rapidly
released to remineralize areas of the teeth.

These discoveries have provided a better understanding of the way in which saliva bears upon the
Miller process.  It has also provided a basis for designing a product that behaves like saliva.  This is
what has led to the development of Alkagen Technology which contains nutrients that promote healthy
intraoral base-forming capability along with an increase in mineralizing ability.  The components of the

Breakthrough technology that mimics saliva’s profound benefits
in helping maintain healthy teeth

Alkagen Technology includes arginine, calcium, and anion carriers.  Arginine and calcium at the pH of
the mouth have a positive charge.  They are then able to form salts and salt complexes when combined
with negatively charged anions.

The arginine component of Alkagen Technology favors the formation of base by the dental plaque
bacteria to counter acid production.  At the same time, the arginine favors the presence of arginolytic
over nonarginolytic acidogens, thus the maintenance of a healthier, base producing, plaque microflora.
In the mouth, arginine is normally and mainly available from readily degradable peptides and less
readily degradable proteins in saliva.

Calcium is also an essential component of Alkagen Technology.  It supports tooth enamel by mass
action and reduces the release of calcium from tooth mineral when attacked by plaque acids.  Calcium
precedes the release of phosphate from enamel, dentine, and cementum in an acid producing
environment.14  This means that it is better to use calcium rather than phosphate as a way of maintaining
healthy teeth.  Additionally, in an optimal neutral or elevated pH, calcium is available to begin the
remineralization process and help support the structure of intact enamel.

The bicarbonate/carbonate anions of Alkagen Technology are capable of supporting the activities
of calcium and arginine.  For example, such anions may provide buffering which enhance the base
forming and thereby the acid neutralizing activity of the arginine.  Also, these anions can act as a tooth
mineral surface covering.  If hydrolyzed by the plaque bacteria, the release of phosphate ions will
protect the teeth or promote tooth remineralization.

Studies both clinical and in vitro demonstrated that confections containing the Alkagen Technology
were effective in neutralizing plaque acids for many hours and were able to help maintain healthy
teeth over a one-year period.

In one of several in vitro studies, extracted
third molar fissures were filled with different
types of oral bacteria isolated from dental
plaque.  Glucose and arginine bicarbonate/
calcium carbonate, alone or in toothpaste
or in a mint confection, were supplied to
fissures in various ways and the pH was
monitored for up to 18 hours.  Acidogenic
bacteria gave large pH drops upon glucose
exposure.  In contrast, adding arginine
bicarbonate/calcium carbonate raised the
pH immediately to 8.0 and above, where it
remained overnight instead of remaining
acidic.  The confection was ableto keep the
pH elevated even when fermentable carbohydrate was subsequently added.15
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In a one-year, double blind, placebo controlled, clinical study in 10 and 11-year-old children, a confection
containing the Alkagen Technology was evaluated for its ability to maintain healthy teeth.  Study
participants took four mints daily, two in the morning after brushing their teeth and before eating
breakfast and two in the evening after brushing their teeth and before going to bed.  There were 200
children enrolled in this study of which 195 finished with complete data.  Ninety-six of the children
were in the study group that received mints containing Alkagen Technology and ninety-nine in the
study group that received sugarless placebo mints.  The results demonstrated that the children who
were administered mints with Alkagen Technology had significantly fewer caries after one year as
compared to the children in the placebo group.16

There have been numerous clinical trials, which have evaluated the addition of arginine/bicarbonate
and calcium carbonate in non-confection products for treating dentinal sensitivity and dental caries.
Clinical trials have shown that arginine/bicarbonate and calcium carbonate containing dentifrice
products, with and without fluoride, were significantly effective in reducing dentinal sensitivity by
plugging and sealing dentinal tubules.17,18,19 Clinical studies evaluating arginine/bicarbonate and
calcium carbonate containing dentifrice products, with and without fluoride, were shown to have
significant anti caries benefits.20, 21,22

The role of saliva in protecting teeth has become clearer. The Alkagen Technology, which is based on
a breakthrough in saliva chemistry and physiology, is an innovative way of helping maintain healthy
teeth and supporting a normal pH on tooth sufaces.
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