
TITLE OF THE INVENTION Method to Remove Bisulfite
By-Products from Enzyme Compositions BACKGROUND OF THE
INVENTION [0001] Various types of enzymes may be
included in oral formulations to act as therapeutic
agents. For example, enzymes may be included to
hydrolyze oral polysaccharides or to inhibit bacterial
growth. More specifically, for example, it was
reported that enzymes such as mutanase, dextranase,
papain, and 1,3-glucanase can be employed in oral
formulations for removing plaque deposits. [0002]
Generally, enzymes by nature are vulnerable to changes
of environment such as pH, temperature, and ion
concentration, and thus it is usually necessary to
take measures to protect enzymes to maintain intended
oral-care efficacy of the enzymes. To improve
performance of enzymes, enzyme-stabilizing agents,
such as chelating agents and anti-oxidizing agents,
have been suggested. Examples of such
enzyme-stabilizing agents are EDTA, sodium gluconate,
sodium bisulfite, metal gallates, sodium stannate, and
ascorbic acid. [0003] Among the enzyme-stabilizing
agents, however, bisulfite materials, i.e., compounds
containing bisulfite ion, are shown to be toxic to
some individuals, and/or often alter the organoleptic
properties of an oral care formulation. Therefore, it
may be desirable to remove or reduce bisulfite
materials in enzyme compositions before the
compositions are further processed and delivered to
consumers. Even though bisulfite materials can be
removed through conventional techniques such as base
extraction and neutralization by an oxidizing agent,
these techniques often adversely affect the catalytic
activity of enzymes in oral compositions. Thus, it 



is desirable to introduce an alternative method for
removing bisulfite materials which does not negatively
affect activity of enzymes in a composition to be
treated. To date, there has been no convenient method
to remove bisulfite materials from enzyme
compositions, which method can be conducted under
neutral, non-oxidizing conditions. BRIEF SUMMARY OF
THE INVENTION [0004] In accordance with the present
invention, there is provided a method of removing
bisulfite materials from a composition comprising
bisulfite materials and one or more enzymes. The
method comprises contacting the composition with a
compound containing at least one aldehyde functional
group to form an aldehyde-bisulfite complex; whereby
the aldehydebisulfite complex may be separated from
the composition. [0005] In one embodiment, the method
comprises contacting the composition with a compound
containing at least one aldehyde functional group such
as aldose sugar to form an aldehyde-bisulfite complex
and separating the aldehyde-bisulfite complex from the
composition, wherein the enzyme is selected from the
group consisting of papain, bromelain, a serine
protease, chymotrypsin, ficin, glucose oxidase,
galactose oxidase lactose peroxidase, lactoferrin,
lysozyme, lipolytic enzymes, alcalase, a carbohydrase,
a glucoamylasae, a dextranase, a mutase, a tannase,
and a lipase. [0006] In another embodiment, there is
provided a method of removing bisulfite materials from
a composition containing bisulfite materials and an
enzyme, wherein the method comprises contacting the
composition with a matrix having at least one aldehyde
functional group to form an aldehyde-bisulfite complex
and separating the matrix bound bisulfite from the
composition. [0007] In yet another embodiment, there
is further provided an enzyme composition 



substantially devoid of bisulfite materials. The
enzyme composition is obtainable by a method of
contacting the composition with a compound containing
at least one aldehyde functional group to form an
aldehyde-bisulfite complex and then separating the
aldehyde-bisulfite complex from the composition.
DETAILED DESCRIPTION OF THE INVENTION [0008] The
present invention relates to a method of removing a
bisulfite material from a composition containing one
or more enzymes. More particularly, the invention
relates to a method of removing bisulfite ion by
contacting the enzyme composition with a compound
containing at least one aldehyde functional group to
form an aldehyde-bisulfite complex and separating the
bisulfite complex from the composition. Also, the
present invention relates to a bisulfite-free enzyme
composition which is prepared by contacting the enzyme
composition with a compound containing at least one
aldehyde functional group to form an
aldehyde-bisulfite complex and separating the
bisulfite complex from the composition. [0009] The
present invention provides a method of removing
bisulfite materials from an enzyme composition by
employing a compound having at least one aldehyde
functional group that forms a complex with the
bisulfite material and separating the
aldehyde-bisulfite complex from the composition.
Preferably, the process is carried out under
substantially neutral, nonoxidizing conditions,
thereby obtaining a substantially bisulfite-free
composition containingenzymes that are not
substantially degradation. [0010] The term
"degradation" used herein denotes decrease of enzyme
activity relative to an enzyme composition from which
bisulfite material has not been extracted. In
accordance with the present invention, preferably,
more than 50% of the enzyme activity, more than 80% or
more 



than 90% is retained after the step of contacting
bisulfite with aldehyde, and thereafter the step of
separating the bisulfite-aldehyde complex, or after
both steps. [0011] The term "bisulfite materials"
means compounds containing bisulfite ion chemically
bound or as a component of a chemical complex, such as
sodium bisulfite or other bisulfite salts. [0012] To
remove bisulfite from an enzyme composition, the
present invention employs a compound containing at
least one aldehyde functional group. An "aldehyde" is
defined as one species of carbonyl compound having the
structure R-CHO, wherein the R group can be either
aromatic or aliphatic group. To obtain a substantially
bisulfite-free composition containing enzymes not
substantially degraded, it may be desirable to select
an aldehyde that is capable of forming a complex with
bisulfite material under neutral, non-oxidizing
condition. An aldehyde of the present invention may be
a monofunctional aldehyde having low molecular weight,
. .,less than about 1000 Daltons. The aldehyde may be
an aldose sugar. [0013] A substantially bisulfite-free
composition is obtained by separating the
bisulfitealdehyde complex from the composition. Such
separation may be accomplished by any separation
technique known in the art such as a chemical or a
physical method, or a combination of chemical and
physical methods. Examples of separation techniques
adaptable to the present invention include, but are
not limited to, filtering, differential diffusion,
column separation, and bead separation, and separation
by localization or sequestration. [0014] Additionally,
the separation may be accomplished by subjecting the
composition to an object or article to which the
aldehyde is attached, forming the complex, and
removing the object or article to with the now
aldehyde-bisulfite complex is attached. Alternatively,
in order 



to obtain a composition with substantially undegraded
enzymes, it may be desirable to maintain a
substantially neutral, non-oxidizing condition
throughout the steps of contacting bisulfite material
and enzyme composition and thereafter separating the
bisulfite-aldehyde complex. For example, pH of the
enzyme solution may be kept within a range of about 5
to about 8, and ionic strength is maintained. [0015] A
method of removing bisulfite in accordance with the
present invention can beapplicable to a composition
containing any type of enzyme. Advantageously, the
present invention may be utilized to treat an enzyme
composition which is eventually for purpose of
contacting skin or mucous membrane of human or animal.
For example, the enzyme composition may be any one
that can be incorporated into an oral care or personal
care product. Examples of such enzymes include, but
are not limited to, carbohydrases such as
glucoamylase, enzymes extracted from natural fruit
products such as proteases, carbohydrases such as
alphaamylase, beta-amylase and tannase, and lipases
such as plant lipase, gastric lipase and pancreatic
lipase. Preferably, an enzyme in a composition to be
treated by the present invention may be derived from a
botanical source. Enzymes useful in the practice of
the present invention may be selected from the group
consisting of alpha and beta-amylase, dextranase,
mutanase, the naturally occurring enzymes such as
papain (from papaya), and bromelain (from pineapple),
serine proteases such as chymotrypsin, ficin,
alcalase, lysozyme, pectinase, and glucanase. [0016]
In accordance with an embodiment of the present
invention, there is provided a method employing a
matrix containing at least one aldehyde functional
group to make removal of a bisulfite-aldehyde complex
convenient. The method using a matrix containing at
least one aldehyde functional group may be operable
under the same conditions as those for a method of 



removing bisulfite without using a matrix. A matrix
with an aldehyde functional group may be a
conventional one, for example, selected from the group
consisting of porous and non-porous beads, films,
specks, and particles. In another embodiment, a matrix
containing at least one aldehyde functional group may
be dispersed on a support to help in separating a
bisulfitealdehyde complex. Any type of support known
in the art may be used for the invention. Examples of
support includes, but not limited to, column,
container, filter, sponge, and gel. [0017] In yet
another embodiment, there is provided an enzyme
composition substantially devoid of bisulfite material
which is prepared by a method of removing bisulfite
material in accordance with the present invention,
wherein the enzyme composition is produced by
contacting the composition with a compound containing
at least one aldehyde functional group to form an
aldehyde-bisulfite complex and separating the
aldehyde-bisulfite complex from the composition. Since
an enzyme composition of the present invention is
prepared under neutral, non-oxidizing condition,
activity of the enzymes in the composition is not
substantially degraded. Preferably, about 90% of the
activity of the enzyme remains undegraded. The enzyme
composition produced by the method of the present
invention is substantially free of bisulfitematerial,
and accordingly, may be advantageously used in an oral
care or personal care products, such as dentifrices,
skin care products, and hair and nail care products.
[0018] Although the invention has been described with
reference to specific examples, it will be apparent to
one skilled in the ait that various modifications may
be made thereto which fall within its scope.We claim:
1. A method of removing bisulfite material from a
composition comprising bisulfite material and an
enzyme, the method comprising contacting the
composition with a compound 



containing at least one aldehyde functional group to
form an aldehyde-bisulfite complex, whereby the
aldehyde-bisulfite complex may be separated from the
composition. 2. The method of claim 1, wherein the
method further comprises separating the
aldehydebisulfite complex from the composition. 3. The
method of claim 2, wherein the compound containing at
least one aldehyde functional group is a
monofunctional aldehyde having low molecular weight.
4. The method of claim 3, wherein the monofunctional
aldehyde is a flavor or fragrance material. 5. The
method of claim 3, wherein the monofunctional aldehyde
is aldose sugar. 6. The method of claim 2, wherein the
separation is selected from the group consisting of
filtering, differential diffusion, column separation,
and bead separation. 7. The method of claim 1, wherein
the compound containing at least one aldehyde
functional group is combined with the composition at a
pH range of about 5 to about 8. 8. The method of claim
2, wherein the one or more enzymes are not
substantially degraded after the step of forming the
aldehyde-bisulfite complex. 9. The method of claim 2,
wherein the enzyme is not substantially degraded after
the step of separating the aldehyde-bisulfite complex.
10. The method of claim 1, wherein the enzyme is from
a botanical source.11. The method of claim 1, wherein
the enzyme is selected from the group consisting of
papain, bromelain, a serine protease, chymotrypsin,
ficin, glucose oxidase, galactose oxidase lactose
peroxidase, lactoferrin, lysozyme, lipolytic enzymes,
alcalase, a carbohydrase, a glucoamylasae, a
dextranase, a mutase, a tannase, and a lipase. 



12. The method of claim 2, wherein more than 90% of an
enzyme activity is undegraded after the separation
step. 13. A method of removing bisulfite from a
composition containing bisulfite and an enzyme, the
method comprising contacting the composition with a
matrix having at least one aldehyde functional group
to form an aldehyde-bisulfite complex, whereby the
matrix bound bisulfite may be separated from the
composition. 14. The method of claim 13, wherein the
method further comprises separating the matrix bound
bisulfite from the composition. 15. The method of
claim 13, wherein the matrix is selected from porous
and non-porous beads, films, specks, and particles.
16. The method of claim 13, wherein the matrix is
dispersed on a support. 17. The method of claim 16,
wherein the support is selected from the group
consisting of column, container, filter, sponge, and
gel. 18. The method of claim 13, wherein the aldehyde
is aldose sugar. 19. An enzyme composition
substantially devoid of bisulfite material, the enzyme
composition obtained by: (a) contacting the
composition with a compound containing at least one
aldehyde functionalgroup to form an aldehyde-bisulfite
complex; and (b) separating the aldehyde-bisulfite
complex from the composition. 20. The enzyme
composition of claim 19, wherein about 90% of an
activity of the enzyme remains undegraded. 


